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Attention: Dr. F. Yip, P. Eng.

Dear Sir:
RE: Final Report
Frost Heave Test Drilling Program
This repcrt presents the results of the test drilling program carried from

MP O at the Alaskan Border to MP 40 at the White River, between September 19
and November 5, 1977. The purpose of the program was to locate a potential

frost heave test site along this segment of the pipeline where gas may be chilled.

The written introductory section of the report describes the scope of the frost
heave test drilling program and provides a general overview of the soil and
permafrost conditions along the 40 mile segment of the route. A summarized
assessment of the soil and permafrost conditions as applicable to the potential

frost heave sites, is also presented.

The field and lahoratorv data for each of the ten sites drilled durina the
program are attached in the Appendices 1 to 10 inclusive. The data contained
in sach zppendix are as follows:

1. A written summary describing both the terrain at each drill
site and the underlying soil and permafrost conditions.
General site location plan.

Photo mosaic showing test hole locations.
Site photograph.
Test hole logs - following each test hole log is the lab-

oratory test data including grain size curves and frozen

v WN

\anw/\lhé“égéﬁ' bulk densities.
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A legend describing the terrain classification terms used on the enclosed
airphotographs is provided in Appendix A. A description of both the
symbols and terms and the soil classification system used on the test

hole logs is given in Appendix B.

Please contact the writer or Mr. Don Davison of this office should you

have any questions concerning this report.

Yours very truly,

KLOHN LEONOFF CONSULTANTS LTD.

A. L. Edgeworth, P. Eng.

ALE/clt

cc: Mr. R. lLazerte
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From:

Subject:

NORTHWEST ALASKAN PIPELINE COMPANY

Memorandum Sate of Alaska
Office of

Pipeling Cogrdingter

Members of EPB Technical Subcommittee-Permafrost Date: August' 1, 1978
Edwin (Al) Ruhn, Director, Government and Environmental Affairs

Distribution of Appendices to January 1978 Frost-Heave Program

By letter dated July 25, 1978, Dan Friedman provided members of the
Permafrost Subcommittee with a copy of the NEB staff "Reply to
Foothills (Yukon) Frost-Heave Program Proposal.™

The NEB comments pertain to a report entitled "Alaska Highway Pipe-
line Project, Frost-Heave Program," submitted to the NEB of Canada
in January 1978 by Foothills and Northwest Alaska Pipeline companies.
In order to fully evaluate the NEB staff comments on this report

it is necessary to have in hand all of the appendices to our Jan-
uary 1978 report.

Attached hereto are copies of Appendices A.1l through A.5 and Appen-

dix C. Appendix B is a bulky document prepared by Klohn Leonoff
Consultants, Ltd., which is being forwarded to vour directly from

that firm.
(&/ ’\

EAK/fes
Attachments

cc: Dan Friedman
Jack Cannon
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INTRODUCT [ON

Scope
The scope of this proiect as outlined by Foothills Pipe Lines Ltd.

was to locate a potential frost heave test site within the first 40
miles of the proposed pipeline route between the Alaska border and
The White River. Initially, the driiling was confined to an area
along the proposed pipeline right-of-way, although this was modified

during the program to include a iwo mile corridor on either side of

~ The proposed line. The requirements for the proposed test site

location as outlined to us, were to comprise the following conditions:
a) a considerable area underlain by a thick sequence of fine
grained, frost susceptible soils (in the order of 20 feet).
b) essentially unfrozen subsoils

c) a high water table or a nearby water source.

Prior to commencing the field drilling program, Klohn Leonoff Consultants
undertook a thorough examination of relevant geological data pertaining
to the 40 mile segment along the righf-of-way. The office study entailed
a detailed review of the following data:
a) thirty-five test hole logs drilled in the area by Klohn
Leonoff Consultants during the 1976 drilling program.
b) reconnaissance notes acquired during the 1976 examination
of the route.
c) thermistor instrumentation data from installations made
during the 1976 drilling program.
d) airphoto interpretation and terrain classification data
describing the geomorphological features and landforms in
The area.
e) D.P.W. drill logs and G.S.C. publications
f) 1" to 2000' air photography available along the pipeline

corridor.

Subsequent to the office study, a fotal of 10 potential frost heave test
sites were selected. From 3 to 5 test holes for each potential site
were laid out in the field and c¢rill pads were cleared. At the outfset
of the program it was understooc the proposed test facility would be

in the order of 1 mile in length. Thus, the test holes were laid out about.

Klehn Leoncff Consultants Lid.
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200 to 400 m. apart within each potential site. During the latter
part of the field program we were informed that the proposed test
facility was reduced considerably in size for economic reasons.
However, this change in criteria did not affect the investigation

in progress.

At the Time the test holes at the potential frost heave test sites
were being located in the field, the writer undertook a detajled
examination of soil exposures énd terrain conditions along and
adjacent to the 40 miles of pipeline right-of-way. This exam-
ination included a considerable number of hel icopter spot checks
and ground truthing along the old Haines-Fairbanks pipeline right-
of-way. Subsequent to this detailed field reconnaissance, several
adjustments in drill hole locations were made in the field as the
program progressed. In total, 52 fest holes were drilled during

the time period from September 19th to November 5, 1977.

Glacial] History
A brief overview of the glacial history is beneficial to explain the
general soil conditions along the 40 mile segment of the pipeline

right-of-way. |In this area, the Quaternary geology is complex and

most of the underlying subsoils have a glacial origin. The southern
portion of the area was inundated by at least two recent advances of
the Cordilleran ice sheet, namely the Mirror Creek and Macauley
glaciations. The Mirror Creek glaciation, according to the G.S.C.,
is early Wisconsin or Illinoian in age, whereas the Macauley glac-

iation is the equivalent of the "classical" Wisconsin.

The ice sheet of the older Mirror Creek glacial stage advanced
northerly to about MP 15 of the pipeline route, immediately south of
Beaver Creek, where hummocky morraines were deposited. During glacial
recession to the south, a large outwash plain was deposited beyond the

limit of the glacial advance, in the area between MP 5 and 15.

The ice sheet during the younger Macauley glaciation advanced northerly
to about MP 25 of the pipeline route in the vicinity of the present day

Enger lLakes. In this area, especially near the glacial limit, extensive

Kiohn Leonoff Consultants Lid.
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areas of undulating, disintegration moraines were deposited. During
deglacation, vast amounts of meltwaters issuing from the glaciers
carved out meltwater channels along Dry Creek, Enger Creek and other
glacial scoured depressions. AT the same time, water transported silts
infilled many of the depressions in the Mirror Creek moraines and
outwashes. Locally, small ice dammed lakes were also formed, and
deposited fine grained glaciolacustrine sediments above the glacial

outwash and till.

Post glacial processes have subsequently eroded or masked the glacial
deposits, especially in low lying areas. A thin veneer of volcanic ash
was deposited in The southwestern Yukon by two large volcanic eruptions

in the St. Elias Mountains during the past 2,000 years.

SUMMARY - SUBSOIL & PERMAFROST CONDITIONS (MP O to 40)

The test hole data from both the 1976 and 1977 drilling programs along
the 40 mile segment of the pipeline route, generally confirmed the
glacial history and airphoto terrain analysis of the area. |In general,
the subsoils are quite granular, and permafrost is widespread except

in areas of considerable ponded water, adjacent to streams, and
occasionally in hummocky glacial terrain. The following paragraphs
describe the general subsoil and permafrost conditions on a macro-scale,
based on the test drilling along the 40 mile segment. (The reader should
refer To Appendices 1 to 10 inclusive for test hole ldgs, laboratory
data, and a detailed descripiion of each of the ten potential sites).
Variations of the described conditions will certainly occur locally. The
conditions at the ten potential frost heave sites drilled during the

past two months are also summarized in the following paragraphs.

The pipeline route from MP O to 5 crosses a series of hills separated

by narrow well defined valleys. Eight and six test holes respectively
were drilled in this section during the 1976 and 1977 drilling programs.
Thirteen of the test holes drilled in the valleys encountered frozen,
interlayered fine grained soils consisting of organic silt and clayey

silt up to depths exceeding 25 meters. The upper 8 m. are high ice
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content with extensive organic laminations and inclusions. Based
on one test hole and extensive field observations, the hills are
comprised of bedrock masked by low ice content colluvium. On the
lower valley flanks, the colluvium may be ice rich and exceed 9 m.
in thickness. Potential frost heave sites 1 and 2 were drilled in
the valleys at MP 1 and 2.5 respectively. There is no area between
MP 0 and 5 suitable for a frost heave test site, as no unfrozen

soil conditions could be located.

The pipeline route from MP 5 to 9 crosses a flat to very gently rolling,
featureless area between Mirror and Snag Creeks. The area is poorly
drained. In low lying areas the ground surface is soft and swampy,
with ponded water to more than 1 m. deep. Four and eleven test holes
respectively were drilled in this section during the 1976 and 1977
drilling programs. The subsoils consist of a thin organic veneer,
overlying glaciolacustrine, non-to-slightly plastic silts and sands,
all of which overlie a very dense stratum of gravel and sand. The
upper fine grained soils vary from 1 to 7 m. thick, and average 3

to 4 m. thick. The permafrost conditions are variable. Permafrost

is generally present except in broad open areas with considerable
ponded water. In areas adjacent fo Snag Creek and Mirror Creek and its
tributaries, permafrost generally occurs as a "talik" from 3 o 5 m.
thick. Potential frost heave sites 3 and 4 were drilled between

MP 5.5 to 6.5 and MP 8 to 9. The only substantial areas of unfrozen
ground between MP 5 and 9 occur where water is ponded 1o depths
exceeding about 1 m.. Therefore, the potential for a frost heave

Test site along this segment of The routfe is poor.

The pipeline route from MP 9 to 15 crosses the flat featureless outwash
plain which was deposited beyond the limit of the Mirror Creek glacier.
The post glacial alluvial flood plain of Beaver Creek occurs at MP 15,
Five test holes were drilled in this section during the 1976 drilling
program. Considerable excavation and test pit data ére also available
within the community of Beaver Creek. The subsoils in This area are
quite uniform, consisting of dense interlayered sandy gravels below a
depth of 1 to 2 m.. Permafrost is widespread but generally has a fow

ice content. This area is not considered suitable for a frost heave

Klohn Leonoff Consultants Lid.



-5 -
test site due to widespread permafrost and shallow gravel deposits.

The pipeliné route from MP 15 to 23 climbs onto the undulating moraine
and outwash terrain which denotes the maximum ice advance during
Mirror Creek glaciation. The area is gently rolling, with numerous
small drainage courses flowing into Enger Creek. Three test holes
were drilled in this section during the 1976 drilling.program. The
three test holes encountered 3 to 5 m. of peat and glaciolacustrine
silts overlying a dense granular stratum. Observations during ground
truthing along Enger Creek indicates the creek bed is essentially
gravel. Permafrosf‘was encountered in all Three test holes and
considerable probing along the old Haines-Fairbanks pipeline indic-
ates permafrost is virtually continuous. Based on the tTest

drilling and considerable field observations, there is no location

in this area which is considered suitable for a frost heave test site,

due to widespread permafrost and the shallow granular strata.

The pipeline route from MP 24 to 31 crosses a variety of +erfains which
mark the maximum ice advance during the Macauley glaciation. The area
is rolling and noticeably hummocky. Three and eleven test holes
respectively were drilled in this section during the 1976 and 1977
drilling programs. The subsoil and permafrost conditions in this
region are variable. The rolling upland terrain consists of a thin
upper stratum of silt, clay, and sand overlying a variable and often
till-like gravel, sand and silt. Permafrost is variable, but the

test drilling indicated areas of unfrozen ground. In the lower lying
flatter areas, the terrain is underlain by interlayered peat, silt,
sand, and clay up To 10 m. thick. All test holes drilled in the low
lying flat areas encountered permafrost to the maximum depths drilled.
Potential frost heave site 6 was drilled between MP 26.5 and 27.5. In
general, the areas of unfrozen rolling terrain from MP 24 to 31, have

- shal low gravel and sand or till-like strata, whereas the low lying
areas which are underlain by fine grained soils are permafrost affected.

Therefore, a frost heave test site could not be located in this area.

The pipeline route from MP 31 to 31.5 crosses a narrow, well defined

Klohn Leonoff Consultants Lid.
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meltwater channel valley which is drained by Dry Creek. Fifteen

test holes were drilled in the valley adjacent to the creek at
potential frost heave site 7. In general, the subsoil conditions

at Site 7 consist of a narrow band of unfrozen soils along the west
side of Dry Creek. The subsoil conditions are variable, grading from
clays and silts to sands and gravels. The depth of fine-grained
material varies from more than 8 m. in confined zones in the north
central portion of the site, to less than 2 m. in the north and

south ends of the site.This site is described and assessed in

detail in Section 3.0 of This report as well as Appendix 3.

Six additional test holes were drilled at potential frost heave sites

9 and 10 in the Dry Creek valley. These two sites are located up-
stream from Site 7 along the Dry Creek valley. All six test holes
drilled at sites 9 and 10 encountered permafrost fto depth up to 11 m.. .
Therefore, there is no potential for locating a frost heave test site

at sites 9 and 10 due to a lack of unfrozen soil conditions.

The pipeline route from MP 31 to 40.5 crosses a series of rolling
hummocky moraines and outwash deposits. Seven test holes were

drilled during the 1976 drilling program. The subsoils consist of
interlayered peat, organic silt and sand to a depth of 4 m., overlying
interlayered granular strata. Permafrost is widespread and six of

the seven fest holes encountered permafrost to the maximum drilled
depths. Therefore, a frost heave test site could not be found between
MP 31 and 40.5 dus to widespread permafrost and shallow granular

strata.

The pipeline route from MP 40.5 to 42 descends into a meltwater

channel valley and proceeds across gently sloping coalescing alluvial
fan fterrain. Two and three test holes respectively were drilled in this
section during the 1976 and 1977 drilling programs. Based on the two
test holes drilled in the meltwater channel valley, the subsoils consist
of 1.5 to 3 m. of laminated silts overlying a dense gravel and sand
stratum. No permafrost was encountered in either of these fest holes.
The three test holes drilled to the south in the coalescing alluvial

fan terrain encountered widespread permafrost. The subsoils consist

Klehn Leonoff Consultants Lid.



3.0

-7 -

of 3 to 5.5 m. of interlayerad sand and sil+ts, overlying a
granular substrata. A frosi hezve Test site could not be located
in this area due to widesprezd permafrost and shallow granular

strata in areas of -unfrozen ground.

ASSESSMENT AND CONCLUS IONS

As discussed during previous meetings and in preliminary reports,

we have carried out a detailed appraisal of the soil and permafrost
conditions along the first 40 miles of the proposed Alaska Highway
pipeline south of the Alaskan Border. A total of 87 test holes

were drilled in this region during the past two years. The test
drilling results indicate that both permafrost and granular soils are
widespread along the 40 mile pipeline segment. Permafrost was
encountered to the maximum depths drilled at many of the drill sites.
However, in some areas the permafrost consists of an upper frozen
"talik" overlying unfrozen and often saturated gravel strata. Local
areas of unfrozen soil were encountered immediately adjacent to creeks,
in areas with considerable ponded water, or occasionally in rolling

hummocky terrain.

Based on an assessment of the data for the 40 mile segment of the
pipeline route, we were unable fo locate a site which met all the
specified requirements as laid out in the scope of this report. The
conditions at Site 7, although variable, meet many of specified
requirements. A summary of the conditions at Site 7 are summarized
in the following:
1. The thickest sequence of unfrozen, fine grained soils along
the 40 mile segment of the route were encountered in some of
the test holes drilled at Site 7.
2. Due to the complex glacial and post-glacial history of deposi-

tion, the subsoil conditions at the site are variable. The

most unifrom condiTions occur in a confined area in the vicinity

of test holes 1, 5, and 6.
3. The unfrozen soils at Site 7 are confined to a narrow zone

along the west side of Dry Creek. Portions of this zone
are underlain by "taliks" of permafrost in the order of

2 to 4 m. thick.
Klohn Leonoff Consuliants Lid.
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4. The site has several relatively abrupt transition areas
from ice-rich permafrost to unfrozen frost susceptible
soils.

5. The.site is bisected by a creek which has a bed load
of fine grained sitts. The unfrozen ground near the
creek has high water table generally within 2 to 4 m.
of ground surface.

6. The site is easily accessible due to its close proximity
(within 100 m.) fto the Alaska Highway.

Site 7 is representative of difficult soil and permafrost conditions
which will occur along the 40 mile segment of the pipeline route.

The variability of both the soil and permafrost conditions provide a
representative situation where differential frost heave is a concern
for a chilled gas pipeline. However, after detailed discussions with
Foothills staff and their various consultants, it was decided that the
soil stratigraphy is too variable fo permit testing of various modes
of frost heave mitigation. In particular, To permit comparisons of
tests, the three test sections ahd one control section of pipe must
be located in a uniform (ideally homogeneous) soil profile. Also,
the depth of fine-grained material is insufficient at the Dry Creek
crossing (due To the required depth of burial), To provide a serious

frost heave problem.

In conclusion while Site 7 is representative of the worst frost heave
conditions likely to be encountered in the chilled section of pipeline
(milepost O to 40), it does not provide suffiently serious conditions
to be used as a full scale test facility, nor does it provide the
uniformity of soil and permafrost required for testing modes of frost
heave mitigation. Unfrozen soils with a thickness similar to those

at Site 7 were also encountered in the area between MP 5 and 9 near the
potential frosi heave sites 3 and 4. However, these areas of unfrozen
soils were found to occur only in broad open areas with ponded water or
immediately adjacent to creeks. In addition, unfrozen soils were also
encountered locally in the hummocky moraines at the potential frost
heave site 6. This hummocky terrain is widespread between MP 24 and 31.

However, the unfrozen ground is generally comprised of gravel and sand

Klohn Leonoff Consultants Lid.
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or granular till-like materials at shallow depths.

COMMENTS & RECOMMENDAT IONS

Based on the detailed frost heave drilling program along the first

40 mile segment of the pipeline, it was decided that if a test
facility is to be located in the Yukon, the area of search must

be extended beyond MP 40. A review of the surficial geology and
airphotos between MP 40 and Whitehorse indicates several areas of
potential deep fine grained glaciolacustrine soils. These areas

are located near present day lakes which were much larger during
glaciation, and in areas occuppied by former glacial lakes. Several
areas have been discussed with Dr. F. Yip and Mr. R. Lazerte during

meetings in mid December, as outlined in the following:

Site 11 - located in the Dezadeash River valley south of MP 207.
This valley was occuppied by Glacial Lake Champagne
and is underlain with thick sequences of fine grained
glacial lake basin sediments. The potential site is
located about 0.5 mile south of the pipeline route and
0.5 mile north of the Dezadeash River, in the central
part of the valley where the fine grained subsoils

should be the thickest.

Sites 12 & 13
- located in the Dezadeash River valley about 2 o 3

miles east of the abandoned community of Champagne.

The potential sites are Iocafed about 0.5 miles north

and south of the Alaska Highway respectively, at

distances of about 0.5 and 1.5 miles south of the pipe-
line right-of-way. This area was The centre of Glacial
Lake Champagne and is underlain by thick sequences of fine
grained glacial lake basin sediments. The potenfial sites
are located in the central part of the valley where the

fine grained subsoils should be thickest.

Klohn Leonoff Consultants Lid.
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Sites 14, 15, & 16
- located north of Whitehorse at the south end

of Lake Laberge. There are several potential sites
in this area located on both sides of the Yukon
River. This area was occuppied by Glacial Lake
Laberge which was much larger than the present day
lake, and is therefore underlain by fine grained
glacial lake basin sediments. Preliminary drilling
in this area indicates a high water Table and up
To 20 m. of clayey silts and silt & clay soils with
generally 80 to 90% passing the #200 sieve. Sand

dunes and a topstratum of sand occur ldcally.

We expect that at least one of the above six sites will conform to the
foltowing test heave site criteria:
a) a broad area of unfrozen, relatively homogenous fine grained
soils in excess of 8 m. thick.

b) a groundwater table within 3.5 m. below ground surface.

An evaluation of the above sites is required fo determine their suit-
abitity as potential frost heave test sites. The recommended schedule for

selecting the location of a new site is provided in the following table.

DESCRIPTION OF WORK TIME IN WEEKS
1 21314151 6] 718

Site Reconnaissance
& Land-Use Review

Approval fo Start Work

Geophysical Examination

Test Drilling

Decision Made for New Site

Approval Obtained for New Site §
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SITE1 (MP.C.5 - 1.0)

INTRODUCTION

This area was selected as a potential frost heave test site. The
site is located between MP 0.2 2-d 1.0 along the proposed pipeline
right-of-way which parallels +he Haines Fairbanks pipeline. The
Alaska Highway is located 2,00 meters east of the site.

The reader should refer to the attached location plan on Plate
A-0890-1-1 as well as the aerial and site photographs on Plate
A-0890-1-2 & 3.

SUMMARY

‘The site is located in glaciclacustrine basin terrain (GLB-1) in
an east-west trending valley approximately 1,000 m. wide. The
hills bounding the north and south margins of the valley are
Terrain-typed as mountain valley colluvium oVerlying bedrock

(MTV/B).

The north central portion of The valley boffom has flat fo gentle
slopes (1/2% - 2%), with considerable ponded water. The ground
surface is vegetated with gress, peat tussocks, willows, and a
light growth of spruce to 10 m.. The valley bottom is drained

by a small creek and a number of poorly defined drainage courses
which flow to the east at a c¢radient of less than 1%. The creek
flows Through a series of Thermoxarst lakes in the north, info
Scottie Creek near the Alaska-Yukon border, and eventually info

the Chisana River in Alaska.

Three test holes were drillec at This site. Two holes were located
“in the valley - one adjacent 7o The creek on fthe north side and the
other in the central part of the valley. The third hole was located
near the foe of the ridge bounding the southern side of the site.
Based on the three test holes, es well as four holes drilled during
the 1976 drilling progfam, the subsoils are frozen, interlayered fine
lake sediments. These sediments consist of organic silt and non-

plastic silt up to depths exczed’'ng 30 m.. The upper 5 m. consists of
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organic silt, interlayered with peat and wood. Below this depth
the soil is a grey, laminated, non-plastic silt. In test hole
77-1-3 drilled on the flanks of the ridge along the south side of
the site, the soils consist of interlayered gravelly and sandy

silt overlying shale and silistone bedrock at a depth of 9 m..

The entire site is underlain by permafrost beneath a shallow
active layer. Permafrost was found in all test holes located in
the valley, up'To the maximum drilled depth of 30 m.. In the
upper 5 m., the soils have a high ice content, with many Thin
random and horizontal ice lenses 1 to 5 mm. thick. |In test hole
77-1-3, a 2.5 m. thick ice layer overlies bedrock from the 6.5 to
9.0 m. depth. In general, the subsoils below the upper 5 m. are

low ice content, with mostly well bonded non-visible ice.

SITE DESCRIPTION

Test hole 77-1-1 is located at the northern end of the site, 15 m.
east of the H-F pipeline right-of-way and 20 m. south of a small
creek. The ground surface slopes gently at 1/2% to the southwest.
The ground surface is softf, grass covered, poorly drained with
ponded water between extensive peat tussocks. The site is sparsely

vegetated with stunted spruce to 5 m..

Test hole 77-1-2 lies about 400 m. south of 77-1-1 and 30 m. east of
the H-F pipeline. The terrain between these two holes is gently
undulating with a series of very shallow east-west trending depres-
sions. Slopes vary between 1/2 and 2% in a north south direction,
with an overall gradient of 1% to the east. Drainage is to the east
along a number of poorly defined drainage courses. The ground surface
at 77-1-2 is soft with ponded water between extensive peat tussocks.

The site is sparsely vegetated with grass and spindly spruce to 10 m..

Test hole 77-1-3 is located about 350 m. south of 77-1-2 and 100 m.
east of the H-F pipeline on the lower northern flanks of a ridge. Along
the H-F pipeline between test holes 77-1-2 and 77-1-3, the terrain is

moderately well drained with gradients in a northerly direction increasing
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4.2
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to 10% at 77-1-3. The ground surface at test hole 77-1-3 is

firm and moss covered, with a moderately dense growth of

spruce to 15 m..

SOIL AND PERMAFROST CONDITIONS

Test Hole 77-1-1

Drilling test hole 77-1-1 incorporated dry augering to 0.5 m., coring

of frozen sediments from 0.5 to 5.08 m. followed by rotary drilling
with mud from 5.08 to a completion depth of 30.0 m.. The topsoil

is composed mainly of peat having a high moisture content (542%).

Beneath the peat fopstratum the upper soils to a depth of 4.77 m.
consist of laminated organic silt and peat, with high moisture

contents varying from about 110 to 340%. From a depth of 4.77 m.

to the maximum depth drilled (30 m.), The socils consist of glacio-

lacustrine, grey silts which are non to slightly plastic. The silts
are faintly laminated and hzve moisture contents decreasing from

30 to 35% below a depth of ¢ m..

Permafrost occurs from a depth of 0.45 to 30.0 m.. From a depth

of 0 to 4.77 m. the soils have a high excess ice content ranging
from about 5 to 30% by volume. Below a depth of 4.77 m., the excess
ice content if very low with sparse thin ice lenses from 1/4 to

1/2 mm. thick.

Test Hole 77-1-2

This test hole was drilled 7o a fotal depth of 10.1 m. by dry augering
70 0.5 m., coring from 0.5 to 4.52 m., and rotary drilling with mud
from 4.52 to 10.1 m.. Peat and organic silt form the TopsTraTum o a
depth of 0.38 m.. The moisTure content in The topstratum material is
148%. Beneath the peat topstratum to a depth of 4.12 m., the soils
consist of an organic silt with extensive black organic laminations
and traces of sand and clay. The organic silt has a high moisture
content, ranging from 100 to 300%, due 7o both a high organic and
excess ice content. From a depth of 4.12 m. to the maximum drilled

depth of 10.1 m., the soils consist of glaciolacustrine, grey silts

Klehn Leenoff Consultants Lid.
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which are non to slightly plastic. The silfs are faintly

laminated and have moisture contents averaging 35 to 45%.

Permafrost occurs from a depth of 0.5 to 10.1 m.. The upper soils
to a depth of 4.12 m. have high excess ice contents ranging up fo
90% by volume between depths of 1.38 and 2.4 m.. Below a depfh of
4.5 m. the excess ice content is generally less than 2% by volume.

lce occurs as randomly spaced thin lenses from 1/4 to 1/2 mm. thick.

Test Hole 77-1-3

Test hole 77-1-3 was drilled to a depth of 11.5 m. by dry augering to
1.2 m., coring from 1.2 to 3.83 m., then, rotary drilling with mud.
Beneath a 0.2 m. thick moss cover, the soils to a depth of 6.5 m.
consist of interitayered silts and gravelly sands. Thick soil and

ice layers occur between depths of 3.0 to 3.83 m. and 6.5 to 9.0 m..
Shale and siltstone bedrock underlies the upper soil and ice strata

below a depth of 9.0 m..

Permafrost occurs from a depth of 0.6 to 11.5 m.. The ice contents
of the subsoils in this test hole are variable. Moisture contents
vary from 45 to 95% in soil layers and from 100 to 700% in ice rich
layers. Excess ice content in the interlayered gravelly and sandy
silt strata varies from about 2 to 30% by volume. The ice content
in the shale and siltsftone bedrock below 9.0 m. was not ascertained

during drilling, but is believed to be negligible at dépTh.

Klehn Leonoff Consultants Ltd.
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SITE 1

View looking northwesterly at Site 1 along the Haines-Fair-
banks pipeline right-of-way. The site is located in an east-
wesT trending valley which drains to the east. The Alaska-
Yukon border is visible in the upper left of the photograph.

A-0890-1-3



- METRIC

TEST HOLE LOG
HAMMER WT. 63.5Ks. . PERMAFROST LOCATION See Plate A-0890-1-2 OD:OTES(I)?:[- :iog./ISQ.ICm.l ‘[
N X . 1.4 .8
HT. DROP 76 cm. 8 ELEVAT!ON DFIELD VANE O\ LAB VANE F] v
sampe_DaTa_| = [RC.[NE UIE M, e
Blowlo 1 or DESCRIPTION OF MATERIAL X — — Y — X
DEPTH TYPE |5y {CLASS| F 1030 50 70 90%
B NF 10.2m  PEAT 5k
B : L4510, 5m  ORGANIC SILT jm
c Vr,Vx 0.60m SILT - trace sand ol
1] c 1 v ORGANIC SILT N 28
. - peat layers, wood O 22
¢ g Vx pieces 33
3 - trace sand’ Iy
c i Jp - non to slight O
2 plasticity
C - brown to grey O 191
e ice lenses to 7 mm.
c " gf', 2.58m ice' lenses %-1mm spaces @ O 21!
o S, , 1 1-3 mm.
H Ux ORGANIC SILT
3 c 3 - trace sand, wood O 11
- pieces, trace clay
- laminated with 51
¢ organics O 161
- brown to grey
b C ice lenses 1-5mm spaced @ 5- o 12!
o ‘ 10 mm. O 12
| ice lenses imm spaced @ 1-3mm ’
C ice lenses -Zmm spaced @ % - /d
L.77 m 1 mm. //
5 1 ~
¢ LE ] mern SILT
- trace sand, trace
clay
- sparse wood pieces
6 g - non to slight
plasticity
- grey
/
79 t—
SPT | 157 [14] vr ¢
&
84 b
)
SPT 156 |15 xl\[,bvnr D
9
seT | 201 ,
145116 Vr, Vx ™ ice lenses imm spaced @ 5-30mm.
10 (Continued)
JOB No. AL0890
PROJECT Frost Heave Test Sites
. Klohn Leonoff Consultants Ltd. 5o 05 010
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-1-1
DATE Sept.30/77 PLATE



TEST HOLE LOG
HAMMER WT. 63.5Kg. : LOCATION 'corliem?N[— I:g.{sqi;m-[ —
HT. DROP 76 em. | O PERMATROST ELEVATION o2 06 0. LA 18
Q DFIELD VANE (N 1aB VANE T UNCONE |
sawpte_dAta_| £ [NRCTNE T P
T o or | DESCRIPTION OF MATERIAL | xoo___% P ;
DEPTHI TYPE eo{No CLASS! F 10 20 50 70 90%
(As above)
SILT
11 - trace clay
90 - occasional layer
Nbn of fine sand ¢
SPT | 230117 Vs - non to slight f
plasticity
12 ' - grey
13
14
110 b—
15 SPT 212118 Nbn ~~— jce lenses to imm spaced @ 35mm D]
— Vs '
16
17
spr | 1211 ' |
18 2hko 19 Nbn < extensive organic fibres Q
19
20 (Continued)
| JOB No.  AL0890
PROJECT Frost Heave Test Sites
. Klohn Leonoff lS,,, LOCATION P 0.5 to 1.0
cClivit & GEOTECHNICAL ENGINEERS HOLE No. 77-1-1 Continued
DATE Oct. 1/77. PLATE

K.L.C. - METRIC



TEST HOLE LOG

HAMMER WT. 63.5Kg. LOCATION COHESION - Kg./Saq.com.

PERMAFROST T T 7T T 77
0.2 0.6 1.0

14 1.8
_ ELEVATION DFIELD VANE )\ LAB VANE P UNCONE.
NRC. | NE ' PLASTIC WATER tquip
LIMIT CONTENT LIMIT
T or | DESCRIPTION OF MATERIAL | x0T P x
DEPTH| TYPE Naol CLASS! F 10 10 50 70 90%

15cm.

HT. DROP 76 cm.

SAMPLE DATA

SYMBOL

s
RS (As above)

21

22

23 RS
: XK
&

XX

K SILT ] )

R - trace to little fine

IR

:.:. sand, trace clay

24 28 - . K
000, v organic specks

2L - non to slight
plasticity
B 20 an ’:::’ - grey

25 X Notes:

:::: 1. Hole located 15 m east of H-F
0::: P/L and 20 m south of small
0::: drainage course. Terrain

%
26 R slopes 3-1% to south & east.

. Peat tussocks on ground surfacel
KK Site is vegetated with sparse
0, spruce to 5 m.

3

odede

27 X 3. Hole cored from 0.5-5.08 m.
RS Drilling mud used from 5.08
35
DS to 30m.

‘ .
:0::: L. Thermistors installed at 0.5,

28

:::: 1:5, 3.0 anq 4.5 m. Standpipe
K piezometer installed.

