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1'i" ABSTRACT

Undisturbed soil and ice samples collected from nine sites between

Fort Simpson and Inuvik, N.W.T. formed the basis of this report on investi-

gation of the local variability of frozen ground and ground ice at shallow
depths along the Mackenzie Valley Transportation Corridor. The sites were
chosen to cover a range of environmental conditions such as slope, aspect,
surficial geology, drainage and a range of conditions resulting from the
activities of man, such as forest fires, bulldozing, land clearing and
highway construction.

Frozen ground was found to be essentially continuous in the north
becoming discontinuous to the south. The amount of visible ground ice
varied similarly, with many large discrete icé lenses in the north and
practically none in the south. The greatest changes occur in the area

‘ ‘between Inuvik and Fort Good Hope.

o Five factors were found to be particularly significant in affecting

1
ro

’the distribution and amount of permafrost and ground ice. The factors, and
a summary of their effects, are as follows:

- Latitude: frozen ground is more extensive, occurs at shallower
depths and includes more visible ice in the north compared to
the south.

- s0il texture: fine textured soils.contain more moisture ahd ice
than coarse textured soils; there is a clear, positive relation-
ship between the silt content and the natural water content;

- slope aspect: north facing slopes are drier with less grodnd ice
and south facing slopes wetter with more ground ice than flat areas;

‘ ‘ - surface drainage: significant differences in ice content were

seen under pborly and well drained areas, however the cause of the

difference was not censistent;
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ABSTRACT

Undisturbed soil and ice samples collected from nine sites between

Fort Simpson and Inuvik,.N.W.T. formed the basid of this report on investi-
gation of the local variability of frozen ground and ground ice at shallow
depths along the Mackenzie Valley Transportation Corridor. The sites were
chosen to cover a range of environmental conditions such as slope, aspect,
surficial geology, drainage and a range of conditions resulting from the
activities of man, such as forest fires, bulldozing, land clearing and
highway construction.

Frozen ground was found to be essentially continuous in the north
becoming discontinuous to the south. The amount of visible ground ice
varied similarly, with many large discrete ice lenses in the north and
practically none in the south. The greatest changes occur in the area
‘between Inuvik and Fort Good Hope.

Five factors were found to be particularly significant in affecting

‘)

the distribution and amount of permafrost and ground ice. The factors, and
a summary of their effects, are as follows:

Latitude: frozen ground is more extensive, occurs at shallower

depths and includes more visible ice in the north compared to
the south.

- soil texture: fine téxtured soils contain more moisture ahd ice
than coarse textured soils; there is a clear, positive relation-
ship between the silt content and the natural water content;

- slope aspect: north facing slopes are drier with less ground ice
and south facing slopes wetter with more ground ice than flat areas;

- surface drainage: significant differences in ice content were
seen under poorly and well drained areas, however the cause of the

difference was not consistent;




e . - surface disturbance:, removal of surface vegetation leads to
thawing of permafrost and a thicker active layer, the degree of
change is a function'of time and the extent of vegetation removed.

The relative ‘importance of these factors varies from site to site.




1. INTRODUCTION

An understanding of all aspects of permafrost is of vital importance
in almost all phases of programs for developﬁent_in the Canadian Arctic and
Subarctic regions. Adequate knowledge concerning the presence or absence
and extent of ground ice, and behaviour of frozen ground must exist during

the planning stages of all construction activities in the North to provide.

f_ sufficient and reliable information necessary for their successful

completion.

This study i1s an investigation of the occurrence and spatial varia-
bility of ground ice and frozen ground in the near-surface soils ana of the
behaviour and properties of various representative soil and rock types along
the proposed Mackenzie Highway north of Fort Simpson. Representative sites
were chosen near Fort Simpson, Norman Wells and Inuvik.

The study was carried out for the Environmental Working Group -
Mackenzie Highway program and as part of the Geological Survey's continuing
' program of acquiring geological énd geomqrphologic#l information on northern
terrain. |

The main objectives were to investigate, record and explain:

a) local variation in ground ice content, active layer thickness, and‘the
extent of frozen ground at selected sites involving recent disturbance by
road construction, clearings and forest fires, and b) the distribution of
ground ice and frozen ground in relation to local variation in surficial
geology, slope and aspect, surface and ground waters, and vegetation at
selected sites, typical of various terrain types.

This information will help relate the performance of terrain to the
activities of man, particularly those involved in the highway construction

and operation,




2. STUDY AREA Do e horo

The study area lies along the Mackenzie Valley Transportation

corridor, between latitude 62° N (Fort Simpson)., and latitude 68° N

»‘ (Inuvik), and is shown in Figure 1. Details of the location of each site

are shown in Figure 2.

The topography within the study area is varied with considerable
contrasts in the regional and local relief. Sites in the Fort Simpson
area are characterized by undulating terrain with some hilly areas. The
predominant surficial deposits are glacio-lacustrinme sands, silts and
clays in the couthern part and till in the northern part.  Devonian shales
and carbonates and Cretaceous shales constitute the underlying bedrock.

At the Norman Wells site, surficial deposits consist of till,
glacio~lacustrine sands, silts and clays, and glaciofluéial sands and
gravels with local aeolian deposits. The underlying bedrock consistsg
predominantly of shales and sandstones of Devonilan age. The sites near
Fort Good Hope are on flat till plains and glacio-lacustrine sediments
with large number of small lakes. The rock units are flat-lying to gently
dipping Devonian limestones and shales and Cretaceous sandstones énd shales.

At Inuvik one site is in an area of thin clay-silt till overlying
Palaeozoic dolomites or Cretacépus shales. The other site is located on
low angle clay-silt fans overlying Pieistocene kame terrace graveis.

The surficial geology of all the study sites is summarized in Table 1.

The sites invesfigated are representative of the area which is
approximately 1100 km 1ong and extends from the discontipuous to the con-
tinuous permafrost zone (Permafros; Map of Canada, 1967):; the amount, form

and distribution of ground ice therefore varied considerably with location,

relief, soil tyme, vegetation and ground temperature.
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Figure 1, Drill site locations




The climate of the Mackenzie Valley is characterized by 1ong, very
cold winters and short, cool summers with soﬁe warmer periods (Burns,
1973). Precipitation is geﬁexally low, increases southward from 10 inches
at Inuvik to nearly 14 inches at Fort Simpson, and is unevenly distributed
due to the influence of topography. Temperatures are likewise lowest in
the north, with a mean annual temperature of 14.5°F at Inuvik, rising

southward until it reaches 25°F at Fort Simpson. Pertinent climatic data

are presented in Table II,




Summary of Surficial Geology of Study Sites

Sitc

Genetic Class

Surficial Geology

Remarks

Fort Simpson

Martin River
Willowlake River I
Willowlake River II
Normaﬁ Wells A
Norman Wells B

Snafu Creek
Tsintu River
Inuvik I

Inuvik II A

Inuvik 1 B

Alluvial

Alluvial
Alluvial
Morqipal
Morainal
Alluvial.

Morainal-
Alluvial

Morainal-
Alluvial

Morainal
Alluvial

Alluvial-
Morainal

Stratified sands with layers of
siit and clay with some surface
peat

Stratified sand, silt and clay
with surface peat

Stratified sand, silt and organic
clay with some surface peat

Plastic, stoney till with surface
peat :

Sandy till with some surface
peat

Stratified sand, gravel and silt
with some surface peat

Silty till with surface layers
of alluvial organic silts and
clays and some surface peat

Silty till! with surface layers
of alluvidl sands, gravels and
organic silts and some surface
peat

Silty till with a very low stone
content, and some surface peat

Clayey silts and organic silts
over gravel and sand at depth

Siity alluvium over silty till

Some holes drilled
through ground
along road.

Thick organic clays at
depth in one hole.

_Gra#el in bottom of hole

farthe st from river.

Some organic material
in the till.

These localities are
about 20 m apart.

Lavers of peat found
at depth also

These localities are *
about 1800 m apart.

- 479VL
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Selected Climatic Data

Drill Sites Ft. Simpson Willowlake Norman Snafu Creek Inuvik
Martin River River Wells Tsintu River
Nearest Station Ft. Simnson Wrigley A Norman Ft. Good Inuvik
Wells A Hope (1)

Period of Record 1927+ 1943+ 1943+ 1944+ 1955+
Climatic Elements

Mean annual temp. {(deesree F) 25.1 22.8 20.6 18.2 14.5
Mean annual max. temp. 34.3 32.1 29.5 27.7 23.8
Mean annual min. temp. 15.9 13.4 11.8 8.8 5.1
Mean annual temn. range 18.4 18.7 17.7 18.9 i8.7
No. of davs with frost 226 235 239 251 269
Mean rainfall {inches) 8.34 7.66 7.69 6.29 3.99
Mean snowfall 52.6 50.6 56.4 48.8 .68.5
Mean total preciptation 13.60 12.73 13.17 11.17 10.25

(Source: Burns, 1973, Appéndix A)
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3. METHODS AND RESULTS

The study was carried out in three phases. The first comprised
site selection and surface investigation, the second shallow drilling, core
description and sample collection and the third laboratory testing of
samples, data compilation and report writing.

Site selection was by air photo examination and ground reconnaissance.
Initially a number of possible sites were chosen on the basis of @rior
knowledge of the area. These were studied on aerial photographs and a

shorter list of potential sites chosen for field examination. The sites

finally selected were described in some detail prior to commencement of

drilling operations. The actual locations of each site is shown in
Figure 2.

During the drilling operations, nearly continuous cores were
recovered from the holes. The cores were described immediately so that an
accurate description of the éoil and ice contenﬁ\could be made. Mineral
50il material was described in terms‘of colouf, texture, lithology of
pebbles, and was classified according to the Unified Soil Classification
System. The condition of the.core, whether frozen or unfrozen, wés noted
and in the case of frozen cores the percentage of ice visible in the core
surface was estimated and its distribution described and recorded using
the NRC permafrost classification scheme (Pihlainen and Johnston, 1963).
Organic constituents of the cores were described in terms of colour,
structure (fibrous to amorphouss and origin, if discernablg.

In co-operation with Resource Geophysics Division, G.S5.C. various
geophysical measurements_(DC resiStivity; seismic refraction and
electromagnetic techniques) were carried out at the time of‘drilling at

some sites to determine if these methods could detect permafrost

v
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conditions and ground ice content. This wofk is reported omn separately
‘ (Scott and Hunter, 1974).
The third stage involved laboratory testing of various soil ahd
- rock samples representing different geological and geomorphological units
_from all sites to determine their physical properties (natural water
_content, Attefberg limits, grain size), This was followed by compilation and

evaluation of results.

3.1 Field site investigation

The main part of the preliminary site investigation included
measurements of thaw depth with probe and hand auger, examination of
adjacent undisturbed and present conditions of the terrain, detailed
study of the local morphology and vegetation cover, types and intensiﬁy
‘of any inflicted disturbance, the surficial geological units, and of the

e local drainage regime.
- .

Following these preliminary observations, the locations of the

'drill holes at each site were selected.

3.2 Drilling operations

A total of 96 holes, ranging from 1.10 to 5.50 metres in depth,
were drilled during the period from May to Aﬁgust 1973 at nine different
sites using lightweight split-barrel sampling equipment advanced with a
dfop hammer. In addition to the driil holes, number of small pits were
dug at several sites. 680 soll samples were collected, logged and
retained for laboratory testing. Some of the test sites weére surveyed
to obtain details of microrelief. Most of the drill holes were situated
either on and beside the cleared highway right-of-way, or in previously

disturbed areas in the vicinity of the highway route,
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0 3.2.1 Fort Simpson site
The Fort Simpson drill site 1s situated in discontinuous permafrost
on the Mackenzie Highway about 20 km south from Fort Simpson. The twenty
holes, ranging from 2.40 to 5.30 m in depth, were drilled along two lines
at right angles to the highway. These profiles were 150 and 340 m long
"and had 11 and 9 holes respectively. 150 representative soil samples were
é collected and logged. |
The boreholes were drilled in flat terrain with very little
~morphological variation and were situated in botﬁ undisturbed and
previously cleared areas. All clearing was done prior to 1969 when
construction of this section of the Mackenzie Highway was completed.
Location and spacing of the drill holes, the depth of thaw and
ground ice occurrence are shown in Figure A2. Glacio-lacustrine sands and

‘ 8ilts overlain with a thin cover of peat were encountered :Lﬁ every drill

hole.

Ground ice, generally in form of ice lenses in peat and the upper
parts of sand and silty sand deposits, and in the form of ice coatings on
particles in the lower parts of sand and silty sand deposits, was present
in all holes drilled in undisturbed areas. The depth of thaw ranged from
1Q to 60 cm depending on‘type and thickness of the vegetation cover.
However the thaw depth increased several metres and ground iée was either
totally absent or its amount greatly decreased in the holes in the
previously cleared areas (see Figure A3).

3.2.2 Martin River site

The drill site at the Martin River crossing, about 15 km north of
Fort Simpson, is located along the recently built section of the Mackenzie

‘ Highway at mile 306. Of the four holes drilled, two were located on flat

ground and the other two on a steep slope. The holes were drilled in pairs
e

‘W
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with one hole in a disturbed area cleared in 1972 and the other in an
adjacent, undisturbed area. The depths ranged from 1,90 to 4.20 m and
thirty soil samples were collected. Profiles of the thaw depth and ground
ice occurrence are shown in Figure A4. The two drill holes on the slope
encountered a thin cover of peat, underlain by 50 cm of silty sand and
medium plastic clay with a high ice content. The other two drill holes,
situated on flat ground, showed a mixture of sand and sandy silt. The
samples from the undisturbed areas contained large amounts of ice while

the samples from the hole in the recently cleared area showed, except for

the seasonal frost between 1.80 and 3.17 m, total absence of ice.

3.2.3 Willowlake River site I

The Willowlake River site I is situated at about mile 395 of the
proposed Mackenzie Highway on the gently rolling terrain én the highway
right-of-way. Four holes were drilled along the cleared highway route with
drill holes about 30 m apart. Two of the holes were on a geéﬁle slope
(<30) with the third and fourth holes on a steeper slope (about 5°) and
on a flat surface respectively; The holes, ranging in depth frdm 2.30 to
3,60 m, encountered sands and silts covered with a thin layer of peat,
Ground ice content varied from very low (5%) in the highly disturbed area
on the river bank to very high (50-70%) in depressions in the terrain.
Thirty-six soil samples were collectéd and retained for further testing.

The general profile showing thaw depth and ground ice conditions
is presented in Figure A6.

3.2.4 Willowlake River site II

The Willowlake River site II is located in a wooded area on gently
sloping terrain at mile 399 of the proposed Mackenzie Highway. Three holes,

from 2,20 to 3.00 m deep, were drilled along the cleared highway route with two

*
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additional dri}l holes situated on the CNT line and in an adjacent undis-
turbed zone. A generalized profile of depth of thaw and ground ice occur-
rence.is shown in‘Figure A8. ' -

A thick cover of peat with a high icg céntent is generally underlain
by till with a moderate ground ice content in the form of ;hin ice lenses.
The shale bedrock was encountered in three drill holes at depths_of around
2.50 m; About 40 representative soil samples from all holes were collected
and logged.

3.2.5 Norman Wells site

The Norman Wells site is in continuous permafrost at mile 629 of
the proposed Mackenzie Highway. Three holes were experimentaily drilled
with a "SIPRE" drill, which proved to be incapable of drilling through the
stony till encountered here. Four additional holes were then drilled with

the split-barrel sample to depths ranging from 1.40 to 3.30 m. Three

' holes were drilled along the cleared highway route with an additional holé
situated in the adjacent undisturbed area. The general profile of thaw
depth and ground ice occurrence is presented in Figure AlO.

Stony till and a mixture of silty sands and sandy silts with a

~moderate ice content were found, overlain with about 40 cm of peat. A
total of 19 soil samples were collected, logged and retained for further
testing.

The depth of thaw varied from 28 cm in the undisturbed area to 168
cm in the cleared area on the highway right-of-way in the vicinity of
the access road to Kee Scarp.

3.2.6 Snafu Creek site

The Snafu Creek site, about 100 km north of Norman Wells, is in con~-

tinuous permafrost at mile 702 of the proposed Mackenzie Highway. A total of
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seven holes from 2.40.to 3.40 m deep were drilled in a gently sloping area.
Six hoies were drilled along the cleared highway right-of-way and the CNT
(Canadian National Telecommunication) line with-three holes at each
location. An additional hole was drilled in an adjacent undisturbed area.
The depth of thaw varied significantly from the CNT line, cleared in the
early sixties (138-184 cmb ﬁo the highway right-of-way cleared in 1972-

73 (83-~114 cm); the thaw depth in the vegetation-covered undisturbed area
was 78 cm. The thaw depth vs. elapsed time plot shows that depth of thaw
increases very fast in first two years after removal of vegetation, but
slows down considerably with additional elapsed time,

Unfrozen peat and organic silt overlie till with moderate to high
ice content. There is a noticeably lower ground ice content in the holes
located on the CNT line than in those situated on the re;ently cleared
highway route, where there was not enough time for the ground'ice to melt,

3.2.7 Tsintu River site

The Tsintu River site is situated in céﬁtinuous permafrost at mile
711 of the proposed Mackenzie Highway, about 18 km from Fort Good Hope.
This site is located on a flat till plain with little or no vegetation
cover where various forms of disturbance are evident, These include the
CNT and highway clearings done in the early sixties and 1972-73 respectiv-
eiy, and old seismic trail of unknown age and a 1969 forest fire. A total
of 13 holes was drilled at tﬁis site, but because of difficult drilling
in the stony till, several holes had to be abandoned.

Eight holes located on the highway route and CNT line showed an
average depth of thaw of 180 cm. Similar thaw depths were observed in the
holes situated on the old seismic line. Two holes in the area burnt by‘the

_more recent forest fire showed thaw depths of approximately 130 cm, as did

the remaining hole in a nearby thinly vegetated undisturbed area. The 34 soil




samples collected generally possessed very low ice contents, The
generalized profile is shown in Figure Al3.

A thin layer of peat (20-30 cm) covers the stony till which has a
very low ice content; several holes encountared a mixture of coarse sand
and gravel overlain by peat.

3.2.8 Inuvik I

The Inuvik site comprisas four subsites, at localities MS-1, MS-2,
MS-3 and "B"; all are in the area of lineated terrain between the townsite
and the airport. Geology of the sites is similar: clayQSilt till over
dolomitic and shale bedrock. All four localities are distinguished from
the surrounding area by a regular microrelief of mineral soil hgmmocks
separated by shallow, moss filled trenches. The hummoclts are composed,
near the surface, of a dense, grey-brown clay-silt, showing little or no
soil profile development. The mineral soil is generally covered by a fhin
layer (less than 5 cm) of humus, mosses and lichens. The hummocks are
roughly equidimensional on level sites, and generally Ane to two metres
across. On the steeper slopes they are elongated downslope. The trenches
between the hummocks are between 30 and 80 cm wide and about 35 cm deep.
The trenches are moss-filled, commonly with bog-moss (Sphagnum), and under-
lain by tapering masses or stringers of peat that extend well below the
base of the natural active layer.

Three holes were drilled at each of the localities MS-1, MS5-2 and
MS-3. Detailed studies of the effects of surface disturbance on the
permafrost active 1ayer are being carried out at each of these locations.

These three localities are described as follows:
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Locality . Slope. . -  Aspect Vegetation
MS-1 3° South Open spruce, lichen
MS=-2 3° North Open spruce, lichen
MS-3 6° Northwest Spruce, willow, lichen

The holes at these localities were drilled in the latter part of May, when
the ground was still frozen. The holes were located within the areas
under detailed investigation, Ice cgnditions found in each of these
nine holes are presented diégramqtically in Figure Al5. About 140

samples were retained from these nine holes.

At locality B, a line of seven holes was drilled across a moss-peat
trench between two mineral soil hummocks, the total length of this transect
being 2.8 m. Ice conditions for each hole are presented
in Figure Al7. Locality B is a level area of open spruce lichen
vegetation. The holes were drilled during the first week in June, when the,
depth of thaw was between 15 and 45 cm in mineral soil and between 6 and 23
cm in organic soil. On average, ten samples per hole were retained from
this locality.

3.2.9 TInuvik site II

Inuvik site II comprises three subsites, at localities "N", "P" and
"Q". All are in an area of low angled, clay-silt alluvial fans, overlying
kame terrace gravels, north of the Inuvik townsite. At localities N and Q
thfee holes each were drilled along lines crossing the boundary of the
forest fire of August 1968, while at locality P, five holes were drilled
along a line crossing a back-up fire guard and an old seismic trail. Thus
this group of eleven holes were sited so as to examine the effects of sur-
face disturbance on ground ice content and distribution.

Prior to disturbance, this was an area of hummocky micrdrelief,

similar to that at Inuvik site I, but with mineral soil exposéd at the
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ground surface. The vegetation was a spruce - alder - sedge community.
Ice conditions found in these holes are presented in Figure Al9, Thirty-
one samples were retained for further examination.

3.3 Laboratory methods

During the drilling, about 680 representative soil samples of
various surficial materials were collected, carefully logged and retained
for further engineering classification tests. In the s0il testing
., laboratory, the samples and field logs were examined and the soil type
and ice type diagrams were compiled according to Unified Soil
Classification System and NRC Permafrost Classification (Pihlainen and
Johnston, 1963) respectively. The Atterberg limits, natural moisture
content, and grain size distribution were determined. ?be testing was
done in part by the GSC soil testing laboratory ‘and in part at outside

engineering laboratory. All laboratory results are summarized in

Appendix B.
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4. DETAILED DISCUSSION OF RESULTS

As a result of the work described above, some information is avail-

able on the occurrence of frozen ground and on the occurrence of excess or
visible ice in that frozen ground, in relation to soil properties, site
conditions and terrain disturbance from nine discrete locations along or
adjacent to the Mackenzie Highway route.
This discussion will consider the effects of the following variables
on the distribution of frozen ground and excess ice:
- gsoil properties: 1lithology
texture
Atterberg limits
water content
- site conditions: geologic unit
slope angle and aspect
vegetation
surface drainage
- terrain disturbance: burning
clearing
no disturbance
The number of holes drilled and their distribution are such that
valid conclusion about variations in frozen ground and excess ice are
difficult to substantiate. There is a general impression of frozen ground,
being more extensive, occurring at shallower depths and with many more
large (greater than 1 cm) ice lenses as one goes from south to north;
plot of ice lense percentage in core versus latitude is shown in Figure 3.
However this change is most marked in the area between Fort Good Hope and
Inuvik.
As stated earlier, the details of this variation with latitute
or location are affected by the much greater variation within sites and
within individual drill holes, and by the time of the season at which the

various sites were visited. Investigations at Inuvik began at the end

of May, when there was still about 50 cm of snow-pack and
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the active layer was frozen. s The other sites were then visited, from south
to north during July and early August. Thus there was no surface snow and
a considerable depth of thawed ground at many localities.

A better practise undoubtedly would have been to start at the south-
ern sites in May and move northwards with the onset of warm weather at each
site, so that all the sites were visited when they were at approximately
similar stages of snow melt or ground thaw.

4.1 Distribution of Frozen Ground

The Inuvik study sites are within the zone of continuous permafrost
(Brown 1967), while the sites near Norman Wells and at Willowlake River
are in the zone of widespread but discontinuous permafrost. The two sites
nearest Fort Simpson, howevef, lie either side of the‘Brown's boundary
between widespread and sporadic discontinuous permafrost. As this boundary
is, in reality, a broad zone of gradual change, no significant difference
in permafrost conditions should be expected,

All this is borne out by the drilling done during this study. At
the Fort Simpson site, holes.in undisturbed areas encountered frozen ground
at depths between 10 and 55 cm below the surface, whereas holés in heavil&
disturbed areas (eg. the highway shoulder or ditch) genefally did not
encounter frozen ground at depths of less than 300 c¢m and in two cases no
frozen ground was found in holes over 500 cm deep. The four holes at
Martin River all encountered permafrost, even‘though two of them were
drilled in a disturbed area., In this case the disturbance took the form
of clearing of the trees, but the ground vegetation mat was not damaged.

The only other holes which failed to encounter frozem ground wete a
number of shallow holes in distﬁrbed ground ét the Tsintu River and Norman

Wells sites. These were drilled to depths of less than 225 em in the
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clearing for the G.N. Telecommunications line. Deeper holes immediately

adjacent to these holes encountered frozenm ground at depths between about

150 and 300 cm.

4.2 Distribution of Visible Ice

Variations.in the distribution of visible ice occur betweéq sites,
- between drill hoies within each site and within each drill hole,

The distribution between sites is the most difficult to describe
succinctly. There is a gross increase in the amcunt of visible ice from
south to north. For much of the core from the Fort Simpson site, the ice
condition 1s described as Nbn (no visible ice, soil well bended, no excess
ice), whereas such a designation is very rare for core from the Inuvik
sites. Finer detail in the between-site variability is quite masked by
the within~-site and within-hole variability. )

There is, however, one aspect of the distribution of visible ice
which can be described in gemi-quantitative terms. This is the occurrence
of discrete lenses of ice, greater.than one centiﬁéter in thickness and
containing less than 50% inclusions of soil particles (volume estimate).
The data is summarized in Table III. Columns 6 and 7 of this table are a
measure of the ice lens frequency of the sites. The northernmost locations
(Inuvik I and II) contain by far the most ice lenses, with an average of
oﬁe ice lens per 1.4 m of hole drilled, or of 1 m of lens-ice per 5.1 m
of hole.