29 KR

30 %1 30.0m  END OF HOLE @ 30.0 m
' JOB No. AL0890

PROJECT Frost Heave Test Sites
Klohn Leonoff Consuitants Ltd. | 5=25 50 0.5 0 1.0

7 CIVIL & GEOTECHNICAL ENGINEERS |HOLE No. 77-1-1 Continued

DATE Oct. 1/77 PLATE

K.L.C. - METRIC
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GRAIN SIZE— MILLIMETRES

REMARKS: O————0
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0.00l
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Sa. #13 (4.77-5.08m) Silt - trace sand, trace clay
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO. 1-1

Sample Sample Fro%en Bulk3 Froz§n Bulk
No Depth (M) Density KG/M Density PCF
2 0.50-0.68 1,700 101.0
3 0.68-0.98 1,040 61.8
L 0.98-1.28 1,160 68.9
5 1.28-1.73 1,220 72.5
6 1.73-2.18 1,120 66.5
7 2.18-2.58 1,310 77.8
8 2.58-3.13 1,150 68.31
10 3.58-3.88 1,340 79.6
11 3.88-4.15 1,210 71.8
12 ho15-4.77 1,380 82.0
13 4.77-5.08 1,400 83.2




TEST HOLE LOG
HAMMER WT. 63.5xg. LOCATION - -1 COHESION - Kg./Saq.cm.
1 IpermarrosT See Plate A-0490-1-2 JUSERS 11: i qlla‘ ™
HT. DROP 76 cn. | ELEVATION it vANE £) (A8 vane B >
samrie_oata_| = [NAC T o, e
sy pvrn 110100 DESCRIPTION OF MATERIAL | (20 __% oo \
i5em. |70 JCLASS 1030 50 70 90%
R 0.38m PEAT & ORGANIC SILT
C [Thokrr ORGANIC SILT
c 2 ‘ -.extensive black G
1 C Ggkt organic layers
| 3 - tr. sand, tr. clay
c b gk 1.38Lice lenses 1-5 spaced @ 3-5 mm
¢ =1 B P ICE AND SOIL
2 ] and - soil mostly peat and
c 6 Soil 2.40m organic sn]t’ i
i 28 ORGANIC SILT -
c | /] - laminated with
3 organic layers .
¢ 8._'"' = tr. sand, tr. clay '
C 9 b¥ - dark grey-brown
ice lenses to 15mm spaced 2 15mm
C 10 ~=——ijce lenses 1-2mm spaced 2-5mm
i C 11 L.12m =
c ] Vs o SILT o1 |
— - trace fine sand
- trace clay
2 - sparse organic layers
- non plastic /
- grey
- extensive pieces of wood
6 ice lenses #-imm spaced @ 2-5mm
7 103 || J
SPT 285 |13 ]an
I \
8
151 — . l}
SPT 450 11 N\t;” < ice lenses zmm spaced @ 5mm :
S s
9
154 | Nbn .
10 |SPT | 396 I3 Vr (Continued) o
JOB No. AL0890
PROJECT Frost Heave Test Sites
KIOhﬂ L@@ﬂ@ﬁ @Dﬁﬁuﬁﬁ@ﬂ%SLi@ LOCATION MP 0.5 to 1.0
ClIV| AL ENGINEERS HOLE No. 77-1-2
DATE Qct. 1/77 PLATE

X.L.C. - METRIC



TEST HOLE LOG

HAMMER WT. 63.5Kg. LOCATION COHESION - Kg./Sa.cm.
_, |PERMAFROST 052 T o'a T ]lo T 114 "1'0
HT. DROP 76 em. Q | ELEVATION DFIELD VANE (\LAB VANE "3 NCONF.
SAMPLE DATA E NR.C. I N.F PtlAhilTTlc c\gﬁﬁzir t‘&l:[rb
DEPTH Ty PE |BLOW ¢ or DESCRIPTION OF MATERIAL ) QU — 0 — e X
15cm. |NO CLASS| F 10 30 50 70 90%
LILL (W i
END OF HOLE @ 10.1 m.
11 Notes:
1. Test hole located 30 m east of
H-F P/L. Terrain slopes gently
1% to east.
2. Peat tussocks on ground surface
Sparse spruce growth to 10 m.
3. Hole augered to 0.5 m., cored
from 0.5 to 4.52 m., & drilled
with water from 4.52 to 10.0 m.
JOB No. AL0890
PROJECT Frost Heave Test Sites
- Klohn Leonoff Consultants Ltd. o, rion w05 w0 10
CIVIL & GEOTECHNICAL ENGIN EE RS HOLE No. 77-1-2 cont inued
DATEOct. 1/77 PLATE

K.L.C. - METRIC
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90

A\

[8¢]
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100
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FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 1-2

Sample Sample Fro%en Bu]k3 Froz?n Bulk
No. Depth (M) Density KG/M Density PCF
2 0.50-0.85 1,410 83.8
3 0.85-1.10 : 1,300 77.2
5 1.40-1.65 880 52.3%
7 2,25-2.70 1,170 69.5
8 2.80-3.10 1,200 71.3
9 3.10-3.40 1,230 73.1
10 3.40-3.77 1,030 61.2
12 L,12-4,50 1,120 66, 5

Jow value due to thick ice lenses combined with

3¢

peat & wood pieces.

** wvalue is low due to extensive ice lenses & organic
soil with wood. The frozen bulk density value is not

representative of the grey silt ‘in this stratum.



TEST HOLE LOG

})108

690

HAMMER WT. 63.5kq. LOCATION o - COHESION - "‘./ Lem.
g _ |permarrOST See PlaT A-0890-1-2 T T F: '51' —
em. . , X 4 1.8
HT' DROP 76 8 ELEVAT!ON BFIELD VANE Q\1AB VANE T UNCONF,
SAMPLE DATA | £ | NRC.|NF. PIAIT CONTENT LT
T
. o7
ST rvee O] L nss DESCRIPTION OF MATERIAL | xoo__. oon M :
_ cm. — 10 30 50 70 20%,
B ol NF 10.2m __ MOSS - organic cover
B :i 0. SILT - some sand
- little gravel -
1 B ] Vr, shale & siltstone
— Vs - trace clay
1 - light brown
c 3 1.48m o)
— SILT - some sand & gravel L
9 C | 4] Vr, ) - pieces of siltstone
C dm - dark brown organics :
— xi’ SILT - and sand & gravel V\§C
¢ | 6] Ve - pieces of siltstone
c 7 - organic layers
3 c :g: ?fb%i”e gravel layer @ 2.85‘m G
c 9 ICE AND SOIL T
E lce - soil is a mixture of
o 10 and . gravel,sand & silt
) c 11 Soil 3.83m - rusty layers
. o5} 4.13 GRAVEL-shalegsiltstone 3cm. ¢
SILT
- some gravel
5 Vr - trace sand
Vs 5.3m T ogrey
SPT 87 T;" SILT - and sand(fine to
292 £ very fine)
6 - organic specks
- grey
6.5m ice lense 4 mm @ ¥ - 1 mm
7 37
118 [13
] ICE
ICE - layered with silt
and sand
8 - hard, candled,cloudy
149 —
243 [14
9 9.0m
{0
1 I Nbn, SHALE AND SILTSTONE
51%W& Vs - interbedded black
&mﬁ shale & rusty silt-~
10 QHMJ Cont'd. stone layers(Bedrock)
JOB No. AL0O890
PROJECT Frost Heave Test Sites
> Klohn Leonoff Consultants Lt
== ms?‘ e m@@?m @‘Kgﬁﬁ% T?*d.é LOCATION MP 0.5 to 1.0
CIVIL & GEOTECHNICAL ENGINEERS |HOLE No. 77-1-3
N DATE Oct. 2/77 PLATE
K.L.C. - METRIC '



TEST HOLE LOG

HAMMER \WT. 63.5Kq. LOCATION COHESION - Kg./Saq.cm.
_, |PERMAFROST 072 T 06 I 1‘0 T
HT. DROP 76 cm. g ELEVATION @FIELD VANE Ql,'A.B vans T .
sampie Data_| £ [NRC e, e
mvery vy 1o O DESCRIPTION OF MATERIAL | x————-= 0 :
15¢m, O o CLASS 10 30 50 70 90%
it}
A (As Above)
SHALE AND SILTSTONE
11 (Bedrock)
i
T 1.5 m
. 1 END OF HOLE AT 11.5 m
Notes:
1. Test hole located 100 m east of
H-F P/L on lower north flanks
of a ridge.
2. Terrain slopes 10% north-
easterly. Ground surface is
firm and moss covered with a
moderate spruce growth to 15 m.
3. Hole augered to 1.2 m, cored
from 1.2 to 3.83 m, and drilled
with water from 3.83 to 11.5 m.
JOB No. AL0OB90
PROJECT Frost Heave Test Sites
e e | LOCATION  MP 0.5 to 1.0
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-1-53 antinued
DATE Oct. 2/77 PLATE o
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FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 1-3

Sample Sample Fro%en Bulk3 Froz§n Bulk
No. Depth (M) Density KG/M Density PCF
3 1.20-1.55 1,370 81.4
L 1.55-1.85 1,480 87.9
5 1.85-2.10 1,490 88.5
6 2.10-2.42 1,590 94 . 4
7 2.42-2.71 1,560 92.7
8 2.71-3.00 . 2,350 139.6
9 3.00-3.30 1,390 82.6




1.0

2.0

SITE 2 (MP 2.5 - 3.0)

INTRODUCT I ON

This area was selected as a potential frost heave test site. The
site is located between MP 2.5 and 3.0 along the proposed pipeline
right-of-way which parallels the Haines-Fairbanks pipeline. The
Alaska Highway is in close proximity to the pipeline on the north
and south sides of the valley, and 600 meters to the west of the
pipeline in the valley bottom. The reader should refer to the
attached location plan on Plate A-0890-2-1 as well as the aerial

and site photographs on Plates A-0890-2-2 & 3.

SUMMARY

The site is located in glaciotlacustrine basin terrain (GLB-1) in
an east-west trending valley approximately 300 m. wide. The
upper valley slopes are classified as mountain valley colluvium

overlying bedrock (MTV/BR-M).

The valley bottom is drained by a small creek which has a gradient
of 1% to the east. The creek drains into a larger creek located
one mile east of the site in a north-south trending valley. This
creek flows through a series of thermokarst lakes into Scottie
Creek near the Alaska-Yukon border, and evén%ually into the Chisana

River in Alaska.

Although the valley bottom has considerable ponded water in flat
grassed areas, the flanks of the valley are fairly well drained.
The lower valley flanks vary between slopes of 1 and 8%, increasing

to more than 25% in the upper portions.

Three test holes were drilled at this site. Two were located in
the valley and the third on the slopes of the ridge bounding the

southern side of the site. Based on ftwo drill holes in the valley

bottom, as well as two previous holes drilled during the 1976 program,

Klehn Leonoff Consultants Ltd.
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the soil conditions are relatively consistent. The subsoils are frozen,
interlayered fine lake sediments consisting of non-plastic organfc

silt and non to slightly plastic silt up to depths exceeding 25 m..

The upper 8 m. consists of interlayered organic silt and peat with
extensive wood chunks and other organic inclusions. Below this depth
the soil is grey, non-plastic sili with thinly interbedded gravel and
sand seams. Considerable organic material was encountered from the

18.45 to 20.0 m. depth in test hole 77-2-2. Test hole 77-2-3 drilled

on the side slopes of the ridge on the south side of the site encountered

1.7 m. of silt and clay overlying interbedded shale and silfstone bedrock.

The entire site is underlain by permafrost beneath a shallow active
layer. Permafrost occurs in both fest holes drilled in the valley

up to depths exceeding 25 m.. The upper 8 m. are high ice content,
with ice layers up to 1.5 m. thick. lce layers in excess of 5 m.

Thick were encounfefed within the upper 8 m. of some test holes drilled
during the 1976 test drilling program. |In test hole 77-2-3, permafrost
occurs from 0.75 m. to the maximum drilled depth of 3.0 m.. The

colluvium and bedrock in this test hole are low ice content with sparse

random ice lenses to 5 mm. thick.

SITE DESCTIPTION

Test hole 77-2-1 is located at the northerly end of the site in a small
drainage course at the bofttom of an east-west trending valley. The
H-F pipeline lies about 50 m. to the west. The hole was drilled
adjacent to the creek bed about 0.1 m. above water level. At the
Time of drilling the creek has an estimated flow of 0.1 to 0.2 cms.
The creek drains to the east and essentially follows an old fire

break along which the organic layer has been disturbed and subsidence
has occurred as a result of permafrost degradation. Considerable thaw
slumps are evident along the creex and probing in the creek bed
encountered permafrost at 0.8 m.. Massive ground ice is exposed

about 500 m. downstream where the creek has eroded a gulley some 3

to 4 m. deep. Vegetation along the creek consists of dense willows

to about 2 m. high with sparse spruce to 10 m. high in the surround-

ing terrain. A denser growth of spruce exists in the valley bottom

Klohn Leonoff Consultants Lid.
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northwest of the test hole.

Test hole 77-2-2 lies 300 m. south of 77-2-1 and is situated 40 m.
west of the H-F pipeline. The terrain between these test holes
slopes northerly and ascends from 2 to 5% towards 77-2-2. The
terrain is relatively open with grass and peat tussocks on the
ground surface. At test hole 77-2-2 the ground is firm and fairly
well drained. Vegetation consists of a light spruce growth to 5 m.

high.

Test hole 77-2-3 is located about 500 m. south of 77-2-2 along the

H-F pipeline, on the north flank of the ridge bounding the east-west
trending valley to the north. The terrain between these test holes
ascends to a maximum slope of about 18% before decreasing near the
ridge crest. Test hole 77-2-3 was drilled about 10 m. west of the

H-F pipeline and 40 m. east of the Alaska Highway. The terrain at the
hole slopes about 5% to the north and drops off to about 12% in the
wesT towards the highway. The ground surface at the site is firm and
well drained. Vegetatfion consists of a healthy forest cover of spruce,

poplar and birch to 20 m. high.

SOIL & PERMAFROST CONDITIONS

Test hole 77-2-1

Test hole 77-2-1 was drilled to a depth of 26.3 m.. The hole was
augered to 1.0 m., cored from 1.0 to 9.65 m., and rotary drilled with
mud from 9.63 to 26.3 m.. The upper soils to a depth of 6.77 m. consist
of organic silt with fine sand and clay laminations. Due to the high
ice content and extensive organic material, the soils have a moisture
content varying from 50 to 550%, and averaging more than 100%. From
6.77 to 23 m., the subsoils consist of non to slightly plastic, grey
silt with a little sand and trace of clay in laminations. The moisture
content of the soil varies from 45 to 145% between 6.77 and 10.5 m.,
and averages 30 to 35% from 10.5 to 23.0 m.. A coarse gravel and sand
layer underlies the upper glaciolacustrine silt strata from a depth of
23 to 26.2 m.. A hard siltstone material, believed to be bedrock, was

encountered at 26.2 m.. However, the hard consolidated nature of the

Klohn Leonoff Consultants Ltd.
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silftstone prevented penetration To coniirm bedrock.

Permafrost occurs below a shallcw unfrozen active layer (0.7 m.
thick) to the maximum depth drilled (26.3 m.). The upper subsoils
to a depth of 6.77 have a high excess ice content. Between a depth
of 1.0 and 2.44 m. the excess ice content is greater than 75% by
volume. The excess ice content decreases with depth to less than
25% by volume between 6.77 and 19.5 m.. Below a depth of 10.5 m.
the excess ice content is low, and ice occurs only as random 1/4

to 1/2 mm. lenses.

Test Hole 77-2-2

Test hole 77-2-2 was drilled to 3 depth of 26.3 m.. The method of
drilling involved augering to 0.35 m., coring from 0.55 to 10.65 m.,
and rotary drilling with mud frcm 10.65 fo 20.0 m.. The soils
essentially consist of interlayerec glaciolacustrine silts with minor

sand and gravel seams at depth. The upper 8 m. consists of highly

~organic silt with extensive piecas of wood and organic laminations.

The moisture content of the frozsn organic silt is high and generally
varies from about 80 to 200%. From 8 fo 17.35 m. the organic silt is
underlain by non to slightly plastic silt interlayered with gravel

and sand seams. The interbedded gravef and sand seams are up to 0.5 m.
thick, and occur only below a dexth of 12 m.. The moisture content of
the silt varies from 32 to 109%, averaging about 50%. A layer of

organic silt and ice underlies T1e silt soils from 17.45 m. to maximum

depth drilled (20.0 m.).

Permafrost occurs below a shallcs G.5 m. thick unfrozen active layer
to The maximum depth drilled. The upper 8 m. of organic silt has a
high excess ice content ranging from an estimated 10 to 30% by volume.
The ice generally occurs as clossly spaced horizontal lenses from 1/4
to 5 mm. thick. The excess ice contTent of the soils from 8 to 17.45 m.
is low and generally much less T1han 10% by volume. Although the ice
content of the subsoils in this zrea generally decreases with depth,

a high ice content layer occurs 2t The bottom of this test hole from
17.45 to 20.0 m.. The organic sili at this depth has an estimated

excess ice content of 25 to 50% >y volume.

Klehn Leonoff Consultants Lid.
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Test Hole 77-2-3

Test hole 77-2-3 was drilled o a depth of 3.0 m.. The hole

was augered to 1.2 m. and cored from 1.2 fo 3.0 m.. The sub-

soil profile consists of a thin 0.1 m. veneer of topsoil under-
lain by silt, with minor pockets and layers of gravel, sand and
shale to a depth of 1.7 m.. The moisture content of this material
averages about 20%. The upper silt stratum is underalin by shale
and siltstone bedrock from 1.7 m. To the maximum depth drilled.
The bedrock is friable and dark grey with orange weathering along

Joint surfaces.

Permafrost occurs below a shallow unfrozen active layer (0.75 m. thick
at the time of drilling), to tThe maximum depth drilled (3.0 m.). The
estimated excess ice content of the frozen silt soils above bedrock

is less than 10% by volume, and of the bedrock is less than 5% by
volume. |1 is expected that the excess ice content of The bedrock

below the upper weathered zone is negligible.

Klehn Leonoff Consultants Ltd.
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SITE 2

View looking northerly at Site 2 along the Haines-Fairbanks
pipeline right-of-way. The site is located in an east-west
trending valley which drains fo the east. The Alaska Highway
is visible on the left and upper part of the photograph.
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XK.L.C. - METRIC

TEST HOLE LOG
HAMMER WT. 63.5Kg. LOCATION See Plate A-0890-2-2 COHESION - Kg./Sa.cm.
- _, |PERMAFROST 0'2 1 0'6 T 'Io T 114 T 118
HT. DROP 76 cm. 8 ELEVATION @ FIELD VAb.lE QLA.B VANE f%?@uNCO.t*JF.
SAMPLE DATA | £ | NRC.|NF PLASTIC WATER uauio
o] - or | DESCRIPTION OF MATERIAL | xoi___& Pl x
DEPTH TYPE 5| Noj CLASS| F , 10 30__s0 70 90%
N 3 G
Adas ORGANIC SILT
B - slightly plastic
N.F - rootlets
1 XX 1.0m. - dark brown \
ICE & SOIL INCLUSIONS | I®545
- soll is organic 3126
- silt, some fine sand, 1126
2 |¢ I CE trace clay 0
8 435
; 2. i ]
c o30%e! Inbakibiusim— 2550
Vr ‘0:0 SILT 536
3 c Vs |RX - some sand, trace clay
Vx,Nbn - peat layers /(;(
¢ ICE ' - organic specks 4
C - non to slight plasticity
‘V\l; (ice lenses 3 cm. spaced
y | C s 3.87m. @ 1-2 mm.) %
C AV X Nbn e o4t
RS (ice lenses 1/4 - 1 mm. [~
C R VX < spaced @ 1-2 mm.) \>0195
vr L (jce lenses 1/b4-1mm. sPaced‘ (EK/// :
5 |c fEetl Vs L
",‘”, - @ ]—Smm-) [ 128
c P
ORGANIC SILT
C - wood specks to 2 cm. G(
6 |¢ - root fibres 104
M VT - little sand .
¢ - brown & are 126
| y |1
(ice lenses 9mm. thick) |
¢ Vs 6.77m.'~(ice lenses Zmm. spaces @ q
7 —1  Zimm.) \\
C 19 SILT
- - little sand /J
C 20 - brown wood specks ,O/
- - laminated 1
8 C 21 VX - non to slight plasticity (.)//
| - brown & grey \\ '
(ice lenses 1/4-1mm. spaced |
c 22 Vr @ lcm.) }9
| (ice lenses 15mm. thick) ({
9 C 33 Vs \\
M - T~ 145
C 24 Vr,Vs Kl (ice lenses 6-15mm. spaced @ 10}
— 20 mm.) /
10 Nbn - extensive wood specks /
. | JOB No.  AL0890
PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd. [ 5o morr0r—<2
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-2-1 "
DATE sept. 28/77 PLATE



TEST HOLE LOG
HAMMER WT. 63.5Kg, LOCATION COHESION - Kg./Saq.cm.
_‘ PERMAFROST 012 T 076 T 1Io T IIA T Ile
HT. DROP 76 en. | O ELEVATION OrieLD vane (3 1A8 vane P uncore.
sanrie_oata_| £ [WRCTNF W o,
IoePTH 1Y PE IBLOW el or DESCRIPTION OF MATERIAL P 0 — e o e e X
15cm. |V CLASS| F. _ 10 30 S0 70 90%
Vi,Vs /
Nbn- 10. 5m (AS ABOVE) /|
11 /
, SILT va
- little sand in laminations /]
96 | - trace organic specks
- non to slight plasticity o
12 | gpr | 14725 - grey with brown §
150 Nbn
13
14
117 —
151 SPT 157 |26/ - sand laminations (1/4-1/2mm) (%
181
16
17
Nbn
100 1
18 | SPT Il A
205 |27
270
19
20
JOB No. ALO890
PROJECT Frost Heave Test Sites
LOCATION M.P. 2.5
CIVIL & HOLE No. 77-2-1
DATE sSept. 28/77 PLATE
K.L.C. - METRIC




TEST HOLE LOG
HAMMER WT. 63.5Kg) LOCATION COMESION - Ko /Sa. cm.
: _, |PERMAFROST T T T T 1T 171771
HT. DROP 76 cm. | O ELEVATION 02 06 10 14 18
& _ @EIELD YANE O 1AB vANE T UNCONF.
SAMPLE DATA | £ | NRC.INF PLASTIC  WATER uauio
cer v ee POl © |coass| % | DESCRIPTION OF MATERIAL | 21 __% o .
cm. . 10 30 50 70 90%
Nbn
135 fed AS ABOVE
21 SPT 1180 |28 0}
22
23 23.0m.
23.3m. GRAVEL - coarse
23.5m. SAND - coarse
24 L
GRAVEL - coarse
25
25.5m.
26 | SPT 25.85m. SAND - coarse
SPT - medium to coarse e
SPT 171_} 26.2m. SAND - and gra\/e] @:i//u
= 26.3m.SILTSTONE  (bedrock?) —TO
27 END OF HOLE @ 26.3m.
NOTES:
1. Hole located in small drainagg
course in the bottom of a
broad east-west trending
28 valley. Terrain slopes 1/2%
easterly.
2. Low willows along creek and
sparse spruce to 10m. in
2 surrounding terrain.
2 3. Test hole cored from Im. to
9.63m.. Drilling mud used
from 9.63m. to 26.3m.
L, Water level at ground surface
30 during drilling.
: JOB No. AL0890
PROJECT Frost Heave Test Sites
2 Klohn Leonoff Consultants Ltd OCATION w7 7.2
CIVIL & GEOTECHNICAL ENGINEERS |HOLE No. 77-2_4
DATE Sept. 29/77 PLATE

K.L.C. - METRIC
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GRAVEL SAND
COARSE FINE |COARSE] MEDIUM | FINE SILT OR CLAY
US. STANDARD SIEVE SIZE :
00 3'2'W2'1"3/4" 3/8" #4  #I0 %20 #40#60#I00 $#200
o wr}% ::y____‘r 5——%;\
A | N
90 \
1D
\\
80 . |
TN
70 \\'
Z 60
- 5
50
H N
=
& 40
—
> N
s AOxC
o
€ 20 N
KR
~allH
\\gﬁ\_@
0
100 ) 1.0 0.1 0.0l 0.00! 0.000!
GRAIN SIZE— MILLIMETRES
REMARKS: _@——0 Sa. #5 (2.0 - 2.32) Ice & soil consisting of silt, some fine sand

O——  Sa. #16 ( 5.67-5.97) Silt - little fine sand

JAEND 3IZIS NIvYo




FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 2-1

Sample Sample Frozen‘Bulk3 Froz?n Bulk
No. Depth (M) Density KG/M Density PCF
18 6.27-6.77 1,183 70.3
19 6.77-7.27 1,252 7h. 4
20 7.27-7.72 1,495 88.8
21 7.72-8.17 1,566 93.0
22 8.17-8.57 1,403 83.3
23 8.72-9.12 1,495 88.8
24 9.25-9.63 1,437 85.4




K.L.C. -

METRIC

TEST HOLE LOG
HAMMER WT. 63.5Kg, LOCATION . A- -9~ COHESION - ./5q.cm.
21 leermarrosT See Plate: A-0890-2-2 T F: R
cm. . ) X 14 18
HT. DROP 7¢ 8 ELEVATION QFIELD VANE N\ 1AB VANE BT UNCONF.
sampie_oATA | = [NRC U JAE, e
. MIT
; BLOW i DESCRIPTION OF MATERIAL X o e e e — YR X
DEPTH| TYPE "No| CLASS
15cm, T _ 10 30 50 70 90%
e =120 PEAT & ORGANIC SILT
SILT - Organic Pockets i
0.7m. 1
¢ _t Vs A ‘ - Little sand in lenses /}D N
14 c 2 SILT &
c 3 Vr - little sand z
C L]. 1 57m - ]ight br'O‘.-/n A
C 5 b ' \Cg
2 | C 6 1 Nbn ORGANIC SILT
c '7" b - trace sand in lenses G
| FEdd yg - - wood specks, trace clay
C 8 Bt - peat layers 5 108
el - roots 106
ol O,
3 C 2 Sk Vr - laminated, dark brown 132
C 10 a5 Vx Q
¢ 1 4 Vs _\-extensive 1/4-1/2 mm. 197
L C 12 ice lenses spaced @ 1~-5 mm. D151
C 3 O 161
- L~
C 14 O]
|
C 158 | ~—rusty sand lenses Q<1
5 < T e ~
C 168 . ——(lce lenses 1/2-2mm. spaced 157
@1-2mm.) :
5.53m.
SILT 136
C
6 c 17 - trace sand, trace clay ®</
L~ - organic laminations
c 6.3 m. - slight plasticity ///@]31*
C SILT ¢
] - trace fine sand
7 7] - organic laminations
¢ _2_1 Vs - root fibres \Q\
- non to slight plasticity \
- brown & grey \
8 c 5] (ice lenses 2-3mm. spaced b 109
- @ 7mm.) y
(ice lenses 2-5mm. spaced V4
Vr @ Smm.) /
[~ ice lenses to 2mm. )G)/
9 ¢ _7:_3_ o ——(ice lenses 1/4 mm. spaced
| : @ 1-5 mm.)
c 24 9.6 m. G<
10 C [25) SILT - trace clay E’
JOB No. AL0890
% PROJECT Frost Heave Test Sites
, thﬂ Ebe@ﬂ@ﬁ@u iaﬂg&i@ LOCATION M.P. 2.5
=Y CiviL a GEOTECHNICAL ENGINEERS HOLE No. 77-2-2
DATESept. 21/77 PLATE



TEST HOLE LOG
HAMMER WT. 63.5Ks. LOCATION COHESION - Kg./Sq.cm.
: _, |PERMAFROST 0'2 ! 0'6 I 1'0 f 114 J 1'8
HT. DROP 76 cm. g ELEVATION DFIELD VANE QLA'a VANE 2 .
SAMPLE DATA | £ | NRC.|NF IMIT. content o
T ] or | DESCRIPTION OF MATERIAL | x20___ € o T "
PE s em. | N CLASS| F 10 30 50 70 90%
28 e, vs SILT O
Nbn - little fine sand,tr.cla c<
76 27 10. 65m. - trace organic specks
11 137 - slight plasticity \t
SPT ]37_E§ \\\\f grey with brown b4
vr SILT
- little sand
12 - root fibres
. 12.08m. = grey & brown
GRAVEL
12.6m. - med. to coarse
13 \\\7 ~ based on drill action
SILT
- little sand
- trace of gravel inlayer$
86 || - root fibres
14 | spT 220 |29 Nbn 14.0m. .~ rusty silt pockets
OB A
% 19350 }4']5m'GRAVEL
- based on drill action
s \
Vx SILT \
- lTittle sand
- interlayered with thin
gravel layers \\
16
\\\\
17 \
98 | _ 17.35m. \
150 130; 1
X l}7.45m. SAND
18 SPT - fine, white, un}form
ORGANIC SILT & ICE
- extensive organic
- fibre & peat
19 Vr - easy drilling with
: extensive ice chips in
mud return.
L . (ice lenses 2-10mm. spaced
SPT | 129 f @ 5-15m)
20 % 20.0m. END OF HOLE
JOB No. ALOS30
PROJECT Frost Heave Test Site
= el nfeeinies —= | LOCATION M.P. 2.5
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-2-2 cont'd.
DATE Sept. 21/77 PLATE

K.L.C. -~ METRIC
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TEST HOLE LOG

Kg./Sqg.cm.

ﬂon | Lﬂ@ Co;n

HAMMER WT. 63.5x. LOCATION COHESION -
_ IPERMAFROST 0T2 J 016 J 1!0 T 114 T ]ra
HT. DROP 76 em. Q ELEVATION QFIELD VANE QLA.BVANE;?’ \gNgo'Ns.
sAMPLE_DATA | £ [NRC.[NF U e aw
5o © | or | DESCRIPTION OF MATERIAL | xoo__ & oo M \
15em. | CLASS F. 10 30 50 70 90%,
NOTES :
1. Hole located 40 m. west of old
Haines - Fairbanks line on
terrain sloping 5% to north.
2. Ground is firm, with a llght
growth of spruce to 5m.
3. Hole cored from 0.55 to 10.65m.
Drilling mud used from 10.65m.
to 20.0 m..
L, Thermistors installed at
0.5, 1.5, 3.0, and 4.5 m.
depths. Standpipe piezometer
installed
JOB No. AL0890
PROJECT Frost Heave Test Sites

.. ?ﬁﬁﬂigm Lid;

LOCATION M.P. 2.5

HOLE No.

77-2-2

cont'd.

DATE Sept.

29/77 PLATE

K.L.C. - METRIC



GRAVEL SAND
[ A
COARSE | FINE |COARSH MEDIUM | FINE SILT OR CLAY
< U.S. STANDARD SIEVE SIZE
i 3' 2W2'I"3/4" 3/8" 4 #IQ  #20 #40#60#I00 #200
ol 100 G e T E==amay
ol A\
, 90
m i
! N
- N
m 80 <
0' \‘ }
Iy 70 }
zl \a% \
0
> Z 60 \ 2
: | i ] \
o = \ &
z w40 \ \
m | = \
m z \ \
o 8 0 @\
[ [aed -
€ 20 S AN
OlxT|rio|s \ :)
rlOo|O|1|O ‘ A
mimi>ic e 10 R ,2};
o= |2|B° 1 ‘
o 1510 3
[ =
T~ < 0
NNIFIS s 100 10 Ke) 0.1 , 0.0l 0.00! 0.000!
S IV T e GRAIN SIZE— MILLIMETRES
~ N e e S g . . g
o % S| REMARKS: O——0@ Sa. #5 (1.57 - 1.8 m) Silt - trace fine san
- OH———N Sa. #18 (5.87 - 6.0 m.) Silt - trace fine sand, trace clay, slight plasticity
a
<
o
wn

IZ1s NIVED

FAUND




FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 2-2

Sample Sample Frozen Bulk Frozen Bulk

No. Depth (M) Density KG/M3 Density PCF
1 0.55-0.70 1,240 73.6
2 - 0.70-1.00 1,250 74.3
3 1.00-1.27 1,440 85.5
4 1.27-1.57 1,420 84.3
5 1.57-1.80 1,400 83.2
6 1.80-2.12 1,290 76.6
7 2.12-2.47 1,600 95.0
11 3.42-3.72 1,240 73.6
12 3.72-4.02 1,230 73.0
14 4.27-4.59 1,220 72.5
15 L4.59-4.89 1,290 76.6
16 4.89-5.21 1,340 79.6
17 5.21-5.86 1,280 76.0
18 5.86-6.07 1,530 90.9
19 6.07-6.29 1,310 77.8
20 6.29-6.64 1,410 83.8
21 6.79-7.14 1,440 85.5
22 7-59-7.97 1,510 89.7
23 8.47-8.87 1,430 84.9
24 9.12-9.60 1,590 9h. 4
25 9,60-9.90 1,680 99.8
26 9.90-10.15 1,620 96.2
10.15-10.6 1,620 96.2

N
~




TEST HOLE LOG

HAMMER WT. 63.5kg.

HT. DROP

76 em,

PERMAFROST

LOCATION See Plate: A'OSS}O"Z"Z

COHESION - Kg./Sq.cm.

ELEVATION

0.2 06 1.0 1.4
@FIELD VANE {\LAB VANE 71

SAMPLE

DATA

DEPTH{TYPE

BLOW

No)

15¢m,

SYMBOL

NR.C.

CLASS

N.F.

or

F.

DESCRIPTION OF MATERIAL

PLASTIC WATER
LIMIT CONTENT

T 1 | B ] T 1 T T

UQuib
Limir

LT

NF

ORGANIC SILT

0.1m.
\. - roots, dark brown
0.75m. \= trace volcanic ash

Nf
Vx
Vr

SILT AND CLAY
organic pockets,

roots

gravel, little sand

1.70m.\ _ slight to low plastic

MI
I

Vir

Vs

dark brown

- trace shale & siltstone

101

[€))

SILT

little sand,
trace to little gravel
- pieces of shale

slightly plastic
dark grey

trace clay

PEONE

SILTSTONE & SHALE
- fragile,

- black

(ice lenses 1-5mm.

@ 1-3mm.)
(BEDROCK)

orange weather-
ing

spaced

END OF HOLE

NOTES:

Terrain is well
slopinyg 10% north-

ridge.
drained,
westerly.

Dense spruce and poplar 15
20 m.

Hole dry augered to 1.2 m.
cored from 1.2 to 3.0 m.

1. Test hole ]ocated adjacent to
the old Haines-Fairbanks pipe-
line on the north slope of a

to

<
<
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s GEOTECHNICAL
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LOCATION

M.P. 2.5
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HOLE No.

77-2-3
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FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 2-3 -

Sample Sample Frozen Bulk3 Frozen Bulk
No. ~  Depth (M) Density KG/M Density PCF
3 1.2-1.7 1,570 93.3

b 1.7-1.3 1,880 111.7




1.0

2.0

SITE 3 (MP 5.5 - 5.5)

[NTRODUCT 10N

This area was selected as a potential frost heave tes* site. The
site is located between MP 5.5 and 5.5 along the proposed pipeline
right-of-way. The H-F pipeline richt-of-way parallels the site
and the Alaska Highway passes within 200 meters of the southern.
part of the site. Refer to the location plan attached on Plate
A-0890-3-1, as well as the photograahs of the site on Plates
A-0890-3-2 & 3.

SUMMARY

The site is located adjacent to a small creek which flows north-
westerly into Mirror Creek. The Mirror Creek drainage flows
northerly and westerly, draining irfo the Chisana River in Alaska.

The ferrain consists of a glaciolacustrine plain underlain by outwash,
and is generally flat fto very gentiv rolling and featureless. In

the flat, lower lying, open areas ihe ground is soft and swampy,

with water fo 1.0 m. deep ponded on the ground surface. In slightly
higher fterrain and in gently slopinz areas, the ground is firm, moss

covered and vegetated with a light 7o moderate spruce growth.

Based on the five test holes drilled across the site, the soil

profile is relatively consistent. he subsoils consist of a thin
organic veneer, overlying glaciolacustrine non to low plastic silts
and sands, all of which overlie a vary dense stratum of gravel and
sand. The upper sequence of fine crained soils varies from 3.4 to
3.55 m. thick in test holes 77-3-2 7o 5 inclusive. In test hole
77-3~1 The fine grained soils exterd 7o 5.0 m.. In general, the

fine grained soils grade from slight To low plastic silts, to

fine silts and sands, to coarser sz~ds at depth. The very dense gravel
and sand stratum which underlies the upper Tine grained strata

is well graded and relatively clear, with a trace of silt. All five

test holes were drilled to the 2.5 =. depth.

Klohn Leonoff Consultants Lid.
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The permafrost conditions at the site are variable. Test holes
77-3-2 and 77-3-3 which were drilled in open grassed areas with
considerable ponded water, are entirely unfrozen. Test holes

77-3-1 and 77-3-4 were both drillec within 7 m. of the tributary
creek to Mirror Creek. These holes have a shallow unfrozen active
layer above permafrost which extends fo the 5.0 and 3.2 m. depths
respectively. Beneath the upper permafrost zone the gravel and

sand is unfrozen to a depth of 8.5 m.. Test hole 77-3-5 encountered
permafrost fo a depth of 8.5 m. bensath a shallow 0.5 m. active layer.
lce in the permafrost affected scils is variable but occurs essent-
ially as lenses and random layers in the fine grained soils and as
inclusions and coatings in The gravel and sand stratum. Excess ice
contents up to 50% by volume occur from 0.5 o 3 m. in test holes

77-3-4 & 77-3-5.

SITE DESCTIPTION

Test hole 77-3-1 is located at The north end of the site, 40 m.
southwest of the H-F pipeline and 7 m. east of the tfributary to
Mirror Creek. The ground elevation at the test hole is about

0.7 m. above creek tevel and the terrain slopes gently 2-3% to the
west and north towards the creek. The ground surface is firm, moss
covered, with a tree cover consisting mainly of spindly spruce fo

7 m. high. The creek adjacent fo the test hole is about 3 m. wide,
0.7 - 1.3 m. deep, with an estimated flow of 1 c.m.s.. The creek

bed consists of soft silt, unfrozen to a depth of at least 0.8 m..

Along the H-F pipeline beftween fest holes 77-3-1 and 77-3-5, the
terrain is flat or gently sloping 1-2% to the north, with water
frequently ponded fto a depth of about 0.3 m.. Test hole 77-3-5 is
located 450 m. southeast of 77-3-1 and 70 m. southwest of the H-F
pipeline right-of-way. It is situzted in an open, poorly defined
drainage course which trends northeasterly and slopes 1/2% towards
the creek in the southwest. The drainage course is 20 m. wide and

0.5 m. lower than the adjacent terrain, due to permafrost degradation.
I+t is vegetated with grass and has water ponded to a depth of 0.7 m.,

in contrast to the dry, moss coverad terrain adjacent to the drainage

Klohn Leonoff Consultants Lid.
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course which supports a sparse growth of spruce to 6 m..

Test hole 77-3-4 is situated 350 m. southeast of 77-3-5, 100 m.
southwest of the H-F pipeline, and 7 m. east of The small tributary
creek to Mirror Creek. The area slopes about 3% westerly towards
the creek which has an alluvial flood plain about 20 m. across.

The creek channel itself is about 3 m. across and 1 m. deep, with

a bed of soft, dark brown silt. The hole elevation is about 1 m.
above the creek level, whereas the banks of the southwest side of
The creek, as well as on the east side of the creek 200 m. to the
north, are 2 m. high and actively slumping. The slumping along the
banks is partly related to both creek erosion as well as thermal
degradation of permafrost in the silt soils which form the banks.
The ground at the test hole is firm and moss covered, with a moderate

growth of willows and spruce to 10 m..

Between test holes 77-3-4 and 77-3-3, the terrain is flat and over-
~grown with a moderate growth of spruce. The ground is firm, dry and
moss covered. Hole 77-3-3 is located 200 m. southeast of 77-3-4,

in an open swamp about 50 m. across. The ground is soft and wet,
with water ponded to a depth of 0.3 m.. A few small peat mounds to
a height of 0.5 m. extend above the water level in the swamp. The
open area is grass covered, with sparse willows fo 2 m., and a few
spruce To 3 m.. The slightly higher ground surrounding the swamp

has a firm moss cover, and is vegetated with a light growth of spruce

to 7 m..

Test hole 77-3-2 is located 275 m. southeast of 77-3-3 in the middle
of a broad open swamp along the fributary to Mirror Creek. The flat,
open area adjacent to the creek is about 150 m. across, and has
ponded water in excess of 1 m. deep. General drainage is into the
creek which flows northwesterly into Mirror Creek. The ground

beneath the swamp is soft and supports a growth of grass.

Klohn Leonoff Consultants Lid.
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4.1

4.2
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SOIL & PERMAFROST CONDITIONS

Test Hole 77-3-1

Test hole 77-3-1 was drilled to a depth of 8.5 m.. The hole was
augered to 1.0 m., cored from 1.0 to 3.2 m. and rotary drilled with
mud from 3.2 to 8.5 m.. The topstratum consists of peat overlying
organic silt and sand to 0.75 m.. The water content of the soijl
varies up to 266%. From 0.75 to 2.15 the soil is a fine sand, with
some silt and organic laminations. The water content varies from
30 to 40%. From 2.15.To 5.0 m. the soil grades to a coarser sand,
with a little silt in pockets and a trace of organic and wood
specks. The total water content varies from 20 to 70%. The

upper sand strata are underlain by very dense gravel and sand soils

from a depth of 5.0 to 8.5 m..

Permafrost occurs from a depth of 0.75 1o 5.0 m.. The soil has
jow ice content (Vr, Vx, of Nbn classification) with ice lenses

cenerally less than 1 mm. thick, comprising less than 2% of
the soil by volume. A zone of more extensive visible ice occurs
from The 3.0 to 3.2 m. depth, where the excess ice content is

estimated to be 15% by volume.

TesT Hole 77-3-2

Test Hole 77-3-2 was drilled o a depth of 8.5 m.. The hole was
augered to 3 m., and drilled with mud from 3 to 8.5 m.. The site has
up to 1 m. of ponded water overlying soft organic silt to a depth of
0.5 m.. The topstratum is underlain by soft, fine sand and silt, with
organic laminations, to a depth of 1.5 m.. The water content averages
40%. From a depth of 1.5 to 3.4 m. the soil is medium dense sand with
a little silt, becoming coarser with depth. The natural water content
decreases from 35% to 25% with stratum depth. The upper fine grained
strata are underlain by gravel and sand from 3.4 to 8.5 m.. The gravel

and sand has a frace of silt and is fairly well graded. The natural

water content is about 10%.

Klohn Leonoff Consultants Lid.
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The entire test hole was unfrozen within the drilled depth of 8.5 m..
Test Hole 77-3-3

Test hole 77-3-3 was drilled o 2 depth of 8.5 m.. The hole was

augered to 3 m. and drilled with nud from 3 m. to 8.5 m.. The soft

upper stratum underlying the site consists of 0.5 m. of organic

sitt. A silt and clay laminatad with organic material and 2 little
sand, underlies the upper stratum fo a depth of 3.0 m.. The silt and
clay has a soft to firm consistency, a slight to low plasticity and a
natural water content of 30-35%. From 3.0 fo 3745 m. the silt grades
intfo a medium dense to dense sand, interlayered with fine gravel. This
stratum is underlain by a denss tc very dense gravel and sand from

3.45 m. to the maximum drilled depsth of 8.5 m..

The entire test hole was unfrozen within the drilled depth of 8.5 m..

Test Hole 77-3-4

Test Hole 77-3-4 was drilled to a depth of 8.5 m.. The hole was augered
to 1 m., cored from 1 to 3.45 m., and rotary drilled with mud from 3.45
to 8.5 m.. The upper strata consist of 0.2 m. of peat overlying a
laminated organic silt with a litile fine sand to a depth of 1.95 m..

The total water content of the orcanic silt averages about 110%. From
1.95 to 3.45 m. the silt is less crganic, with some sand. The water
content of the silt varies from 50 to 90%. Below a depth of 3.45 m. the
silt overlies a dense to very dens2 ¢gravel and sand stratum fo the
maximum drilled depth of 8.5 m.. The gravel and sand has a tfrace of silt

and is fairly well graded.

Permafrost occurs from a depth of 0.4 to 3.2 m.. The soil has a medium

to high ice content (mainly Vr, Vs, V¥x classification) with extensive

ice lenses 1/4 to 2 mm. +thick znd spzced at 1/4 fo 5 mm.. The excess
ice in the soil is estimated t2 vzry from 5 to 30% by volums.

Klohn Leonoff Consultants Ltd.
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Test Hole 77-3-5

Test hole 77-3-5 was drilled to a depth of 8.5 m.. The hole was
augered to 0.5 m., cored from 0.5 to 3.5 m., and rotary drilled
with mud from 3.5 to 8.5 m.. The upper strata consists of 0.3 m.
of soft organic silt overlying a sltightly plastic silt with organic
and fine sand laminations, to a depth of 2.85 m. The water content
is high, varying from about 100 to 400%. From 2.85 to 3.55 m. the
silt grades to a dark grey, fine to medium sand with a trace of
gravel. The water content of the sand is about 20%. The sand is
underlain by a gravel and sand layer fo the maximum drilled depth

of 8.5 m..

Permafrost occurs from a depth of 0.5 m. to the maximum drilled
depth of 8.5 m.. The upper silt soils from a depth of 0.5 to

2.5 m. have a very high ice content (mainly Vx, Vr classification)
with many ice lensés 1 to 4 mm. thick spaced at 1 mm. fo 1 cm.

The excess ice content of these soils is variable, ranging from

an estimated 10 to 60% by volume. Below 2.5 m. the soils are

low ice content, being mostly Nbn classification, with sparse Vx, & Vc.

Klehn Leonoff Consultants Ltd.
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TEST HOLE LOG
HAMMER WT. 63.5Ks. LOCATION - -2 COHESION - Kg./Sa.cm.
0T D - s JPERMAFROST See Plate A-0830-3-2 o T ‘i: T :;4 T
T. DROP 76 cm. Q ELEVATION @FIELD VANE £\ LAB VANE %Eggggw.
SAMPLE DATA E NR.C.I NF. Ptf\;ﬂrlc c\gﬁ!riir tllc&um
T Tsow] | © o | DESCRIPTION OF MATERIAL | x———__= D - ok
IScm. o"‘m CLASS F. ]o 30 50 70 90./0
AP 0.1m  ORGANIC_COVER =
|| SILT AND SAND 11
B 1 N-F organic fibres -1
I Ba%5s 0.75m - dark brown //
1.0 - 4 Vr, SAND /
: c ) Vx, ~ some silt, trace clay /
Nbn - fine to medium G
- organic specks 5
2.0 C 3 Nbn - dark grey to black
| 2.15m ¢
Nbn SAND - trace silt, grey D
C L Vx _“L__\\\‘\h*__-flne uniform gradatiop
: 2.75m trace fine gravel
3.0 C 5 ; Vr <—~jce lenses lcm spaced @ lcm |
|~ | - T
SAND ;f
Vx
- fine to coarse //
4.0 - stratified //
Ve - some gravel
- little silt in pocketh ///
Nbn - wood pieces, grey ///
some gravel
5.0 5.0m /
B 6 @/
6.0
GRAVEL
- fine to medium
- and coarse sand
- trace silt
7.0 - grey
NF
8.0
S 8.5m
END OF HOLE 2 8.5m
9.0
JOB No. ALOB90
PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd. - ocaron w5
=¥ CIVIL & GEOTECHNICAL ENGINEERS HOLE No. 77~3-1
L DATE Sept. 23/77 PLATE

K.L.C

- METRIC



TEST HOLE LOG

. HAMMER WT. 63.5Ko. LOCATION COHESION - Kg./Sq.cm.

_s |PERMAFROST olz T olo T ‘lo T 1[4 T ‘Ia
HT. DROP 76 cm. Q ELEVATION DFIELD VANE £\ LAB VANE F UNCONE.
PLASTIC WATER LQUID
SAMPLE DATA | £ | NRC.INF LIMIT CONTENT LIMIT
2]

DEPTHI TYPE [BLOWI | CLASS! F.

15cm,

or | DESCRIPTION OF MATERIAL X e m 0 —— x

Notes:

1. Hole located 7 m. east of
tributary creek to Mirror Cr.
Terrain slopes 3% towards creek

2. Ground is firm, moss covered,
and overgrown with spruce to

7m.

3. Thermistors installed at 0.5,
1.5, 3.0 and 6.0 m. depths.
Standpipe piezometer installed.

4. Hole augered to 1 m. and cored
from 1 to 3.2 m. Drilling

mud was used from 3.2 to 8.5m.

JOB No. ALO0890
PROJECT Frost Heave Test Sites
LOCATION MP §

HOLE No. 77-3-1 (Cohtinued)_
DATE Sept. 23/77 PLATE

Klohn Leonoff Consultants Ltd

C

K.L.C. - METRIC




4\;@\3\\\\
GRAVEL SAND
on COARSE | FINE |COARSE MEDIUM | FINE SILT OR CLAY
<& U.S. STANDARD SIEVE SIZE
= =3 322" "4 378" %4 #I0 #20 #40H#60HI00 #200
3 100 DG & ‘a
' ~ ] N L
ol 90 \
g1 i
S = \ [
miO 80 y
o i =h J\
T A
beA ; Q 70 S \
o = ZGC \ \
> LW < \
o ﬁ T
= |- \ \
m g e 50
z & o \ \
R ul
i SR \ [}
; ‘ o w 40 N
nle— |5 s
» o= & 0 \ o
olx|r|ole| *20 \ &
Zleig3|e 2
mImMEElzl 10 R e
-|Zlalgl° hrd —
[eIRE pd
o 0 :
LR 100 0 10 0. 0.0l 0.00! 0.000I
NS R GRAIN SIZE— MILLIMETRES
I oo
e 2§ REMARKS: GO— Sa. #2 (1.0-1.45m) SAND AND SILT - trace clay
= = ®——0 Sa. /4 (2.15-2.45m) SAND - fine uniform gradation, trace silt, trace gravel
8]
3 s
+ —
N &
- o+
i
1 w
5 @
= |a
\-J: 121

IAEND 3ZIS NIVYD




TEST HOLE LOG
HAMMER WT. 63.5kq. LOCATION : - -2 COHESION - Kg./Saq.cm.
63.5Kg . |permarrost See Drawing A-0890-3-2 AESION © Ko fSaem.
HT. DROP 76 em. | O ELEVATION L2 06 10 4 18
sameie_oata_| £ [NRCTwE T A, o
EswT] @ or | DESCRIPTION OF MATERIAL | x————__ o
IDEPTH TYPE o XNa, CLASS| F 1030 50 70 90%
0.3M  WATER .
0.5M _ ORGANIC SILT O
B |
SAND - and silt, trace clay |
1.0 B - fine, uniform ?r
- roots,organic specks /
B 1.5M - SOft, black. ©
2.0 SAND
- some silt, trace clay
B - wood specks
2 - non-plastic
SPT 15 - loose to med. dense
3.0 6 - dark brown-black ,[
B
7
NF
L.o /
18 s
SPT | 38 ?
35 GRAVEL AND SAND
5.0 - trace silt
- - fairly well graded
- max. 5 cm.
- stratified
v - very dense ®
6.0] SPT| 30 - brown and grey
Lo GZ
B
7.0
8.0
8.5M
END OF HOLE 2 8.5M
9.0
(Cont'd.)
JOB No. AL0890
PROJECT Frost Heave Test Sites
LOCATION MP §
HOLE No. 77-3-2
DATE Sept.24/77 PLATE

K.L.C. - METRIC




TEST HOLE LOG

HAMMER WT. 63.5Ks. LOCATION COHESION - Kag./Sa.cm.

_, |PERMAFROST 0I2 T Olé T 1,0 T ]l4 T 1ra
HT. DROP 76 < 2 ELEVATION - < @FIELD VANE O LAB VANE P UNCONE.
SAMPLE DATA < | NRC.|NF PLASTIC WATER uQuiD
- LIAAIT CONTENT LIMIT
BLOW v or DESCRIPTION OF MATERIAL K e e e 0 — X
DEPTH| TYPE gz H{Noj CLASS| F o 50 5o 70 sooh
Notes:

1. Hole located in small tribu-
tary creek to Mirror Creek.

Site is flat and swampy, and
covered with 0.3m-0.6m standing
water.

2. Open area with grass & small

willows.

3. Hole augered to 3m. Drilling
mud used from 3.0m to 8.5m.

4. Thermistors installed @ 0.5,
1.5, 3.0, and 6.0 M. depths.

JOB No. AL0890

PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Lid. Fo= = on—m -

CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-3-2 (Continued)
DATE Sept.24/77 PLATE

K.L.C. - METRIC
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06807V

GRAVEL

SAND

COARSE | FINE

CQJ.\RSEI MEDIUM [ SILT OR CLAY

FINE

U.S. STANDARD  SIEVE SIZE

3 22 M3gt 38"

[ #f'; #lﬂq #2_0 F40 #60 #I00 #2000
[¢ hig & .\Eq
90 \ )
\ bl
80
\ \\ \\
70
N\ \

% 60 \&{ \ E
. N\ \

50)
i X \
}._.. P
P .
W 30
& N\ “No Bnis 0
E 20 s\ \E\ \@\

\A\é LG © =
™~ .
10 S 177, - a1 —_ o
0O
100 10 1.0 0.1 0.01 0.00I 0.000I

REMARKS: _@—0

GRAIN SIZE— MILLIMETRES

Sa. # 2 - (1.5m) Sand- and silt, fine, uniform, organic specks

0—a

Sa. # 4 (2.3-2.75m) Sand - fine, uniform, some silt, trace clay

LH——A

Sa. # 5 (5.5-5.95m) Gravel and Sand - trace silt, fairly well graded

IJAEND 3IZIS NIVIO




TEST HOLE LOG
HAMMER WT. 63.5kg] LOCATION See Drawing A-0890-3-2 COHESION - Kg./Saq.cm.
‘ — _: [PERMAFROST 012 T 016 T 1[0 T ‘l‘ T ]ra
HT. DROP 76 m. | ELEVATION @FIELD VANE £)LAB VANE FRUNCONE.
SAMPLE DATA | 2 | NRC.|NF PLASTIC WATER uQuip
. LT
| o vy e B o | DESCRIPTION OF MATERIAL | x20__ & ool M0 '
15 cm. ‘*’_. ‘CLASS F. , 10 30 50 70 90%
B 1 0.5M  ORGANIC SILT JB’o)
.
1.0 ] SILT AND CLAY
2 o - little sand in X7
SPT|3 |2 ’;’ laminations
3 g/% - roots,organic specks
%2 - laminated
2.0 - - slight to low plastic i
3 5%? - grey XX
SPT(5 3V
8 |
7
497
7%
3.0 ] 3. 0M
18 ' SAND - some med. to fine
SPT | 23 3.45M gravel
11 JF - little silt, trace
) \ clay
4.0 - grey
27 : :
SPT | 31
33
5.0
GRAVEL
43 - and sand (.L>
SPT | 4o+ - trace silt "
6.0 - fine
- grey with rusty
colorad layers
.0
7 23
spT | 18 4
23
8.0
8.5M
END OF HOLE 2 8.5M
9.0
JOB No. ALO890
; PROJECT Frost Heave Test Sites
noff Consultants Ltd. rocarion w5
HMICAL ENGINEERS | HOLE No. 77-3-3
DATE Sept.26/77__ PLATE

K.L.C. - HETRIC




TEST HOLE LOG
HAMMER WT. 63.5Ko, LOCATION COHESION - Kg./Sq.cm.
_, JPERMAFROST 012 T 016 T ]lo T ‘14 T ]Ia
HT. DROP 76 cm. g ELEVATION DFIELD VANE QLA'B VANE@QNCQHF.
samrie_oata_| = [NRCTNE T omm,
el © or | DESCRIPTION OF MATERIAL | x——__ % PR =X
15cm. | O CLASS| F. 10 30 50 70 90%
Notes:
1. Hole located in open swampy
terrain 80 meters west of old
Haines-Fairbanks pipeline.
Ponded water to 0.5 meter deep
at ground surface.
2. Ground is soft and wet, over-
grown primarily with grasses.
3. Hole augered to 3M. Drilling
mud used from 3M to 8.5M.
JOB No. AL0890
PROJECT Frost Heave Test Sites
> Klohn Leonoff SU tants Lid. nocsion w5
cnan & GEOTECHNICAL ENGINEERS HOLE No. 77-3-3 (Continued)
DATE Sept.26/77 PLATE

K.L.C. -~ METRHIC
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GRAVEL SAND
COARSE | FINE |coarRSH MEDIUM | FINE » SILT OR CLAY
U.S. STANDARD SIEVE SIZE
100 3 2ot x"yqf‘ 3/8" #4 #0  #20 #40#60#I00 #200
&K [ s T 3! k
\ LN
S0 ) \ \\Y\
80 D ON
\\ \\\\
N
0 &N )
2 60 AN Nl
T i M )\\
i_— m \ \‘
5 5 A\
I 40 \G’\\@\ \é
—
Z . R,
O Y 4
¢ N AN
i ~—
lO 1: () )
——0
o _
100 10 1.0 0.1 0.0l 0.001 0.000I

GRAIN SIZE— MILLIMETRES

REMARKS: 8—03 Sa. # 2 (1.0-1.45m) SILT & CLAY - little fine sand, low plastic
D——/\ Sa. # 3 (2.0-2.45m) SILT & CLAY - little fine sand, low plastic

O—=@ Sa. # 4 (3.0-3.45m) SAND - and gravel, some silt

JAEND 3ZIS NIVvYED




TEST HOLE LOG
HAMMER WT. 63.5Kg. LOCATION A—0800- 2~ ON - Kg./Sq.cm.
2, [permarrost ! See Plate A70890-3-2 or:OTES;::x Fog .5:; —T—
- . X K 4 1.8
HT. DROP 76 em. 2 ELEVATION @ FIELD VANE O\ LAB VANE P .
sameie_oaTA_| £ [NRCTNF i ML, e
mvey e TG o o | DESCRIPTION OF MATERIAL | x=@___ % P \
15cm. | CLASS| F. 10 30 50 70 90%
e 0.2 M PEAT-trace silt & sand
563 | ORGANIC SILT
: - little sand
1.0 ~ trace clay
C -~ roots,wood pieces
C ~ laminated,dk. brown
C - ice lenses -2 mm @
1 .
2.0 c 1.95 M -5 mm spacing. ¢
. SILT - some sand ~
¢ - trace clay )3
¢ - organic specks cf
C - non to slight \E
3.0 plasticity
C - brown and grey e
- - ice lenses up to 4mm L]
B 3-23.45 M : with 4-10mm spacings /}D"
4.0
/|
SPT f/
5.0
GRAVEL AND SAND
3 - fine to coarse
NF - layered
SPT - trace silt
6.0
- very dense
-ogrey
7.0
SPT
8.0
SPT 5
8.5 M
9.0 END OF HOLE @ 8.5 M.
JOB No. AL0890
PROJECT Frost Heave Test Sites
Kiohn Leonoff Consultants Ltd. == ———=%
OTECHNICAL ENGINEERS | HOLE No. 77-3-14
DATE Sept.27/77 PLATE

K.L.C. -~ HETRIC



TEST HOLE LOG
HAMMER WT. 63.5k%g. LOCATION COHESION - Kg./Sqg.cm.
_, |PERMAFROST 012 T ol‘5 T ‘lo T 1!4 T ]ra
HT. DROP 76 cn. | 3 ELEVATION Oriein vane 5 uas vane Hluscars.
samrie_DaTA_| = [NRCTNF T o,
e —TEow] o | DESCRIPTION OF MATERIAL | x27___ & S "
15cm. | 9 CLASS| F 10 30 50 70 90%
Notes:
1. Hole located 7 M east of small
tributary creek to Mirror Cr.
Ground slopes 3% towards creek.
2. Ground is moss covered & over-
grown with moderate spruce
growth to 10 M.
3. Hole augered to 1 M., then
cored from 1 to 3.45 M.
Drilling mud used from 3.45
to 8.5 M.
L. Water level at 3M. on comple-
tion of drilling.
5. Thermistors installed at 0.5,
1.5, 3.0 and 4.5 M depths.
Standpipe piezometer installed.
JOB No. AL0S90
- PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd. oo o0 s
CIVIL & GEOTECHNICAL ENGINEERS |HOLE No.  77-3-4 (Continued)
DATE Sept. 27/77 PLATE

K.L.C. - METRIC
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GRAVEL SAND
COARSE | FINE |coArRSH MEDIUM | FINE SILT OR CLAY
U.S. STANDARD SIEVE SIZE
3 2'Wwe' "4 3/8" #4  #I0  #20 #40H#60HI00 #200
100 4 e
T RSN
RO®
90 3
Ry
80
™~ @ N\
70 \ \\c E*
i
E 60 \ \ \\,\
E \ TJ\
o B '
5 AN X .
L 40 X \ AN
- aN \ NN
l% o) \ >1 \\S\
& ; I \ 23‘;%’\“ ______ R
wJ
a 20 9 N
10 \h: %
o H P~
100 0 1O ol 0.0l 0.00! 0.000I
GRAIN SIZE— MILLIMETRES
REMARKS: O——0 Sa. #7 (2.5-2.8) SILT - some fine sand, trace clay.

OH——/ Sa.

# 10 (3.2-3.45) SILT - some sand, trace clay.

O——-10 Sa. # 11 (4.3;h.75m) SAND - and gravel, trace silt

O—— Sa. # 15 (8.0-8.45m) GRAVEL & SAND - trace silt

JAYND 3ZIS NIVY9
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TEST HOLE LOG
HAMMER WT. 63.5Kg. PERMAFROST LOCATION See Draw,ing A"0890"3"2 o]:OHéS'O?N; K'g./ISc;.lcbqn.I —
- . 6 10 14 18
HT. DROP 76 em, g ELEVATION v Q145 vane B uncone. |
SAMPLE DATA | = | NRC.INF PLASTIC WATER uauio
e or | DESCRIPTION OF MATERIAL | ™7 ___© o ] X
DEPTHI TYPE [isem. |Noy _JCLASS| F 1030 50 70 . 90%
NF £0.3M ORGANIC SILT - soft
0.
] 2 SILT - trace clay
c | 2] - trace sand
1.0 C 3 Vr - organic layers
—— - slight plasticity
C _L’_ Vs - brown and grey
C 5 ice lenses 1-4mm @ Tmm-lcm
2.0 c "g TCE spacing.
] Vs
c _.7_ Vr /‘///
8 Nbn 2.85M /O’/
3.0 . . o
C 9 Vx SAND - fine to medium 3
L - trace gravel,mostly
c 10 Ve 3.55M shale pieces
- trace silt
5.0 - dark grey - black /
5.0 /
GRAVEL AND SAND é
SPT- | Ref |11 Vx - fine to medium
B | Ve - trace silt
6.0 - sub rounded
- very dense
- grey
/-0 |
SPT | Ref |12 Nbn
8.0 :
Nbn
8.5M ,
END OF HOLE @ 8.5 M.
9.0
JOB No. AL0890 A
PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd. oz rion—% < .
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-3-5
DATE Sept.27/77 PLATE



TEST HOLE LOG

VAMMER WT. 63.5Kg) ' LOCATION COHESION - Kg./Sa.cm.
i ¥ 1] ] T ] i 1 i 1
PERMAFROST ELEVATION 0.2 0.6 1.0 1.4 1.8

RC.INE PLASTIC WATER LIQUID _
NRC.IN LIt CONTENT LIMIT

e rvre Bl * |coass| 7 | DESCRIPTION OF MATERIAL | x22_ =02l T

HT. DROP 76 cm.
SAMPLE DATA

SYMBOL

I5¢m.

Notes:

1. Hole located 50 M. west of
Haines-Fairbanks pipeline
R.0.W. in a swampy drainage
course. Water is ponded at
the hole to a depth of 0.7 M,
and to a depth of 1.0 M. in a
small pond where the drainage
course crosses the H.F. P/L
R.0.W.

2. Ground is soft and overgrown
with grasses. Terrain slopes
3% westerly.

3. Hole augeréd to 0.5 M., then
cored to 3.5 M. Drilling mud
used from 3.5 to 8.5 M.

JOB No. AL0890

PROJECT Frost Heave Test Sites
LOCATION MP 5

HOLE No. 77-3-5 (Continued)
DATE Sept.27/77 PLATE

Klohn Leonoff Consultants Ltd.

ENGINEERS

CiVvIL & GEOTECHNICAL

K.L.C. - BETRIC
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GRAVEL

SAND

COARSE | FINE [COARSE| MEDIUM |

SILT OR CLAY

FINE

U.S. STANDARD SIEVE SIZE
#20 #40#60 #I00 #200

3 2"1y\2 '3/4" 378" #4

#10

]

1y

ﬂj‘\ iR

N

N\

(o))
©)

8

ﬂ//
=T

8

PERCENT FINER THAN
N
®)

N
o

o

\

RoW

0 :

—

25
0

100 10

1.0

0.1 0.0l

GRAIN SIZE— MILLIMETRES

REMARKS: UO— sa. # 4 (1.15-1.40m) SILT - trace clay, trace fine sand

0.00I1

O——0 Sa. #10 (3.25-3.5§m) SAND - mostly fine to medium, trace gravel, trace silt

0.000!

JAEND 3ZIS NIVYS




1.0

2.0

SITE 4 (MP 8 - 9)

INTRODUCT ION

This area was selected as a potential frost heave test site.
The site is located between MP 8 znd 9 atong the proposed
pipeline right-of-way. The Alaske Highway passes within
1000 m. to the east of the site. The reader should refer to
the location plan on Plate A-0890-4-1 as well as aerial and

site photographs on Plates A-0Z30-2 & 3.

SUMMARY

The site is located on a flat, feestureless plain which was the
extreme northwesterly |imit of glaziation in the Yukon during

the Pleistocene. The site encompzsses two terrain units, namely:
outwash overlain by shallow pezt C# (PT) (SH), and glaciolacustrine

basin terrain GLB-1 and GLB-2.

The entire site is very poorly drzined with considerable ponded
water in grassy swamp areas. {n slichtly higher terrain above the
swamps, the ground is firm, moss covered, and vegetated with a |ight
To moderate growth of spindly sprize. The local drainage is into
Snag Creek which has a very mature, meandering channel. Snag Creek
flows easterly, joining with Bsave~ Creek fto the east of the site,

before emptying into the White Rivar at Snag.

Based on the six test holes drillsdi across the site the soil profile
consists of a thin organic topstrzTum overlying a variable thickness

of glaciolacustrine sand, silt anc clay; all of which overlie outwash
gravel and sand. The upper secuercs of laminated and interlayered silt,
orgahic sitt, silt and clay, end =and varies from 1.4 fo 5.1 m. thick.

Lo
mne

\

A

[s ars usually gap graded fine

€3]
J
{

Hydrometer tests indicate -

sands or medium to coarse silts. 3asad on Afterberg Limit tests, the

silt soils are generally non piastic, although the upper 2 m. in fest
ole -4-5 js low To medium piasTic silt c . u i
hole 77-4-5 tow To medi s ilt and clay These er fine
grained glaciolacustrine soils ovz~lis very dense gravel and sand of

glacial outwash origin. The crave! znd sand is well graded and

Klohn Leonoff Consultants Lid.
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relatively clean, with a trace of silt. This stratum was penetr-

ated in all six test holes with the maximum depth of hole to 10.0 m..

The permafrost conditions at the site are variable. Test hole 77-4-6,
which was drilled in the OW (PT)(SH) terrain, has a shallow unfrozen
active layer (0.7 m.) above permafrost which extends to the maximum
drilled depth of 8.5 m.. Téast holes 77-4-1 to 77-4-4 inclusive have

a shallow unfrozen active layer above permafrost which extends to
depths varying befween 2.8 and 5.0 m.. Beneath this upper frozen zone
or "talik" of permafrost the ground is unfrozen. Test hole 77-4-5 was
drilled in a flat, open swampy area with considerable ponded water to
a depth of 0.2 to 0.5 m.. No permafrost was encountered in this

test hole.

lce in the permafrost affecied soils is variable, but occurs essential-
ly as lenses and random layers in the fine grained soils, and as

inclusions and coatings in the gravel and sand stratum.

The upper organic silt and sand stratum in test holes 77-4-2, 77-4-3,
77-4-4, and 77-4-6 have high ice contents. The ice generally occurs
as thin, closely spaced lenses varying from 1 to 5 mm. thick. Random

ice lenses up fo 6 cm. also occur infrequently in these soils.

SITE DESCRIPTION

Test hole 77-4-4 is located at the northern end of the site approx-
imately 1000 m. west of the Alaska Highway and 1300 m. north of Snag
Creek. The terrain at 77-4-4 is flat and poorly drained, with a large
swamp located 14 m. fo the east. The hole itself is situated 0.75 m.
above the water level in the swamp. The drill site is vegetated with

grass, moss and peat tussocks with a sparse growth of spruce to 12 m.

high.

Test hole 77-4-5 is situatec about 300 m. south of 77-4-4. The tferrain
between these two holes is similar to that at both 77-4-4 and 77-4-5, being

predominantly flat and poorly drained. Test hole 77-4-5, is located in one

Klohn Leonoff Consultants Lid.
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of the many swampy areas charactsristic of the area and poorly defined
drainage flows northeasterly across the site. The ground surface is
covered with extensive ponded water to 0.5 m. deep, and is vegetated
with grass, moss and brush. A s»arse growth of spruce and birch to

10 m. high occur predominantiy in slightly higher areas whare extensive

ponded water is not as prevelant.

Test hole 77-4-3 lies about 300 =. southeast of 77-4-5 and is located
in a treed area at the southesast corner of a broad, open swamp. The
terrain is flat to gently slcping and drainage is poor. At the drill
site the ground is firm, moss ccvered, and overgrown with a moderate
growth of spruce with minor bircx To 10 m. high. The broad open swamp
To the north is vegetated with c¢rass and covered with standing water at

the ground surface.

Test hole 77-4-2 is located zboutr 500 m. south of 77-4-3, in a flat
area south of an old meander chainel of Snag Creek and 125 m. north
of the present day channel. The arsa is not as swampy as io the
north, and the ground surfacs hzz Thick moss cover. Vecstation

consists of a moderate growt~ of szruce To 10 m. high.

Test hole 77-4-1 lies 115 m. souTh of 77-4-2 and 9 m. noria of Snag

Creek on a flat poorly drained zrea situated about 3 m. above The creek
level. The near vertical banks zlong Snag Creek are comprised of silt

and thaw slumps are evident a2t isolated locations. Water in the cresk
varies from 0.5 to 1.0 m. deep. The Snag Creek drainage course is mature
and meanders with several ox-bow lake features and old abandoned channels.
A dense growth of spruce to 20 r. high is concentrated along the banks of
the creek, while shorter, sparss- spruce grow in areas awey from the creek.

The ground surface is firm and m3ss covered.

Test hole 77-4-6 is located in The outwash terrain south of Snag Creek
which is flat, poorly drained ani void of free cover. Vegefation consists
mainly of grasses, shrubs and exTensive peat Tussocks. Drainage of the

area is poor and ponded water generally occurs befween peai Tussocks.