At the Inuvik sites, numeroué large ice lenses were encountered,
often two or three per drill hole. Only two holes did not encounter distinct
ice lenses. The actual thickness of the lenses véried from 1éss than 1 mm
}to nearly 1 m. Those between 1 mm and 1 cm in thickness were so nunerous

that individual treatment is impractical. Of the 58 discrete lenses thicker
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Occurrence of Discrete Ice Lenses

)

Site No. of holes No. of ice Cumulative denth Cumulative m. of hole m. of hole
Hrilled lenses of hole (m) thickness of per ice lens | per m. of ice
encountered ice lenses {(m)
{1 (2 (3 (4 {5 (6 (7
Fort Simpson 20 5 67.3 0.97 13.5 69.4
Martin River 4 5 14.8 1.32 3.0 11.2
Willowlake River I 4 2 13.3 1.12 6.6 11.9
Willowlake River IT 5 4 11.6 1.17 2.9 9.9
Norman Wells 7 3 13.7 1.64 4.6 15.3
Snafu Creek 7 1 20.5 0.58 20.5 35.3
Tsintu River 13 0 32.4 0 C - -
Tnuvik I and II 29 58 80.4 15.75 1.4 5.1
Note: For this analysis a discrete lense of ice is one that is greater than one centimeter in thickness
and contains less than 507 inclusions of soil particles (volume estimate). It should be noted
that about 14 of the 78 lenses included in the analvsis are actuallv “compound”, that is thev are
formed of three or more distinct lavers, distincuished bv the content of soil inclusions, or the
colour or hardness of the ice for the nurnose of this analvsis.
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than 1 cm, the average thickness was 27 cm. Ten of the 58 lenses were
"compound'", that is they were composed of three or more distinct layers,
.distinguished on the basis of the amount and type of soil inclusions, or
the colour and hardness of the ice. Lenses containing two layers have
been regarded as phases of the "simple" (ie. non-compound) lenses, as in
many cases the boundary between the layers was broad and merging. In
general, the compound lenses tend to be thickér than the simple lenses.
However there is consideréble overiap between the two.

Thére was considerable variation in the amount of material included
in the ice lenses. The estimates made in the field range from O to 507.
(if the visible inclusion exceeds 507 it i1s classed as a mineral soil with
such and so a content of ice, rather than as an ice lens). The average
value for inclusions is about 20Z. The most common maté;ial inciuded in
the ice lenses is "fines"; éither clay-silt or silt-clay. About seven
lenses contained organic inclusions, both alone and with fine soil. Two
lenses contained some rock fragments (broken shale) and one some erratic
pebbles, all about pea size.

The three sites investigated in the central part of the Mackenzie
Valley (Tsintu River, Snafu Creek and Norman Wells) did not contain many
discrete ice lenses. Of the 27 holes drilled, only four‘encountered ice
lénses, and only one lens in each of these holes. One of the'fouf was
compound, and they all contained a large prbportion of fine soil as
inclusions (30 to 507).

The holes drilled at the four siteskin the southern part of the
region showed somewhat more in the way of ice lenses, including four holes
which penetrated two lenses each. The lenses found ranged in thickness

from 5 to 94 cm with an average of 29 cm. Three of the lenses were compound.



Apgain most of these ice lenses have a fairly high content of soil material
(20-50%). The inclusions appear to contain slightly coarser material than
was found in ice lenses at the Inuvik sites. A.number of lenses have
inclusions of fine sand or sandy silt, rather than the eclayey silt typical
of the Inuvik area., Several lenses contained peat inclusions, both with
and without soil inclusions.

4.3 Variations in Site Conditions

The site conditions to be considered in the following discussion

comprise:

surficial geology,
slope angle and aspect,
drainage, and
vegetation.

The surficial geology of each site is summarized in Tatie I. Throughout
the Mackenzie Valleythe tills are generally similar, being derived largely
from the Mesozoic shales and limestones of the Interior Plains. Difference
in frozen ground and excess ice in morainal so0ils can thus be examined be-
tween Willowlake River, Snafu Creek, Tsintu River and Inuvik. Alluvial
sites can be compared from Fort Simpson to Inuvik. The alluvial sites are
fairly similar in that they are generally fine grained as they are derived
largely from the silty tills. Mixed morainal-alluvial sites were examined
near Fort Good Hope and at Inuvik only, Finally at Willowlake RiQer,
Norman Wells and Inuvik the differences between alluvial and morainal sites
can be examined. The distribﬁfion of drill holes and sambles analyzed in
terms of surficial geologic units are summarized in Table 1IV.

4.3.1 Surficial Geology

The representation of the geologic units in terms of numbers of

drill holes and numbers of samples analyzed is rather uneven.
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Site No. of holes | No. of No. of holes No. of No. of holes | No. of tillf| No. of alluvial
in till samples in alluvial (b | samples in mixed (a samnles samples
areas analvzed | areas analvzed | areas analvzed analvzed
Inuvik I 16 310 - - - - - ;
Inuvik IT 1 4 4 14 6 19 19 j
Tsintu Creek 5 26 2 3 2 6 2 i
Snafu Creek 6 26 - - 1 3 1
Norman Wells 4 0 2 ¢ 1 g g
Willowlake River [ - - 4 3h - - - :
Willowlake River II 1 5 - - 4 19 10 :
Martin River - - & 27 - - - |
Fort Simpson - - 20 0 - - - AJ
Distribution of drill holes and samples analyzed to date in terms of surficial geolosy.
Notes: a) '"mixed arcas” refers to areas of alluvial deposits overlving tills ,
b) "alluvial areas” : the materials encountered included gravel, sand. silt, clay and mixtures

thereof, plus occalsional surface orzanic material.
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The till of the Inuvik area ig frozen, and contains
significant quantities of visible, excess ice, including numerous large
ice lenses. Considering only the frozen soil, and not the ice lenses, the
natural moisture content ranged from 137 to about 200%, with an average
estimated at about 60%. The till samples from the Inuvik II site were
generally drier than those from the Inuvik I site.

The tills investigated at Tsintu River, Snafu Creek and Willowlake
River II were all much drier and contained much less excess ice. In many
holes no excess ice was found., The natural water content.for the samples
were as follows:

- Tsintu River and Snafu Creek _
Range: 10 ~ 26%, Mean: 14.4.7
- Willowlake River II
Range: 8 - 36%, Mean: 14.6%

The tills at these sites apparently were all frozen as were those from
Norman Wells. Some of the drill holes at Tsintu River penetrated material
that was so dry that it was quite difficult to determine if it was frozen.

The alluvial deposits fall iﬂto two main groups: glaciofluvial
deposits at Inuvik IT and Willowlake River I and glaciolacustrine deposits
at Martin River and Fort Simpson. The glaciofluvial deposits from the
Willowlake River valley may well havé been modified by subsequent fluvial
action. The alluvial soils from Inﬁvik IT were found to be frozen, and to
contain a considerable amount of visible excess ice in the form of lenses
and veins. The natural moisture content ranged from 47 to 1547 with a
mean of 53%7. The alluvial soils from the other sites were generally_drier
and contained much less, and frequently no visible or eﬁcess ice. Some

drill holes encountered only unfrozen material, but this appears to be
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generally related to factors such as surface disturbance. The natural
moisture content for all the sites (other than Inuvik II) ranged from 47
to 507 with a mean of 27Z. )

A comparison of till and alluvium at each site again emphasizes the
difference between Inuvik and all the areas investigated. At Inuvik the
till, as a general rule, contains much more‘moisture, in the form of
excess ice, than does the alluvium. However, at all the other sites for”‘
which both till and alluvial deposits were studied, the moisture contents

of tills, and alluvia were quite similar.

4,3.2 Slope and Drainage

The locations of the drill holes do not provide much information
on the effects of surface slbpe or drainage on permafrost conditions. The
only site for which a range of slope angles with differences in aspect ié
available is Inuvik I (see page 15). Most oﬁher sites have surface slopes
less than two or three degrees Qith similar aspect for all the holes at
‘any site. At such low slope angles, the effects of different aspects are
minimal. |

At the Inuvik I site the differences in slope aspect appear to have
some effect on permafrost conditions. This is noticeable in generally
higher natural moisture contents for samples from north facing sites and
generally lower natural moistﬁre contents for samples from south facing
sites compared to samples from level sites. Average values for samples
(excluding peat samples) suggest moisture contents on level sites of
about 1007, rising to perhaps 1507 on north facing slopes and falling.
to around 507 on south facing élopes. These values were estimated from
the data in Appendix B, no allowance had been made for differen;es in sample

sizes. It should be noted that the level site used in this comparison was

v




on a broad area with both higher and lower ground in the vicinity.

Slope appears to have little effect on permafrost conditions. All
the holes drilled at the Inuvik I site encountered permafros%. Ice was
visible in all the cores in a variety of forms: random veins, lénses,
crystals and coatings on particles. Often more than one form was visible
in the same piece of core.

The majority of the study locations were on well drained to fairly
well drained sites. Only the Fort Simpson site exhibited a range of
drainage conditions, from poor to good. Conditions at this site are
complicated by the disturbance due to Mackenzie Highway Construction.
Nonetheless, of 20 holes dfilled,.only EOuf did not encounter permafrost.
All four were in sites described as poorly drained. Two (#37 and 38) of
the four were in disturbed sites adjacent to the highway. Here no perma-
frost was found in holes more than 500 cm deep. The other two (#41 and 47)
were in relatively undisturbed conditions well away from the.road. Perma-
frost was not found in holes 400 and 300 cm deep respectively. Hole #40,
near hole #41 is also in a poorly drained site and encountered frozen
ground only between 54 and 100 cm. Below this depth the ground was
unfrozen to at least 350 cm. Two other, nearby holes, #42 and 48, both
penetrated permafrost with a considerable visible ice content. These
holes are in an area classed as fairly well drained.

There is therefore an indication that for undisturbed areas, poorly
drained sites are less likely to be frozen than better drained sites in the
Fort Simpson area. A different relatienship was observed at Willowlake
River I, where materials in aﬁ undrained depression beneath a thick orgénic

mat had a higher ground ice content than materials on adjacent, better



drained areas.

The effect of the position of the site or drill hole on the slope is
not well understood. At Martin River there is a significant increase in
the ground ice content in the lower slopes of the river valley. This
increase is apparently due to draining of thé sands and silts in the
upper parts of the slopes and accumulation of the excess water in thé form
of ground ice in the clay deposits of the lower parts of the slopes.
However, at Snafu Creek the opposite is observed, with much more ground
ice in the upper part of the slope than near the base. At the Inuvik I
site, slope does not appear to have any effect on ground ice content. The

aspect, slope angle and lithology of the three sites is as follows:

Site . Lithology Aspect Angle
Martin River sand & silt west 5-100
over clay '
Snafu Creek till southeast 1-12o o
Inuvik I . till north & south 3° and 6

The differences between these sites can perﬁaps be attributed to lithology

for Martin River, and slope angle and aspect for Snafu Creek and Inuvik I.

4,3.3 Vegetation

Differences in permafrost due to differences in natural vegetation
cannot be easily established from the data available from this study.
Half fhe holes drilled are in areas of recent disturbance, and such
disturbance generally overwhelms all differences due to vegetation. The
vegetated sites themselves are all dominated by spruce, with minor amounts
of alder and a ground flora of mosses, lichens, forbs and gfasses.

4.4 Variations in Soil Properties

The soll properties investigated during this study were grain

size distribution and texture, plastic and liquid limits, index of
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plasticity and natural moisture content. The results of the laboratory
analysis available are presented in Appendix B. Comparisons were made
between various pairs or groups‘of these broéefties, as well as examination
of the individual data sets. Some comparisonms produced useful or
interesting results, whi;e for others there was no indication of any
meaningful relationships.

4.4.1, Grain size distribution and texture

The saﬁd—siltwclay values were plotted on ternary diagrams for each
site (see Table IV). The results were quite different‘for each site
(Figure 4). |

For the two Inuvik sites, the data pointswere strongly clustereﬂ,
such that over 857 of the.samples were within the textural grouping
bounded by 0-40% sand, 36-62% silt (Figure 4a). Soils in such a group may
be defined‘as silty~clays to clayey silts. The alluvial soils were less
clustered than the till soils; about half plotted as clay-silts with less
than 107 sand while the remainder.plotted as silt to sand, with a low
clay content. |

Tsintu River and Snafu Creek may be consideréd together, as the data
pointsfor both sites were clustered in the clay loam area, with 30-307 sand,
30-50% silt and around 207% clay (Figure 4b). The clustering was less
marked than ﬁhat of the Inuvik data., At Willowlake River the soils varied
from a fairly pure silty clay, through well graded loam to almost pure sand.
The tills were generally quite sandy (Figure 4c). The data from Martin
River showed two points of clustering with most of the samples composed
of a silt to clay mixture with less than 87 sand and the remainder

composed of over 807 sand with no silt and a little clay (Figure 4c).
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4.6,2 Texture and Atterberg limits

Using the data for soils from the Inuvik sites, a study was made
of the variation in liquid limit, plastic limit and plasticity index with
changes in so0il texture.  This was done by piotting the value for éither
liquid limit, plastic limit or plasticity.index at the appropriate location
on a texture triangle. An attempt was then made to plot isolineg through
these data. The Inuvik data were divided into three groups for this study,
namely:

(i) Inuvik site I, localities MS-1, MS-2, MS-3

(i1) Inuvik site I; locality B |

(iii) Inuvik site IIX.
Plotting of the isolines showed two things: first, thegg was no simple
relationship between texture and Atterberg limits and, second, the one
textural component which had the strongest relationship with the Atterbefg
limits was thé clay content. Accordingly plots of clay content and Attefberg
limits were made for the three groups noted above; these graphs are presen-
ted in Figure 5.

Examination of these plots enaBles the following conclusions to be
drawn: |
Group (i) (Holes 1-9):

a) liquid limit: a steep rise with increasing clay content (10-60%);

values range from 30 to 60%.
b) plastic limit: a slight rise with increasing clay content (10-60%);

ranige of values is 15-307.

¢) plasticity index: rises with increasing clay content (lU-6U%);

range of values is 11-427.

»




Group (i1) (Holes 10 - 15B)

a) Liquid limit: rised with increasing clay content (25-45%),
a weak relationship with strongly clustered
data points: range of values is 37 - 58%. The
data points are clustered strongly on the
textural triangle plot.

b) Plastic 1imit: no apﬁarent relationship, with strongly
clustered data point&jrange of values is
18 - 287,

c) Plasticity index: rises with increasing clay content (25-457),
a weak relationship with strongly clustered

data points; from range values 14 to 347.

. Group (iii) (Holes 16 - 26) steep rise with increasing clay content
a) Liquid limit: © (15-65%); range of values is 27 - 70%.

b) Plastic Limit: a slight rise with increasing clay content
(15 - 657); range of vélues is 17 - 487.
c)Plasticity index: weakly clustered data points indicating a
slight rise with increasing clay content
(15-65%) , a weak relationship; values range
from 4 - 36%Z.
(Note that data for Group (iii) include samples from both till and
alluvial soils).
The weak relationship and strong clustering of the data points in
group (ii) are due to the close similarity of the texture for all the

. samples. They were all collected from a group of holes very close together
] _ . ‘
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(see section 3.2.8 and Figure Al7). The other diagrams in Figure 5, taken
together, indicate a good relationship between clay content and liquid
limit, and a weak relationship between clay content and plastic limit. The
relationship with the plasticity index can best be described as variable.

4.4.3 Texture and Natural Moisture Content

An attempt was made to plot the natural moisture content values on
the textural triangle. In many instances very different moisture values
occurred at the same location on thé triangle, and so the plot was discarded.
However, plots of natural moisture content against percentage silt
content were made for till soils and for alluvial soils and are more
amenable to analysis.

For till soils, the data from Inuvik I, Willowlake River II and
Tsintu River plus Snafu Creek were used (Figure 6). The data points for
the Willowlake River II, Tsintu River and Snafu Creek sites showed a
definite positive relationship between natural water content and silt
content. However, the results for the Inuvik I site showed no relation-
ship at all, with the natural moisture content ranging from 207 to over
2007 while the silt content was generally between 40 and 607.

A similar difference was found for allﬁvial soils between Inuvik I
and the other sites (Figure 6). The_data points for Willowlake Ri?er I
and II, Tsintu River, Snafu Creek and Martin River, taken all together
or site by site, indicated a definite positive relationship between natural
moisture content and silt content. Large range of moisture content can be
expected if silt content is more than 407 whereas if silt content is less
than 407, the moisture content range is relatively.small (10-25%Z). The
data for Inuvik II showed no apparent relationship.

One possible explanation for these differences is that the positive

relationship between moisture content and silt content is only valid if
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there is no, or at least very little excess ice. For the alluvial soils )
from Inuvik II, if one considers only the samples with natural moisture
contents of less than about 607, the relationship seen for the other sites
appears to hold quite well. However, even this fails for the till soils
from Inuvik I.

4.,4.4 Natural Moisture Content and Visible Ice Content

A very interesting plot, shéwn in Figure 7, was made of natural
moisture content and the percentage of visible, excess ice in the core.
It should be noted that Figure7 is a semilogarithmic plot, due to the
extremely high values of some of the moisture contents of the icy solls
when expressed as a percentage of the dry weight. The data values of
samples of organic soil show no definite relationship, but the range.of
moisture content is large for a small range of volume of ice. However,
the data for mineral soil aﬁd icy so0il show a definite positive relatiﬁnship.
The scatfer of the data is quite wide and any attempt to predict.actual
moisture content from visible excess ice would be liable to errors.

4.5 Variations in Terrain Conditions

Approximately half the holes drilled during this study were located
in disturbed areas, and in most cases holes in disturbed areas are paired
with holes in adjacent similar wundisturbed terrain. The terrain disturbance
investigated and the number of drill holes at each site in the different
terrain classes are summarized in Table V.

The Tsintu River and Inuvik II sites offer the widest variation in
terrain conditions at a single site. The Snafu Creek site provides some
data on the effects of time since disturbance, as three drill holes are in
a recently cleared area while ﬁhree are in an area cleared several years
ago. The sites will be discussed in turn, and then conclusions about the

varidus disturbances will be considered.
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Terrain disturbances investigated at the various sites.




4.5.1, Inuvik II

This group of eleven holes provides some interesting information
concerning the effects of surface disturbance on ground ice content and
distribution. Of the eleven holes drilled, six are in relatively undistur-
bed terrain, while five are in areas that have been quite severely disturbed.

The six Holes in undisturbed areas all penetrated 1ayérs of massive
ice or icy-soil (soil with more than 50 percent visible ice in thecore) at
depths between 20 and 200 cm and two of the deeper holes encountered similar
ice or icy soil at around 300 em. The layers of massive ice ilncluded
lenses of ice containing less than 10 bercent s0il material. Such lenses
ranged from 2 to 65 cm in thickness. Layers of icy soil contained 50 to
90 percent ice generally in thin horizontal lenses 1 to 100 mm ﬁhick and 1
to 20 mm apart, |

0f the five holes in disturbed areas, one area was burned and thfee
subjected to bulldozing in August 1968, The remaining hole was on an old .
vehicle trail cut before 1964, but which has been used repeatedly since
that time, Only one of these five holes penetrated any massive ice or icy
s0il in the top 1.2 m, and this was in the form of two 10 mm thick lenses
at 104 cm and 113 cm. Significant qﬁantities of ice or iCy.soil.were not
encountered until depths of 120 to 200 cm were reached.

| Thus surface disturbance such as fire or bulldozing appear to lead
to the disappearance of excess ice in the upper metre of the ground, and a
significant decrease in the quantity of ice in the second metre. 1In the
third metre there is an increase relative to Qndisturbed areas, while below
the three metye mark conditions are probably unaltered. These conclusions

are summarized in Figure 8.
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4.5.2 Tsintu River

Thirteen holes were drilled at this site, however only one was in an

undisturbed area. Of the others, two were in a’burned area, two were On a
seismic trail with date of clearing unknown, and six holes were

located along the right-of-way for the C.N.T. land line (cleared in the
early nineteen sixties, and used as a winter road since). The remaining
two holes were at the intersection of the C.N.T. land line and the old
seismic trail.

None of the holes encountered an& massive {ce or icy soil. Active
layer thicknesses ranged from 134 c¢cm in the undisturbed area to greater
than 275 cm in one hole in the C.N.T. right-of-way. The depth of thaw in
the two holes in the burned area were 135 and 170 cm, while in the seismic
trail and C.N.T. right-of-way, it ranged from‘157 cﬁ to greater than 275
cm.  Below the thawed layer the ground was very dry, and thfre was generally
no ice visible in the coreé, except for rare individual cry;tals. The
natural water contents of the samples from this area were all between 10
and 18 percent, with an average of 13.8 percent.

Thus at this site, with holes drilled in the last week‘of July, the
data only permits the simple conclusion that the debth of thaw is.thicker
in the more severely disturbed areas.

4.5.3 Snafu Creek

At Snafu Creek, three holes were drilled in the C.N.T. right-of-way,
cleared in the early nineteeﬁ-sixties and used as a winter road since then,
three were drilled in the Mackenzie Highway right-of-way, cleared early in
1973, while one hole was drilled in the relatively undisturbed ground
between these rights-of-way.

The effects of the longer time period since the surface was disturbed

*
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was most marked. The hole in the undisturbed area penetrated only 78 cm

of thawed ground and beneath this was approximately 100 cm of icy soil.

The holes in the recently cleafed highway right-of-way encountered an aver-
age of 105 cm of thawed ground over about 65 cm of icy soil, with visible
ice contents of 30 to 60 percent. However, the holes in the old C.N.T.
right-of-way found an average depth of thaw of 167 c¢cm, and no icy soil at
all, just crystals and particle coatings. The aﬁount of visible excess ice
was always less than 10 percent,

4.5.4 Fort Simpson

0f the twenty holes drilled at this.site, eight were in areas dis-
turbed in greater or lesser extent by highway constructiom within the last
five years, ten were in relatively undisturbed sites, and two were in un-
disturbed but very wet sites. Only one hole encountered icy soil with a
significant proportion of visible ice. This was a hole drilled through the
toe of the highway sideslope, in a higﬁly~disturbéd area. Apart from this
hole, none of the holes drilled in disturbed areas encountered very much
ice, and two holes penetrated more than 500 cm without encountering frozgn
ground. The anomalous hole in the toe of the highway sideslope penetrated
50 cm of granular fill underlain by 70 cm of peat. Beneath the peat was
frozen sand, silt and peat to 182 cm depth, with visible ice contents of
bétween 40 and 80 percent. It is assumed that the very high organic content
of the material beneath the highway fill has enabled this ground ice to
survive in suech a disturbed areas.

The other holes in disturbed areas at this site generally encountered
little or no visible ice in the permafrost. The depth of thaw in these
holes ranged from 95 to greater than 530 cm. It is possiﬁle that the two

holes which exceeded 500 em in depth, without encountering frozen ground




may indicate that at these locations permafrost is absent.

The holes in the drier undisturbed areas showed depths of thaw of
10 to 54 cm, with the shallower depths under a thick éover of moss and peat.
The frozen ground beneath had generally little or no visible ice. Two of
these holes encountered unfrozen ground at depths of 100 and 302 cm. 1In
these holes, the frozen ground may have been only seasonal frost, or the
permafrost may actually be very thin here. The ﬁwo holes in wet, undistur-
bed areas did not find frozen ground at depths of 400 and 300 cm. These
may be locations where permafrost is absent.

4.5.5 Martin River, Norman Wells and Willowlake River I and II

These sites will be.discuSSed more briefly, beéause only four or
five holes were drilled at each site.

At Martin River, the effects of recent highway riégt»of-way.clearing
were not really detectable, One hole which encountered frozen ground at
182 cm, passed into unfrozen ground below 317 cm.  This may be the base 6f
permafrost at this locality; At Willowlake River I, all four holes were
in an area recently cleared for highway construction. The two, northerly
holes encouﬁtered icy so0il, with 50 to 70 percent visible ice, at depths of
about 85 cm, and extending down to 105 and 190 cm respectively. Thus the
right-of-way clearing has had little effect.

| The first hole drilled at Willowlake River II was in the C.N.T.
right-of-way. This encountered frozen ground with random vigible ice at
27 cm. The next hole, in an adjacent undisturbed area, found frozen ground
with 60-70 percent visible ice, at 223 em. Below 95 cm, only small
quantities of ice were visible. The remaining holes were drilled in the
recently cleared highway aligunment. One found 80% visible ice between 15

and 54 cm, and 65 percent visible ice between 84 and 162 cm, with lesser




amounts of ice between and beneath these horizons, The next found frozen
ground with some visible ice below 11 cm, while the last hole found 72 cm
of thawed ground over frozen ground with no visible ice. It would appear
that the effects of surface disturbance at this site are negligible.
Finally at Norman Wells three holes, drilled with a SIPRE core

barrel, could not penetrate frozen ground. Four other holés, three in the
highway clearing and one in an undisturbed area, found frozen ground with
generally small quantities of excess ice. The depth-of-~thaw was 28 cm in

the undisturbed area and 49 to 168 cm in the cleared area.

4.5.6 Sumniarj*

In general, the effects on all forms of surface disturbance are
similar: the ground thaws more deeply in summer, and there is a decrease
in the amount of excess ice in the upper layers of perméfrost. In margin-
ally frozen locations the permafrost may become thinner, or even disappear
entirely. Such effects take some time to develop, and may not become
apparent for one to two years following the disturbance; Thére are many

exceptions to this general sequence of events,
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5. CONCLUSIONS

In this section, an attempt will be made to gather together
the specific information presented in Section 4, and to consider what
general conclusions can be drawn regarding the distribution of frozen
ground and ground ice in the Mackenzie Valley, what environmental
factors control this distribution, and how stable the distribution
is in face of man’s proposed deveiopment of the region. Consideration
will also be given to the possibility of predicting conditions of
the ground in untested areas. Finally, the study methodology will be

critically reviewed.