Klohn Leonoff Consuliants Lid.
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4.2

4.3

- 4 -

SOIL AND PERMAFROST CONDITIONS

Test Hole 77-4-1

Test hole 77-4-1 was drilled to a total depth of 10.0 m. by dry
augering to 1.1 m., coring from 1.1 to 2.85 m. and rotary drilling
with mud below 2.85 m.. The subsoils consist of laminated silts

of glaciolacustrine origin extending from ground surface to a depth
of 3.1 m., below which sand and gravel outwash materials were
encountered. The moisture content of the laminated silt varies from
30% to 55%, averaging about 35%. The underlying gravel and sand
material has a moisture content of 20% at the top of the stratum and

less at depth.

Permafrost exists from 0.75 to 4.0 m., while unfrozen soils occur above
and below this zone. The excess ice content of the frozen interval is
low and is estimated to be less than 3% by volume. lce generally occurs

as thin 1/4 to 1/2 mm. lenses and inclusions.

Test Hole 77-4-2

This test hole was drilled by augering to 0.5 m., coring from 0.5 to
2.8 m., and rotary drilling with mud from 2.8 to 10.0 m. where the
hole was completed. The subsoils consist of a thin moss cover over-
lying silt with organic laminations to 2.65 m., all of which overlies
a dense gravel and sand outwash stratum to 10.0 m.. The upper silt
soils have high moisture contents ranging from 70 to 250%, due to the
organic content. The underlying gravel and sand materials have a low

moisture content averaging about 10%.

Permafrost exists from 0.5 fo 5.0 m., with unfrozen soils above and
below this zone. The estimated excess ice content of the frozen silt
soils is high, varying from less than 5% to more than 50% by volume.
The ice generally occurs as thin lenses 1/4 to 1 mm. thick and spaced
at 1/2 tfo 10 mm. intervals. Due to the rotary method of drilling, the

ice content of the gravel and sand soil was not ascertained.

Test Hole 77-4-3

Test hole 77-4-3 was drilled to a depth of 8.95 m.. The hole was dry

Klehn Leonoff Consultants Lid.
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augered to 0.6 m., cored from 0.6 to 3.4 m., and rotary drilled

with mud from 3.4 to 8.95 m.. The upper subsoils to a depth of

1.8 m. consist of silt laminated with sand and organic materials.
The soil has a variable moisture content from 45 to 95% due to the
irregular sand and organic content. Laminated silt and clay with
organic pockets and seams occur from 1.8 to 3.1 m.. The moisture
content is high but variable, ranging from 70 to 150%. Peat and
organic silt with a high moisture content occur from 3.1 to 4.2 m..
The upper fine grained soils fo a depth of 4.2 m. are underlain by

fine fo coarse gravel to the maximum depth drilled (8.95 m.).

Permafrost exists from 0.6 to 2.8 m., with unfrozen soils above and
below this zone. The estimated excess ice content of the frozen soils
is high, averaging about 20% by volume. The ice generally occurs as

lenses and inclusions 1 to 2 mm. thick, spaced 1 fo 5 mm. apart.

Test Hole 77-4-4
Test hole 77-4-4 was drilled to a depth of 8.95 m. by dry augering to
0.5 m., coring from 0.5 to 5.1 m., and rotary drilling with mud below

5.1 m.. The subsoils in this test hole progress from fine to coarser

grained with depth. The subsoil profile consists of 1.2 m. of silt and
clay, overlying sandy silt from 1.2 to 3.0 m., overiying sand from 3.0
tfo 4.7 m. all of which overlies a thin silt layer and a dense gravel
stratum below 5.1 m.. The moisture contents of the upper silt and sand
strata are variable but generally range from 30 to 60%. However, in ice
rich layers and organic laminations, moisture contents vary from 70%

to as high as 275%. The underlying gravel and sand stratum has a low

moisture content, averaging less than 10%.

As with many of the test heoles in the Snag Creek area, a talik of perma-
frost exists from 0.5 to 4.7 m., with unfrozen soils above and below this
zone. The frozen subsoils generally have a medium ice content although
some lenses are up to 6 cm. thick. The estimated excess ice content varies
from 10 o 20% in the upper silt+ strata, fTo less than 10% in the sand
stratum from 3.0 to 4.7 m.. Due to the rotary method of drilling, the ice

content of the gravel and sznd outwash stratum was not ascertained.

Klohn Leonoff Consultants Lid.



Test Hole 77-4-5
Test hole 77-4-5 was drilled to z depth of 8.6 m. by dry augering
to 3.0 m. and rotary drilling with mud from 3.0 tfo 8.5 m.. A shallow

gravel stratum was encountered at a depth of 2.0 m., beneath an upper

layer of silt and clay with traces of sand and organic material. The
moisture content of the silt and clay is about 50% while that of the

underlying gravel is about 10%.

No permafrost was encountered in this test hole.

Test Hole 77-4-6 .
Test hole 77-4-6 was drilled To & depth of 8.5 m. by augering to
0.5 m., coring from 0.5 fo 1.4 m., and rotary drilling with mud

from 1.4 to 8.5 m.. A shallow gravel stratum was encountered at

a depth of 1.4 m., beneath an upger layer of peat, ice and silt. The
upper 1.4 m. of soil is comprisec of 0.55 m. of peat overlying ice rich
silt and organic silt. The moisiure contents of these upper soils are

very high, varying from 80 to mors than 200%.

Permafrost occurs beneath a shaliow 0.55 m. thick unfrozen active layer,

To the maximum depth drilled (8.2 m.). lce in the upper 1.4 m. occurs

as horizontal lenses to 1 cm. thick. Due to the rotary method of drilling,
the ice content of the gravel anc sand substratum was not ascertained.
However, based on drill cuttings, this material is very dense and has a

negligible ice content.

Klehn Leonoff Consultants Ltd.
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SITE 4

View northerly at Site 4 with Snag Creek in the
foreground. The site is located on a relatively
flat, featureless plain dotted with many small
ponds. Note the cut |ine between the six test
holes drillaed at the site. The Alaska Highway,
the Haines-Fairbanks pipeline right-of-way, and
Site 3 along the tributary fto Mirror Creek are
visible in the upper right part of the photo-
graph.

A-0890-4-3



TEST HOLE LOG

HAMMER WT. 63.5Ko.

LOCATION see Drawing A-0890-4-2

COHESION - Kg./Sq.cm.

_, JPERMAFROST 012 T 016 T 110 T 1|4 T Ila

HT. DROP 3 ELEVATION @FiELD VANE O 1A VANE B uncone. |
SAMPLE = PLASTIC WATER LIQUID
b LIMIT CONTENT LUmIT

— > DESCRIPTION OF MATERIAL | 20 _ oo A
10 30 50 70 90%

SILT
- little sand
- trace clay
- slight plasticity \\
Im - brown N
SILT- little sand,tr.clay :K

- laminated
- sand & organics

2 layers and laminatidns
- dark grey
I (lce lenses imm spaced @ 10mm)
3 (lce lenses #mm spaced @ 10mm)
3.1m
GRAVEL AND SAND ¢
. - and silt,trace clay /
' - layers of coarse
sand
- medium dense
(.
5 Notes:
Hole located 9 M north of
Snag Creek on a flat and
poorly drained area approx.
6 3 M. above creek level.
2. Dense spruce trees to 20-25M.
3. Drilling mud used from 4 to
10 M.
/ L. Thermistors installed at 0.5,
1.5, 3,0 and 6.0 M.
8
*[m.c.| from washed
sampje
9
10 10.0 M END GF HOLE g
‘ JOB No. AL0890
» PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd. Hocmon % 5 o o
& GEOTECHNICAL ENGINEERS | HOLE No. 77-4-1

DATE Sept. 19/77 PLATE

K.L.C. - METRIC




SHIINIDODNIT AVYVIOINHDILOID 2 TLALD

LL/°+des 31va
1-y-// 'ON 370H

04 8 di

H1d3d

NOILVO01
103royd

6
So41S 150 eAeeH 15044

‘ON gor

06801V

GRAVEL SAND
|COARSE | FINE [COARSH MEDIUM

I FINE SILT OR CLAY

U.S. STANDARD SIEVE SIZE
3" 2“1n 2'1"3/4" 378" #4 #10  #20 #40#60HI00 #200

N

100 g
N 1 TP TN

At N
30 AN \N

pd

12§ \

P ALY

~5

[ev}
o

J‘?/

N

~

o
v
/

()]
o
/’5

8
|
[
!
F
N 7]

o}
P
5
|

PERCENT FINER THAN
5
/]
IS

N

o
of
a
o8

100 10 10 0.l 0.0l 0.00I
GRAIN SIZE— MILLIMETRES

REMARKS : O———=0O Sample 1 at 0.5 M SILT - little sand, trace clay

O———/\ Sample 3 at 2.65 - 2.85 M SILT - little sand, frace clay

———-1 Sample 4 at 3 - 4 M GRAVEL-SAND-SILT, frace clay

0.000!
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TEST HOLE LOG
HAMMER WT. 63.5Kq. -I.OCATION ing A- L COHESION - Kg./Sa.cm.
. leermarrosT See Drawing A-0890-4-2 R ‘g / iu —
HT. DROP 76 em. g ELEVATION BFIELD VANE QLA-B VANEE’E N &
samre_oata_| £ [WRCTwE g,
T TEowl] or | DESCRIPTION OF MATERIAL | x—-———= 0 e i
| 15cm. | Oy i CLASS| F 10 30 50 70 90%
et 0.2 MOSS- organic cover
N.F |=50——"STLT= Tittle sand
| 0.5 - orgenics lamination
and layers
1 C 1 Vr o - dark grey
' 1.1%(lce lenses 1 rm spaced @ 5mm)
—"ﬂggi Vs . r(lce lenses .5 mm spaced @ 5mm) L]
C 2 Witk 1.55 SILT-little clay, peat ;T
SILT- little sand ©
C 3 ]
2 - Vs ~ organic laminations T
C L Vr and layers '
Nbe - dark grey
;— 2.65(lce lenses 1-2mm spaced @ 10mm ]
C 5 | : (N N O I
3 A
GRAVEL AND SAND
- subangular and
subrounded
b, N - little silt
B G
5
5.0
D,
B N.F Notes:
6 1. Hole located 125 M north of
Snag Creek on a flat poorly
drained area.
2. Deep moss cover with spruce
trees to 8 M.
Z 3. Drilling mud used from 2.8
to 10 M.
L4, Thermistors installed at
0.5, 1.5, 3.0 ¢ 6.0 M.
8 .
B f
9 /
B J
10 10 M. END OF HOLE
JOB No. ALO890
PROJECT Frost Heave Test Sites
|0hﬂ Leonoff Consultants Ltd SCATION TP B TS
CIVIL & GEOTECHNICAL ENGINEERS |HOLE No. 77-4-2
DATESept. 19/77 PLATE

K.L..C. - METRIC

254
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235
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. GRAVEL

SAND

COARSE |

FINE  |COARSE MEDIUM |

FINE

SILT OR CLAY

100

U.S. STANDARD SIEVE SIZE

O #60 #I00 #200

3 2'W2'"3/4" 3/8" w4 #I0  #20 #4

=

T O—

AW

(o))
o

8

e}

(,)/

PERCENT FINER THAN
N
o

N
(©)

)

~

0

100

REMARKS:

0—0

0 - 1.0

GRAIN SIZE— MILLIMETRES

Sample 2 at 1.2 - 1.55 m.

0.1

SILT =~ organic,

0.0l 0.00I

little clay, trace sand -

0.000!
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TEST HOLE LOG
HAMMER WT. 63.5Ko. LOCATION See Drawing A-0890-4-2 éOHESION - Kg./Sq.cm.
_s IPERMAFROST 012 ] Olé T 'IIO T ‘ld T ‘le
HT. DROP 76 cm. | & ELEVATION ©RiELD VANE () (A8 vanE B uncon |
sampLe_DaTA_| = ['NRCNE are amnn, e
oW o | DESCRIPTION OF MATERIAL | =0 ___% P s
15¢m. Noﬂ i CLASS F. 10 30 50 70 90% L*6
bz NF | 0.3m MOSS~ organic cover /Q 5
(lce lenses 1-2mm spaced @ 2-5mm) A
] 0.6 SILT - little clay, trace sand //
1 Vr silty - organic laminations Q
c 1 Nbn sand and layers \
| - dark grey. o1
Vr N
C 2 Vs e Alce lenses 1-2mm spaced @ 1-3mm, NP\G\
Vx 1.80m. }O)
2 Vx. Ur «Alce lenses 1mm spaced @ 2-7 mm) |
. SILT AND CLAY 8
C 3 Vr - ’%race]of sand Q
- low plasticity
Vs - organics lamination /3“*7
3 Vx «\ and layers |
7.8 P
3. Ice lenses 1mm spaced @ 1-5mm 0«
C : ]
PEAT AND ORGANIC SILT 186
- wood chips
L - black
SY 4.2 q. .
m | 115
|
/
GRAVEL P
5 - fine to coarse L
- some sand e
B - little silt L~
- subrounded ﬁ)/
- layers of coarse
6 sand
- dense
N.F4 Notes:
1. Hole located adjacent to a
7 swamp area. Ground surface
36 slopes 8% to N. West.
{ SPT |41 2. Cover of spruce trees to 15 C‘
37 M and birch to 12 M.
8 3. Drilling mud used from 3.4
to 8.95 M.
L. Hole located 0.5m. above
24 elevation of the nearby
SPT |38 swamp. B
9 42 8.95m. ¢
END OF HOLE
10
JOB No. AL0390
PROJECT Frost Heave Test Sites
LOCATION MP 8§ to 9
HOLE No. 77-4-3
DATE Sept. 20/77 PLATE



GRAVEL

SAND

COARSE |

COARSE MEDIUM

l FINE SILT OR CLAY

3I| 2llIV

U.S. STANDARD SIEVE SIZE

11 I

2'1"3/4" 3/8" #4 #20 #40#60#I00 #200

¥ ~~0
11

N

)]
o

8

H
@]

8

'P1] SJUB}NSUOY) HOUO37] UYO[Y

SHIINIONZ TAVIOINHDODILOAD 2 TIAID

PERCENT FINER THAN

N
(@)

‘ON gor

NOILVO07
103royd

LL/"+deS 31vQ
¢-v=LL ON 370OH

6 O 8 di
068071V

0.1 0.01
GRAIN SIZE— MILLIMETRES

REMARKS: O——0@ Sample 2 at.v1_'65 - 1.85 SILT - little clay, trace sand

H1d3d

Sel1S 159] oABoOH [so0d4

JAEND 3IZIS NIVYO




TEST HOLE LOG
HAMMER WT. 63.5Kg. LOCATION See Drawing A-0890-4-2 COHESION - Kg./Sa.cm.
_, |PERMAFROST LI L EUREL L
HT. DROP 76 cm. o ELEVATION 0.2 0.6 1.0 1.4 1.8
; & QFIELD VANE (N 1AB VANE Bl UNCONE.
SAMPLE DATA Z | NRC.|NF PLASTIC WATER uguip
w o]
el B * |conss| | DESCRIPTION OF MATERIAL | x=2-—— onl .
p— | 2 ‘ 10 30 50 70 90% 458
: NF 0-3,. MOSS-topsoil 7')'
b e £ CLA
3‘2%3 0.5 SILT & CLAY )
%gg -trace sand,organics ,
1 C Z%éé Vr -low plastic, grey Pe
g%ég <~ (lce lenses 1-2mm spaced @ 1mm)
V8 Vs 1.2m. _
- — (lce lenses 2-10mm spaced @ 10mm .
SiLT-some sand, little day
2 Vx -laminations & organic | lgyeFs | A
¢ 2 -dark grey O, R
] Vr <— (lce lenses 1-2mm spaced @ 1-5mm =0
ND (D_://
C ' \\\\
Vs <~ (lce lenses to 50 mm) />3275
3 Vr,Vx 3.0m. OF
C SAND-Tine, uniform —
Vr - sore silt .
~layers of sand and
C VX . orgenic /D
L -dark grey Q\\\\
L.1(lce lenses 1 mm Spaced @ 1-5mm) —F——145
c Nbn SAND-;‘lne, unfform @_,\__,_.‘.——
-little silt ~
4. 7m. -dark grey \G\
> C 4.7 5. 1m. SILT-organic
GRAVEL-fine to coarse //
-and sand L]
6 lspr 21 Slittle silt O//
, ?Z -subrounded
t -dense
NF INotes:
1. Hole located 14m. from swamp
7 on flat area and 0.75M above
17 swamp level. ©
SPT |16 2. Moss & grass cover with white
18 spruces 5-12M in height.
8 3. Drilling mud used from 5.1
to 8.95M.
SPT %g)
9 27 8.95M
END OF HCLE
10
JOB No. AL0890
PROJECT Frost Heave Test Sites
i
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' DATE Sept. 21/77 PLATE

K.L.C. - METRIC
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GRAVEL SAND
COARSE | FINE |COARSE] MEDIUM [ FINE SILT OR CLAY
U.S. STANDARD SIEVE SIZE
30 2NW2'"34 38" %4 #IQ  #20 #A40#E0HI00 #200 -
N N | 3,
%0 A N
\ i\ (AN
80 \ AN WERN
\ \ 1Y
70 \\ \\ N &
\\\ \\‘ /% \\\
Z 60 \
T o) A \
= N { EN
&5 \\( \\ \\ ®
w 40 A
Z R m\ “\
Q A
& N g
RN
0 NP C)
! SRR i C s o
ol
0
100 10 1.0 O.1 0.0l 0.00I 0.000
GRAIN SIZE— MILLIMETRES
REMARKS:  O—0 Sample 3 at 2.1 to 2.3m. SILT - some fine sand, little clay

A—— /N Sample 4 at 3 - 3.2 m.

SAND - fine, uniform, some silt

G———-. _Sample 5 at 3.7 - 3.9 m.

SAND little silt

O————={ Sample 10 at 8.5 - 8.9 m.

GRAVEL AND SAND - little silt

IAEND 3IZIS NIVio




TEST HOLE LOG
HAMMER WT. 63.5x9, LOCATION See Drawing A-0890-4-2 COHESION - Kg./Sq.cm.
- . PERMAFROST T ¥ T LI T I I T
HT. DROP 76 ¢m. | O ELEVATION 0.2 06 1.0 14 18
&b DFIELD VANE )t AB VANE B UNCONF. |
sAMPLE DATA | = [ NRC.[NF FLMIT. CONTENT
: or
ST rre B lcacs| o | DESCRIPTION OF MATERIAL | x*0 .= ool ’
» g 15cm. 1€ . 10 30 50 70 20%|_ 133
S 0.2m. MOSS- organic cover PO
///
B ] SILT AND CLAY o
1 - trace sand F{
B 2 - trace organics .
- low plasticity £
- grey
B 3 B
2 2.0 m. CY//
B
GRAVEL
- fine to coarse
3 - some sand
B - little silt
- layers of sand
L
SPT N.F|Notes: o
1. Hole located on a flat swampy
5 area with water to a depth of
0.2 to 0.5 M.
2. Vegetation consists of shrubs
with birch & white spruces in
SPT surrounding.
6 3. Drilling mud used from 3 to
8.6 M.
4. Thermistors installed at 0.5,
7 1.5, 3.0 and 6.0.
SPT 5. Piezometer installed. Water [e)
level at ground surface. [
8
SPT 8.6 m é.)
9 END OF HOLE
10
JOB No. AL0890
PROJECT Frost Heave Test Sites
Kiohn Leonoff Consultants Ltd. =50 5 w0
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LL/°4+33S 3J1vQ

diN
54

G-v—L,L ON 3T10H

&

,
g
=

06801Y

6 oF

GRAVEL

COARSE |

FINE

COARSE| MEDIUM

SILT OR CLAY

U.S. STANDARD SIEVE SIZE
34" 378" #4

#20 #40#60H#I00 #200

90

o0}
o

~
(e}

PLO)

(o)}
(@)

8

//

H
O

8

N
o

o

0

100

REMARKS:

O—=0

Sample 3 at 1.5 m.

0.0l

GRAIN SIZE— MILLIMETRES
SILT & CLAY - trace sand

0———-—_4

Sample 4 at 2.0m. GRAVEL - some sand,

HL1d3a

311§ 1So| ereoq &

S

IAEND 3IZIS NIVED

ol

little silt




TEST HOLE LOG

HAMMER WT. 63.5Kg,

PERMAFROST

LOCATION See Drawing A-0890-4-2

COHESION - Kg./Sq.cm.

T T i I T I T T

T
1.8

- 0.2 06 10 1.
HT. DROP 76 cm. g ELEVATION OFIELD VANE & LAB VANE ?“ r
SAMPLE DATA | £ | NRC.[NF PLASTIC WATER uauio
DEPTH Ty PE IBLOW[y n or DESCRIPTION OF MATERIAL Ko oo e e 0 — — e X
15cm. | V9 CLASS{ F 10 30 50 70 90%
: MOSS- grass cover 669
B N-F PEAT
B .]__. —‘T 0.55m. 223
c 2 Vs 0.7m. ICE & SILT o
1 B Vr G
c 3 1.2m. SILT- trace sand <] :
R Vs T.hm. ___ ORGANIC SILT "y 154
2 GRAVEL
- fine to coarse
- subangular
- some sand
- trace silt
3
A
N
5 Note:
- 1. Hole located on flat & poorly
; ©
drained area. Free water on
B b
ground surface.
2. \Vegetation consists of peat
6 tussocks & grass with buck-
brush 1-1.5m. high.
3. Drilling mud used from 1.4 to
8.5 M.
7
é
8 c
AN 8.5 m.
END OF HOLE
9
10
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PROJECT Frost Heave Test Sites
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6 0+ 8 dW
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103royd
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068071V

GRAVEL

SAND

COARSE | FINE

COARSE MEDIUM | FINE

SILT OR CLAY

100

3 2w "3y 3,/;3“

U.S. STANDARD SIEVE SIZE

#4  #HI0  #H20 #40#60#I00 #200

M \"T . ~~—®\{

D]

[ty

kk

(o)}
o

3

&

PERCENT FINER THAN
N
(@]

n
Q

o

&
of
/

0

100

REMARKS:

10

O—0

1.0

O.1 0.01

GRAIN SIZE— MILLIMETRES

Sample 2 at 0.7 - 1.0 m.

SILT - trace sand, trace clay

0.001

Q.000I

IAEND IFZIS NIVY9




1.0

2.0

SITE 5 (MP 25 - 24.5)

INTRODUCT ION

This area was selected as a potential frost heave test site. The
site is located between MP 24 and 24.5 of the proposed pipeline
right-of-way. The Alaska Highway passes within 150 m. of test hole
77-5-1 at the north end of the site. The reader should refer to the
location plan on Plate A-0890-5-1 as well as the aerial and site
photographs on Plates A-0890-5-2 & 3.

SUMMARY

The siTe‘is located in a broad, gently sloping valley bounded by a
steeply sloping upland on the southeast. The valley is a former
meltwater channel (MC(PT)) which is flanked by upland areas classified
as outwash (OW) and moraine (RKM,HM) underlain by bedrock at shallow

depths in the ridge areas.

The site is drained by Enger Creek which flows to the north and west
into Beaver Creek which empties into the White River drainage system.
The valley is vegetated with a very light growth of spruce and brush

excepT along the creek where the spruce are dense and up to 20 m. high.

Based on three test holes in the valley, the soils consist of an upper
sequence of fine laminated organic silfs overlying a coarse gravel and
sand stratum at depths between 0.6 and 4.55 m.. A fourth test hole
drilled on the upper valley slopes encountered 4.9 m. of interlayered

colluvial sand, silt and gravel overlying a coarse gravel stratum.

Permafrost is widespread at the site. Three test holes encountered
permafrost beneath a shallow unfrozen active layer to the maximum
depths drilled. Test hole 77-7-2 drilled within 5 m. of Enger Creek
encountered a permafrost talik from 1.0 tfo 5.0 m., above and below

which the ground is unfrozen.

The upper fine grained silt strata in all four test holes has a high
ice content. The ice generally occurs as Thin, closely spaced horiz-

ontal lenses. The ice content of The gravel underlying The

Klohn Leonoff Consultants Lid.
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-2 -
site was difficult to determine as mud was used as the drilling
fluid. Based on the cuttings refurned in the drilling mud, the

ice content of the gravel is believed neglible.

SITE DESCRIPTION

Test hole 77-5-1 is located at the north end of the site, approx-
imately 150 m. southwest of the Alaska Highway and 70 m. east of the
H-F pipeline. The ground elevation at the test hole is about 1 m.
above Enger Creek which is located 3 m. to the east of the hole. The
ground at the site slopes gently towards the creek and is covered
with grass, brush and scattered peat tussocks. A dense growth of

spruce to 10 m. high exists along both banks of the creek.

Test hole 77-5-3 is located about 400 m. southeast of 77-5-1 and

100 m. east of the H-F pipeline. The ground between these holes is
slightly dish-shaped with a large pond in the middle along the H-F
pipeline. The drill site is located in a natural clearing overgrown
with very sparse stunted spruce to 5 m.. A denser stand of spruce
occurs southwest of the site. The terrain has a very gentle 1/2% slope

to the northwest and water is ponded between peat tussocks.

Test hole 77-5-2 is located about 800 m. southeast of 77-5-3 along
Enger Creek, and about 80 m. east of the H-F pipeline. The ground
between these holes is gently undulating, with a maximum slope

of about 2%. The creek which is situated 5 m. east of the drill

hole is about 1.5 m. wide, 0.2 m. deep and had a flow of about 0.3 cms
at the time of the investigation. The bed material in the creek is
comprised essentially of gravel and sand. The ground at the site is
firm and well drained, sloping about 8% towards the creek. A dense

growth of spruce to more than 20 m. high exists along the banks of the

creek.

Test hole 77-5-4 is located on a bench above the meltwater channel
at the southeast end of the site. The bench slopes 8% to the north-
west, whereas the nearby flanks of the meltwater channel slope at more

than 20%. A bedrock cored ridge exists east of the site. The ground

Klohn Leonoff Consultants Lid.
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surface is firm, moss covered, and supports a moderate growth of

spruce to 8 m. high.

SOIL & PERMAFROST CONDITIONS

Test Hole 77-5-1
Test hole 77-5-1 was drilled to a depth of 9.0 m. by augering to
0.5 m., coring from 0.5 to 4.7 m., and rotary drilling with mud

from 5.7 to 9.0 m.. The subsoils consist of 4.55 m. of silt and

organic silt overlying a coarse gravel and sand stratum. From a
depth of O0.fo 1.75 m. the silt soils are highly organic with
extensive peat layers and wood inclusions. The moisture content
varies from 125% to more than 200%. The silt soils from 1.75 to
4.55 m. have a little fine and a lesser amount of organic material,
with moisture contents averaging about 55%. The underlying gravel
and sand is coarse and has a low moisture content of about 10%.
Permafrost occurs from a depth of 0.5 to 9.0 m.. The upper fine
grained soils to a depth of 4.55 m. have a low to medium ice content.
The estimated excess ice content varies from about 2 to 20% by
volume. The ice usually occurs in thin 1/4 - 2 cm thick lenses, with
a few thicker lenses up to 1 cm.. Based on cuttings refurned in the
drilling mud, the gravel and sand below a depth of 4.55 m. have a

low excess ice content.

Test Hole 77-5-2
Test hole 77-5-2 was drilled to a depth of 8.55 m. by augering to
1.0 m. and rotary drilling with mud from 1.0 tfo 8.55 m.. The subsoils

consist of a thin veneer of silt and clay to a depth of 0.6 m., over-

lying a coarse gravel and sand stratum. The moisture content of the silt
and clay is about 45%, while that of the underlying gravel and sand

material is about 12%.

Based on the drill action and cuttings returned in the drilling mud,
permafrost exists from a depth of 1.0 to 5.0 m.. Due to the rotary
nature of drilling with mud used as a drilling fluid, representative

samples of the gravel stratum were not obtained.

Klehn Leonoff Consultants Lid.
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4.4

Test Hole 77-5-3

Test hole 77-5-3 was drilled to a depth of 8.5 m. by augering

to 1.0 m. and rotary drilling with mud from 1.0 to 8.5 m.. From
ground surface to a depth of 2.4 m., the fine grained soils

consist of interlayered and laminated organic silt and clay. The
moisture content of these soils is high, generally ranging from 100
to 250%. These upper fine grainad soils overlie a coarse gravel and
sand stratum from 2.4 to 8.5 m.. Due to the rotary nature of drilling
with mud used as the drilling fluid, representative samples of the

coarse gravel stratum were not obtained.

Permafrost occurs from a depth of 0.5 to 8.5 m.. The upper fine grained
soils to a depth of 2.4 m. generally have a medium ice content. The
estimated excess ice content varies from about 2 to 25% by volume.

The ice usually occurs as random or stratified lenses from 1/4 o

7 mm. thick. Based on cuttings returned in the drilling mud, the

gravel and sand stratum below a depth of 2.4 m. has a low excess ice

content.

Test Hole 77-5-4

Test hole 77-5-4 was drilled to a depth of 8.5 m. by augering to 0.5 m.,
coring to 4.9 m., and rotary drilling with mud fo 8.5 m.. The subsoils
consist of 4.9 m. of interlayered silt, sand and gravel colluvium
overlying a coarse gravel and sand stratum. The interlayered sandy
silt and gravel soils have high moisture contents decreasing from about
100% at the top of the stratum to about 40% at a depth of 4 m.. Based
on cuttings returned in the driliing mud, the underlying gravel and

sand materials are coarse.

Permafrost occurs from a depth of 0.5 to 8.5 m.. The upper fine grained
soils to a depth of 4.55 m. have a low ice content. The estimated
excess ice content varies from about 2 to 10% by volume. Based on
cuttings returned in the drilling mud, The underlying gravel and sand

materials have a negligible ice content.

Klehn Leonoff Consultants Ltd.
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SITE 5

View looking southerly at Site 5 along the Haines-Fairbanks
pipeline-right-of-way. A heavy free growth occurs along Enger
Crzek in the lower left and central parts of the photograph.



TEST HOLE LOG
AMMER . 63.5Kg, OCATION f o Ao ~C- - . .cm.
LERPEEIT 00  |rermarrosteocATION See Plate A-0890-5-2 or:oﬁ'ss;i”' F: ?“}.4 T
HT. DROP 76 cm. 8 ELEVATION @F.IELD VANE Auas VANEE’%EVN .
sawrie_oata_| £ [Wrc [N N
mp v 1TV or | DESCRIPTION OF MATERIAL | x——— " 0oLl
15cm. ™ CLASS] F 1030 S0 70 90%
' 7:; NF 0.3m. organic cover o156
B T 0.5 ORGANIC SILT 5135
L - little clay 137
1 ¢ 2 B vs - trace sand P
3 [BELEE Vx - peat layers & organic 216
c LD laminations .
I Y [ - slight plasticity gi
c Xhid vr,Vs 1.75m.%5cm. ice lense @ 0.95 m. . 126
2 EX| Nbn SILT D
c 6 Vr,Vs 2.2m. -~ little sand in lenses 9~‘§“‘"“*~C)]40
Lo
SILT 1L +—T1]
c 7 - little fine sand G
3 | - trace clay \
— - wood specks & organic
layers
Vr,V
¢ 8 Fats - slight plasticity }’
- - brown
b | e 9 ({
c o Vx, Vr —}—exten51ve black organics :ﬁ
L4, 55m,
c "o g
G
5 GRAVEL
- some sand
- little silt
- trace cobbles
6 B - coarser with depth ©
/
8
B ©
9 9.0m.
END OF HOLE @ 9.0 m.
10 (cont'd)
JOB No. ALO890
PROJECT Frost Heave Test Sites
> Klohn Leonoff Consultants Ltd. 5o w20 - 25
CiVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-5-1
DATE Oct. 3/77 PLATE

K.L.C. - METRIC



TEST HOLE LOG

HAMMER WT. 63.5Kg. LOCATION COHESION - Kg./Sg.cm.
_, {PERMAFROST 02 | os | o 5 ‘IB
HT. DROP 76 ¢m. 8 ELEVATION @FIELD VANE O\ UAB VANE @l .
SAMPLE DATA 2 | NRC.INE PLASTIC WATER LIQUID
> LM CONTENT LIMIT
o] @ or | DESCRIPTION OF MATERIAL | xoo_ = 0 e x
DEPTH TYPE [T5em. N CLASS| F. ~ 10 30 5070 90%
NOTES:

1. Hole located 70 m. east of H-F
pipeline and 3 m. southwest of

Enger Creek. Terrain slopes
1/2% towards creek.

2. Vegetation adjacent to the
creek consists of moderately

dense spruce to 10 m., with
extensive willows to 2 m.. An
open, grassy swamp some 15 m.
across is located immediately

south of the creek.

3. Hole augered to 0.5 m., cored
to 4.7 m., then rotary drilled
with mud to 9.0 m..

L. Thermistors installed at 0.5,
1.5, 3.0, and 4.5 m.. Stand-
pipe piezometer installed to

.5 m..

JOB No. ALOSY

PROJECT Frost Heave Test Sites
LOCATION MP 24 - 24.5

HOLE No. 77-5-1

DATE o0ct.3/77 PLATE

> Klohn Leonoff Consultants Lid.

ENGINEERS

Civilt & GEOTECHNICAL

K.L.C. - METHIC
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GRAVEL

SAND

COARSE |

FINE

COARSE| MEDIUM |

SILT OR CLAY

FINE

100

U.S. STANDARD SIEVE SIZE

URA 1

3 2'W2"1"3/4" 3/8" #4  #I0  #20 #40#60HI00 #200

wu

RN

n

90

k¢

80

L

~
o

@//

(o))
Q

8

8

PERCENT FINER THAN
D
O

N
Q

o

0

100

REMARKS:

O—0

Sa.

1.0

0.1 0.0l

GRAIN SIZE— MILLIMETRES

#9 (3.7 - 4.1 m.)

SILT - little fine sand, trace clay

0.001

0.000I

JIAREND 3IZIS NIVYID




FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO. 5-1

Sample Sample Fro%en Bulk3 Froz§n Bulk
No. Depth (M) Density KG/M Density PCF
2 0.50-0.95 1,120 66.5
4 ].28-].60 1,330 79.0
7 2.20-2.73 1,400 83.2
9 3.70-4.10 1,640 97.4




TEST HOLE LOG

HAMMER WT. 63.5Ko. LOCATION See Plate A-0890-5-2 COHESION - Kg./Saq.cm.
PERMAFROST T T T T T T T 1
HT. DROP 76 cm. | O ELEVATION 2D VA Ay ' oncon
[<a} = sz - s e oo b o
sampte_data_| = [NRCNE U amE,  uaw
s ] © or | DESCRIPTION OF MATERIAL | xom___% P x
EPTH TYPE Fy5e | Noy __JCLASS| F 10 30 50 70 90%
' 0.2m. organic cover o)
//
B SILT & CLAY o+
NF 0. 6m. - little sand //
1 B 1.0 - organic laminations ol
% - wood specks
RS
::::: GRA\!EL
2 B L - little sand
::::: - little silt & clay
K8 - brown
X5
3 NOTES:
1. Hole located 5 m. from west bank
of tributary to Enger Creek.
Site is well drained & slopes
" gently towards the creek.
v B 2. A dense growth of spruce to 20m
occurs adjacent to the creek.
The ground is firm and moss
. covered.
3. Hole augered to 1.0 m. and
rotary drilled with mud to
8.55m.
6 :
L. Thermistors installed @ 0.5,
NF 1.5, 3.0, and 6.0 m.. Stand-
pipe piezometer installed.
AN
8
8.55m.
END OF HOLE @ 8.55 m.

JOB No. AL0890

PROJECT Frost Heave Test Sites

Kiohn Leonoff Consultants Ltd. ~5o=a5 50 - 255

CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-5-2

DATE Oct. §/77 PLATE

K.L.C. - METRIC



TEST HOLE LOG

£.L.C. - METRIC

HAMMER WT. 63.5Kg, LOCATION See Plate A-0890-5-2 COHESION - Kg./Sq.cm.
_, |PERMAFROST 0!2 T 0?6 T \fO T
HT. DROP 76 em. 9 ELEVATION DEIELD VANE QD 1As vane By
SAMPLE DATA | £ | NRC.|NF PLASTIC JaTER
BLOW “ or DESCRIPTION OF MATERIAL Ko e 0 — — e e X
DEPTH| TYPE Har{Noy CLASSI F. 10 30 50 70 so%)
0.25m. PEAT //,@ 64
B 0.50m. SILT & CLAY - dark brown G):(:\ 15
1 C ORGANIC SILT =
c 0% - peat in layers,wood specks L
- some fine sand o 27
C R - black o 12
c o ; white sand layer g1
2 S 1.95m. ice lenses 1/4~-7mm. thick //
SILT & CLAY o
¢ 2. hm. ~ trace fine sand XK
- slight to low plasticity
\- dark brown
3
GRAVEL
- medium to coarse
~ some sand
L - little silt
B - layered
5
6
7
B
8
B 8.50m.
9 END OF HOLE @ 8.50 m.
(cont'd.)
JOB No. AL0890
PROJECT Frost Heave Test Sites
. Klohn Leonoff Consultants Lid. LOCATION P 21 - 215
CIVIL & GEOTECHNICAL ENGINEERS |HOLE No. 77-5-3
DATE 0ct.4/77 PLATE



TEST HOLE LOG

HAMMER WT. 63.5k0.

HT. DROP

76 cm,

PERMAFROST

LOCATION

COHESION - Kg./Sq.cm.

ELEVATION

0.2 0.6 1

SAMPLE

DATA

DEPTH| TYPE

BLOW

15em. No

SYMBOL

NR.C.

CLASS

N.F.
or

F.

DESCRIPTION OF MATERIAL

WATER
CONTENT

PLASTIC
LT

10

I I T T T 1 T T

0 1.4 1.8
DFIELD VANE L\1as VANE B UNCONF.

LQuib
LIMIT

NOTES:

1. Hole located 100 m. east of

H-F pipeline in an open area.

Terrain slopes 1/2% to the
northwest.

no tree growth at the hole
location. A dense clump of
spruce occurs southwest of
the site.

Hole augered to 1.0 m. and.
rotary drilled with mud to
8.5 m.

Ground surface has extensive
peat tussocks, with virtually

CIViIL

Klohn Leonoff Consultants Lid.

& GEOTECHNICAL
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DATE Oct.
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K.L.C. - METRIC



i
GRAVEL SAND '
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FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 5-3

Sample Sample Frozen Bu]k3 Frozen Bulk
No. Depth (M) Density KG/M Density PCF

L 1.10-1.40 1,130 67.1
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TEST HOLE LOG
HAMMER WT. 63.5Ko, LOCATION - o COHESION - Kg./Sq.cm.
. — |PERMAFROST 2ge Plate A-0890-50 02 06 10 “‘,4 "1
HT. DROP 76 cm. 8 ELEVATION @FIELD VANE O LAB VANE & NE. ‘
SAMPLE DATA E N.R.C.| N.F ‘ Ptm#c C»g:;{seiu lil&l.ll!rD
BLOW v or DESCRIPTION OF MATERIAL S Y — X
DEPTHI TYPE 5 emNo CLASS! F 10 30 50 70 90%
NF 10.2m. organic _cover 570
QASH SILT - little sand )3
B 0.6m. - organic ,/,/G
1| ¢ GRAVEL & SILT Nl
dEERg - some sand ™~
c 4 vr, syl -1om. : o 114
Vx SAND - some silt 79
- some gravel
2 C 1.85m. - wood specks & /G
TN organic layers vd
C ORGANIC SILT
- trace sand >)
2.65m. - slight to low | L
3 ¢ plasticity ?//
SILT - some sand oW
C - 11 ]
J~M\\”\\\\\\\ little gravel ~—lo
Vr, Vx —\3.15m. - gravel layers Ve
C SILT Nicg
4 L.om. -extensive gravel layers /;}
¢ Nbn SILT - some sand Cé\\\
C Vr. Ux - little gravel ;E
’ - organic layers
51|¢C Nbn 4. 9m. 9 Y /CK’
: )/
GRAVEL- fine to medium //
SPT 77 - some sand °
6 ref.
B
Fo v, Ux
7 4 Vc
- coarse
B - trace cobbies
0.
8
8.50m.
9 END OF HOLE @ 8.5m.
(cont'd.)
JOB No. AL0890
PROJECT Frost Heave Test Sites
> Klohn Leonoff Consultants Ltd. F=ogon T 5= 265

ENGINEERS | HOLE No.

77-5-4

DATE 0ct.5/77

PLATE

H.L.C. - METRIC



TEST HOLE LOG
HAMMER WT. 63.5Kg, LOCATION COHESION - Kg./Sq.cm.
_, [PERMAFROST 0’2 J 0'6 I "O I 1'4 T 1[3
HT. DROP 76 cm. 8 ELEVATION DFIELD VANE QL»{BVANE%@;ZNQQW
samrie _oata_| = [NRCTWF T e, e
T~ or | DESCRIPTION OF MATERIAL | xoo___ ot 9
DEPTHI TYPE e iNo; CLASS! F. 10 30 50 70 90%
NOTES:
1. Hole located on a bench above
the meltwater channel. The
bench slopes 8% to the north-
west, whereas the nearby
flanks of the meltwater
channel slope at 20%.
2. The ground surface is firm and
moss covered, and the area is
vegetated with a moderate
growth of spruce to 8m. high.
3. Hole augered to 0.5 m., cored
to 4.9 m., then rotary drilled
with mud to 8.5m.
JOB No.  AL0890 ‘
PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants L’t (OCATION Mp 2h - 21 8
CIVIL & GEOTECHNICAL ENGINEERS |HOLE No. 77-5-4
DATE Oct. 5777 PLATE

K.L.C. - BETRIC
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GRAVEL
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COARSE |
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SILT OR CLAY

o1

U.S. STANDARD SIEVE SIZE
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GRAIN SIZE— MILLIMETRES
REMARKS : @ o Sa #3 (1.15 - 1.35m.) SAND - some silt, some gravel, well graded
B—=a Sa. /11 (475 - L.9m.) SILT - some sand, little gravel
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FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 5-4

Sample Sample Frozen Bulk3 Frozen Bulk
No. Depth (M) Density KG/M Density PCF
6 2.50-3.00 1,640 97.4
9 4,00-4.35 1,590 k.4

10 4,35-4.75 1,640 97.4




1.0

2.0

SITE 6 (MP 26.5 - 27.5)

INTRODUCT ION

This area was selected as a potential frost heave test site. The
site is located between MP 26.5 and 27.5 along the proposed pipe-
line right-of-way which parallels the H-F pipeline. The Alaska
Highway is 400 m. east of the southern part of the site. The
reader should refer to the attached location plan on Plate
A-0890-6-1 as well as the asrial and site photographs on

Plates A-0890-2 & 3.

SUMMARY

This site encompasses a variety of terrain units. In the north,
the terrain is rolling and locally hummocky, with many small ponds
and lakes. This area‘is comprised of hummocky moraine and pitted
outwash which marks the maximum ice advance of the Macauley glacier
in The Yukon. The southern part of the site consists of low lying
gently sloping ferrain. This flatter, low lying terrain parallels
the Alaska Highway on the west, and is flanked by gently undulating

outwash and ridge and knoil moraine.

The northern portion of the site is hummocky, and locally slopes

can exceed 20%. The rolling terrain is well drained into the many
large water filled depressions in the area. Vegetation consists of

a moderate growth of spruce and clusters of tall birch and poplar.
The peat terrain in the south has a gentle 1 to 2% slope to the east.
Drainage is poor and water is ponded between the extensive peat
Tussocks in the area. The arez is void of tree cover except for a

sparse growih of stunted spruce.

Seven test holes were drilled at this site. Five holes were located

in the various morainal deposits at the north end of the site. The
holes were drilled along or within 50 m. to the east or west of the H-F
pipeline right-of-way. The subsoil conditions are relatively uniform
in that they consist of an upper stratum of fine grained soils over-
lying interlayered gravel, sand and glacial till soils. The upper

substratum varies from O to 3.3 m. thick and consists of variable

Klohn Leonoff Consultants Lid.
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silt, clay, sand, and organic soils. The granular substratum
which underlies the area consists of interlayered glacial till,
gravel, sand and boulders with a variable silt and clay content.
The coarse granular, and often unfrozen, material prevented

detailed sampling with the rotary drill used for fThis program.

Based on the five test holes drilled in the moraine at the north
end of the site, the permafrost conditions are variable. No
permafrost was encountered in test holes 77-6-1, 3, & 4, and
therefore large portions of this area are unfrozen. However,
permafrost occurs below a depths of 5.8 and 2.5 m. respectively
in fest hales 77-6-6 and 7. The frozen soils in 77-6-6 are ice
rich with lenses up to 4 cm. thick. These variable permafrost
conditions typify those expected in the discontinuous permafrost

Zone.

Test holes 77-6~2 and 5 were drilled in the low lying peat terrain

at the south end of the site. Fermafrost was found in both test holes

below a depth of 0.3 fo 0.5 m.. Considerable ground probing indicates

extensive permafrost in the arez. The subsoils consist of a topstratum
of ice rich silt, organic silt and peat varying from about 4 to 6.4 m.

thick; overlying gravel and sand materials.

Site Description

Test hole 77-6-1 is located at +the nerthern end of the site about 50 m.
west of the H-F pipeline. A lake is situated 4 m. west of the test
hole and the lake level is 20 cm. below the ground elevation at 77-6-1.
Large boulders up fo 1 m. in dizmeter are visible along the lakeshore.
The terrain in The immediate vicinity is fairly well drained and slopes
gently at about 3% into the laks on the west. The ground surface is
firm and moss covered. Vegetation consists of a moderate growth of

spruce to 5 m. and sparse poplars to 10 m. high.

Test hole 77-6~7 is located on 7vhe H-F pipeline right-of-way, about

150 m. south of 77-6~1. The terrain between these two test holes has

Klohn Leonoff Consultants Ltd.
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a 5% slope to the south. At the drill site the terrain slopes
5% to the east across the pipeline right-of-way. Vegetation near
the site consists of a moderate growth of spruce to 10 m. and

sparse poplars to 15 m. high.

Test hole 77-6-3 is located about 250 m. south of 77-6-7. The
terrain between these test holez is undulating, but has an overal |
positive gradient to the south. At several locations along the
old pipeline there are exposures of gravel and sand as well as
several small glacial erratics. The H-F pipeline, which runs
north-south across Site 6, is situated 40 m. east of test hole
77-6=3. The drill site is located in a natural clearing which
appears to be the dried up bed of a former pond. The natural
ground surface in the clearing is grass covered and some 1 to 2 m.
lower in elevation than the surrounding terrain. Although local
drainage is infto this depression, no ponded water existed at the
time of drilling. Vegetation adjacent to the clearing consists of

willow, spruce and a tall growth of poplar.

Test hole 77-6-6 is located on ihe H-F pipeline right-of-way, about
200 m. south of 77-6-3. The terrain between fthese two holes is
undulating but has an overall positive gradient of 2% to the south.
The drill site is located in a very small drainage course which flows
on a 2% gradient to the east across the pipeline right-of-way. Veget-
ation adjacent to the site consists of a light growth of spruce to

8 m. and sparse poplar to 15 m..

Test hole 77-6-4 is situated about 200 m. south of 77-6-3 and 30 m.

west of the H-F pipeline. The nole is located on the top of a broad,
low, east-west frending ridge. The terrain in The immediate vicinity
of the site slopes about 3% to the east across the pipeline right-of-way.

Vegetation consists of a thick growth of willows and moderately dense

spruce to 5 m. high.

Test hole 77-6-5 is located about 250 m. south of 77-6-4 and 30 m. east
of the H-F pipeline right-of-wav. The hole is located in a low lying

area about 10 m. lower in elsvation than the ridge to the north. The

Klohn Leonoff Consultants Lid.
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terrain is poorly drained and slopes gently 2% to the east. The
ground surface is covered with peat tussocks and locally has
standing water between the tussocks. The area is almost void of

tree cover except for very sparse stunted spruce.

Test hole 77-6-2 is located 200 m. south of 77-6-5 and 30 m. east
of the H-F pipeline. The poorly drained terrain slopes 2% to the

easT and is identical to that at 77-6-5.

SOIL & PERMAFROST CONDITIONS

Test Hole 77-6-1

This fest hole was drilled to a depth of 8.5 m. by augering to 2.0 m.
and rotary dfilling with mud from 2.0 tfo 8.5 m.. The topstratum
consists of 2.0 m. of silt and sand interlayered with thin gravel
materials. Atterberg Limit tests indicate the soi! has a non-to-
slight plasticity. The moisture content is uniform at about 14%.
These upper fine grained soils are underlain by very dense gravel
and sand soils below a depth of 2.0 m.. This material has a variable
but generally low silt and clay content and occasionally contains

boulders.

The entire test hole was unfrozen within the drilled depth of 8.5 m..

Test Hole 77-6-2

This test hole was drilled to a depth of 10.0 m. by augering to 0.5 m.,
coring from 0.5 to 4.05 m., Then rotary drilling with mud to 10.0 m..
The subsoil profile consists of peat and organic silt, overlying silt,
all of which overlies a thick sandy gravel stratum. The peat and
organic silt Topstratum extends to a depth of 1.4 m. and has a very
high moisture content in excess of 250%. The topstratum is underlain
by a grey silt material from a depth of 1.4 to 3.92 m.. The silt

is laminated with thin seams of sand and clay, and has a slight
plasticity. The moisture ccntent decreases from 90 to 30% with stratum
depth. The basal stratum below a depth of 3.92 m. consists of gravel

and sand with variable amounts of silt, clay and boulders.

Klchn Leonoff Consultants Lid.
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Permafrost occurs from a dexth of 0.3 m. to 10.0 m.. The upper peat
and organic silt stratum has a nhigh ice conftent with ice lenses
greater than 2 cm.. The estTimaied excess ice content varies up o

60% by volume. The silt scils between a depth of 1.4 and 3.92 m.

has a medium to high ice conetnt. Ice lenses are generally less than
5 mm. thick and the estimatad excess ice content varies from 10 to 40%
by volume. The ice content of the gravel and sand substratum is low

based on a single core sampie rscovered in the upper 2 cm. of the stratum.

Test Hole_77—6-3

This test hole was drilled To & depth of 9.65 m. by augering to 1.55 m.
then rotary drilling with mud bslow 1.55 m.. The upper 3.25 m. consists
of a soft to firm, low plastic, silt and clay. Below a depth of

1.0 m..this material has scme fine sand as well as layers of coarse
gravel. The moisture content cecreases from 50% near ground surface

to 15% below a depth of 2 m.. 3elow a depth of 3.25 m. the subsoils
consist of very dense gravelly materials. From a depth of 3.25 to

5.45 m. the soil consists of ccarse gravel with both a matrix and

layers of sand and silt. Beslow a depth of 5.45 m. the soil is a

glacial till consisting of a we!l graded gravel, sand and siltt and clay.
An Atterberg Limit fest on the fine matrix material indicates The
plasticity index is about 7. The entire test hole was unfrozen within

the total drilled depth.

Test Hole 77-6-4

This test hole was drilled to 2 depth of 5.5 m. where the hole was
abandoned due to continuous sloughing of unfrozen gravel during drilling.
The hole was augered to 1.0 m. and rotary drilled with mud from 1.0 to
5.5 m.. The subsoils consist of a 1.0 m. fopstratum of silt underlain

by gravel and sand (with a variable silt content and occasional

boulders) to a depth of 5.3 m.. Due to the rotary nature of The
drilling equipment, representative samples of the coarse, unfrozen

gravel materials could not be obtained.
The entire test hole was unfrozen within the total drilled depth.

Klohn Leonoff Consultants Lid.
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Test Hole 77-6-5

This test hole was drilled to a depth of 8.5 m. by augering to 0.5 m.,
coring from 0.5 to 6.4 m., then rotary drilling with mud below

6.4 m.. From ground surface to a depth of 4.9 m. the soils consist
of peat and organic siltf. The moisture contents in this zone are high,
varying from 90 to 350% depending on the relative ice and organic
content. From a depth of 4.9 to 6.4 m. the ofganic materials are
underlain by a laminated, non plastic silftf. The moisture content
decreases with stratum depth from about 75 to 15%. These upper fine
grained and organic soils are underlain by coarse gravel with little

sand below a depth of 6.4 m..

Permafrost occurs from 0.5 m. to 8.5 m.. The upper peat and organic
silt soils have an estimated average excess ice content of about 25%
by volume. The silt soil from 4.9 to 6.4 m. has a low ice content.
lce lenses are generally 1/4 to 1/2 mm. thick and the estimated excess
ice content is less than 5% by volume. Due to the rotary nature of
the drilling equipment, representative samples of the gravel stratum

could not be obtained for permafrost classification.

Test Hole 77-6-6

This test hole was drilled to 6.25 m. by augering fo 2.3 m. then
rotary drilling with mud below 2.3 m.. Water was encountered at

0.75 m. during drilling. Coarse unfrozen granular materials with a
variable silt content were encountered from ground surface to a depth
of 5.8 m.. The upper 2 m. consist of a well graded gravel, sand and
silt which becomes coarser with depth. From a depth of 2.0 to 5.8 m.
+the material is a cleaner, medium dense to dense gravel and sand with

a trace of silt and clay.
The test hole was terminated in an ice rich sand, silt and gravel

layer encountered from a depth of 5.8 to 6.25 m.. [ce lenses up to

4 cm. thick exist in this permafrost-affected soil.

Test Hole 77-6-7

This test hole was drilled o 8.5 m. by augering to 3.3 m., then rotary

drifling with mud below 3.3 m.. The subsoils consist of a 1.95 m.

Klohn Leonoff Consultants Lid.
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thick fopstratum of silt and clay, with a Iittle coarse gravel and
sand, and black organic laminations. The moisture content is

variable from 30% to more than 200% in organic layers. This top-
stratum is underlain by a slighTly plastic silt, sand and gravel
material from a depth of 1.95 1o 3.3 m.. The moisture content averages
about 30%. Below a depth of 3.3 m. the subsoils consist of an

interlayered gravel and sand with a variable silt content.

Permafrost occurs from 2.5 o 8.5 m.. From a depth of 2.5 to 3.3 m.,
ice generally occurs as thin 1/2 to 3 mm. thick lenses, although

a | cm. thick lense occurs a2+ a depth of 3.0 m.. The gravel and sand
substratum has a low excess ice content which becomes negligible below

5.1 m..

Klohn Leonoff Consultants Lid.
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SITE 6

View southerly at Site 6 along the Haines-Fairbanks pipeline
right-of-way, with the Alaska Highway to the east. The old
clacial meltwater channel evident in the upper part of the
cnotograph is the present day Dry Creek valley. The undul-
aTing and hummocky ferrain in the lower part of the photo-
craph marks the northwestern terminus of Macauley giaciation

in the Yukon.
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TEST HOLE LOG

Kg./Sqg.cm.

HAMMER WT. 63.5%g. LOCATION See Drawing A-08590-6-2 COHESION -
' _, |PERMAFROST UL L B
HT. DROP 76 cm. 8 ELEVATION ‘ @ F1ELD VANE QLA.BVANE
SAMPLE DATA | = [ NRCNE e waree T wauo
T ——T5ow] © or | DESCRIPTION OF MATERIAL | x—o—__= PR
15 cm. |1V CLASS| F. 10 30 50 70
B S 0. 1M PEAT AND STLT - black
SILT - and sand | T
B L 0.5M - little fine gravel, |
1 slight plasticity
1.0 SILT & SAND . P
B 7 - some fine to medium
gravel
- gravel subangular to
B (3 gubrounded 9
- slight plasticity
2.01 tr 2.0M - grey-brown X-X
NF
3.0 GRAVEL AND SAND
- 3k - trace silt
47 |5 ©
SPT - trace clay
- trace boulders
- gravel fine to coarse
4.0 - poorly sorted
29 - grey
SPT 2
18 .
Sa lostp
5.0 :
]— loss of drilling fluid to
22 formation
SPT| 42 |6 |
6.0 56
7.0 8B 7_
coarse gravel
8.0
8.5M
END OF HOLE @ 8.5M
9.0 -
JOB No. ALO890
PROJECT Frost Heave Test Sites
Iohn Leonoff Consultants Ltd. [ Sogon— 26 527 ¢
CIVIL & GEOTECHNICAL INEERS | HOLE No. 77-6-1
DATE Oct. 5/77 PLATE

K.L.C. - METRIC

289



TEST HOLE LOG

HAMMER WT. 63.5Ks. LOCATION COMESION - Kg./Sa.cm.
- _, |PErmaFROST JUPL AU B I S B
T.DROP 76 cm. | B ELEVATION o A e Bt
SAMPLE DATA = | NRC.INFE PLASTIC WATER uGuID
S LM T CONTENT LIMIT
— oW o | DESCRIPTION OF MATERIAL | x-___% P 4
i5em. | NO CLASS| F . 10 30 50 70 90%

Notes:

1. Hole located at the southeast
corner of a small lake, 4 m

from lake and 20 cm above

water level. Ground surface
is well drained and slopes
into the lake. Large boulders

visible along lakeshore.

2. Moderate growth of spruce to
5 m and poplars to 10 m.

3. Hole augered to 2.0 m. Drill-

ing mud used from 2.0 to 8.5m.

L, Thermistors installed at 0.5,
1.5, 3.0 and 4.5 m depths.

JOB No. AL0890

1+ [ LOCATION MP 26.5 to 27.5

' PROJECT Te Si
. Klohn Leonoff Consultants Ltd. o2 ol feave oSt oltes
" CIVIL & GEOTECHNICAL ENGINEERS HOLE No. 77-6-1 (Continued)

DATE Oct. 5/77 PLATE

K.L.C. - METRIC
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GRAVEL SAND
COARSE | FINE [COARSH MEDIUM | FINE SILT OR CLAY
U.S. STANDARD SIEVE SIZE
3 22" "3/4" 3/8" #4  #I0  #20 #40 #6000 #200
\\Q\
o SN
80 \\1\
TN
70 <
A U
g 60 \(\\c
[5e) \’1 \D\
o u\
- )
= 40 BN
- o
& 2 AV
%E) \@\E\
£ 50 NJ\\Q
10 ol
0
100 10 1.0 0.1 0.0l 0.00! 0.000I
GRAIN SIZE— MILLIMETRES :
REMARKS: _@=———0 Sample 2 at 0.9 - 1.0 m. SAND & SILT ~ some gravel, trace clay
G—@3 Semple 4 at 1.9 - 2.0 m. SAND & SILT - some gravel, trace clay, well graded
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TEST HOLE LOG
HAMMER WT. 63.5Kg, PERMAFROST LOCATION 5ae Plate A-0890-6-2 lcor:esnclm [- igg./'Sq.lcm.l l
HT. DROP 76 cm. | O ELEVATION 02 06 10 14 18
& DFIELD VANE O 1AB VANE T UNCONF.
SAMPLE DATA | = | NRC.INF MIT CONTENT L
, LIMIT
sl rvee TRl “ |conss| | DESCRIPTION OF MATERIAL | <=0 __% oot :
15 cm. S . 10 30 50 70 90%
B IR NF PEAT - moss
B s TR - considerable wood
Sk UERLS pieces .
c 2 pe = I T trace siit
1.0 ¢ 3 i;ﬁ%vr0zx 1.0 8 cm ice lense
c L PEsE 1.4m _ ORGANIC SILT - trace sand B
C | 5 | SILT _ ¢
2.0l € 6 vr, - trace sand,trace clay 2
c 7 Vs - organic specks
C 8 2.bm T grey {;2)
c 9| SILT : ; ‘ ] //G
- trace sand,trace clay
.0 Vs > )/
3 ¢ 10] - slight plasticity }
o 11 Vr - grey : ‘f
ice lenses to 15 mm
c 12 Vs 41———ice lenses #-3mm @ 1-10mm /;
Lol ¢ 13 3.92m<-and gravel and sand G
Pk GRAVEL
% - some sand
14 ; - trace silt
5.0 B é - trace boulders
- ! &S - coarse
o2, -
RS arey
Notes:
6.0 1. Hole located in an open,poorly
drained area 30 m east of the
B o H-F P/L. Ground surface slopes
R 2% easterly.
XA ,
7.0 Y 2. Vegetation consists of peat
- : tussocks on the ground surface
» and sparse spruce to 3m.
o .
;@? 3. Test hole augered to 0.5m,
8 o gg& cored from 0.5 to 4.05m and
: 0:0:: drilled with mud from 4.05 to
B 17 KX 10 m.
&
9.0
10.0] B 10.0m END OF HOLE AT 10.0 m
' JOB No. AL0O890
PROJECT Frost Heave Test Site
Klohn Leonoff Consultants Ltd. Foarion w2t oo
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-6-2
DATE o0ct. 7/77 PLATE

X.L.C. - METRIC
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GRAVEL SAND
COARSE | FINE |COARSE MEDIUM | FINE SILT OR CLAY
U.S. STANDARD SIEVE SIZE |
322" "'3/4" 3/8" #4  #I0  #20 #40#60HI00 #200

100 3\ T T Tt

90 A

80 \

AN \

70 A \
Z 60 _\G\c:_\t 8

o 1
& \\ G
= \ \
- TN
-
& 0 L5 ®
) N N
r 3}
& o
e 20 TS

N :
L
0 .
100 10 1.0 ol 0.0l 0.00! 0.000!
| GRAIN SIZE— MILLIMETRES
Sample 5 at 1.4 - 1.65 m. SILT - trace fine sand, trace clay

REMARKS: _©O——0

(3 Sample 13 at 3.65 - 4,05 m.

SILT - some gravel, little sand, trace clay.

JAYND 3IZIS NIVYD




FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 6-2

Sample Sample Fro%en Bulk3 Froz§n Bulk
No. Depth (M) Density KG/M Density PCF
2 0.50-0.80 930 ' 55.2
L 1.10-1.40 960 57.0
5 1.40~-1.65 1,290 76.6
7 1.90-2.10 1,460 86.7
10 2.70-3.00 1,550 92.1
11 3.00-3.30 2,020 120.0
12 3.30-3.65 1,740 103.4
13 3.65-4.05 1,720 102.2




TEST HOLE LOG

Kg./Sq.cm.

HAMMER WT. 63.5ko. LOCATION Seé Plate A-0890-6-2 COHESION -
: _, |PERMAFROST 012 T 0!6 J 1‘0 T 1!4 T 116
HT. DROP 76 . | D ELEVATION 971610 VANE (3 (aB vane B uncon:
sampie_oata_| £ [NRCTNE e
—fem— & or | DESCRIPTION OF MATERIAL | xo————= P
DEPTH TYPE Py Nol CLASS] E 10 20 50 70 90%
B - Bz 0.3m GRASS~COVER
B SILT & CLAY }3)3
- trace sand fox
1.0 B 2 1.0m - low p]astic g/
SY 3 SILT AND CLAY &
- some fine sand
SPT J10 - little gravel and
boulders
2.0 5 - fine laminations @ C
S 6 1 _to 25 mm .1 &8
Y - discontinuous organid
9 l?mtgatlon? |
- slight to low plastid
SPT 17 -~ soft to firm, brown
3.0 14
3.25m boulder Z
sY GRAVEL ¢
4.0 - little silt
NF - little fine to
coarse sand
- medium dense
- b .
5.0 rown
10 g
SPT 18 ©
26 5-h5m
) SAND AND GRAVEL
0.0 - some silt & clay
- little gravel
- layers of sand and
gravel
7.0 - sandier @ depth
i - grey and brown
SY ©
SPT 12 -
ref.
8.0 (TILL)
B
9.0
9.65m
10.0 END OF HOLE € 9,65 m.
JOB No. AL0890
PROJECT Frost Heave Test Site
Klohn Leonoff Consultants Ltd. rocmion ™ w 265 0 7.5
CIVIL & GEOTECHNICAL HOLE No. 77-6-3
DATE Oct. 7/77 PLATE

K.L.C. - METRIC



TEST HOLE LOG

SAMPLE DATA ELEV COLLAR UNCONFINED COMPRESSION T.S.F
L8 ¥ i ¥ T T ] ¥ 1
WEIGHT HAMMER 140 lb. .c_; ELEV GROUND QF?ELD VAP:.g ALig VANEl?@UNCOAV.dOFA
HEIGHT DROP 30 inches %’ CO-ORD. LOCATION PLASTIC WATER Lioup
> LT CONTENT MIT
| T |2 wo. DESCRIPTION OF MATERIAL P Y
Notes:
1. Hole located in a depression which
was formerly a small pond.
2. Area is grassed and open,surrounded
by a dense growth of willow,poplar
and spruce.
3. Test hole augered to 1.55 m.
Drilling mud used from 1.55 to 9.65m.
k. Installed thermistors at 0.5, 1.5,
3.0 and 6.0 m depth. Standpipe
piezometer installed.
JOB No. AL0890
PROJECT Frost Heave Test Site
ﬁw Klohn Leonoff Consultants Ltd. |~~~ ———= == =~
CiIVIL & GEOTECHNICAL ENGINEERS| uo E No. 77-6-3 (Continued)
DATE Oct. 7/77 PLATE




GRAVEL SAND
COARSE | FINE |COARSE MEDIUM [ FINE

U.S. STANDARD SIEVE SIZE
3 2"aya" I"3/4" 38" #4  #I0  #20 #40#60#I00 #200

4
N G =
N NN

i hin ARl
80 \}1 . | N

SILT OR CLAY

100

}/

)}
O
/]
7_’
|~

8
/
L

o)

SHIIANIDODONIT TVYVOINHDILOID % 711!

3ivda

LL/wz 4290320

PERCENT FINER THAN
TN
(@]

n
o
/{
/

g

o
z

103royd
ON gor

0 f
100 10 1.0 0.1 0.0l 0.00I 0.0001

GRAIN SIZE— MILLIMETRES

£€-9-// 'ON 3T0H
612 - §°92 dW NOILYOOT]

06801V

REMARKS: ©0——0 Sample 2 at 0.75 - 1.0 m. SILT & CLAY - trace fine sand, low plastic
G—-0 Sample 10 at 7.0 - 7.35 m. GRAVEL & SAND - some silt, trace clay

H1d3d

s911S 3Isal 9AB3H 15044

IAYEND IFZIS NIVYO




TEST HOLE LOG

HAMMER WT. 63.5Kg. LOCATION See Plate A-890-6-2 COHESION - Kg./Sa.cm.
L J ¥ I I T ¥

PERMAFROST T
0.2 0.6 1.0

1.4 1.8
ELEVATION D FIELD VANE O 1AB VANE B UNCONE.

NRC. F PLASTIC WATER LQuid
RC.IN LIMIT CONTENT LIMIT

HT. DROP 76 cm.

SAMPLE DATA

or DESCRIPTION OF MATERIAL B Y
DEPTH| TYPE ?}?,},N No CLASS| F. 10 30 50 70 90)210
B 0.3m ORGANIC SILT & SAND-moss P

B - SILT - and sand, tr. clay /ﬁr’

- trace gravel
- slight to low plasticity E?*

e
o
&

oo
%ég SYMBOL

1.0m

GRAVEL AND SAND

- trace cobbles and
NF boulders
- trace silt

- fine to coarse
gravel
- poorly sorted

coarse gravel layer from 2 -

2.5 m depth, caving during
drilling

5.5m

END OF HOLE @ 5.5 m.

Notes:

1. Hole located 30 m west of the
H-F P/L. Terrain slopes 4%
to the east.

2. Site overgrown with thick
willows and moderately dense
spruce to 5m, few poplar to

7 m.

3. Hole augered to 1.0 m. Drilling
mud used from 1 to 5.5 m

L. Hole abandoned to 5.5 due to
continual caving of sand and

gravel.

JOB No. AL0890

PROJECT Frost Heave Test Site

LOCATION MP 26.5 to 27.5

B

Klohn Leonoff Consultants Lid.

ENGINEERS | HOLE No. 77-6-4

CiIVIL & GEOTEC

DATE Oct. 8/77 PLATE
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GRAVEL SAND
COARSE | FINE [COARSE] MEDIUM | FINE SILT OR CLAY
U.S. STANDARD SIEVE SIZE
00 3 2" 2" 1'3/4" 3/8" #4  #I0  #20 #40#60#I00 #200
& ‘\&j\\\
90 Ao
80 Bl
\\O\
70
Z 60 aN
!:E \CK
o« O e
w \t
i 40 A
- \Q\
=
& L o'y
W >
2 20 <
D]
10 \1)
0
100 10 1.0 o 0.0l 0.00I 0.0001
GRAIN SIZE— MILLIMETRES
REMARKS : Q=0 Sample 2 at 1.0 m. SILT - and sand, trace clay, trace gravel

IAEND 3IZIS NIVY9




TEST HOLE LOG
HAMMER WT. 63.5Kg| LOCATION See Plate A-0890-1 COHESION - Kg./Saq.cm.
_, |PERMAFROST oI2 T olé T 1'0 T ‘l4 T !
HT. DROP 76 cm. g ELEVATION OFIELD VANE LA VANE | . |
sampie_DATA_| £ [NRCTRE T A, e
mppey mveon 1T R IS or | DESCRIPTION OF MATERIAL | x—————- Sl
15cm. | N CLASS| F 10 30 50 70 90%
B NE 10.2m ORGANIC SILT-black,spongy O 73(
0.5 SILT AND SAND
B 0.5m - trace fine gravel 12§
c :l AN - _organics & 23:
lce lenses 1- spaced @ ¢
o | omm . SPECES O 34
ORGANIC SILT-layers of peat NP
c - trace fine sand
- dk brown to grey 19:
21 C ~~— |ce lenses 6mm spaced @ 4-5mm
’ c “—|ce inclusions to 10 mm 217
13,
C —]|ce lenses 1-5mm spaced @ 3-5mm 3
o < d
3 C
C :"‘Lwood chunks (:
c . 5 10¢
~— Jce lense 10 mm thick
i <— |ce lense 20 mm thick o 15!
| v
: <«—— | ce lenses 1-3mm spaced 2-5mm
5| C 14 b 4. 90m 1O 111
o 15 yogd
— SILT ]
C 16 | ng - trace fine sand NPJ)/
, v - trace clay
6 ¢ A s - laminated ]
C 18 - organic pockets o1
- 6.40m
7
B GRAVEL
- little sand
- coarse
8
8.5m _
END OF HOLE @ 8.5 m
9
10
‘ JOB No. AL0890
PROJECT Frost Heave Test Site
. Klohn Leonoff Consultants Ltd. r S o 26.5 10 275
' & GEOTECHNICAL ENGINEERS | HOLE No. 77-6-5
DATE Oct. 9/77 PLATE

®.L.C. - METRIC



TEST HOLE LOG

HAMMER WT. 63.5Ko. LOCATION COMESION - Kg./Sa.cm.
PERMAFROST o2 | os | 10 14 1
. . . . 8
ELEVATION @ FIELD VANE N\ {AB VANE Bl UNCONF.
PLASTIC WATER LiQuib
NR.C.INF LIMIT CONTENT LEMIT

o] © | ues| % | DESCRIPTION OF MATERIAL | x~-o-oco——mommt

1Scm.