The problemé of the effects of ground water diflerences
were nbt covered, and no useful, new information on the effects
of differences in vegetation was obtained. The effect of vegetation
in general versus no vegetation was also considered in some

detail.

5.1 Distribution of frozen ground and ground ice

The general impression is that frozen ground is more
extensive, occurs at shallower depths and contains more visible,
excess ice as one goes from south to north. The greatest change
appears to occur in the uninvestigated area between Fort Good
Hope and Inuvik. All the sites studied to the south of Fort Good
Hope are in the zone of discontinuous permafrost while the Inuvik

sites are definitely within the continuous permafrost zone.
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5.1.1 Factors controlling this distribution

The significant factors affecting the distribution of frozen ground

and ground ice, as determined in this study appear to be:

- location (latitude)

- soil texture

— slope aspect

- surface drainage

- surface disturbance and vegetation
It should be noted that these items are just listed and are not ranked,
even qualitatively. kThe general impression gained while carrying out the

study was that the ranking of these factors would vary from site to site.

In keeping with the génerally colder winters and cooler summers of
the northern part of the Mackenzie Valley, compared to the southern part
(see Table 1I), the location or latitude of the study sites can be expected
to be one of the major controls on perméfrost conditions: There are some
anomalies however, such as the very dry tills at Tsintu River.

The finer textured soils, such as silts, clays and clay*silt tills
generally contain more moisture and more ice than coarser, sandy soils.
There appears to be a clear, positive relationship between natural water
coﬁtent and silt content, up to water conteats of about 607. This relation-
ship breaks down for soils with significant quantities of excess ice.
Organic soils and peats can havé extremely high natural water contents, and
conside¥able quantities of eﬁééééﬁice j-uﬁ%to 1000% by weight. Values as
large as this are really meaningless. It would probably be more meaningful
to present such information in thé form of percentage by volume before

thawing.
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Differences in slope aspect were examined at the Inuvik I site only.
Here there was a strong suggestion that north-facing slopes are drier and
south-facing slopes wetter than adjacent level ground. The effects of
position on the slope were investigated at Martin River, Snmafu Creek and
Inuvik, with confused results. Lithdlogy, slope éngle and slope aspect
appeared to overwhelm difference due to solely to the position on the slope.

Ground surface drainage was examined only at Fort Simpson, plus a
single observation from Willowlake River I. The conclusion at Fort Simpson
was that poorly drained sites did not have permafrost near the ground
surface, and possibly none at all., However at Willowlake River, the poorly
drained site, with a thick surface peat layer, contained more ground ice
than adjacent, drier sites. .This is possibly due to the presence of the
thick surface peat layer.

The effects of vegetation were considered only in terms of its
presence or absence, as a result of surface disturbance. In 'such cases
the removal of vegetation was found to be a major contributor to changes
in the thickness of the active layer and in ground ice content. Other
work in the Mackenzie Valley has also demonstrated this (Heginbottom, 1973;
Kurfurst, 1973). |

5.1.2 The Stability of the Distribution

The distribution of frozem ground and ground ice is a physical
expression of the heat balance or thermal regime of the ground of northern
Canada. The comporents of the heat balance are:

~ net solar radiation (incoming solar radiation -
outgoing earth radiation)

-~ evaporation and convection,
~ ground thermal regime, and

-~ ground heat storage.

A
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The surface heat balance and mean annual ground temperature at any site
depend on the relative magnitude of these components. If the mean annual
ground temperature at any depth is below the freezing point, permafrost
will occur there. The formation and degradation of permafrost thus depends
on changes in the long term heat balance, (Williams, 1971). The two most
important causes of such change are changes in climate (long ﬁerm) and
changes in surface cover (long or short term). Changes in surface cover
effect the components of evaporation and convection, the "contact
resistance" between air and ground, and the heat transfer prdperties of the
ground. Long term changes in surface cover are caused by such things as
successional changes in vegetation, while short term éhanges can be the
result of natural catastrophic events (landslides, floods or forest fires)
or of the activities of man (bulldozing, land clearing, or construction).
Man can quite easily cause gross changes in the ground surface cover, and
hence changes in the underlying permafrost of northern Cénada..

The data of this study confirm the earlier work cited above
(Heginbottom, 1973; Kurfurst, 1973). The effects of all the forms of suf-
face disturbance examined ha&e been similar, and have lead to a greater
amount of heat entering the ground from the atmosﬁhere. The result is a
thicker active layer, and a decrease in the amount of excess ice in the
upper layers of permafrost. Areas of marginally stable permafrost may
disappear entirely. These effects take a few years to become apparent.
The time before a new heat balance equilibrium becomes established is hot
known with certainty, but it appears to be of the order of a few decades
for the disturbance considered., It is, in any case, partly dependent on
the magnitude or severity of the ground surface disturbance, and partly on

the innate stability of the disturbed ground,




5.2 Conditions in Untested Areas

Untested or uninvestigated areas exist on three scales in this
study. The small scale areas are the sections of drill core that Qere not
submitted to. laboratory analyéis. Given good, descriptive logs of the
fresh cores, this should pose no problems, and the laboratory data can
generally be interpolated for such sections.

Medium scale areas comprise the ground between drill holes, and
also the deeper layers of soil, rock or ice beneath the drill holes, at
any site. The confidence with which predictions can be made about
conditions between and beneath drill holes depends on the dis;ance involved,
the complexity of the site conditions perceived in the drill holes and
conceptual models of the probable stratigraphy of the site.

Most of the drill holes were locate& in lines ér blocks so as to
test the differences in permafrost conditions with regard tofenvironmental
factors (slope, aspect, drainage, disturbance, etc.) This facilitates
prediction to some extent. Thus the four drill holes at Willowlake River I
showed a steady change in lithology, texture and ice content with increasing
distance away from the river bank. Similarly at Willoﬁlake River II the
holes #49, 50 and 51 showed very similar soil and permafrost conditions, sb
that one could predict the probable condition adjacent to these holes with
some degree of confidence,

This is not always the case, and an example is presented by holes
#10~-15B at Inuvik I. Summary logs of the ice conditions:of these drill
holes are shown in Figure Al7. It should be emphasized fhat the horizontal
and vertical scales of this diagram are the same, the seven holes were
drilled at 25 to 50 cm intervals along a transect 2.8 m iong. Although

there is a general agreement between the drill logs, there 1s considerable

*
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variation in detail. Similar variations were exhibited by the logs for
holes #16-26, at Inuvik II. Holes #16, 17 and 18A were on one transect,
about 25 m apart, holes #19, 20 and 21 were on a second tranmsect, 34 and
28 m apart, while holes #22 to 26 were on a third line with the holes 15
to 25 m apart. 1In no cases would one want to make other than very
tentative predictions about the stratigraphy or permafrost conditions be-
tween the holes, |

This inability to make meaningful predictions éoncerning the areas
between the study sites is even more serious. All that can validly be
stated about the permafrost conditions of the Mackenzie Valley,.as a whole,
is that there is a general increase in the amount of frozen ground and
ground ice as one moves froﬁ sou;h to north. The variation in conditions
between adjacent sites or within a site is such that one.;annot say anything

else.

5.3 Study methodology

The equipment used in the field was generally satisfactory, in that
clean, relatively undisturbed cores were obtained from both frozen and
unfrozen sediments. Penetration of the sampler was difficult in very dense,
sticky till, and withdrawal was even more difficult in such material, Core
retention proved difficult only in very dry, non-cohesive, sandy soils. No
peﬁetration could be achieved into boulders of competent rock or into layers
of clean gravel or gravel confaining many fragments larger than about 3 cm.

The use of a split sampling barrel enabled extraction of the core to
be made with a minimum of disturbance, This is essential if the ite
distribution is to be determined, particularly when the air temperature is
well above the freezing point; Description of the cores in terms of N.R.C.

permafrost terms was quite satisfactory.




-49- | .

‘ 5.2 Conditions 1in Untested Areas

Untested or uninvestigated areas exist on three scales in this
study. The small scale areas are the sectioms of drill core that were not
submitted to laboratory analysis. Given good, descriptive logs of the
fresh cores, this should pose no problems, and the laboratory data can
generally be interpolated for such sections.

Medium scale areas comprise the ground between drill holes, and
also the deeper layers of soil, rock or ice beneath the drill holes, at
any site. The confidence with which predictions can be made about
conditions between and beneath dr111~holeé depends on the distance involved,
the complexity of the site conditions perceived in the drill holes and
conceptual models of the probable stratigraphy of the site.

Most of the drill holes were located in lines or blocks so as to

6 test the differences in perrﬁafrost conditions with regafd to environmental
| factors (slope, aspect, drainage, disturbance, etc.) This facilitates
prediction to some extent. Thus the four drill.holes at Willo&lake River I
showed a steady change in lithology, texture and ice content with increaéing
distance away from the river bank. Similarly at Willowlake River II the
holes #49, 50 and 51 showed very similar soil and permaffost conditions, so
that one cquld predict the probable condition adjacent to these holes with
some degree of confidence, i
This is not always the case, and an example is presented by holes
#10-15B at Tnuvik I. Summary logs of the ice conditions of these drill
holes are shown in Figure Al17, 1t should be emphasized that the horizontal
and vertical scales of this diagram are the same, the seven holes were
6 drilled at 25 to 50 cm intervals along a transect 2.8 m long. Although

there is a general agreement between the drill logs, there is considerable

»
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6. IMPLICATIONS AND RECOMMENDATIONS

6.1 Relating to Highway and other Construction in the Mackenzie Valley

A considerable amount of geotechnical information has been gathered
from within the Mackenzie Valley Transportation Corridor'under the auspices
of various pipeline programs as well as for the Mackenzie Highway. Mdst of
these programs have collected information on the basis of a few holes per
mile, along possible transportation routes, or from special areas such as
possible borrow pits, bridge sites,wharf and storage areas. The samples
retained frequently have been highly disturbed and usually have been limited
to two or three samples per hole, Information gathered in.such a manner
does not adequately characterizé the nature of the ground ice occurrence or
distribution, fails to indicate the rapid lateral changes in both lithology
and ice content which exist, and frequently leads to uﬁder estimation of
the amount of ice in the gfound.

The information gathered during this study has been derived from
continuously cored closely spaced drill-holes from nine selected sites. It
indicates that there is considerable within - hole and between - hole
variability in both the amount of ground ice and in the nature of its
occurrence. Thus the following recommendations are made:

1. That generally higher ice contents be expected'in areas where
permafrost deseriptions have been made on the basis of disturbed
samples

2. That considerable short range variations be expécted in litholopy,
ice content and ice distribution

3. That in areas of finé-grained soils, highway construction using
an overlay technique be used wherever possible, and that no

unnecessary cuts be used

¥




4. That no bulldozing, ditching or mechanical damage to the ground
surface be permitted in such areas

5. That in areas of discontinuous permafrost, highway grade
construction be carried out within twelve months of right-of-way
clearing

6.2 Relating to other areas in the Canadian North

Should similar regional geotechnical information be required for
other parts of the Canadian north and particularly permafrost areas, the
Information gathered during this study should be used in planning drilling
programs. Specifically, we recommend:

6. That every effect be made to obtain undisturbed continuous core
from a sufficient.proportion of the drill—holeg.so as to
a) adequately characterize the nature of ground ice
distribution, .and
b) control the evaluation of disturbed samples from
other drill-holes
7. That at selected sites, a number of holes be drilled at close
intervals (1-100 m) so as to determine .the extent of short
range lateral variations in lithology, ground ice content and
ground ice distribution
8. That the sites for such detailed studies be selected so as to
cover the range of the factors thought to be significant in
controlling ground ice content and distribution, namely: location,
soil texture, slope aspect, surface drainage, vegetation and

disturbance.
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‘ ' " APPFNDIX A

SITE MAPS, (SITE DIAGRAMS) AND BOREHOLE LOGS

Index to Localities

Site name Holes drilled

Fort Simpson 30 - 48

Martin River 58 - 61

Willowlake River I 54 - 57 |
Willowlake River II 49 - 53

Norman Wells 62 - 64 and 85 - 88
. Snafu Creek 78 - 84

Tsintu River 65 - 77

. Inuvik I | 1-158
Inuvik IT ' o 16 - 26

Note: Holes 27 - 29 were not drilled.
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A3
A4
AS
A6
A7
A8
A9
Al0
All

Al2

Ald
Al5
Al6
Al7
Al8
Al9
A20
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A-1 -

. v List of Figures
Legends for borehole logs.
Fort Simpson site - Site diagram
Fort Simpson site - Selected borehole logs
Martin River site - Site diagram
Martin River site - Borehole logs
Willowlake River site I - Site diagram
Willowlake River site I - Selected borehole logs
Willowlake River site II - Site diagram
Willowlake River site II - Selected borehole logs
Norman Wells site - Sité diagram and Selected borehole logs
Snafu Creek site - Site diagram |
Snafu Creek site = Selected borehole logs
Tsintu River site - Site diagram
Tsintu River site -~ Selected borehole logs

Inuvik site I

Site diagram for Localities MS1, MS2, MS3

Inuvik site I ~ Selected borehole logs

Inuvik site I

Site diagram Locality B

Inuvik site I

Selected borehole logs
Inuvik site TI -~ Site diagram
Inuvik site IT - Selected borehole logs

Inuvik site IT1 - Selected borehole logs




FIGURE Al *
LEGENDS FOR SITE DIAGRAMS AND BOREHOLE LOGS, APPENDIX A
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, Surface condition
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Index to Localities

Site name

Inuvik I

Inuvik II

Fort Simpson
Martin River
Willowlake River I
Willowlake River II
Norman Wells

Snafu Creek

Tsintu River

APPENDIX B

SUMMARY OF LABORATORY DATA

Note: Holes 27 - 29 were not drilled.