HT. DROP 76 cm.

SAMPLE DATA

SYMBOL

Notes:

1. Hole located 30 m east of H-F
P/L. Area is poorly drained

and slopes 2% easterly.

2. Site is open with extensive
peat tussocks and ponded water
to 0.3 m on ground surface.

Sparse spruce to 3 m.

3. Hole cored from 0.5 to 6.4 m.
Drilling mud used from 6.4 to
8.5 m.

JOB No. AL0OB90

' PROJECT Frost Heave Test Site
Klohn Leonoff Consultants Ltd. F5ciron 7 265 w0 27.5

CIVIL & GEOTECHNICAL ENGINEERS | HOLE No.  77-6-5 (Continued)
DATE Oct. 9/77 PLATE
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PERCENT FINER THAN
N
O

GRAVEL

SAND

COARSE |

FINE

COARSE| MEDIUM | FINE

SILT OR CLAY

U.S. STANDARD SIEVE SIZE

1t 1

100

3 2'W2'1"3/4" 3/8" #4  #I0  #20 #40#60#I00 #200

NS 3 <]

™ -t

90

80

~
o

(o))
(©)

8

o)

n
o

0

100

REMARKS: _O—=0

1.0 0.1 0.01
GRAIN SIZE— MILLIMETRES

0.00I

Sample 4 at 1.2 - 1.6 m. ORGANIC SILT - trace fine sand, trace clay

C—-2L0

Sample 16 at 5.2 - 5.5 m. SILT - trace fine sand, trace clay

0.0001

FJAEND 3ZIS NIVYD




FROZEM BULK DENSITY TEST RESULTS
TEST HOLE NO. 6-5

Sample Sample Fro%en Bulk3 Frozgn Bulk

No. Depth (M) Density KG/M Density PCF
3 0.80-1.20 1,210 71.9
b 1.20-1.60 1,080 6h4.2
5 1.60-1.90 1,270 75.4
6 1.90-2.10 1,200 71.3
7 2.10-2.40 1,330 79.0
8 2.40-2.70 1,480 87.9
10 3.00-3.30 1,180 70.1
11 3.30-3.65 1,220 72.5
12 3.65-4.05 1,340 79.6
13 L,35-4.60 1,320 78.4
14 L.60-4.90 1,340 79.6
15 4.90-5.20 1,380 82.0
16 5.20-5.50 1,640 97.4
17 5.50-5.90 1,750 104.0
18 5.90-6.30 1,790 106.3




TEST HOLE LOG

HAMMER WT. 63.5ks. LOCATION = A- -6- conasnon - Kg./Sg.cm.
_ s . Irermarrost See Plate A-0890-6-2 AR ‘l: / ql —
HT. DROP 76 cm Q ELEVATION @FIELD VANE ()1 AB VANE %gmggm
SAMPLE DATA = | NRC.|NF PLASTIC WATER LIQuID
B LIMIT CONTENT LIMIT
DEPTH| TYPE |BLOW n or DESCRIPTION OF MATERIAL R— e e R X
ocm. CLASS| F. 10 3050 70 90%
0. 1m. organic cover o)
GRAVEL SAND, SILT LT
B
trace clay
- trace cobbles
1 B - well graded
SY - coarser below 1 m. <£
Sy -~ dark brown
2 B 2.0m;. .
Sy GRAVEL & SAND ©
NF trace silt
-~ organic specks
3 - gravel rounded to
subangular
- medium dense to dense
- grey
: SPT :g
20
coarse gravel layer
5
SY 5. 8m. O— |
6 S
SPT Vs % !CE & SAND, SILT, GRAVEL | 5 100
6.25m ice lenses to hLcm.
END OF HOLE & 6.25 m.
7 NOTES:
1. Hole located along H-F pipeline
in small drainage course mid-
way between 77-6-3 and 77-6-4.
Terrain slopes 2% to the east.
2. Vegetation adjacsnt to cleared
right-of-way is 2 moderate
growth of spruce to 8m. & sparse
poplar to 15m.
3. Hole augered to 2.3m. & rotary
drilled with mud from 2.3 to
6.5m.. Water encountered at
0.75m. depth during drilling.

JOB No. AL0890
- PROJECT Frost Heave Test Site
T Klohn Leonoff Consultants Ltd. oo~ 57 5
" CIVIL & GEOTECHNICAL ENGINEERS |HOLE No. 77-6-6
: DATEOct. 24/77 @ PLATE

K.L.C. - METRIC
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100

GRAVEL SAND

COARSE | FINE |COARSH MEDIUM

I

FINE

SILT OR CLAY

3" 22
=3

U.S. STANDARD SIEVE SIZE
“1"3/4" 3/8" #4  #I0

#20 #40#60HI00 #200

J
N
AN

J

L
AN

()]
@)

8

8

PERCENT FINER THAN
N
O

N
O

10

—

100

) 1.0

0.1

0.01 0.00!

GRAIN SIZE— MILLIMETRES

REMARKS: ©O—0@ Sa. #2 (1.0m.) GRAVEL, SAND, SILT - trace clay, trace cobbles, well graded
B—E Sa. #6 (2.0-2.3m.) GRAVEL & SAND - trace silt, organic specks, gravel

to subangular, grey.

rounded

0.0001

JAEND 3ZIS NIVi9




————— interbedded with fine &

TEST HOLE LOG
HAMMER WT. 63.5Kq. LOCATION - -6~ COHESION - Kg./Sq.cm.
[ See Plate A-0890-6-2 S
HT. DROP 76 cm. 8 ELEVATION @F'IELD VANE QI,A'B vaNE 3 NE
samrie_oata_| = [NRCTNE e g, e
o] ~ or | DESCRIPTION OF MATERIAL | xor___ o208 x
15cm. | 9 CLASS| F v 10 30 50 70 90%! 107
0.1m. organic cover _,f”/®
B SILT & CLAY o1 |
- little coarse gravel e
1 lsy 2 - little sand vd
NF - organic layers G\\
- black & yellowish brown \\
ol ||
[ —
” SY 3 1.95m. =—<— black organic layer ‘/,::>®204
e SILT, SAND & GRAVEL ——
B mn f30AY - trace clay -1 |
B :‘5_‘% 2 2.5 - well graded Q)a
RS - slight plasticity X
3 |sy 6 I570E Vx,Vr 3. 0m. - _
l 4 Vs, Vx SILT & SAND X -
SPT Ej 3:.3m. some gravel
- trace clay
@ - extensive ice lenses to
| L lcm. thick.
SPT GRAVEL & SAND
- little silt
, 5 ice lenses up to 2cm. thick
L“‘" — sand layer
SPT &

coarse layers

| s
- very coarse
- bouncing drill action
! 8.5m.
9 END OF HOLE @ 8.5m.

cont'd,)

CivilL

Kiohn Leonoff Consultants Ltd.

JOB No. AL0890

PROJECT Frost Heave Test Sites

LOCATION MP 26.5 to 27.5

& GEOTECHNICAL ENGINEERS | HOLE No. 77-6-

7

DATE 0ct.26/77

PLATE

K.L.C. - METRIC



TEST HOLE LOG

LOCATION COHESION - Kg./Sqg.cm.

HAMMER WT. 63.5kKo.
5 _ JPERMAFROST 012 ) olé T ‘lo T 1|4 1 ‘ra
HT. DROP 76 <o 8 ELEVATION @F]Eto VANE ) LAB VANE %ggugghﬁ
SAMPLE DATA = | NRC.|NF PLASTIC WATER LIQUID
> LIMIT CONTENT LimIT
BLOW » or DESCRIPTION OF MATERIAL X—m ———— — 0 — X
DEPTH TYPE | No; cLAass| £ . : o 2 so 70 20%,

NOTES:

1.

2. Moderate growth of spruce to
10m. and poplars to 15m.
adjacent to the right-of-way.

3. Hole augered to 3.3m. and

Hole located on H-F pipeline

right-of-way. Terrain is
rolling and hole situated
in a small saddle which slopes
5% to the east.

rotary drilled with mud from
3.3 to 8.5m.

CIv

L

. Klohn Leonoff Consuﬂtamsm

JOB No. AL0890

PROJECT Frost Heave Test Sites

LOCATION MP 26.5 to 27.5

HOLE No. 77-6-7

DATE oct. 26/77 PLATE

K.L.C. - METRIC
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GRAVEL

SAND

COARSE |

FINE

COARSE] MEDIUM |

FINE SILT OR CLAY

U.S. STANDARD SIEVE SIZE
#I0 #20 #40#60HI0O0 #200

"ot

3 2“1%2 1"3/4" 3/8" #4

100

‘t:ij
1k,
a0 \\\
BN
70 AN
Z 60 AN
= R\E
50 k‘!
o
w »
= TN
w 40 \\g:
= “\@1
o L €
: - ~
20 ﬁLQE "
10 0
0
100 0 1.0 0.l 0.0l 0.00I 0.000!I
GRAIN SIZE— MILLIMETRES
REMARKS: O—0 Sa. #6 (2.6 - 2.95m.) GRAVEL, SAND & SILT - trace clay, well graded
G—=08 Sa. /7 (2.95 - 3.3m.) SILT & SAND - some gravel, trace clay

JAYND 3JZIS NIVY9




1.0

2.0

SITE 7 (MP 31)

INTRODUCT ION

The site is located at MP 31 along the proposed pipeline right-of-way
which parallels the H-F pipeline. The Alaska Highway is in close
proximity to the pipeline and passes within 100 meters of the site

on the east side of Dry Creek. A Telephone or power transmission

line, which parallels the highway, also crosses the site. Four old
cabins, believed to be abandoned, are also situated in the valley

in the general vicinity of the site. The reader should refer to the
attached drawings while reading this section. These drawings include

a location plan (Plate A-0890-1), an aerial photograph (Drawing B-0890-2,
a survey plan (Drawing C-0890-3), a detailed terrain interpretation map

(Drawing D-0890-4), and a site photograph (Plate A-0890-5).

Initially, three preliminary test holes were located in this area.

TesT Hole 1 was drilled in & small open depression about 20 m. west of

Dry Creek. Test hole 2 was located 8 m. east of the creek, and test hole

3 was located about 100 m. west of the creek. The subsoil and perma-
frost conditions in these three test holes were highly variable. However,
the relatively thick, unfrozen, fine grained soil strata above a basal
gravel stratum in tTest holel were sufficiently encouraging to merit

further dritling in this area.

In total, 12 additional holes were drilled at the site in those area where
unfrozen soil conditions would most likely occur. Thus, the drilling
was essentially confined to a narrow width adjacent to The meandering

creek bed.

SITE DESCRIPTION & SUMMARY

The site is situated in a narrow, northeasterly trending valley which
was a meltwater channel during deglaciation of the area. (For purposes
of this report the creek is assumed fo flow in a northerly direction).
During a detailed ferrain evaluation of airphotos for the site, the
valley bottom was classified as LB+AMP(BD)/OW. (See attached drawing

D-0890-7-4 for detailed terrain classification of the site and description

Klohn Leonoff Consultants Ltd.
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ot the terrain typing terms). This indicates the valley bottom is
comprised of reworked, thinly stratified, fine grained lacustrine basin
soils interlayered with alluvial meander plain sands, silts and gravels,
all of which overlie stratifisd outwash consisting of gravel, sand,
silt, and boulders. The lower vzlley slopes along the east side of the
creek are comprised of a series of coalescing alluvial fan deposits.
These post glacial deposits are gsnerally comprised of poorly sorted
gravel, sand and silt materials eroded from upland areas which are
underlain by hummocky moraine and outwash. The lower valley slopes along
the west side of the creek are tferrain typed as MC(SL) and LB(SL). This
classification denotes a veneer of slopewash overlying the lacustrine
basin and meltwater channel sedimaents. A gently sloping, heavily treed
rainage area at the southwestern corner of the site is classified
as a coarse deltaic deposit of sand, gravel and silt. The upland to
the west is terrain typed as hummocky moraine (HM), ridge and knoll

moraine (RKM), and outwash (OW{(PT)(SH)).

The valley bottom is drained ty Dry Creek which has a gradient of less
than 1/2% to the northeast. The creek flows in a sinuous manner,

with many tight meander locps, and drains info The White River upstream
of the abandoned community of Snaz. The creek occasionally displays
beaded drainage and varies in widvh from 3 to 12 m. wide averaging

4 to 8 m. wide. The banks alcng the creek are generally 1 to 2 m. high,

and fThaw slumps are evident at several locations.

The valley bottom is "dish-shaped", with the lower valley flanks
sloping at 0 to 8% towards the crsek. The east valley slopes between
tne creek and the highway ascend 7o a maximum slope of about 10%. The
west valley slopes are considerabiy steeper, with gradients on fhe
usper slopes of more than 30%. A small erosion gulley is evident along
the old pipeline right-of-way nea~ tThe toe of the west valley slope.
Tris erosional feature likely orizinated as a shallow surface slide
wnich displaced the H-F pipaline 3 to 4 m. fo the north. Subsequent
erosion of the granular glacizl subsoils has incised a gulley beneath

trne old pipeline to a depth of abaut 3 m..

Kiohn Leonoff Consultants Lid.
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A fotal of 15 test holes were drilled at the site. (The reader

should refer to the attached test hole logs and laboratory test

data for Site 7). The test drilling was confined to a zone along

the creek approximately 500 m. long from north fto south and 250 m.
wide. Seven test holes were drilled within 5 fo 20 m. from the

west side of the creek. Test holes 77-7-7 and 77-7-11 were drilled
further from the creek on the west side. Four test holes were drilled
adjacent To the east side of the creek. Two other test holes were

located at distances of 70 m. east and 100 m. wesT of the creek.

The subsoil and permafrost conditions underlying the site are
variable. The general subsoil profile consists of interlayered, fine-
grained sediments of organic silt, clay and sand from 1 fo 8.5 m.
thick, overlying a very dense gravel and sand substratum. Organic
laminations and pieces of wood are generally widespread in the upper

1 to 3 m. of silt soils. These upper fine grained soils usually

grade sequentially from slight fto low plastic silt and clay near

ground surface, to non plastic silt and sand, to coarser sand with
gravel layers at depth. Due to the depositional mode of the sub-

soils, it is impossible fto correlate the micro-stratigraphy across

the site without very closely spaced drill holes.

The grave! outwash stratum underlying fthe site is undulating, and

occurs at relatively shallow depths in portions of the site. The

eastern flanks of the valley are comprised of a series of moderate-
ly sloping, coalescing alluvial fans which extend almost to Dry
Creek. Shallow gravel and sand soils were encountered in test hole
77-7-15 oh the east side of the crsek at the north end of the site.
These interlayered granular materials are representative of the
alluvial fan deposits which were l|zid down by the small fributary
creeks which enter Dry Creek from the east. The stratified gravel
stratum was also encountered at relatively shallow depths in test
holes 77-7-2, and 4 along the east side of the creek in The south

central portions of the site.

The depth to gravel is also variabie on the west side of The creek.

At the north end of the site, a dirfy gravel stratum was encountered
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below a depth of 3.25 m.. Shallow gravels were also

encountered within 2.5 m. of The ground surface, in test holes
77-7-9 and 14, at the south end of the site. These shallow

gravels were probably deposited as post glacial, deltaic fan
materials from a drainage course entering Dry Creek on the west.

in the central part of the site on the west side of Dry Creek,
interlayered gravel and sand sirata were encountered below a

depth of 3 fo 4 m. in test holes 77-7-12 and 13. The'composifion
o7 the gravel strata thoughout the site is variable. The gravel is
frequently layered with sand and has a silt content which varies

from less than 5% to more than 30%.

Tne permafrost conditions underlying the site are variable. Un-
frozen soils occur adjacent to the creek in a narrow zone which
has its broadest extent in an area extending about 350 m. south
from the H-F pipeline. The unfrozen zone closely parallels the
ezst side of the creek and extends laterally to the east only

5 1o 10 m. from the creek. The unfrozen zone along the west side
of the creek is wider, and varies from about 5 to 50 m. wide.
Bzsed on considerable hand prebing in this area along the west
side of the creek, there are several "taliks" of permafrost in
trne upper soils.  These taliks are likely 2-4 m. in Thickness

although detailed drilling is required fo delineate peramfrost

conditions in this zone.

On the lower valley slopes along the west side of the meltwater channel,
adjacent to the unfrozen zone paralleling The creek, permafrost

is widespread and has a medium to high ice content. TesT holes

77-7-3, -10, =11 encountered permafrost below a thin active layer.

Tre permafrost affected soils axtend to The maximum depths drilled
which vary from 5.2 to 10.0 m.. The upper, laminated organic silts

in test holes 77-7-3 and 11 are ice-rich, with extensive segregated

ice lenses comprising up to 50% of the soil by volume. There is also
evidence of subsidence along =zn old fTrail in this area where the

crganic cover has been disturtad in the past.

flong the east side of the cresk adjacent to the unfrozen zone,
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the permafrost consists of a thin talik of frozen soil! which is
confined to the upper 5 m.. Test nole 77-7-9 encountered
permafrost from a depth of 0.6 to 2.6 m., with unfrozen soils
above and below this zone. Similarly, test hole 77-7-4
encountered permafrost from a depih of 2.15 to 5.0 m., with

unfrozen soils above and below this zone.

SOIL & PERMAFROST CONDITIONS

Test Hole 77-7-1

Test hole 77-7-1 was drilled fo a total depth of 9.5 m. by dry
augering to 3.1 m., then rotary drilling with mud from 3.1 to

9.5 m.. Due to caving of unfrozen gravel and sand, no SPT or

Shelby Tube samples were obtained below a depth of 3.1 m.. There-
fore, the soil stratigraphy below 3.1 m. is based on drill action
and cuttings returned in the drilling mud.

The subsoils consist of silt and clay overlying coarser,
interlayerad gravel and sand. The silt and clay soils extend To

a depth of 2.8 m. and are laminated with organic specks, pieces of
wood, and fine sand. The moisture content averages 50% in the
upper 2 m., and decreases To 20% at the base of the stratum.
Atterberg Limit tests indicate the material has a very low
plasticity with a plasticity index of 6. The silt and clay soils
overlie interlayered gravel and sand strata from 2.8 to 7.5 m..
Based on drill cuttings, these interlayered soils appear To be
essentially sand. These interlayered sand soils overlie a dense

sandy gravel stratum from 7.5 m. To The maximum denth drilled.

The entire test hole was unfrozen within the fotal depth drilled.

Test Hole 77-7-2
Test hole 77-7-2 was drilled fo a total depth of 8.5 m. by dry

augering to 2.15 m. and rotary drilling from 2.15 m. to the maximum
depth drilled. The subsoils consist of a 0.75 m. thick peat top-

stratum, overlying clay and silt from 0.75 fo 1.7 m., all of which

overlies a coarse, interbedded grzvel and sand stratum. The clay
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and silt soils are medium plastic, and fwo Atterberg Limit tests
indicate a plasticity index of 11. Based on drill action and
cuttings returned in the drilling mud, The basal gravel and sand
stratum is coarse, very dense and interbedded at 0.5 1o 1.0 m.
intervals. Due to ‘the rotary nature of the heli-drill, repres-
entative samples of the coarse, unfrozen gravel materials were

not obtained.

The entire test hole was unfrozen within the total depth drilled.

Test Hole 77-7-3

" This Test hole was drillad vo a dspith of 10.0 m. by augering to

1.0 m., coring from 1.0 o 4£.55 m., and rotary drilling with mud
below 4.55 m. to the maximum depth drilled. The subsoils consist
of interlayered silt and organic silt, overlying a silt and sand
stratum, all of which overlies gravel and sand soils. The upper
topstratum of infterlayered silt and organic silt extends from
ground surface to a depth of 4.2 m.. These soils are generzlly
non plastic and have thin pockets and lenses of sand and gravel.
The moisture content is variable from 30% to more than 200% in
ice rich organic layers. From a cdepih of 4.2 to 8.5 m. the
organic soils are underlain by silt and sand soils with organic
inclusions, which become sandier with depth. The soil stratigraphy
below 4.55 m. is, however, based on drill action and cuttings
returned in the drilling mud. An interlayered gravel and sand

stratum underlies the finer scils below a depth of 8.5 m..

Permafrost occurs from 0.7 m. To the maximum depth driljed in

this test hole. From ground surfzce To a depth of about 2 m., the
estimated excess ice content of the organic silt averages about
40% by volume. lce occurs in stratified lenses generally 1/2 to

5 mm. thick spaced at 1 7o Z mm.. From a depth of 2 fo 4.5 m.

the ice contents of the silt and organic silt soils are lower,
with the estimated excess ice content averaging about 15% by
volume. The permafrost classification of the subsoils was not

ascertained below a depth of 4.55 m..
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Test Hole 77-7-4
This test hole was drilled to a depth of 8.0 m. by augering to

2.15 m., coring from 2.15 fo 3.4 m., and rotary drilling with
mud from 3.4 m. to the maximum depth drilled. The subsoils
consist of interlayered peat and silt and clay from ground
surface to a depth of 3.22 m., overlying interlayered gravel

and sand. Peat layers in the topstratum have high moisture
contents varying from 100% to more than 250%. The interlayered
silt and clay soil is medium plastic, with a plasticity index of
about 17. The moisture content ranges from 40 to 90%, averaging
about 70%. A fine-to-coarse gravel and sand stratum occurs from

a depth of 3.22 to 8.0 m..

Permafrost exists from 2.15 fo 5.0 m., with unfrozen soils above
and below this zone. The silt, clay and peat soils from 2.15

to 3.22 m. have a high ice content. Extensive ice lenses from

1 to 5 mm. thick are generally spaced closer than 5 mm. apart.
The estimated excess ice content averages about 30% by volume.
The frozen gravel and sand material from 3.22 fo 5.0 m. hfas a

low ice content.

Test Hole 77-7-5

This test hole was drilled to a depth of 7.65 by augering fo

1.15 m. and coring from 1.15 m. to the maximum depth drilled. A

Fotal of ten grain size tests were made on the fine grainad, un-

frozen soils from 77-7-5. A silt and clay stratum occurs from
ground surface To a depth of 4.2 m.. The upper 1.5 m. has many
organic laminations which result in a high moisture content varying
from 75 to 115%. The stratum is also laminated with fins sand which
Comprises about 20% of the material, but increases with depth. Four
Atterberg Limit tests indicate The material has a plasticity index
varying from 6 o 11, and therefore is low plastic. Frem a depth of
4,2 tfo 4.97 m. the silt and clav is undertain by a non piastic,
layered sand and silt, with an average moisture content of 22%. The
sand portion of this material is of a fine uniform naturs. This
stratum is underlain by a well graded fine To coarse sand which

extends to a depth of 7.0 m.. Tne sand has an average mroisture
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content of 15%. The sand is underlain by & layer of silt and
clay from 7.0 to 7.5 m., all of which overlies a very dense

gravel.

Permafrost exists from 0.8 to 2.0 m., with unfrozen soils above
and below This zone. The excess ice content of the frozen silt

and clay is low.

Test Hole 77-7-6

This test hole was drilled To a depth of 7.8 m. by augering to 1.7 m.
and coring from 1.7 m. to the maximum depth drilled. The subsoils
consist of fine grained silt, sand, and clay overlying a layered
gravel and sand material below a depfth of 6 m.. The successful coring
of fine grained unfrozen soils in this Test hole yielded almost 8 m.
of continuous samples which sxeralify tha variability of soils under-
lying Site 7. A total of eight grain size tests were made to assist

in classification of the subsoiis.

A silt and clay with sand and black orgznic laminations forms the
topstratum from ground surface 7o a depth of 2 m.. An Atterberg Limift
test indicates the soil is low plastic, with a plasticity index of
about 7.5. The moisture content averages about 55%. From a depth of
2.0 to 2.75 m., the soil grades to a taminated silt and sand with a
variable moisture content from 30 to 60%. A more uniform sand and
silt occurs from a depth of 2.75 m. o 3.9 m.. The moisture content
averages 25%, and Atterberg Limit tests indicate the soil is non-to-
fow plastic. The sand portion cf all the upper strata is of a fine,
uniform nature. Below a degth of 3.9 m. the soils grade into a fine
to medium sand with a moisture content cof 205. A gravel and medium-

to-coarse sand material occurs both from 5.0 tfo 5.5 m. and below a

depth of 6.0 m.. The soil has an average moisture content of less than
10%. A laminated silt, sand, clay layer is interbedded in the gravel

materials from 5.5 o 6.0 m..

Permafrost occurs from a degth of 0.9 to 2.0 m., with unfrozen soils
above and below this zone. The excess ice content of the frozen silt

and clay in this zone is low.
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Test Hole 77-7-7

This test hole was drilled To a degTh
4.0 m. and coring from 4.0 to 8.3 m..
test hole exemplify the nature ci The

tying portions of Site 7. A tofal of

cf 8.0 m. by augering to
The core samples from this
fine grained soils under-

saven grain size tests were

made to assist in classificatior of Tthe scils.

The subsoils consist of silt anc clay with organic laminations from
ground surface to a depth of 2.C m.. Aiterberg Limit Tests indicate
the soil is of slight-to-low plasticity, with a plasticity index

varying from 2 fo 7. The silt znd clay overlies a sequence finely
laminated sand and silt. The siif contant is generally less than

25% except between a depth of 4.3 to 6.0 rm.where the silt content

is about 55%.

The moisture content of the sand and silt soils averages

The sand material! generzlly has a fine-to-medium
gradation.

less than 20%.

The entire test hole was unfrozen within the Total depth drilled.

Test Hole 77-7-8

This test hole was drilled 7o a Zepth ¢f 7.6 m. by augering to 0.5 m.,
i 0

to 3.5 m., and coring

.
Wt

taking continuous Shelby Tubz sz~2
below 3.5 m. to the maximum deptr ¢~ilisd. Tne topstratum from
ground surface fo a depth of 2.2 m. corsists of non-to-slightly
plastic silt with fine sand and orgznic leminations. The material has
a firm to stiff consistency znd = variscle meisture content ranging

from 35 to 80%. At a depth of 1.3 .

fine sand and non plastic grey s/ 1+ which extends to a depth of 3.5 m..

-}

ie silT grades info a laminated

t

The stratum has many organic lavsrs wiTh piecas of wood, which result
in a variable moisture content rzncing “rom 20 to 70%. From a depth
of 3.5 o 4.9 m. The soil
sand with some silt, to a sand with sora craval and a trace of silft.
This progression towards coarser mzTerizls at depth is a common occur-
A gravel ang sz~d sequance with finer sand layers

.6 M.,

ence at Site 7.

occurs at the base of 77-7-8 frc~ £.9 72

~J

The entire test hole was unfrozes within Tne sotal depth drilled.

Klohn Leonoff Consultants Lid.
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Test Hole 77-7-9

This test hole was augered 7o 0.7 m., cored from 0.7 to 4.4 m.,
and augered from 4.4 m. to a completion depth of 5.1 m.. The
subsoils consist of organic silt, overlying silt grading into
sand, all of which overlies 2 sandy gravel stratum. An organic
siltT topstratum laminated with fine sand exists from ground
surface to a depth of 1.5 m.. The moisture content is high, averag-
ing more than 100%. The organic silt overlies a silt with some
fine sand from a depth of 1.5 to 2.2 m.. The moisture content is
60%. A fine-to-coarse sand layer with some silt and a trace of
gravel occurs from 2.2 to 2.7 m.. The moisture content is 25%.
The upper fine grained soils are underlain by a relatively fine
gravel stratum below 2.7 m. To the maximum depth drilled (5.1 m.).
The unfrozen gravel was succsssful ly cored and two grain size tests
on the material indicate a well graded sand content of 20 to 30%,
and a silt content of about 13%, with a frace of clay. Moisture

contents average about 9%.
The entire test hole was unfrozsn with the fotal depth drilled.

Test Hole 77-7-10

This test hole was drilled o 6.5 m. by augering to 1.2 m., coring
from 1.2 to 2.5 m. and rotary drilling with mud from 2.5m. to the
max imum depth drilled. The subsoils consist of organic silt, clay
and peat with a trace of grevel and sand, extending from ground
surface to a depth of 3.25 m.. A coarse gravel layer occurs from
a depth of 1.8 to 2.5 m.. Tne fopstrata have variable moisture
contents ranging from 20% in sand seams, and from 150 to 200% in

organic layers. A layered ¢ravel stratum with some silt and sand

occurs from a depth of 3.25 7o 6.5 m..

Permafrost occurs from a depth of 1.2 m. fTo the maximum depth
drilled. The upper organic stratum has a medium-to-high ice
content with ice lenses up to 11 cm. thick. The ice content of

the gravel stratum was not ascertained due fo the rotary nature

of drilling using mud as The return fluid.
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Test Hole 77-7-11 ,
This test hole was drilled to a depth of 5.2 m. by augering to 0.4

m. and coring from 0.4 m. to the maximum depth drilled. An organic
silt, clay and peat stratum exists from ground surface to a depth
of 2.0 m.. The organic soils have high moisture contents varying
from about 100 fo 250%. The organic silt is underlain by a non-
to-slightly plastic silt from a depth of 2.0 to 4.35 m.. The silt
has fine sand laminations which are widespread from a depth of

2.65 to 2.95 m.. The average moisture content of the silt is 45%.
From 4.35 to 4.75 m. the silt grades into a fine sand with some
silt. The moisture content is 25%. The test hole was terminated
in a gravel sfratum which extends from 4.75 fo 5.2 m.. Two grain
size tests indicate gravel has some fine-to-coarse sand and a trace

of silt. The moisture content varies from about 10 to 20%.

Permafrost occurs from 0.35 m. to the maximum depth drilled. Hor-
izontal and randomly spaced lenses up to 5 mm. thick are widespread
in the organic soils to a depth of 2.0 m.. The excess ice content
of these soils averages more than 30% by volume. Below a depth of
2.5 m. The ice content is low and excess ice contents are generally

less than 5% by volume.

Test Hole 77-7-12

This fest hole was drilled fo a depth of 8.5 m. by augering to 3.5
m., coring from 3.5 to 4.2 m., and rotary drilling with mud from
4.2 m. to the maximum depth drilled. The subsoils grade from fine
fo coarser grained with depth in this fest hole. The topstratum
to a depth of 0.95 m. consists of an organic silt with rmoisture
contents ranging from 90 to 135%. The organic silt overlies a

non organic silt laminated with some fine sand from a depth of
0.95 to 2.2 m.. The silt is of slight plastTicity and has a
moisture content ranging from 30 to 70%. The silt stratum grades
into a fine-to-medium sand from a depth of 2.2 to 3.4 m.. The
sand has a little silt and a lifttle gravel at depth. The moisture
content averages about 15%. The sand stratum grades info a sandy,

silty gravel from 3.4 tfo 4.0 m. and overlies a dense gravel stratum.

Klehn Leonoff Consultants Lid.



3.

3.

13

14

- 12 -

The gravel stratum which extends from 4.0 m. to the maximum depth

drilled (8.5 m.) has a thick silt layer infterbedded from 6.0 to

7.5 m.. The gravel material has some sand and some silt and
appears to be fairly well graded based on a sample recovered

from a depth of 4.0 to 4.2 m..

Permafrost occurs as a thin ftalik from a depth of 1.2 fo 1.75 m..

No permafrost occurs above or below This zone.

Test Hole 77-7-13

This test hole was augered and cored with virtually continuous
sampling to the completion depth of 6.8 m.. The topstratum con-
sists of an organic silt and peat which extends from ground
surface to a depth of 1.0 m.. Moisture contents are well in
excess of 100%. The highly organic topstratum overlies a silt
with organic laminations from a depth of 1.0 to 1.6 m.. The
moisture content is 40%. The silt overlies a fine-to-medium
sand laminated with silt and organic material, from a depth

of 1.6 to 2.7 m.. The moisture content averages 15%. The sand
soils grade into a gravel and sand material from a depth of

2.7 to 3.1 m.. The gravel and sand which extends from 3.1 to
6.8 m. is interlayered with a fine-tfo-medium sand stratum
between depths of 4.4 and 5.4 m.. Grain size tests indicate
the gravel and sand materials are interlayered, medium dense-
to-dense, well graded, and the gravel portion is usually fine.

Moisture contents average 10 to 15%.

Permafrost occurs as a thin talik from a depth of 0.5 to 1.5 m..

No permafrost occurs above or below This zone.

Test Hole 77-7-14

This test hole was drilled to a depth of 10 m. by augering to 3.0
m., coring from 3.0 to 3.7 m., and rotary drilling with mud

below 3.7 m. to the maximum depth drilled. The subsoils consist
of a silt laminated with organic material and wood specks from

ground surface to a depth of 2.1 m.. The silt has a stiff
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consistency and is of slight~to-low plasticity. The moisture
content varies from 25 to 65%, averaging about 45%. The silt
topstratum overlies a very dense gravel stratum from 2.1 m. fo
the maximum depth drilled. Three grain size tests indicate
the gravel stratum is fine and the minor constituents are some
sand, little silt, and a frace of clay. Although the gravel
is fairly well graded, the stratum is interlayered with coarse

gravel, sand and cobbles. The moisture content averages about

9%.
The test hole was unfrozen within the entire depth drilled.

Test Hole 77-7-15

This test hole was drilled to a depth of 5.95 m., by augering
and coring to 2.5 m., fhen rotary driltling with mud from 2.5 m.
to the maximum depth drilled. The subsoils near the ground sur-
face are variable due to their mode of deposition as an alluvial
fan. The subsoils from ground surface to a depth of 1.25 m. con-
sist of silt with organic laminations. The silt is of slight-
to-low plasticity, has a frace of clay and a moisture content

of about 45%. The silt overlies a variable, interlayered
sequence of gravel, sand and silt from a depth of 1.25 m. to
3.75 m.. The moisture content varies from 5 to 45% depending

on the material ftype. These interlayered soils overlie a

very dense stratum comprised of gravel and sand wiTh”a little

silt. The moisture content is low, averaging less than 10%.

" The entire test hole was unfrozen within the total depth drilled.
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SITE 7

View northwesterly at Site 7 located in the Dry Cresk melt-

water channel. The proposed pipeline route parallels the
Haines-Fairbanks right-of-way which cuts across the valley.
A moderately dense growth of spruce occurs immediately adja-

cent to Dry Creek.
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TEST HOLE LOG

HAMMER WT. 63.5kg. LOCATION See Plate A-0890-7-2 COHESION - Kg./Sg.cm.
PERMAFROST p ou T 02 T ‘B T ]u T 12
ELEVATION 2265.21 DFIELD VANE () 1AB vANE By :

PLASTIC WATER | ]
NR.C.| NF. LIMIT CONTENT LiMIT

or DESCRIPTION OF MATERIAL P 0 — e x

DEPTH TYPE ?é‘?.)" No CLASS| F. 10 30 50 70 90%
B 0. 1m ORGANIC SILT - grass >
SILT & CLAY

- trace fine sand

organics and wood
soft to firm

low plastic, brown a
o,

HT. DROP 76 em.

SAMPLE DATA

SYMBOL

Y

%

NN

NN

N

N
N

D RN, ¢

AN

N

N

N
AR

Nk

RN

R
NN

NN

e« sand & silt from 1.6-1.75m.
1. 7m , 3 (
SILT & CLAY I

AN

N

N
NN

N

N

- some fine sand
laminated @ 1-6 mm.
black organics

fow plastic, firm
vellowish brown

SAND & SILT-little gravel

SPT

CEREARARE AR AT TR

R

W W N
= s\\\\\\\\\

i §§§§§§\

TN

AN
L B |

NN

-2.8m

2

Q).

SY 3.2m - trace clay

GRAVEL AND SAND
- trace silt, brown

L. Om

SAND - little silt
- trace gravel

NF - caving during drilling

- loss of circulation

(based on drill action
and cuttings returned
in drilling mud).

6.0m

6.3m GRAVEL - fine to medium

SAND
- little silt

(based on cuttings re-
turned in drilling mud

7.5m

GRAVEL

- fine to medium
- some sand

(based on drill action)

—<~—— boulder @ 9 m.
9.5m

END OF HOLE @ 9.5 m.
10 . (Continued)
JOB No. AL0890

PROJECT Frost Heave Test Sites
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LOCATION MP 31
HOLE No. 77-7-1

DATE 0Oct. 10/77 PLATE

K. L.C. - METRIC



TEST HOLE LOG

HAMMER W1, 63.5Kg, LOCATION COHESION - Kg./Sq.cm.
_, |PERMAFROST 02 | o6 . 10 14 18
HT. DROP 76 em. 8 ELEVATION @ FIELD VANE QLA'B VANE% N;;' ‘.
SAMPLE DATA 5 NR.C.INF PLASTIC WATER LIQUID
P LIMIT CONTENT [R1 21
T or | DESCRIPTION OF MATERIAL | x—————= P x
DEPTH TYPE 752" |Noy CLASS| F. 1030 50 70 90%

Notes:

1.

- 9.5 m.

Hole located in a small dried
up slough, 20 m. west of Dry
Creek. Site is approx. 1 m.
below surrounding area.

Vegetation in dry depression
is grass. Surrounding area
has willow & sparse spruce to

5 m.

Hole augered to 3.1 m.
to auger further due to
sloughing of gravel layer.
Drilled with mud from 3.1 to
Unable to obtain SPT
or SY samples below 3.1 m. due
to caving of unfrozen sands
into drill hole. Considerable
loss of drilling fluid in sand
layer from & to 6 m. The soil
stratigraphy below 3.1 m. is
based on drill action and
cuttings returned in the
drilling mud.

Thermistors installed @ 0.5,
1.5, 3.0 and 4.5 m. depths.

Installed standpipe piezom-

eter to 4.5 m.

Unable

JOB No. AL0890 A
PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd. ociron—w 5
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-7-1 (Continued)
DATE Oct. 10/77 PLATE

X.L.C. - METRIC
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O———0@ Sa #5 (1.75-2.2 m.) SILT & CLAY - some fine sand, slight to low plasticity
Qe——ww{ Sa #6 (2.9-3.1 m.) SAND & SILT - little gravel, trace clay, slight plasticity

JAEND 3IZIS NIVED




TEST HOLE LOG

HAMMER WT. 63.5Kg. . LOCATION See Plate A-0890-7-2 COHESION - Kg./Sa.cm.
~ [PERMAFROST 02 ' 06 10 | 14 s
HT. DROP 76 cm. g ELEVATION 2268.10 OFIELD VANE {\LAB VANE B .
SAMPLE DATA | 2 | NRC.[NF PLASTc TR taup
5] @ or | DESCRIPTION OF MATERIAL | x———___ P x
DEPTHI TYPE [y | Noy CLASS| F 10 30 50 70 90%
B PEAT - and silt (&\
B -~ trace sand /,K3]58
T3 -
| 0.75m. dark brown P
: ~ CLAY € STLT et
B ~ trace med. sand A "[
- trace gravel
B - soft to firm o x"él\_
SY ].7m- - d. ., . . 2 @
S medium plastic ’/”’”,——’
2 | sPT GRAVEL & SAND G
- interbedded .5 to 1m.
B - gravel med. to coarse
subrounded to subangular
- little clay and silt in
3 upper meter
(Based on drill action below 2.15m)
4 B NF
5
I ~sand layer
NOTES:
6 1. Hole located 8m. east of Dry
Creek. Terrain slopes 2%
towards the creek.
2. Ground surface very undulating
due to peat tussocks. Vegetation
/ mainly willows & low brush, wit
sparse spruce to 5m.
3. Augered to 2.15m.. Drilled with
mud from 2.15 to 8.5m.. Consid-
erable loss of drilling fluid
8 in gravel stratum below 1.7m.
8. 5m. (
END OF HOLE @ 8.5m.
9
10

Cci

Klohn Leonoff Consultants Ltd.

JOB No. AL0890

PROJECT Frost Heave Test Sites

LOCATION M.P. 31

VIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-7-2

DATE oct. 10/77

PLATE

K.L.C. - METRIC



S¥3IINIONZ TVOINHOILOIOD % TIAID mm
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H1d3a
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ON 801
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GRAVEL SAND

COARSE | FINE [COARSH MEDIUM | FINE

SILT OR CLAY

3 2"u@ I"3/4" 3/8" #4  #I0  #20 #40#60#I00 #200

U.S. STANDARD SIEVE SIZE

@ —
N A T

P

w
®)]

R

N\ ing

(03]
©)

\ i ) 9

~
o

N
Q

|
yd

8

T
/N

o}

PERCENT FINER THAN
S
Q

N
(@]

o)

I i

o)

\"[:J {i [

100

REMARKS:

10 1.0 0.1 0.0l 0.00l
GRAIN SIZE— MILLIMETRES

O———>0 Sa # 2 (@ 1 m.) CLAY & SILT - trace fine sand, medium plastic

B——p@ Sa # 6 (2.15-2.5 m) GRAVEL~ some sand (N.B. gravel sample fractured
due to drilling with rock bit.) ‘

0.0001

FAEND 3IZIS NIVY9D




TEST HOLE LOG

HAMMER WT.

63.5Kg.

HT. DROP

76 cm.

PERMAFROST

A-0890-7-2

COHESION - Kg./Sq.cm.

LOCATION gee Plate

ELEVATION 2284.58 ®

T T 1 T I T
0.2 0.6 1.0 1.4 1.8
F.

FIELD VANE {N1AB VANE B UNCON

SAMPLE

DATA

DEPTH

BLOW

TYPE

15¢cm.

Noj

N.F.
or

F

NR.C.

CLASS

DESCRIPTION OF MATERIAL

PLASTIC WATER LQuid
LIt CONTENT LiMIT

B

O wow

C OO0 0 00 0 o0 o

10

0.7

NF Q. 1m.

moss cover

ORGANIC SILT & CLAY
- little sand, brown

0.6m.

SILT
- some sand, trace clay

- organic layers

ORGANIC SILT

- trace sand

ice lenses 1-5mm. spaced

@ 2-6 mm.
SILT

- and sand, little clay
- trace gravel

- brown wood pieces
ice lenses 1-5 mm. spaced

1St L L]

puiry
—_—

|

Nbn
Vx

@ 1-10 mm.
ORGANIC SILT
- and med. coarse sand

1 Vs

pd
=

layers to 10 cm.

1w

TT==
I WwiN

- trace gravel, trace clay
- extensive organics

SAND

and silt

1Po—]

little gravel

- organics & wood
- non plastic
ORGANIC SILT

E—

- ice lenses 4-5mm. spaced
@ 15mm.

LT & SAND

sandier @ depth

organic inclusions

Si

wood specks
non plastic
brown

(based on drill action .
and cuttings returned in

drilling mud).

GRAVEL
- fine to medium

SAND

GRAVEL
- fine to medium

END OF HOLE 210.0m.

JOB No. ALO

890

PROJECT Fro

st Heave Test Sites

LOCATION  M.P

.31

HOLE No. 77~

7-3

DATE Oct.11/77

PLATE

K.L.C. - METRIC

——

O315

;)12h

132
126

2127

5203



TEST HOLE LOG

| HAMMER WT. 63.5Kg.

HT. DROP

76 cm.

PERMAFROST

LOCATION

ELEVATION

COHESION -

Kg./Sa.cm.

T T
0.2 0.6

T T
1.0

T
14

DFIELD VANE {\1AB VANE B L

SAMPLE

DATA

BLOW

Nol

IoepTH TYPE

15cm.

SYMBOL -

NR.C.

CLASS

N.F.
or

F.

DESCRIPTION OF MATERIAL

PLASTIC
LIMIT

10 30

WATER
CONTENT

E |
1.8
LQuip
LT

. NOTES:

1.

Hole located 40 m. west of H-F
P/L on north side of Dry Creek
valley. Terrain slopes 5%
southerly towards the creek.

Ground is moss covered. Site
vegetated with sparse spruce
to 5 m.

Hole augered to 1 m., cored
from 1 to 4.55a., and drilled
with mud from 4.55 to 10.0 m..
No SPT or SY samples recovered
below 4.55 m.. Soil strati-
graphy below 4.55 m. is based
on drill action and cuttings
returned in the drilling mud.

Klohn Leonoff Consultants Ltd.

GINEERS

JOB No.

AL0890

PROJECT

Frost Heave Test Sites

LOCATION M.P.

31

HOLE No.

77-7-3 cont'd.

DATE  Oct.

11/77 PLATE

K.L.C. - METRIC
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¢

H1ld3d
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103royd

ON 800

06801V

PERCENT FINER THAN
D
(@)

100

GRAVEL SAND

COARSE |

FINE |COARSE MEDIUM | FINE

SILT OR CLAY

U1

U.S. STANDARD SIEVE SIZE

3 2N §(4” 3/8" #4  #I0  #20 #40#60HI00 H#200

W

]
ﬁb‘i:\‘%\
0ON

N g

ANEIY

(o))
o

" A

8

8

N
O

ya

o

™
J‘\(l( \\G
=

0

100

10 1.0 0.1
GRAIN SIZE— MILLIMETRES

0.0l 0.00lI

REMARKS: _©———0 Sa #5 (1.65-2.05 m.) SILT - and fine sand, little clay, trace gravel

G——03 Sa #8 (2.55-2.8 m.)

SAND - some silt, trace clay (N.B. Sample

taken from 3 cm. thick sand seam in the organic silt stratum.)

0.000I

JA8ND 3ZIS NIVYD




SYIINIONZT TVOIOINHODILOZID % TTIAID

+¥U 34LVvy

¢~/ -1 ON JFTT0H
l¢ did NOILYOOT

LL] ¢
8l1§ 1sel sAesH 1sodd4 103royd

H1ld3a

‘ON 801

068071V

GRAVEL SAND
COARSE | FINE |COARSE MEDIUM | FINE SILT OR CLAY
U.S. STANDARD SIEVE SIZE
00 3 2'Ww2"1"3/4" 3/8" #4  #I0  #20 #40#60HI00 #200
1 TP~ : L3 \\WYS\
90 \~
NI
80 < ]
\0\ N
70 s
\ \a
Z 60 \ AN
z NN
50 2\
5 \ \
Z )
u 40 N\
- (D) \
= R\ N
w30
& el kN
L
o 20 \Q( KN
l\
DN 3
O~q
10 T —0
0
100 0 1.0 0.1 0.0l 0.001 0.000I
GRAIN SIZE— MILLIMETRES '
REMARKS: _O———0 Sa #10 (3.2-3.35 m.) SAND - and silt, trace gravel, trace clay
o/ Sa #14 (4.2-4.55 m.) SILT - some sand, little clay, slight plasticity

(N.B.

Sample taken from upper silty portion of stratum.)

JAYND 3ZIS NIVio




FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 7-3

Sample Sample Frozen Bulk Frozen Bulk
No. Depth (M) Density KG/M3 Density PCF
! 1.00-1.45 1,100 . 65.3
5 1.65-2.05 1,190 70.7
7 2.25-2.55 1,270 75.4
8 2.55-2.80 1,290 76.6
9 2.80-3.20 1,280 76.0
11 3.35-3.70 1,720 102.2
12 3.70-3.95 1,780 105.7
13 3.95-4.20 1,450 86.1
1h L,20-4.55 1,290 76.6




TEST HOLE LOG

HAMMER WT. 63.5kg. LOCATION ' - T COHESION - Kg./Sgq.cm.
. lpermarrosT See Plate A-0890-7-2 U A
HT. DROP ) ELEVATION 2276.38 @FIELD vANE () 1AB vANE [ UNCONE. |
SAMPLE Z | NRC.INF FUWIT CONTENT LT
v or DESCRIPTION OF MATERIAL Xm e e 0 —— e X
[DEPTH TYPE CLASS! F 10 20 50 70 90%
B 0.3 m. peat moss cover é @
7977 CLAY & SILT =K |
B i - i -
7577 little send -
7577 ~—~f—
1 sy % nEl9-9 m. - black organics mo
R \ - medium plastic 310
SPT PEAT
L - and layers of clay & silt
SY 1.85m. - black =
2 %444 - |
SPT %ég SILT & CLAY <
C ?g%z - little sand,little gravel
c ] r - organic & wood chips '
-%ﬁ% v - laminated, low plastic C¥
B M T~ 26:
3 ] Vx = peat layer ©
gY %% 3.22 gravel layer 8'—‘ L
SPT i GRAVEL & SAND ‘
g - little to some silt
L 8 c Vx - SL‘lbrounded to subangular
q ve - fine to coarse
NOTES:
SPT 1. Hole located 3 m. east of the
5 ' R Haines-Fairbanks pipeline and
90 m. north of the Alaska Hwy.
Ground surface slopes 9% north.
2. Spruce and poplar to 7m., willow
6 to 5 m.
3. Hole augered & core sampled to
B 3.4 m.. Drilling mud used from
3.4 to 8.0. Difficulty sampling
NF from 5.5 to 8m. due to sloughimg
/ of gravel stratun.
L. Thermistors installed at 0.5,1.5
B 3.0.and 6.0 m.. Standpipe piez-
ometer installed
8 8.0 m.
END OF HOLE @ 8.0 m.

C

Klohn Leonoﬁ Consultants Ltd.

GEOTECHNICAL ENGINEERS

JOB No. AL0890

PROJECT Frost Heave Test Sites

LOCATION M.P. 31

HOLE No. 77-7-4

DATE Oct. 16/77

PLATE

K.L.C. - METRIC
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GRAVEL SAND

COARSE FINE |COARSE| MEDIUM | FINE

SILT OR CLAY

U.S. STANDARD SIEVE SIZE

00 3 2" 2 134" 3/_8" #4  #HI0  #20 #40#60H#I00 #200
[* 4 H_)-'\\('\
By O N
T~
90
Y O
80 \D\u o
0 B :
"~ 0
Z 60 AN R
. SEAW
ED @
« 1 “No
Z \
w 40 T
- N
& 20 ®
3! n |
on 20 N
\u\\ '
10 N
0 !
100 10 Ke) o.1 0.01 0.00I 0.000I
GRAIN SIZE— MILLIMETRES
REMARKS: _O——=0 Sa #1 (0.4-0.5 m.) CLAY & SILT - |ittle sand, organic fibres
B——B@ Sa #5 (1.85-2.15 m.) SILT & CLAY - little sand, little gravel,

low plastic.

IAEND 3ZIS NIVYO




SYIINIDODNIZ TTVIOINHODODI3ILOZ2D % 1

“pl'ﬁ sjuel}jnsuoc) HouoeT H%@!}%

LL/9¢ "+°0 31vd
y-/~/, ON 3TT0H

1S dW

o11S 1S5 eAeol }SOd4

H1d3da

NOILVOOT
103royd

‘ON g0r

068071V

GRAVEL

SAND

COARSE | FINE

SILT OR CLAY

COARSE| MEDIUM | FINE

U.S. STANDARD SIEVE SIZE

it

graded.

100 3 2" w2 %\3/4” 3/8" #4  #I0  #20 #40#60HI00 #200
90 ' >’*‘\
80 NN
\\ oy
70
\& \\
60 P
- —
50 \ — 9\“:
w 40 \\\\ AN
| \V N
= e
i 20 ~
& N S
*\»~{\h 39\1Q
™ ©®
10 DA e
Il Al A
0 n B
100 0 1O 0.l 0.0l 0.00l 0.000I
GRAIN SIZE— MILLIMETRES
REMARKS: _ O———0 Sa #10 (3.0-3.2 m.) GRAVEL & SILT - little sand, frace clay
N Sa #12 (3.27-3.42 m.) GRAVEL & SAND - little silt, fairly well

IAEND IZIS NIVY9




FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 7-4

Sample Sample Frozen Bulk Frozen Bulk
No. Depth (M) Density KG/M Density PCF

7 2.35-2.60 1,120 66.5




TEST HOLE LOG

COHESION - Kg./Sqg.cm.

. HAMMER WT. 63.5Kg| LOCATION _ 7
1 5 [ fee-Flate AOBITZ g, T TR T T
H7. DROP 76 cm. Q ELEVATION  2267.20 @Flﬂso VANE Qq‘;ABT::NE @.‘iﬁi
SAMPLE DATA E NRC.INF ot CONTENT LT
- s o o | DESCRIPTION OF MATERIAL | 20 __% P '
[DEPTH TYPE X Nol CLASS| F 10 30 50 70 90% 101
B SILT & CLAY \
B NF - little sand D11t
8 - organic laminations 7 ’
0.8 - slight to low plastic
I B Z Vx - brown '
c 3 \\;g 1. 4m. Xjf-»— :
c L SILT & CLAY il
- little fine sand
2 c 5 - organic specks D
C 6 2.0 - firm, laminated
C 8 7 - low to medium plastic UX
9 - brown 6
3 SPT 11 8 thin gravel laminations
at 2.3 m.
C 0
" l some sand in laminations X
L, 2m.
C SAND & SILT- layered NP q
- trace clay
- s]ight plasticity
5 E L. 97m. - light brown N
C .12m. SAND - some silt,tr.gravel o
SAND
- medium to coarse
) C - little silt NP
° E ~ trace gravel S
-~ brown \
7 7.0m. \
C SILT & CLAY - trace sand O
7.5m. - low plastic, grey O/X-X
SPT 7.65m. GRAVEL-some sand,littlesilt
8 END OF HOLE @ 7.65m.
NOTES :
1. Hole located 3m. east of Haines-
Fairbanks pipeline and 8m. west
of Dry Creek. Ground slopes 3%
south.
2. Willows & sparse spruce to S.W.
3. Hole augered & cored to 7.65m.

s Klohn Leonoff Consultants Ltid.

CIVIL & GEOTECHNICAL ENGINEERS |HOLE No. 77-7-5

JOB No. AL0890

PROJECT Frost Heave '[.}st Sites

LOCATION M.P. 31

DATE Oct. 18/77 PLATE

P



GRAVEL SAND
COARSE | FINE [COARSE MEDIUM

U.S. STANDARD SIEVE SIZE

ILT A
[ FINE SILT OR CLAY

it 1

32w Mg 3'_/8" #4  HI0  #20 #40#60#I00 #200
L

0n
<
r
100 A1 = " .-t ]
Bl T TR
JupN TN
m 90 == ™
d S A
BTN
g 80 B
g \E]\\\. \
I 70 H*\\\@\
0 %
> g 60
< A%
m ; 50 -
z 0 R0
e Z Ik
> w 40
m i - () g
m i L% 0 ]
ol 2 LU
i } Cl}
N
215 15]318] % -
:n‘l (r-)- g 2 93] \G)
z|Z[aF| 1
o) o) .
ez
o > 0
N B 7z 100 10 1.0 0.1 0.0l 0.00il 0.000I
W~ - .
S Liie g GRAIN SIZE— MILLIMETRES
%D?F REMARKS: _©&—0 Sa. # 3 (1.15-1.35 m.) SILT & CLAY - little fine sand, low plastic
9 5 H——A Sa. # 4 (1.35-1.7 m.) CLAY & SILT - |ittle fine sand,low to med. plasticity
3 § B——-7/03 Sa. # 7 (2.2-2.4 m.) CLAY & SILT - some fine sand, low to med. plasticity
T —+
w
=
(]
4]

JAEND 3ZIS NIVYO
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LL/8C “+°0 31vd

G-/—-LL "ON FT0OH
1< dh NOILYOOT

s8llS }S81 8AesH {5044 j03r0dd

H1d33

‘ON gOor

06807V

GRAVEL

SAND

COARSE | FINE

SILT OR CLAY

COARSE, MEDIUM |  FINE

U.S. STANDARD SIEVE SIZE

3 2'W2'"34 378" #4 IO #20 #40#60HI00 #200
100 D4 ) U
Y
RN
% \ N o\
80 k \) \
| \
l—‘
. \ \ \
\ \ X ‘ !
- oo X N N s
2 \ 3 X X
. o) N o\ o
i N NI <
E4O \"} \\ :
S \1) A i \
] 20 ~. 3}
O SN ol
VZEQ\C N
10 \/a }O{N: _ J‘O\
I PN AL D
0 >
100 10 1.0 0.1 0.0l 0.00I 0.0001
GRAIN SIZE— MILLIMETRES :
REMARKS: _@——0@ Sa. # 13 (5.02-5,12) SAND - fine to coarse, some silt, frace gravel
OD————A Sa. # 14 (5.7-5.8) SAND - trace gravel, trace silt, well graded
B——-3 Sa. # 17 (7.0-7.2) SILT & CLAY - frace fine sand, low plastic
O———— Sa. # 18 (7.2-7.65) GRAVEL - some sand, |ittle silt

IAEND 3ZIS NIVYD




SHIANIONT TTVIOINHODOILOID %2 TIAILD
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'ON g0r

068071V

GRAVEL SAND
COARSE | FINE |COARSH MEDIUM | FINE SILT OR CLAY
U.S. STANDARD SIEVE SIZE
100 3 22" |"33(4" 3/8" #4  #I0 #20 #40#60 #I00 #200
f\c }“"‘- } T- ?\ t LT\
%0 § %
80 NAVAN
k\ \ \\(
70 D
\\ \\ q

Z 60 @
5 VI AN

- N
5 \_ 1 N\
Z 20 NEA N
Z 1 N \a\t A
8 NS 'l\ K¢
E 20 :A A ) o) )\.

2 -L\{? ‘f’\\
G~
0
100 10 1.0 0.1 0.0l 0.001 0.000I
GRAIN SIZE— MILLIMETRES

REMARKS: _©——0 Sa. # 9 (3.4-3.6 m.) SILT & CLAY - some fine sand, trace gravel, low plastic

C——-~a3

Sa.

#10 (4.2-4.3 m.) SAND & SILT - non plastic

H—N

Sa.

#10a (4.3-4.4 m.) SAND - fine, some silt, non plastic

JAYND 3IZIS NIVED




FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 7-5

Sample Sample Frozen Bulk3 Frozen Bulk

No. Depth (M) Density KG/M Density PCF
3 1.15-1.35 1,004 59.6
1.35-1.70 1,840 109.3

5 1.70-2.00 1,640 97 .4




TEST HOLE LOG

HAMMER WT. 63.5Ks. LOCATION - T COHESION - ./Sq.cm.
g'_, PERMAFROST See Plate A-0890-7-2 012 T 016 T 5: T qll‘ T A
HT. DROP 0 ELEVATION 2267.17 @PLELD VANE O (A8 vane B yncone. |
_sAWRE DATA | = U AR
o] DESCRIPTION OF MATERIAL | x—=-_-% Pl '
g 15em. — . 10 30 50 70
%9495 0.1 ORGANIC COVER :
B 7
. SILT AND CLAY L/
1 ) - some fine sand @/
B :4?/'/? .
g%gg - black organic
%éé? laminations
B é%% - low plastic
C gg%éé , - dark brown X
2 ¢ 7 2.0m
C 2.0 SILT - and sand A"
c - wood specks 01/
2.75m - laminated, brown =0
3 |c SAND AND SILT NPl 1|
' - fineto medium G
- laminated with thin
seams of silt & clay
and coarse sand to
) ¢ 3.9m 7 cm thick
- non to slight :
plasticity ({"‘
SAND - fine to medium
- some silt ;)
5 C 5. Om - trace gravel SE)
GRAVEL- and medium to
5.5 - coarse sand :
C e ~little silt,trace clay
6 SILT & CLAY & SAND
6.0m - trace gravel -
- laminated X/&Q
——\- low plastic G
C GRAVEL - and medium to
coarse sand in layers
/ - little silt 4
- trace clay
C @ 6.8m. 3 cm. thick grey silt
; 7.8m and clay seam
END OF HOLE @ 7.8 m.
(Continued)
JOB No. AL0890
PROJECT Frost Heave Test Sites
> Klohn Leonoff Consultants Ltd. I 5o ron—w 51
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77'7-6
DATE Oct. 19/77 PLATE

K.L.C. ~ METRIC




TEST HOLE LOG

HAMMER WT. 63.5Ks. LOCATION See Plate A;0890-7~2 COMESION - Kg./Saq.cm.
- _ |PERMAFROST 012 T 0,6 T 1l0 T 114 T ‘le
HT. DROP 76 e 2 ELEVATION ©FiELD VANE O LAB VANE Fy
SAMPLE DATA | £ | NRC.|NF PLASTIC  WATER le:ro
Blowl .l or DESCRIPTION OF MATERIAL PP 0 ——— X
DEPTHTYPE [iscm |Noy CLASSY P 10 30 50 70 90%

Notes:

1. Hole located along Haines-
‘ Fairbanks pipeline right-of-

way immediately north of a

small water filled depression,
and 10 m. east of Dry Creek.

2. Vegetation mostly willows to
2 m.

3. Test hole augered to 1.7 m.
and cored from 1.7 m. to 7.8 m.

4. Water encountered at 2.5 m.

depth during drilling.

5. Standpipe piezdmeter installed
to 3.2 m.

JOB No. AL0890
PROJECT Frost Heave Test Sites
= Klohn Leonoff Consultants Lid. 5= o w5

CIVIL & GEOTECHNICAL ENGINEERS |HOLE No. 77-7-6 (Cont'd)
DATE Oct. 19/77 PLATE

L & - MFTRIC
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100

GRAVEL

SAND

COARSE |

COARSE| MEDIUM | FINE

SILT OR CLAY

U.S. STANDARD SIEVE SIZE

3 2'we' "3 38" #4

#20 #40#60H#I00 200

T

Sl NG

S0

\NAAY
\

80

n T
)

-~
O

(o))
o

8

PERCENT FINER THAN
g &

N
o

)

v
=~
vl

N
Q\fk
B3

ot/
4

0

100

1.0 O ' 0.0l 0.001

GRAIN SIZE— MILLIMETRES

REMARKS: @0 Sa #4 (1.5-1.7 m.) SILT & CLAY - some fine sahd, low plasticity
O—~A Sa #8 (2.75-2.83 m.) SAND -~ fine, and silt, trace clay

G—” Sa #8b (2.9-3.0 m.) SAND AND SILT - trace clay, non plastic

FAUENS 3IZIS NIVYI9D




GRAVEL SAND
COARSE | FINE JCOARSH MEDIUM | FINE

U.S. STANDARD SIEVE SIZE

SILT OR CLAY

3 2" w2 ;44" 3/8" #g}» #10  #20 $#40#60 #I00 #200

0!
<
-l
100 ey -
Y \ \Z\ TN
0] \t‘ \’V \R
m 30 { \
o)
; . X N
\ &
T 70 \ T \
z \ \\ \\
ol
=
o [ \\
z o & \ S
@ 4 \ b
> w40 ™
:| Y S
m ¢ = 4
| O ]\ N
0 d o 13 A NG
& 50 \E R2ON b
215|535 AL -
— ) w Lt : 0
AT . o N G
zizial21®] WL ] TO—E—ada Al |
3 .\J ’2; - J[: 0 k=
NIFTTR 100 10 1O 0.1 0.0 0.00I 0.000I
I el el B b GRAIN SIZE— MILLIMETRES
G .
g REMARKS: @0 Sa #9 (3.7-3.9 m.) SILT - and fine sand, frace clay, slight plasticity
S o H—L Sa #9a (3.9-4.0 m.) SAND - fine to medium, some silt, trace clay
2l |8 B—0 Se #11 (5.0-5.5 m.) GRAVEL & SAND - little silt, trace clay
T —+
o
z
0]

JAYND 3ZIS NIvio




* AON S.LVG

g-,-£L N 3T0H

LL/e

H1d3d@

1 diW NOILYOO0T

8118 1se] sAedl [fsod4 103rMr0dd

ON gor

068071V

100

GRAVEL SAND

COARSE | FINE JooARSEl MEDIUM | FINE

SILT OR CLAY

3 2"we' "3
&

U.S. STANDARD SIEVE SIZE
(4" 3/8" #4  #I0  #20 #40#60H#I00 #200

NN

90

N N

N '<Q

AN

@
O

NN

~
O

(o))
®)

8

o}

PERCENT FINER THAN
D
o

N
®)

o

AN

0

AN A \\O
—2A

100

10 1.0 O.1 0.0l 0.00!
GRAIN SIZE— MILLIMETRES

REMARKS: _©@—0© Sa #1la (5.5-5.7 m.) SILT & CLAY AND SAND - tfrace gravel, low plasticity
OH—A  Sa #13 (7.4-7.5 m.) SAND - medium to coarse, |little gravel, little

silt, trace clay (N.B. Sample taken from stratified sand layer in

the gravel stratum.)

0.000I

JAEND 3ZIS NIVYED




FROZEN BULK DENSITY TEST RESULTS.
TEST HOLE NO. 7-6

Sample Sample Frozen Bulk3 Frozen Bulk
No. Depth (M) Density KG/M Density PCF
L 1.50-1.70 1,620 96.2
5 1.70-2.00 1,300 77 .2




TEST HOLE LOG

HAMMER WT. 63.5Kg. LOCATION See Plate A-0890-7-2 COHESION - Kg./Sa.cm.
s [PERMAFROST ‘ o2 06 10 | 1e | 18
HT. DROP 76 cn. | O ELEVATION 2766, 73 Orieio vae O ixs vane BHuncane. |
SAMPLE DATA | £ | NRC.INF UMIT CONTENT LT
oWl o | DESCRIPTION OF MATERIAL | x=Z___= P s
15cm. |V CLASS| F. 10 30 50 70 90%
. 15m ORGANIC COVER |
]
B 3 SILT & CLAY 1|
- little fine sand
1 - organic laminations .
B 2 - rootlets %
- slight to low plastic /&
B - soft to firm, brown 0
_L— and sand in laminations N
2 B 2.0m slight plasticity
SY _
SAND - fine to medium
- little silt in thin
3 3-5 mm. laminations
B - grey and brown
@
SY ONP
silt layers to 11 cm. thick @ F
3.0 m. depth.
L
NF
C L. 5m
5 SAND AND SILT
- trace clay
- 10 cm. thick silt layer
c @ 4.5 m.
~ silt laminations average
6 6.0m 2-3 cm. thick
SAND
- little laminated silt
- trace clay J
7 C
little gravel to 7 cm. &
C below 6.5 m. depth.
C
8 8.0m
END OF HOLE @ 8.0 m.
(Cont inued)
JOB No. AL0890
PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Litd. ===~ 5
X CIVIL & o HOLE No. 77-7-7
DATE Oct. 19/77 PLATE

K.L..C. - METRIC



TEST HOLE LOG

HAMMER WT. 63.5Kq,

HT. DROP 76 cm.,

PERMAFROST

LOCATION

COHESION - Kg./Sq.cm.
T ] T T T 1 T

ELEVATION

T
0.2 0.6 1.0 1.4 1.8

DFIELD VANE {)LAB VANE g@ UNCONF.

SAMPLE DATA

DEPTH TYPE |BLOWIN|

15¢m.

SYMBOL

NR.C.

CLASS

N.F.
or

F.

DESCRIPTION OF MATERIAL

PLASTIC WATER LIQuID
LIMIT CONTENT LimIY

10 30 50 70 90%

Notes:

1.

Hole located on north edge of
small swampy depression which
is about 30 m. in diameter; &

about 50 m. west of Dry Creek.

The swampy depression is
vegetated with grass. The
terrain to the west is open,
with sparse spruce to 3 m.
The terrain to the east adja-
cent to Dry Creek is more
densely vegetated with spruce
to 10 m.

Test hole augered to 4 m., &
cored from 4 to 8 m.

Water level in test hole at
3.2 m. on completion of
drilling.

JOB No. AL0890
PROJECT Frost Heave Test Sites
=< Klohn Leonoff Consultants Md OCATION WP 37

CIVIL & GEOTECHNICAL ENGINEER HOLE No.

77-7-7 (Continued)

DATE Oct. 19/77 PLATE

K.L.C. - METRIC
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103rodd
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GRAVEL

SAND

COARSE | FINE

SILT OR CLAY

COARSE| MEDIUM | FINE

U.S. STANDARD SIEVE SIZE

0t

3 2" w2t 34 38" #4  #I0  #20 #40#60#I00 #200
T T 1)——(1\
N t N
%0 A k\ X
N \
80 A |
70 \\ ——
S
Z 50 \ \ ]
<L
E R
o % \ N
= S
T 40 \ \C}'\ \(i
= % 0|t
2 AN -
IﬁJJ_ 50 r'\\@ A Ny \\Ei:
Ay ‘-3\ .