Holes drilled

1
16
30
58
54
49
62
78
65

158
26
48
61

57

53

64
84

77

and 85 - 88




B-1

Liquid

Hole Sample Depth Sample Water
No. No, cm Description _ContentZ  Limit
1 100 24-40 silt gravel 30.9 47.5
101 94-108 clay silt 55.7 44,2
102 112-122  sandy clay 99.5 -
silt
103 167-174  sandy c¢lay 20,3 30.4
silt
104 184-192 silt gravel 34.8 -
105 202-212 sandy clay 42.9 37.6
silt
106 243-253 clayey silt 34.2 38.3
gravel y
107 253~265 sandy clay 34,8 38.2
silt
108 265-274  clay silt 48.9 39.7
2 113 11-21 sandy clay 68,5 -
silt
114 21-34 clay silt 29.6 45.4
115 34~-47 clay silt 25.5 45,2
116 46-66 clay silt 36.6 45.8
117 66-88 clay silt 136.3 -
118 88-97 organic clay 159.3 -

silt

Plastic 1Index of °
Limit Plasticity
26.9 20,6

24,7 19.5

17.9 12.5

17.6 20.0

17.6 20.7

18.9 19.3

18.9 20.8

26.6  18.8 ]
26.5 18.7

26.8 19.0



Sample

Hole Depth
No. No. em_
2 119 97-103
120 103-110
121 130-137
122 137-163
123 163-170
124 173-201
125 201-227
3 130 0-13
131’ 13-28
132 28-40
133 40-53
134 53-63
135 63-87
136 87-97
137 97-126
138 126-152
139 152-163

B-2

Liquid

Sample Water Plastic Index of
Description ContentZ Limit Limit Plasticity
organic clay 106.1 - - -
silt
clay silt 42,7 - 43,6 23.6 20.0
sandy clay 20.8 41,4 18.7 22.7
silt
clay silt 46.4 43.8 21.6 22.2
clay silt 33.5 - - -
clay silt 57.0 49,1 21.8 27.3
~eclay silt 41.5 47.8 21.9 25.9
peat 751.2 - - -
sandy clay 33.4 41.6 23.5 18.1
silt
clay silt 25.0 55.5 25.7 29.8
clay silt 39.4 51.1 25.0 26.1
clay silt. 61.7 - - -
clay silt 52,2 55.7 25.5 30.2
clay silt 72.1 58.6 25.8 32.8
clay silt 41.9 49.4 22.9 26.5
clay silt 41.4 51.3 23.3 28.0
sandy clay 37.3 44,9 21.0 23.9
silt '




B-3

YUater

Hole  Sample Depth Sample liquid Plastic Index of
No. No. cm Description Content Limit  Limit Plasticity
4 140 0-6 peat 445,7 . - -
141 6-20 sandy clay 130.1 - - -
silt
142 20-28 sandy clay 35.8 36.4 23.3 13.1
silt
143 28-50 sandy clay 22.8 36.5 25.0 11,5
silt
144 50-61 clay silt 31.0 47.2 29.0 18.2
145 61-76 sandy clay 395.5 - - -
silt
146 76-82 clay silt 180.1 - - -
147 82-91 clay silt 458,1 - - -
148 91-102 clay silt 128.8 - - -
149 102-121 clay silt 776.5 - -
150 121-140 - organic clay 224.6 - - -
silt
151 140-154 peat 236.0 - - -
152 154-165  peat 317.7 - - -
153 165~184 peat 211.0 - - -
154 — 184-192 peat 420.8 - - -
155 192-198 peat- 413.6 - - -




Hole  Sample Denth
No. No. ¢m
4 156 198-224
157 224-237
158 237-255
159 255-269
160 269-275
161 275-295
162 295~-299
5 163 4-13
164 13-28
165 38-60
166 60-88
167 88-105
168 105-132
132-136

169

Sample

—.._Description __

neat
peat
neat
clay silt
clay silt

organic clay
silt

orpanic silt

clay

sandy clay
silt

sandy clay
silt

sandy..clay
silt

sandy clay
silt

sandy clay
silt

sandy clay
silt

peat

B4

Water

Content?’,

Liquid
Limit

Plastic
Limit

Index of

Plasticity

386.7
518.7
468 .4
162.2
525.7

307.5

216.6

55.4

16,2

19.8

272.1

85.9

145.3

130.7

32,5

36.2

42.8

46.2

21.

21

24

27.

11

14,

18.

19.



Hole Sample Depth Sample Water
No. No. _cm _ Description Content?
6 170 0-26 peat 230.6
171 26-31 peat 175.4
172 31-40 sandy clay 25.9
silt
173 40-56  sandy clay 28,2
silt
174 56-60 sandy clay -
silt
175 60-78 sandy clay 177.4
silt
176 78-96 sandy clay -
silt
177 96-101 sandy clay 152.7
silt
178 101-105 sandy clay 100.4
gilt
179 105-109 sandy clayv 139.0
silt
180 109-117  peat 175.7
181 117-128  gravelly clay -
silt
182 128-141  sandy clay 68.5
silt
183 141-151 clay silt

+

37.8

Liauid

e — ——

44.9

44,5

35.3

39.5

42.9

Plastic 1Index of
Limit Plasticity
28.1 16.8

27.7 16.8

19.9 15.4

20.3 19.2

19.1 23.8




B-6

Hole Sample Depth Sample Water Liquid ﬁlas;ic Index of
No. __ No. __em _____ Description Content? _Limit _ Limit _ Plasticity
. 6 184 151-156 clay silt 54,7 - - -
185 156-161 clay silt 33.8 - - -
186 161-178 clay silt 84.5 38.9 19.8 19.1
187 178-189 sandy clay 43.2 42,4 20,2 22.2
silt
188 189-201 clay silt - 44.7 20.4 24.3
189 201-214 clay silt - 49.9 25.0 24.9
190 214-232  clay silt 38.5 53.3 27.0 26.3
191 232-260 clay silt 30.9 52.? 28.1 24.8
. 192 260-272  clay silt 24.1 53,4 26.9  26.5 1
|
7 193 16-23  peat 414.6 - - - |
194 23-41 sandy clay 21.5 43,0 26.7 16,3
silt
195 41-56 sandy clay 25.8 39.1 24.6 14,5
silt
196 56-84 sandy clay 553.0 - - -
silet
197 84-93  clay silt 223.0 - - -
i 198 93-112  organic clay  150.0 58.6 42.3 16.3
silt
199 112-126 organic clay . 413.0 -~ - -

silg




Hole  Sample Depth Sample Water Liouid Plastic Tndex of
No. _No, _____em. _ __ Description _ __ ContentZ Timit Limit Plasticity
. 7 200 126-139  clay silt 88.6 55.6 36. 5 19.1
201 139-147  clay silt 1201 - - -
202 147-151  peat 62.8 - : - -
203 155-172 clay silt 122.2 38.9 21.6 17.3
204 172-193 clay silt 70.8 34.7 21.4 13.3
205 193-202 silty sand 20.0 - - -
gravel '
8 206 17-22  peat 307.3 - - -
207 22-31 clay silt 42.5 - - -
. 208 31-54  clay silt 26.1 47.7 28.4 19.3
209 54-64  silt clay 33.6 - - -
210 64-85  silt clay 393.2 - - .-
211 85-107 silt clay 553.3 - - -
212 107-120 silt clay 161.0 - - -
213 120-127 gravelly silt  94.5 - - -
clay
214 127-135  silt clay 70.5 - - -
215 135-156  silt clay 41.8 - - -

216 156-169 silt clay 47.8 55.8 24.3 31.5

217 169-178  silt clav 45.8 - - -




Hole Sample Depth Sample Water
No. No. cm. Description Content?
8 218 178-195 silt clay 62.8
219 195-221  silt clay 61.0
220 221-247  silt clay 35.8
221 247-270  silt clay 30.0
222 270-283  silt clay 25.6
9 223 15-22 organic clay 249.3
224 22-29 organic clay  291.6
225 29-34 peat 697.1
226 34-43 peat 347.7
227 43-51 peat 474.1
228 51-69 peat 376.8
229 69-89 peat 767.2
230 89-102  peat 746.3
231 102-119  peat 455.3
232 119-133  peat 276.9
233 133-145 silty gravel 52.6
234 145-151  gravelly silt 54.1
clay
235 241-269  silt clay 42,1

Liquid Plastiec Index of

Limit Limit Plasticity
58.5 24.4 34.1
59.0 24.6 34.4
66.3 23.9 42.4
65.5 24.6 40.9
60,9 25.0 35.9
56.7 23.3 33.4




B=9

Liaquid

Hole Sample Depth Sample Hater Plastic Index of
No. No. cm Description ContentZ _Limit Limit Plasticity
9 236 269-285 sandy clay 32.4 39.8 20.1 19.7
' silt
237 285-323  gilt clay 48,1 . 61.8 23,8 38.0
238 323-342 silt clay 28,0 56.7 22.8 33.9
10 239 22-30 clay silt 26.9 39.6 23.4 16.2
240 30-53 clay silt 71.9 38.6 23.8 14.8
241 53-61 sandy clay 24,2 39.9 23.2 16,7
silt
242 64-94 clay silt 374.3 - - -
243 94-113 clay silt 184.4 - - -
244 113-126  geravelly clay 66.5 - - -
silt
245 126-139 clay silt 64.1. 45.6 24.5 21.1
246 139-157  clav silt 60,2 46.5 21,1 25.4
247 157-166  sandy clay 38.1 50,2 22.6 27.6
silt
248 166~-186 clay silt 34.7 48.3 22.5 25,8
249 186-224 clay silt 42,7 51.0 23,1 27.9
250 224-240 clay silt 41.2 52.5 22,9 29.6
251 240-250 gravelly clay 30.8 55.5 22.9 32.6

sile




b-10

Hole Sample Depth Sample Water Liouid ¥®lastic 1Index of

No. No. _ _em_ _ ___Description Content?  TLimit Limit Plasticity
. 10 252 251-277 clay silt 40.1 50,7 21.8 28.9
253 277-290  clay silt 29.7 55.5 24.3 31.2
254 290-340 clay silt 32.5 - 52.4 23.9 28.5
11 255 45-54 sandy clay 34.0 45.9 25.6 20.3
silt
256 54-66 sandy clay 21.3 38.2 22,7 15,5
silt
257 66-72 sandy clay 38.2 - - -
silt
258 72-96 clay silt 214.4 - - -
. 259 96-124  gpravelly clay 77.9 49,4 24.8 24,6
silt .
260 146-156 clay silt 31.3 50.1 21.9 28.2
261 158-187 clay silt 35.2 51,9 21.9 30.0
262 187-220 clay silt 33.7 52.1 22.5 29.6
263 220-230 clay silt 27.9 - - -
264 230-255 clay silt 29.5 56.2 23.2 33.0
265 255271  eclay silt 29.9 51.8 23.4 28.4
266 271-283  silty gravel 30.8 - - -

. 267 283-290 clay silt 18.6 - - -

268 290-333  clay silt 27.5 56.8 24.9 31.9




Hole Sample Depth Sample Vater Liquid #lastic. Index of

No. No. __er ____  Description ____Content7 Limit Limit Plasticity
. 11 269 333-341  clay silt 30.8 55.1 24.7 30.4
12 270 16-23  clay silt 28.5 41,5 24.4 17.1
271 23-47  clay silt 26.2 43.9 28.1 15.8
272 47-53 clay silt 25.0 36,9 22.8 14.1
273 53-64 clay silt 512.5 - - -
274 64-71  clay silt 1298.5 - - -
275 71-91 clay silt 279.2 - - -
276 91-118  gravelly clay 7.1 47.1 23.9 23.2
silt '
277 118-139  gravelly clay  56.0 46.9 21.4 25.5
. silt '
278 139-180 clay silt 47.2 50.3 22.1 28.2
279 180-197 gravelly clay = 35.3 50.9 22.1 28.8
silt '
280 197-206  clayey silt 30.0 - - -
gravel
281 206-237 clay silt 35.4 50.7 22.5 28.2
282 237-266 clay silt 30,2 51.3  23.0 28.3
283 266-286 clay silt 30.0 53.9 23.7 30.2
284 286-310 clay silt 25.4 54.3 23.5 30.8
“' ‘ 285 335-360 gravelly clay  24.2 54.0 23.8 30.2

sile

*




Hole Sample Nepth
No. No. em ]
12 286 370-403
13 308 25-49
309 49-59
310 79-125
311 135-175
312 196-215
313 215-231
314 231-246
315 266-300
316 310-340
317 370-400
318 415-445
319 460-485
320 485-520
321 520-537
14 324 25-46
325 46-62

B-12
Sample
Description
clay silt

peat

organic clay
silt

clay silt
clay silt

gravelly clav
silt

clay silt
clay silt
clay silt
clay silt
clay silt
clay'silt
clay silt

sandy clay
silt

sandy clay
silt

peat

clay silt

Water
23.0
688.7

132.3

62.7
42.9

38.2

37.8
31.7
22.9
26.9
26.8
25.4
35.4

41.9

82.0

725,4

122.0

Linuid

- ContentZ Limit _ Limit

Plastic Index of

Plasticity
49,0 21,7 27.3
Aé.7 20,9 27.8
51.6  22.7  28.9
51.9 23.3 28.6
50.5 23.1 27.4
57.5  23.7 33.8
56,2 23.4 32.8
55.6 .23.4 32.2
.43.2 18.7 24,5
47.3 20,1 27.2
47,7 19.4 28.3
40.3 18.2 22.1
39.6 18.3 21.3




Sample

Hole Sample Depth Water Liquid‘ Plastic Index of
No. No. cm Description Content? Limit  Limit Plasticitv
14 326 90-125 clay silt 63.6 47.5 21.6 25.9
327 150-185 clay silt - 52.5 23,7 28.8
328 275-305 clay silt - 54.2 23.3 30.9
15A 289 23-39 peat 650.5 - - -
290 39-48 organic clay 420.9 - - -
silt
291 48-56 sandy clay 253;8 - - -
silt
292 61-69 clay silt 387.4 - - -
293 74-115 clay silt 77.7 45.8 24.1 21.7
294 115-137 clay silt 52.0 45.8 21.1 24.7
295 137-156  gravelly clay 17.6 48.3 22.0 26.3
silt
296 156-165 clay silt 18,3 52.2 22.9 29.3
158 298 16-21 peat 1273.6 - - -
299 21-41 clay silt 538.5 - - -
300 41-45 clay silt 177.7 - - -
301 45~69 clay silt 443.8 - - -
302 69-117 clay silt 54.2 45.8 22.0 23.8
303 117-168 clay silt 37.6 49.6 22.5 27.1
304 168-180 39.0 22.5 27.4

clay'silt

49,9




Hole

No. __

158

16

17

18

19

Sample
No.
305
306
307
329

330

331

332

333

334
335

336

337

338
339
341
342

343

Depth

cm

180-203

203-233

233-276
38-63
85-107

157-163
212-239
245-270

125-145
165-195

265-287
55-95

127-140
150-186
110-135
138-167

229-245

B-14
Sample

.-.Description ___

clay silt
clay silt
clay silt
silt clay
silt clay

silty clay

sand

silt clay
ﬁrganic clay
silt

gilt clay
silt clay

organic silt
clay

organic silt

clay
silt clay
peat
silt clay
silt clay

clayey silt

sand

Viater

_Content7Z Limit _Limit

46.3

44,3

32 6

45.9

28.5

36.4

97.1

103,4

35.4

46.8

153.8

28.8

125.4

275.7

52.8

46.3

28.6

Liquid °= Plastic Index of

54,2
50.6
55.6
58.8

50.1

61.5

95 5

48.3
50.7

100.0

57.6

58.2

58.5

53.4

28.1

Plgsticitv
23,2 31.0
21.4 29,2
23.8 31.8
36.2 22,6
35.6 14.5
31.5 30.0
71.9 23.6
33.4 14,9
31,2 19.5
67.2 32.8
34,3 23.3
34.3 23.9
30.8 27.7
29.7 23.7
21.8 6.3




B2

Hole Sample Depth Sample Water Liquid "~ Plastic Index of
No. No. _ cm Description ContentZ  Limit Limit FPlasticity
20 344 91-124  silt clay 46.4 4.1 9.2 2.9
8 345 180-205 clay silt 29.4 53.2 23,7 29.5
346 205-265 silt clay 22,5 62,0 . 25.6 36,4
21 347 22-45  silt clay . - " 44,6 70.3 48.3 22.0
348 85-110 silt clay 137.3 49.3 35.4 13.9
349 145-169 orpanie silt 149.5 47.3 30.9 16.4
clay
350 172-180 peat 234.5 - - -
351 “"N-235 " peat 278.4 - - -
220~235  pe.. e .. |
352 2T SRR -_6351T”T““~ra: - -
5 240-255 " sileclay o g3.1 . h
_‘, 353 ! [, N B o o 7'-”:'"‘?‘“. 21.6 19.‘5
338-369  silty clay 30,9 41,0 21.6
| é , ‘sdnd SRR o - o
22 354 " .
4 15-22  ‘dlay sift > oy
3 i ) Mg lay
335 76-10¢ silt sand '25.9 e :
156 130-148 sand
AR sandy clay 39.3 3
393 37,5 18,
silt T ) 191
$57 185-190 cla ' )
LI iav silt 38,1
e 53.4 24.5 28.0
154 1902230 olav .
<30 ¥ sile 34,7
3.7 50. 3 23.5 26,8
R 2hG-18y sandv elga
; sandv clay 22.6 37.2 18 1
; ‘ eilr - .2 13.0
Bl 350 2649 o | ' d
: 26-4¢ clay si .
ay silt 41.6 43.8  31.5 12,3

v




B-16

Hole Sample Denth Sample Water Liquid #Plastic TIndex of
No. No. cm Description Content/Z Limit Limit Plasticity
23 361 49-88 clayey sand 17.6 28.9 23.7 5.2
silt
362 88-103  sandy clay - 18.6 - 51.6 22.1 29.5
silt
363 103-148  sandy clay 14.0 35.0 19.2 15.8
silt
364 148-167 sandy clay 13.0 35.2 18.3 16.9
silt
365 193-233  sandy clay 26.6 40.9 18.5 22.4
silt
366 233-267  sandy clay 28.1 39.5 16.7 22.8
silt a
367 267-290 clayey sand 702.6 - - -
silt -
24 368 90-104 clay silt 80.1 27,1 23.0 4.1
369 118-130 clay silt 52.2 30,2 21.1 9.1
370 141-190 clayey sand 26.9 - - -
silt
371 205-219 clay silt 32.6 38.4 23.0 15.4
372 245-253 silt clay 22.9 58.5 24.3 34,2
373 253-285 clay silt 17.9 37.2 19.0 18.2
374 285-325 sandy clay 17.8 35.7 19.2 16.5

silt




Liquid

Hole  Sample Depth Sample Water Plastic Index of
No. o cm_ Deseription Content?Z Limit Limit Plasticity
25 375 90-100 sand silt 4.3 - - -
376 100-160 silt 35.9 - - -
377 180-200 clay silt 54,3 48.8 23,9 24.9
378 220-245 silt clay 49.1 57.1 25.4 31.7
379 265-305 sandy clay 20.8 41,8 18.8 23,0
silt
380 371-396  sandy clay 21.1 40.7 18.4 22.3
silt '
26 381 39-63 clay silt 225.9 - - -
382 78-108 gravelly silt 67.2 49.9 22.4 27.5
clay
383 135-175 clayey sand 35.2 . 31.6 17.3 14.3
silt
384 197-205 gravel 18.3 - - -




-

Hole Sample Depth Sample Water Liquid Plastic Indéx of
No. No. em Description Content? Limit Limit _ Plasticity
30 600 123-43 Sandy silt 17 - - -
601 143-201 silty sand 21 - - -
602 201225  sandy silt 22 - - -
603 240-250 silty sand 20 - w -
604 258-278 sand 23 - - -
605  303-330 sand 22 - - -
31 606 60-74 organic silty sand 66 - - -
607 74088 silty sand 25 - - -
608 88-99 organic silty sand 102 - - -
609 114-158 silty sand 19 - - -
610 242-252  gilty sand 21 - - -
611 270~306  sand 28 - - -
31B 612 45-56 silty éand 42 - - -~
613 67-83 sand 21 - - -
614 85-105 sand 31 - - -
615 165~-179 sand 23 - - -
616 179-189 sandy silt 19 - - -
617 189-205 silty sand 19 - - -
618 215-245 sand 29 - - -
32 | 619 55-84 peat 203. - - -
620 124-138 silty sand 26 - - -
621 160-180 sand 22 - - -
622 250-261  sandy silt 20 - - -
623 261-285 silty sand 22 - - -




B-19

Hole Sample Depth Sample Water Liquid Plastic Index of
No. No. cm, Description content? Limit Limit Plasticity
33 624 58-83° silty sand 44 - - -
625 95-123 silty sand 21 - - -
626 165-190 sand 23 - - -
627 270-290 sand 22 - - -
628 318-329  silty sand 30 - - -
34 629 -84=100 sandy clay 35 - - -
630 100-117 organic silty clay 42 - - -
631 117-132 silty‘sand 24 - - -
632 136-180 silty sand 21 - - -
633 190-208 sand 24 - - -
634 215-240 sandy silt 24 - - -
) 635 274-275  sandy silt 15 - - -
636 275-305 sand 15 - - -
35 637 70-110  silty sand 16 - - -
638 116-130 sandy silt 24 - - -
639 130-168 sandy silt 21 - - -
640 168-190 silty sand 20 - - -
641 190-218 silty sand 22 - - -
642 218-240  silty sand 22 - - -
643 250-271 silty sand 22 - - -
644 271-290 silty sand 18 - - -
645 305-320 sand 25 - - -
36 646 81-100 sandy clay 34 - - -
647 155-195 gilty sand 26 - - -
648 195--210 silty sand 26 - - -
649 - 220-249 sandy clay 23 - - -
650 249-270  sand 23 - - -




B-20

Hole Sample Depth Sample Water Liquid Plastic Indéx
No. No. cm Description Content? Limit Limit Plasticity
. 651 290-301 Silty sand 17 - - -
652 301-305 sand 19 ) - - -
37 653 70-84  organic silty sand 54 - ' - -
654 100-131  sandy clay 44 - - -
655 131-145  silty sand 22 - - -
656 150*186 silty sand 23 - - -
657 186-210 silty sand 23 - - -
658 220-233 silty_sand 18 - - -
659 233-250 silty sand 23 - - -
660 290-325 sand 19 - - -
661 330-350 silty sand 21 - - -
662 420-436  silty sand 21 - - -
. 663 436-448  sandy clay 21 - - -
664 448-480 sandy clay 11 - - -
38 665 60~78 silty sand 64 - - -
666 78-112 silty sand 18 - - -
667. 139-158 sandy silt 17 - - -
668 158-165 silty sand 22 - .— -
669 180-211 prganic silty sand 44 - - -
670 230-250 silty sand 18 : - - -
671 250-270 silty sand 13 - - -
672 280-310 silty sand 16 - - -
673 380-390 silty sand 16 - _ - -
674 430465 silty sand 17 - - -
39 675 52-70 organic silty sand - - - -

* . 676 74-96 silty sand - - - -

677 96~114 silty sand 28 - - -




-
-

Hole Sample Depth Sample Water Liquid Plastic IndexX of
No. No. cm Description ContentZ Limit Limit Plagticity
678 114-125  sandy silt 29 - - -
679 125-138  sandy silt 19 - - -
680 138-152 silty sand 21 - ~ -
681 177-202 silty sand 19 - - -
682 225~252  silty sand 20 - - -
683  270-302 silty sand 21 - - i}
684 302-352 sand 18 - - -
685 352-390 silty sand 4 - - -
40 686 65-88  silty sand 14 - - -
687 100-139 silty sand 13 - - -
688 155-169 silty sand 10 - - -
689 280-301 silty sand 16 - - -
690 330-354 silty sand 17 - - -
41 691 120-145 silty sand 14 ~ - -
692 145-~184  silty sand 15 - - -
693 184~200 silty sand 17 - - -
694 213-236 silty sand 15 - - -
695 236-245 silty sand 5 - - -
696 335~350 silty sand 13 - - -
697 385-400  silty sand 12 - - -
42 698 34-60 peat 435 - - -
699 60-64 peat 174 - - -
700 100-120 silty sand 31 - - -
701 120-131 sandy silt 62 - - -
702 142-163  sandy silt 29 . - _ _
703 163-180 silty sand 28 - - -
704 180-195 silty gand 36 - - -




Hole Sample Depth Sample Water Liquid Plastic Indéx of
No. No. cm Description ContentZ Limit Limit Plasticity
705 195-210 sandy silt 24 - - -
706 210-235 sand 27 - - -
43 707 59-84 peat 450 - - -
708 94-115 silty sand 24 - - -
709 139~145 silty sand 35 - - -
710 155-175 sandy silt 31 - - -
711 189-195 sand 19 - - -
712 209-229 silty sand 35 - - -
713 235~252 silty sand 29 - - -
44 714 50-84 peat 296 - - -
715 95-122 peat 447 - - -
716 122135 sand 26 - - -
717 152-167 silty sand 46 - - -
718 167-181 silty sand 24 - - -
719 181-190 sand 34 - - -
720 200-230 silty sand 24 - - -
721 280-305 sand 24 - - -
45 722 51-84 peat 277 - - -
723 135~150 sandy silt 59 - - -
724 150-162 organic sandy silt 244 - - -
725 162-173 sandy silt 37 - - -
726 192-200 silty sand 33 - - -
727 206-220 silty sand 25 - - -
728 220-250 sand 22 - - -
46 729 120-136  sandy silt 53 - - -
730 170-190 sandy silt 3 - - -
731 207~240 sand 24 - - -




Water

Hole Sample Depth Sample Liquid Plastic Index of
No. No. cm Description Content7 Limit Limit Plasticity
47 732 40-62 silty sand 29 - - -

733 62-71 sandy silt 22 - - -

734 ~84~113  gilty sand 74 - - -

735 113-145 silty sand 21 - - -

736 170-198 © silty sand 21 - - -

737 212-222 silty sand 20 - - -

738 222-245 silty sand 21 - - -

739 250-260 silty sand 21 - - -

740 270-300 silty sand 26 - - -
48 741 30-60 peat 425 - - -

742 70-95 silty sand 41 - - -

743 95-110 silty sand 34 - - -

744 110-120 silty sand 28 - - -

745 144-170 sand 23 - - -

746' 175~190  sand 25 - - -

747 200-220 sand 26 - - -

748 220-245  silty sand 26 - - -




B-24

Hole Sample Depth Sample
No. No. cm Description
49 749 35-29 organic clay
silt
750 59-73 organic silt
clay
751 73-80 gravelley silt
clay
752 80-105 gravelley clay
sile
753 105-~130 gravelley clay
silt
754 160-180 gravelley sandy
clay silt
755 180-220 gravelley sandy
clay silt
756 240-260 gravellev sandy
clay  silt
7157 260-280 gpravelley sandy
clay silt
50 758 40-65 peat
759 65-95 peat
760 100-125  peat
761 145-175 pravelley sand

*

L 4

Linuid Plastic Tndex of

Water
__ContentZ _Limit Limit Plasticity
76 ~ = -
30 34 20 14
19 37 19 18
19 29 17 12
20 29 17 12
17 22 14 8
12 21 13 8
13 28 18 10
10 27 17 10
181 - - -
168 - -
155 - - -
21 30 18 12




Hole

No.

- 50

51

Sample

No.

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

777

B-25

Depnth Sample
_em Description
175-199 clayey silt
199-220 clayey silt
220-234  clayey silt
234-249 gravelley sandy
clay silt
249-260 gravelley sandy
clay silt
260-300 gravelley sandy
clay = silt
310-340 gravelley sandy
clay silt
35-65 peat
84-105 silty clay
105-120 silty clay
130-149  silty clay
180-200 gravellev sandy
clay silt
200-240 e
240-280 " "
294-320 " "

320-360

Water Liquid Plastic Indei.of
LLontentZ  Limit  Limit  Plasticity
14 20 13 7
15 20 15 5
17 18 12 6
15 - - -
9 - -
11 22 12 10
10 20 11 9
126 - - -
38 41 23 18
33 42 23 19
24 32 16 16
22 28 18 10
18 24 16 8
17 31 19 12
10 - . -
8 22 12 10




Hole Sample Depth Sample Vater
No, No, _ cm Description
52 778 45-70 peat 128
779 110-130 sandy clay 22
silt
780 160-180 sand 9
781 180-220 sand 11
782 220-260 sand 14
783 262-272  sandy clay 21
silt
53 784 72-84  organic clay 32
silt
785 110-135 sandy clay silt 13
786 160-190 sandy gravelley 13
clay  silt
787 200-226  sandy gravelley 17
clay silt
54 788 54-75 organic clay - 32
gilt
789 105-125 sandv clay 32
silt
790 140-162  sandy clay 30
silt
791 162-179  sand 19

Liquid Plastic Indei.of

Content?  Limit _Limit Plasticity

25

62

36

25

26

42

25

27

16

36

20

i6

15

22

15

18

26

16

11

20

10




Plastic Index of

Hole Sample Depth Sample Water Liquid
No. No. cm Description Content7? Limit Limit  Plasticity
54 792 190-199 organic sandy 43 - - -
clay silt
793 199-211 silty sand 27 22 16 6
794 211-222  sandy clay 33 31 19 12
silt
795 248-252  sand 21 - - -
260-264
796 268-280 sandy clay. 29 28 19 9
silt
797 291-306 silty sand 27 24 16 8
798 340-356 silty sand 23 24 16 8
55 799 54-75  sandy clay 26 29 19 10 -
silt
800 90-115 silty sand 16 - - . ~
801 115-130 sandy clay 31 30 18 12
silt
802 138-180 sandy clay 36 30 19 11
silt
803 208-220 sandy clay 31 31 19 12
silt
804 225-243  sgand 15 - - -
805 243-255 silty sand 23 - - -




-----

B0

silt

llole Sample Depth Sample Water
No. No, cm Description
55 806 270-290 gilty sand 23
56 807 65-85 silty clay 45
808 85-103 silty clay 50
809 103-122 silty clay 41
810 122-140 silty clay 30
811  156-174 sand 20
812 174-190  silty clay 36
813 192-203  sandy clay 24
silt
814 203-217 sand 20
815 230-245 = sandy clay 22
silt
816 240-260 sand and 12
gravel
57 817 80-100 peat 180
818 100-108 organic clay 73
silt
819 108-133  organic clay 49
silt
820 133-150 organic clay 34
silt
821 150-157 organic clay 33

Liquid Plastic Index of

43

47

43

36

32

24

26

35

29

Content? _Limit Limit

23

24

22

19

18

16

17

22

16

Plasticity

20

23

21

17

14

13

13




E-29

Hole Sample Depth Sample Water Liquid Plastic Index of
No.  No. cm Description __ ___ContentZ Limit Timit Plasticity
57 822 179-193  organic clay 33 37 20 17
silt

823 200-230 gravelley sand 9 - -~ -
58 824 73-85 clay - silt ' 28 - - -

825 85-100 clay silt 33 29 23 6

826 100-123  silty clay 25 34 21 12

827 127-140 gilty clay 33 33 21 12

828 160-180 silty clay 37 38 19 19

829 205-230  silty clay 37 W 22 22

830 248-270  silty clay 33 51 - 23 28

831 290-310 silty clay 36 57 24 23
59 832 72-94  sand 22 - - -

833 115-130 clay sile 27 27 15 12

834 165-190 sandy clay . 19 - ; -

silt

60 835 70-105 sand 4 - -

836 125-151 sand | 9 - - -

837 151-175 sand 20 - - -

838 190-210 sand 26 - - -




B- 30

Hole Sample Depth Sample Water Liquid Plastic Index of
No. No. cm Degscription ContentZ Limit Limit Plasticity
60 839 215-240 silty clay 37 31 19 12
840 210-215 silty clay 27 - - -
841 260-280 silty clay 24 30 20 10
842 300-320 silty clay 47 38 19 19
843 332-339 silty clay 22 b4 21 23
844 339-349 clay silt 25 30 18 12
845 373-400 silty clay 40 42 20 22
846 415-440  silty clay 40 39 20 19
61 847 85-100 sand 10 - - -
848 122-150  sand 7 - - -
849 182-200 sand 24 - - -
850 214~228  sand 22 - - -
851 228-250 sand 23 - - -
852 270~-284 sand 20 - - -
853 300-317 sand 27 - - -
854 385-390  sand 16 - - -
62 855 74-84 silty clay 10 22 15 7
856 104-116 silty clay 12 23 14 9
857 130-142 silty clay 14 26 16 10
858 153-165 silty clay 14 26 16 10
65 859 32-59 sandy clay 15 25 20 5
silt
860 110-140 sandy clay 13 25 15 10
silt




B~31

Hole Sample Depth Sample Water
No. No. cm NDescription
65 861 210-240 sandy silt’ 15
clavy
67 862 165-193 sandy silt 13
863 193-210 sandy silt 13
864 225-255 gravelley sandy 10
. silt . clay
865 275-300 silty clay 15
68 866 20-36 silty clay 16
867 100-135 sandy clay 13
silt
868 56-84 gandy clay silt 11
869 310-335  clay silt 16
69 870 39-58 gravelley sandy 10
clay silt
871 90-120 gravelley sandy 12
clay silt
872 159-170 gravelley sandv 12
clay silt
873 159~170 gravelley sandy 11
874 280-300 silty clay 16
70 875 30-60  sandy clay silt 12

L]

Liquid Plastic Index of

Content? _Limit Limit Plasticity

33 16 17
32 16 16
32 16 16
33 16 17
47 21 26
33 2 . 9
27 16 11
25 15 10
42 18 24
24 15 9
26 15 9
30 15 15
32 16 16
44 20 24
23 20, 3




B-32

-

Hole Sample Depth Sample Water Liquid Plastie Index of
No. No, cm Description Content?  Limit Limit Plasticity
70 876 90-115  sandy clay 13 22 16 6
silt
72 877 38-58 sandy clay 13 26 18 8
silt -
878 95~120 sandy clay - silt 13 22 14 8
879 145-170  sandy clay 12 27 14 13
silt
880  230-260 silty clay 14 41 17 24
881 270-290 silty clay 16 50 20 30
73 882 90-120 = sandy clay 18 29 15 14
sile
883 190-220 sandy silt clay 16 40 19 21
884 230-260 silty clay 18 37 19 18
74 885 35-55 sandy clay 12 21 15 6
silt ‘
75 886 46-65 sandy clay 11 23 15 8
silt
887 90-120 sandy silt 13 30 16 14
clay
888 130-160 sandy silt 14 30 16 14
clay
889 205-230  sandy silt 17 44 20 24

c¢lay




B-33

-

Liquid Plastie Index of

41

Hole Sample Depth Sample Water
No. No. cm Description Content7
75 890 235-260 sandy silt 14 47
clay |
. 891 265-290 gravelley silt 16 46
clay
892 1295-320 gravelley silt 16 45
clay |
76 893 45-60 clayey silt 14 25
894 90-120 sandy gravelley 13 - 24
clay - silt
895 140-170  sandy gravelley 13 28
clay silt
78 896 145-170  silty clay 21 39
897 195-220 silty clay 14 42
898 235-260 silty clay 13 42
899 265-290 silty clay 12 43
900 295-320 silty clay 13 ‘41
79 901 150-170 silty clay 19 36
902 195-220 sandy silt 17
clay
903 255-280 silty clay 14 46
- - - silty clay 14 42

904

Limit _Limit _ Plasticity

19

19

20

18

16

15

15

18

17

14

15

16

16

18

28

27

25

24

24

25

29

26

20

25

29

24




Hole - Sample Depth Sample
No. No. cm Description
80 905 73-120 silty clay
306 140-170 silty clay
907 195-220 silty clay
908 1265-290  silty elay
81 909 119-150 silty clay
910 170-195 silty clay
911 215-240 silty clay
82 912 115-140 silty clay
913 145-171 silty clay
and gravel
914 171-185 silty clay
and gravel
915 225-250 silty clay
and gravel
83 916 83-110 silty clay
and gravel
917 138-150 gilty clay
918 155-180 silty clay
84 919 78-100 silty clay
920 125-150 silty clav

Water

16

18

19

15

21

19

16

24

25

18

17

19

18

21

21

33

Liquid Plastic Index”of

.. Content? Timit Timit Plasticity

39 15 24
34 15 19
36 17 19
42 17 25
34 16 18
35 15 20
39 15 24
32 16 16
36 16 20
37 14 23
43 15 28
13 18 15
43 14 29
40 15 25
33 15 18
30 17 13




Hole Sample Depth Sample Water Liquid Plastic Index of
No. No. cm Description ContentZ Limit Limit Plasticity
84 921 155-170  silty clay 26 36 16 20
922 175-190 silty clay 19 38 16 22
923 215-240 eilty clay 13 42 14 28
924 265-290. siity clay 15 36 20 16
925 315-340 silty clay 13 44 17 27
85 926 60-85 silty clay 11 25 ‘16 9
927 169-200 - silty qlay 12 31 17 14
928 225-250 silty clay 13 .30 18 12
929 265-290 silty clay 11 30 | 18 12
930  305-330 silty clay 12 31 18 13
86 931 60-85  silty clay 28 22 14 8
932 110-140 silty clay 20 25-” 18 7
933 155-180 silty eclay - 25 16 9
934 185-210 silty clay 15 28 17 11
87 935 60-85  silty sand 20 - - -
936 105-130  silty sand 37 21 17 4
88 937 64-80  silty sand 13 39 29 10
938 80-95  silty sand 12 - - -
939° 95-119  silty clay 15 27 18 9
940 132-155 silty clay 23 27 18 9
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