10 i c -

0

100 10 1.0 0.1 0.0l 0.00i

REMARKS: _O&——0@ Sa.

GRAIN SIZE~ MILLIMETRES
# 2 (1.0 m.) SILT & CLAY - trace fine sand, low plasticity

B——-~3 Sa.

# 4 (2.0 m.) SILT & CLAY AMND SAND - low plasticity

L——~h Sa.

# 5 (2.8-3.0 m.) SAND - fine, litfle silt, trace clay

0.000I

JAEND 3IZIS NIVYD




!(%E\J«J‘;‘!»
%%{ GRAVEL SAND
oF COARSE | FINE |coARSH MEDIUM | FINE SILT OR CLAY
<lo U.S. STANDARD SIEVE SIZE
™ = 100 3 2wt "3 38" #4  #0  #20 #40#60HIQ0 #200
Y = 0
ol T N
@ 90 :
0l O NN
03 \
o Il =R Y
I
21 O 0 N\
519
»i; | 6o
N P r \
mi= |7 \
4 E I
2 EA WA
> 0 w 40 \ \
m g =
3 I [V
| =g w 30 D,
A i Q‘ 'S QJ
0 @ 5 o
& 50 \ \
5155|3216 \ el
3218|3|® Q)
mmiEElZl 10 < reld
OZ g % g o )\ o)
N 0
Iy 100 10 Ko 0.1 0.0l 0.00I 0.000I
HIdEIMi>
N O e P GRAIN SIZE— MILLIMETRES
| tl U? 65]
- ; 8 REMARKS: _O—=0 Sa. # 6 (3.1-3.2 m.) SAND - fine, little silt, trace clay
= g A———fN  Sa. #6a (3.2-3.3 m.) SAND - fine, trace silt
3 (]
T o
n
..i.
ks
=
[¢)]
n

JAYND 3IZIS NIVYD




SYH3IANIDO9NIT TVOINH

‘DI S]UB)NSUOT) JJOU0ST UYO[Y

*AON 31vd

/~/-/[ ON 3T0H

LL/Y

H1d3da
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A2
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GRAVEL

SAND

COARSE FINE

COARSE MEDIUM | FINE

SILT OR CLAY

U.S. STANDARD SIEVE SIZE

00 3" 2Wwe'1"3/4" 378" #43:% #I0  #20 #40#60#I00 #200
e
90 [ \ [YED |
\
80 A
AN
2 60 B LN
T \
= \ Uy
%0
& \ 2
= \ o\
= N C
S <
w ¢ N
a 20 3\ T-‘\
O e
e \\{:)
10 {3
~G\ﬂ”;.!—
L= ]
0
100 0 1.0 0.1 0.0l 0.001 0.000I
GRAIN SIZE— MILLIMETRES
REMARKS: _O——0@ Sa. #8 (5.0-6.0 m.) SAND AND SILT - frace clay
O——=3& Sa. #10 (7.0-7.5 m.) SAND - fine, little silt, ftrace clay

FAYND IZIS NIvI9




TEST HOLE LOG
HAMMER WT. 63.5Kq. LOCATION . - ~7- COHESION - Kg./Saq.cm.
o . |rermarrost See Plate: A-0890-7-2 B ,': / q1l4 —
HT. DROP 76 cm. Q ELEVATION 370,30 QFIELD VANE () 1AB VANE B UNCONE.
sAMPLE DATA | = [NRCTNE S
——TEow ] © or | DESCRIPTION OF MATERIAL | x—————_ 0
THTYPE Fisen {No CLASS| F 10 30 50 70 90%
0.1 m. organic cover O
SlET —1| 10
B 1 trace clay
Sy | 2 | - trace fine sand
! ] - organic & wood specks
3 - laminations of silt and
SY — sand @ 2-8 mm.
SY i : - non to slight plasticity :
2 | —I__\—firm to stiff, dk. brown R
) extensive organic lamina- =
SY 51 3.3 m. tions & pieces of wood
SILT AND SAMHD A
SY _6_ - trace clay ><X(3<\
3 : NF - laminated fine sand & Bl ‘,/>3
SY J__ grey silt NP S ——1 5
Sy 8 F 3.5 m. organic & wood layers '//
- non to slight plasticity q
firm, brown & grey
b 5 L.o m. SAND
- fine to coarse
- some silt, little gravel g
c - well graded, brown b
5.9 m. SAWD ¢
> - fine to coarse
- some gravel (i
- trace silt o
c GRAVEL
6 5.8 m - some sand, trace silt q
SAND
- little gravel, trace silt }9
¢ 6.5 m.
, GRAVEL
7 - and sand, trace cobbles
- trace silt é)
¢ 7.6 m.
8
END OF HOLE & 7.6 m.
(Cont'd.)
JOB No. AL0B90
PROJECT Frost Heave Test Sites
% Klohn Leonoff Consultants Ltd. I oo s 35 ,
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-7-8
DATE Oct. 22/77 PLATE




TEST HOLE LOG

HAMMER WT. 63.5xs. LOCATION COHESION - Kg./Sq.cm.
_, IPERMAFROST AL S B B A
HT. DROP 76 em. Q ELEVATION @F1ELD vANE £ 1AB vANE T UNcone. |
sampie_oata_| = [NRCTNE WIS, e
BLOW » or DESCRIPTION OF MATERIAL P 0 e "
DEPTH TYPE e Nof CLASS| F. 10 30 50 70 90%
NOTES:
1. Hole located 20 meters west of
Dry Creek and about 20 meters
east of open sparsely treed
area.
2. Area adjacent to creek supportsg
a dense spruce growth to 15 m.
in height.
3. Test hole augered to 0.5 m.,
continuous undisturbed Shelby
Tube samples taken from 0.5 to
3.5 m., and cored from 4.0 to
7.6 m..
L4, Water level in test hole at
3.0 m. on completion of drill-
ing.
JOB No. ALO890
PROJECT Frost Heave Test Sites
Iohn Leonoff Consultants Ltd. o0 r, 30
CIVIL & GEOTECHNICAL ENGINEERS [HOLE No. 77-7-8
DATE oct. 22/77 PLATE

K.L.C. - METRIC
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GRAVEL SAND SILT OR CLA
COARSE | FINE |COARSH MEDIUM | FINE R CLAY
U.S. STANDARD SIEVE SIZE
3 2'W2' "4 378" #4  #I0  #20 #40#60HI00 #200
100 vy AS = -
i Tﬂ\
90 \ N\
\\ N
80 :
\ \ R
20 A \ 1\
\ 6 ®
Z 60 N\ AN
x 2 J NN
o A B
5 - WANA
i 40 A \.t
— N\
LZJ 30 Y&L o)
3 S
& 20 2NN
.;Ek\\
0 g
0
100 10 1.0 0.1 0.0l 0.00I 0.000!
GRAIN SIZE— MILLIMETRES
, Sa. #2 (0.5 - 0.85 m.) SILT - trace fine sand, trace clay, non plastic
REMARKS: ©@—0
G Sa. #3 (1.0 - 1.4 m.) SILT - trace fine sand, trace clay, slight plasticity
Y NN Sa. #6 (2.3 - 2.75 m.) SILT AND SAND - trace clay, slight plasticity

FAEND 3ZIS NIVYO




GRAVEL SAND
COARSE | FINE |[COARSH MEDIUM

U.S. STANDARD SIEVE SIZE
3 2Nw2'I"3/4" 3/8" #4 IO #20 #40#60 HI00 #200

[ FINE SILT OR CLAY

100 T
% \ 1 \
N
% N SN \
_ ‘
%0 A \
- - W
i} N\ ANIAN
\ \ A
-
= N\ RN
w 20 o)
2 N =
L‘
£ 20 A g
Olz|r|ols N p=NA
>|o|o|D|Q \
—Hir|olo|® N
MmEIgZ] 10 e
25539 25 - 4 =X) ~:] |
Z1712
. 0
IR 100 10 10 0.l 0.0l 0.00I 0.000!
TR GRAIN SIZE— MILLIMETRES
Eo = § ° REMARKS: O——0  Sa. #7 (2.75 - 3.2 m.) SAND - fine, and silt, trace clay
9 < B——a Sa. #9 (@ 4.0 m.) SAND - fine to coarse, some silt, little
5 § gravel, trace clay, well graded
e Dh—f\  Sa. #10 (4.4 - 4.9 m.) SAND - fine to coarse, some gravel, trace
;:' silt, well graded.
®
wn
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SHIANIONIT TAVYVOIOINHODILOIOD 2 TIAID

'DJ] SIUB}NSUOY JjouoaT UYopy|

*AON  31Vd

8-/-/[ OoN 304
‘d'W  NOILYD0T

‘8

LL6L

H1d3a

[£9

SITTS T159] SAESH 150173

103rodd

‘ON g0or

06801V

GRAVEL

SAND

COARSE | F

INE

COARSE| MEDIUM |

SILT OR CLAY

FINE

U.S. STANDARD SIEVE SIZE

3 2'Ww2"1"3/4" 3/8" #4  #I0  #20 #40#60HI00 #200
100 7k ®
90 M\
\\
80 \
N
70 \ \>
D 2\
3 60 NAN
2 N
g% \
2 ¢
- 40 ANE
%30 NN
2 \k\,
%20 \‘k\
10 H J\\%:ﬁ
0 |
100 10 10 0.1 0.0l 0.00i! 0.000!
" GRAIN SIZE— MILLIMETRES
REMARKS: _O——0 Sa. #11 (5.0 - 5.6 m) GRAVEL - some sand, trace silt
JA — Sa. #12 (6.5 - 7.0 m) GRAVEL - and sand, trace silt, trace cobbles

JAYND 3ZIS NIVY9




TEST HOLE LOG
HAMMER WT. 63.5Kg, PERMAFROST LOCATION 500 Plate: A-0890-7-2 OI:OF:ES:)'O: - F:.{SQ-lCm.' :
= . . X 1.4 1.8
HT. DROP 76 cm. g ELEVATION 2273.51 SFIELD VANE 0 LAB VANE [ UNCONE.
sample_0ATA_ | = [NRCTNE PN AR e
e & or | DESCRIPTION OF MATERIAL | xomo & oo A
DEPTH| TYPE Hora|No CLASS! E 10 30 50 70 90%
NF§ O0.1m. organic cover
e SILT
B 0.6 . .
1 - highly organic 1
1 o 2 Vr Vs - little fine sand
— V; - trace clay 10
- laminated
1.5m. . L ol
C 3 om -~ Slight plasiticity /Gf/’
SILT |~
2 Nbn - some fine sand ;
| Vs, Vx 2.2m. - trace gravel, trace clay
C SAND I ey oy
2.7m. - fine t? coarse \\
b6 - some silt, trace gravel o)
3 C \ - rusty brown 1////
C
L GRAVEL
- some sand :
C - little silt ?
- fairly well graded
- stratified
5 - dense, brown
5.1m.
END OF HOLE @ 5.1 m.
NOTES:
1. Hole located 20 m. east of Dry
6 Creek.
2. Dense growth of spruce to 20 m.
adjacent to creek. Drill site
has a hummocky moss ground
cover vegetated with sparse
/ spruce to 8 m.
3. Test hole augered to 0.7 m.,
cored from 0.7 to 4.4 m., and
augered from 4.4 to 5.1 m..
Hole terminated due to extensive
sloughing of gravel.
JOB No. AL0890
PROJECT Frost Heave Test Sites
L5 Iohn Leonoff Consultants M OCATION  hp. 31
= CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-7-9
DATE Oct. 22777 PLATE

K.L.C. - METRIC
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GRAVEL SAND

COARSE | FINE |COARSH MEDIUM

|  FINE

SILT OR CLAY

U.S. STANDARD SIEVE SIZE

3 2'W2' '3/ 3/8" #4  #I0  #20 #40#60 HI00 #200

S a2t AARS
90 "~ : A
80 t:}\ 2\ N
i Src
70 NS
L. oy
Z 60 \ ]
i
50 \ \>’)
i o) M
I 40 \ I \\
. kel NG
& 0 -
| &
& AT s
la.J 20 ° B
_E AR
—0
0
100 10 1.0 0.1 0.0l 0.00I 0.000!
GRAIN SIZE— MILLIMETRES
REMARKS: _O—0 Sa. #3 (1.0-1.5m.) SILT - little fine sand, trace clay, organic laminations

OH—A Sa. #4 (2.0-2.2m.)

SILT - some fine sand,

trace clay

G—--=3 Sa. #LA (2.2-2.6m.)

SAND - some silt, trace clay, trace gravel

IAEND 3ZIS NIVYD
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“d'W NOILvOOT

- AON

LL/n

H1d3d

3

Sa11S 1S3 SABSH 15044
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GRAVEL

SAND

COARSE | FINE

COARSE] MEDIUM | FINE

SILT OR CLAY

U.S. STANDARD SIEVE SIZE

100 3" 22 i 3/4" 3/8" #4  #I0  $#20 #40#60HI00 #200

90

SEmEN

\ 9
70
\ \\

Z 60
< 1\ Q
=

50
g NI
T 40 N AN
S NN
G X :
[
% 20 e

D
ROSS
10 :
0 o':.__ﬂ
100 10 1O oY 0.0l 0.00I 0.000I
GRAIN SIZE— MILLIMETRES
REMARKS: _O——0O Sa. #5 (2.7-3.1m.) GRAVEL - some sand, little silt
O—— Sa. #6A (3.2-4.0m.) GRAVEL - some sand, little silt

JAYND 3IZIS NIvi9




FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 7-9

Sample Sample Frozen Bu]k3 Frozen Bulk
No. Depth (M) Density KG/M Density PCF

3 1.50~2.00 1,430 84.9




TEST HOLE LOG

HAMMER WT. 63.5Kg.

HT. DROP 76 cm.

PERMAFROST

LOCATION  See Plate: A-0890-7-2 |__Cowesion -

Kg./Sq.cm.

I

ELEVATION  2270.89 o2

T

0.6

@FIELD VANE () LAB VANE @5; ggu

T

T
1.0

l T I

SAMPLE DATA

pePTH| TYPE [BIOW

Noj

SYMBOL

NR.C.

CLASS

N.F.

or

F.

PLASTIC
LIMT

DESCRIPTION OF MATERIAL P

WATER
CONTENT

L1IQuID
LIMIT

SY

3

SY

1.2

0.1m. organic cover
ORGANIC SILT & CLAY & PEAT
- trace fine sand in layers
to 9 cm.

= YoU)

Vr,Vs

- sand layer 2 0.9 m.
- black organic lTaminations
1.8m.1- slight to low plasticity

- trace gravel, wood specks &

=215
~p 170

- dark brown
ice lenses 1/4-bm. spaced @
2.5m 1/2-10mm.

— GRAVEL

\- fine to coarse

ORGANIC SILT

3.25m.~ some sand

SPT | -

SPT | -

- little clay, trace gravel
- brown to black

ice lenses 1/4-1mm. spaced @
1/4-1mm.

5160

GRAVEL
- and silt
- some sand

- stratified

(below 4.5m., based on drill
action and cuttings returned
in drilling mud)

6.5m.

END OF HOLE @ 6.5 m.

NOTES:

1. Hole located 25m. west of Dry
Creek

2. Light spruce growth to 6m.

3. Test hole augered & cored to

2.5m.. Drilling mud used from
2.5 to 6.5m.

@% Klohn Leonoff Consultants Ltd.

CIVIL &@ GEOTECHNICAL ENGINEERS HOLE No. 77-7-10

JOB No. AL0890

PROJECT Frost Heave Test Sites

LOCATION M.PL 31

DATE Oct. 22/77

PLATE

K.L.C. - METRIC
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'ON 3T10H
NOILYOO1
103royd

* AON

LL61/8
Hid3a ot-/-//

RV

L

S911S 1S9| 9AB9H 13S0.4

‘ON 801

06807V

100

GRAVEL

SAND

COARSE | FINE |COARSE MEDIUM

FINE

SILT OR CLAY

3 2'w2'"'3/4" 3/8" %4

U.S. STANDARD SIEVE SIZE

19 4

#I0  #20 #40#60#I00 #200

T t——] bl

=

=
6L

N

w1 O

N

(o))
®)

—

8

v
I~

&

PERCENT FINER THAN
N
@)

N
(@]

o

: AN
- ®
~C]

0

100

REMARKS: @—0 5a. #3

1.0

GRAIN SIZE— MILLIMETRES

O.1

0.0l 0.00l

(1.2-1.8m.) SILT & CLAY - trace fine sand, low plasticity

Oy Sa. #b

(3.0-3.2m.) ORGANIC SILT - some sand, little clay

0.000!

FAEND 3FZIS NIVY9




TEST HOLE LOG

HAMMER WT. 63.5Ko.

LOCATIONSee Plate:

A-0890-7-2

COHESION -

Kg./Sq.cm.

i

PERMAFROST

HT. DROP 76 cm,

ELEVATION

2272.27 0.2

T
0.6

DFIELD VANE LN 1AB VANE B UNCONF.

T

I
1.0

LI
1.4

DATA NR.C.

BLOW

15cm.

SAMPLE

SYMBOL

DEPTHi TYPE

No, CLASS

DESCRIPTION OF MATERIAL

PLASTIC
LIMIT

WATER
CONTENT

LI
1.8

uqQuio
LimiT

Vr,Vs

.Im. organic cover

. 7m.

ORGANIC SILT & CLAY

- trace fine sand

- extensive organic
laminations

|0 66¢€
o171

5 181

-~ slight to low plasticity
Ice lenses 1/4-1/2mm. spaced

@ 1/4-1mm.

SRS

[d Yt

e

Y L0E
rAa

.Om.

ORGANIC SILT & PEAT

AL

L 252
L 174

.65m.

ice lenses 1/4-1mm. spaced
@ 1/2-2mm.

SILT

- trace fine sand

\6,Nbn

Vr,Vs
Nbn

.95m.\

.35m.

- slight plasticity

NH

—

ice lenses 1/Lmm. @ 1/2-2nm .

SILT

- and fine sand
laminations

SILT

in 1/2-2cm.

-]

trace fine sand

Vr,Vx

.75m.

trace clay
organic layers

Vx

Ao

.2m.

slight plasticity

[£D)

ice lenses 1/4mm. spaced
2-5mm.

NOTES:
1.

2.

SAND
- fine
- some silt, trace clay

Y

w

ice lenses 1/Lmm. spaced
5-15mm.

GRAVEL

- some sand

-~ trace silt

END OF HOLE @ 5.2 m.

Hole located 85 m. west of Dry
Creek

Area vegetated with small
grassy hummocks and a moderate
spruce growth to 10m.

Test hole augered to 0.4 m. and
cored from 0.4 to 5.2 m.

civilt
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REMARKS: O—0

Sa. #2 (0.7-1.0m.)

GRAIN SIZE— MILLIMETRES

SILT & CLAY - trace fine sand,

low plastic

L)

Sa. #5 (2.0-2.5m.)

SILT & CLAY - trace sand, slight plasticity

LH—

Sa. #5A (2.5-2.95m.)

SILT - and fine sand, trace clay

GRAVEL SAND
COARSE | FINE |cOARSH MEDIUM | FINE SILT OR CLAY
U.S. STANDARD SIEVE SIZE
3 2Nw2'"3/4" 38" #4  #I0  #20 #40#60HI00 #200
100 s &1 1 r=prh
N W
N \
90
IR
& KR
DN
70 \\ | \ Li\
2 60 \ Y
| = i\ Ex\ )
N
50
& A \
= pA :
i 40 Ny 3t
= ™. e
& 20 N |\
O
A -
& TR T
20 ©
A
RN
0 .
100 10 1.0 0.1 0.0l 0.00i 0.000!
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GRAVEL SAND SILT OR CLAY
COARSE | FINE |coARSH MEDIUM | FINE
U.S. STANDARD SIEVE SIZE
3 22! 51}'"3/4" 3/8" #4 #lﬁ% #20 #40#60H#I00 #200
X h 2 =
N A
90 \ AN \\\
\ | K
80 \ \ \
\ \
70 &S\ \é \.
= 60 \\ Q \
5 N \ \
s \o \ A
- X \ X
L 40 AN\ i I3
- NS \ N\
Z 1 N\ AV \o
@ ‘25\\ N " \l
. =N el
10 NalBs
] Do ~=f
o U
100 10 .0 0.1 0.0l 0.001 0.000I
GRAIN SIZE— MILLIMETRES
REMARKS: O——0 Sa. #7 (3.55-3.95m.) SILT - trace fine sand, trace clay
O—-— Sa. #8 (4.35-4.75m.) SAND - fine, some silt, trace clay
OH—— Sa. /8N (4.75-4.90m.) GRAVEL - some sand, trace silt
O&—1 Sa. #10 (5.05-5.2m.)  GRAVEL - some sand, trace silt

JAYND 3ZIS NIVYD




FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 7-11

Sample Sample Fro?en Bu]k3 Frozgn Bulk
No. Depth (M) Density KG/M Density PCF

2 0.70-1.00 1,440 85.5

3 1.00-1.35 1,290 76.6

ut 1.70-2.00 1,130 67.1

5 2.00-2.50 1,290 76.6

5a 2.50-2.95 1,670 99.2

6 2.95-3.55 ' 1,600 95.0

7 3.55-3.95 1,660 98.6

7a 3.95-4.35 1,640 97.4




TEST HOLE LOG

HAMMER WT. 63.5Kq]
HT. DROP

76 ¢cm.

PERMAFROST

LOCATION See Plate A-0890-7-2

ELEVATION

2267.98

COHESION -

Kg./Sq.cm.

T I T T
0.2 0.6

T
10
DFIELD VANE D\ LAB VANE

T i I

DATA
BLOW

15¢cm.

SAMPLE
TYPE

DEPTH No;

NR.C.

CLASS

N.F.
or

F.

DESCRIPTION OF MATERIAL

PLASTIC
LIMIT

WATER
CONTENT

1.4 1.8
@i UNCONF.

LIQuID

T

LimiT

SY

SY

SY

1

NF

.2

0.1m.

10.95m.

organic cover

ORGANIC SILT

- roots & wood specks
- dark brown

SY

SY

SPT

Nbn,
Vr

i .75

NF

2 .2m.

\

SILT
- little to some fine sand
- trace clay
- laminated, stiff
- slight plasticity
- grey brown
some fine sand

o3

Qe
/ o

N\

hm.

w

SAND

- find to medium

~ little silt

- trace to little gravel
- trace clay

- light brown

silt layer € 3.4-3.5m.

.\

.Om.

=

SAND
- some gravel
- some silt, trace clay

6.0m.

GRAVEL

- and sand

- some silt
- trace clay
- dense

~ brown

7.5m.

SILT

- littie gravel

- little sand

- laminated & layered

- slight to low plasticity
- grey

3. 5m.

10

GRAVEL

- some sand

- some silt

- well graded

(based on drill action &
cuttings returned in
drilling mud

END OF HOLE 2 8.5m.

CONT'D.

JOB No.

AL0890

PROJECT

Frost Heave Test Sites

LOCATION MP 31

HOLE No.

17-7-12

DATE Oct.

30/77 PLATE

K.L.C. - METRIC



TEST HOLE LOG

SAMPLE DATA

ELEV COLLAR

UNCONFINED COMPRESSION T.SF

WEIGHT HAMMER 140 Ib.

ELEV GROUND

HEIGHT DROP 30 inches

CO~ORD. LOCATION

B8LOWS
6"

DEPTH
ELEV

0.D
1.0.

NO.

SymBoL

DESCRIPTION OF MATERIAL

L2 v ¥ T T \ ¥ 1 3

0 10 20 30 40
@ FIELD VANE A LAB VANE FEUNCONF.
PLASTIC WATER ILIQUD
LIMHT CONTENT T
X e = 0 —— === X

Notes:

1. Hole located 22 m. northwest of Dry
Creek.

2. The site is situated between a denser
stand of spruce located to the east
along Dry Creek, and a sparsely
vegetated open area to the west.

3. Hole augered to 3.5 m., cored from
3.5 to 4.2 m., and drilled with mud
from 4.2 to 8.5 m.

AANLF
7 =

CIVIL & GEOTECHNICAL ENGINEERS HOLE No.

JOB No. AL0890
PROJECT Frost Heave Test Sites
sz Klohn Leonoff Consultants Lid. |- == =

77-7-12 Continued

DATE Oct. 30/77 PLATE




% | GRAVEL SAND
SILT OR CLAY
0p =T COARSE | FINE |cOARSE| MEDIUM [ FINE
<15 U.S. STANDARD SIEVE SIZE ;
= =y o 3 2" I'3/4" 3§8" #4  #I0  #20 #40#60#I00 #200
- - 10 > \5&\ BT )y
P As )\
g
90 > ;
g@ \ \ \ L'\ \(:\
N3 | o VSN \ NEDY
4 E I < , NIIAN
4 I N IS
ra
- g @ \ Q).
g - <2t 60 \@\ \(2 \ \\ \
mi ——
zi D 5 0 \&i \ . \
@ . = = 420 \ by
3 b N N
mic 1z AR X
g a l(‘_)J 0 \ \GL )
e b B ||| T 2
3 r(2 603 8 8 i '\é\éaﬁ NS \‘ﬁ
A LR =B 1] =3 B! —b R T
=12 3|9/ CREA s
(ol B = )
< >
. 0
—- :I’. = E? rogo 100 0 1.0 0.1 0.0l 0.00I 0.000!
S TP A8 GRAIN SIZE— MILLIMETRES
= g
Bt Rl o REMARKS: ®——0@ Sa. #2 (0.95-1.13m.) SILT - little fine sand, trace clay, non plastic.
<
o o O—13 Sa. #4 (1.75-2.2m.) SILT - some fine sand, trace clay, slight plasticity.
m —
3 @ AN—A Sa. #5 (2.6-3.05m.) SAND - little silt, trace gravel
* :: o——0 Sa. #6 (3.2-3.4m.) SAND - fine to coarse, little silt, little gravel, trace clay
(:D*‘ o o Se- #7 (3.8m.) SAND - some gravel, some silt, trace clay.
w
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TEST HOLE LOG

HAMMER WT. 63.5Kog,
HT. DROP

76 cm,

PERMAFROST

LOCATION  See Plate A-0890-7-2

COHESION - Kg./Saq.cm

ELEVATION  2270.70

T T T 1
0.2 0.6 1.0 1.4
OFIELD VANE {N1AB VANE [

SAMPLE DATA

BLOW

15cm.

DEPTH{ TYPE

SYMBOL

NR.C.

N.F.
or
F.

DESCRIPTION OF MATERIAL

PLASTIC WATER
LiMIT CONTENT

I T
1.8

F' 1

LiQuidb
LIMIT

CLASS

NF
0.5

ORGANIC COVER
ORGANIC SILT & PEAT

0. Tm

SY 2

Vr,
Vx,
Nbn

- roots & pieces of wood

1.0m - dark brown to black

SILT-organic laminations
- trace fine sand

1.6mLand sand @ 1.4 - 1.6 m.

SY

3 SY

SY

e

OO

—

l

—

— ]

o
OO0 OO0 [ap]

3]

|

1.5

NF

SAND - fine to medium
- little silt
- laminated with rusty san
grey silt & brown organi
2.7m

d,
CcS

SAND - and gravel, tr. sil

3.1nrw\: well graded
\

t e

\/ »Ta=

m.

trace gravel 3.0 to 3.1
GRAVEL AND SAND
- trace silt, org. specks

- loose to medium dense

L. hm

SAND - fine to medium
- little silt
- tr. gravel, tr.

- wood specks
5.4m - well g?aded

clay

\1}_~(}43,Cr’

GRAVEL - and sand
little silt

layered
wood specks

brown '
sand, some gravel from

6.8m 6.65 to 6.8 m.

jo'g

a2
o

10

END OF HOLE @ 6.8 m.

Notes:

Creek.

2. Dense spruce growth to 15m.

3. Hole augered & cored to re-
fusal
Water level @ 3.2m. during
drilling.

L, Thermistors installed @ 0.5,
1.5, 3.0 & 6.0m. depth &
standpipe piezometer install

1. Hole located 16m. n.w. of Dry

in dense gravel @ 6.8m.

ed

T
= S

%= Klohn Leonoff Consultants Ltd
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A\
%‘% GRAVEL SAND SILT OR CLAY
0 =< COARSE | FINE JoOARSE MEDIUM | FINE
<lo U.S. STANDARD SIEVE SIZE
=y 3 2"Ww2' "3/4" 38" #4  #I0  #20 #40#60HI00 #200
3 100 A By )
@ — N o‘\\q% TN N
] ki
ot o 90 /AN R
519 A\ YAV EAN
- 80 \ \\ \
il 1\ \
ol =R
oh % Z 60 A \ \
e |2 X \IENEY
zp o ] 2 N
°la |2 N N
zi L 40
o - N\ \
my S Y N\
Pl O w by h
ol B o N \ R N
E 20 \ \'1\ (o)
Olxlr|v|< )
>|ololx|O \ G
~“i~l0olo|®@ “ N
Mim|>|< 1 N
31m|Zg 10 m ac;
AEIRN ~o
Sl 0
o T = als 100 10 Ko} O.1 0.0l 0.00I 0.000I
§ T j g S GRAIN SIZE— MILLIMETRES
SIS REMARKS: O ® Sa. #2 (1.5-1.6m) SILT - and fine sand
= g G——opmg Se. # 3 (1.6-2.05m) SAND - fine fo medium, little sil+
5 ; A A Sa. # 5 (2.72-3.0m) SAND - and gravel, trace silt, well graded
0 O——=¢¢ Sa. # 6 (3.0-3.1m) SAND - fine to medium, |ittle silt, trace gravel
w
i
(V]
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GRAVEL SAND SILT OR A
COARSE | FINE |COARSE| MEDIUM | FINE LT OR CLAY
U.S. STANDARD SIEVE SIZE
322 "3/4" 38" #4  #I0  #20 #40#60HI00 #200
100 R
SN:\
90 \\gd&\*&\f‘ B
80 NAVEAN N\
\\ ce\ \\
70
A )
Z 60 A \ /\,\
: NN
i AN\ AN
i 40 AN \ 2
- R \
Z 0 RN RN
2 \;%\\, \ I
& 50 AN . N
\
T =%
10 <
.
O 1 \NE‘
100 10 1.0 o.1 0.0l 0.00! 0.0001
GRAIN SIZE— MILLIMETRES
REMARKS: _@—@ Sa. # 7 (4.1-4.4m) GORAVEL & SAND - trace silt
G g Sa. # 9 (4.6-4.85m) SAND - fine to medium, little silt, trace gravel
O—of Sa. #14 (6.0-6.1m) GRAVEL - and sand, little silt
O—~@ Sa. #16 (6.65-6.8m) SAND - some gravel, some silt
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TEST HOLE LOG

HAMMER WT. 63.5kg. LOCATION See Plate A-0890-7-2 COHESION - Kg./Sg.cm.
_ |PERMAFROST 2.38 02 o6 10 | 14 1
HT. DROP 76 cm. | O ELEVATION  2272. | BricLo yANE (3 1AB vane Bl uncons
SAMPLE DATA | X [ NRC.[NF astic  waree - tioun
Tl or | DESCRIPTION OF MATERIAL | xoo = 0 e e X
15 em. | N CLASS| F. 10 30 50 70 90%
0.1m ORGANIC COVER
SILT
- - trace fine sand XX| o
SY 1 - trace clay oy
1 ; . ~l
— - extensive organic lam-
SY 2 inations & wood specks | e
— - slight to low plasticity &5@
- stiff, brown i
sy 3 %
2 - -g—-]-—-——some sand /ﬂ
SY b - ”
sy B GRAVEL - some sand
—5 - little silt
3 L - trace clay
C - fairly well graded
C
NF
b
(drilling below 3.7m. based on SPT
3l data, drill action, and cuttings
spT | 36 returned in the drilling mud). %
2 56 ]_._.__ coarse gravel
21 }————— sand layer |
6 SPT | 27 1
L8~
7
SPT [Ref ——— very dense gravel ©
- trace cobbles
8
9 ]———- sand layer
10 10.0m END OF HOLE 2 10.0m.
JOB No. AL0OS90
PROJECT Frost Heave Test Sites
£ Ioh L@ﬁ omsuﬂais %d SCATION TP 31
ENGINEE HOLE No. 77-7-14
DATE Nov. L4/77 PLATE

K.

L

.c. -

HETRIC



TEST HOLE LOG

HAMMER WT. 63.5Kg| LOCATION COHESION - Xg./Saq.cm.
PERMAFROST - Jz T oz T ‘% T 1 1 T

1.4 1.8
ELEVATION OFIELD VANE QO 1AB VANE B UNCONE.

N.F PLASTIC WATER LIQUID
o LIMIT CONTENT LIMIT

el rree O] * |cunss| % | DESCRIPTION OF MATERIAL | s —oo——momr

15¢m.

HT. DROP 76 cm.

SAMPLE DATA NR.C.

SYMBOL

Notes:

1. Hole located 20m. n.w. of Dry
Creek.

2. Vegetation is dense spruce to
20m. Ground surface is moss
covered and slightly hummocky.
No free water encountered to
3.7m. during drilling.

3. Hole augered and cored to 3.7m.
and drilled with mud from 3.7
to 10.0m. Hole sampled with
SPT below 3.7m. and strati-

graphy based on this data as
well as drill action and
cuttings returned in the
drilling mud.

L, Thermistors installed @ 0.5,
1.5, 3.0 and 6.0m. depths.

JOB No. AL0890

PROJECT Frost Heave Test Sites

s Klohn Leonoff Consultants Ltd. 5o 31

CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-7-14 Continued

DATE MNov. L/77 PLATE

K.L.C. -~ RETRIC



GRAIN SIZE CURVE
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MP 31

HOLE No.77-7-14

PROJECT
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DEPTH

23/77
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TEST HOLE LOG

HAMMER WT. 63.5kg.

LOCATION See Plate A-0890-7-2

COHESION - Kg. /Sq. cm.

. _1 |PERMAFROST 072 J 0'6 T “0 l I 8
HT. DROP 76 cm. o ELEVATION 2272.70 SFIELD VANE QLABVANEW‘_
sampie_0aTA_| = ['NRCTNE e gams,
5w o | DESCRIPTION OF MATERIAL | x-o___= ool :
15cm. | 9 CLASS| F 10 30 50 70 20%
0.1m  ORGANIC COVER ¥o
NF SILT -organic laminations 1185
0.6 L]
. - little fine sand >
1 C n.7 - slight to low plasticity ?r
- brown
1.25m LB
C GRAVEL- some sand ()i:
'?——~——1:_trace silt, grey
. /75m some silt below 1.hm.
2 SAND - fine to coarse
- ?ome]SIIt |
- little grave
2.5m - dark brgwn
SY SAND - SILT - GRAVEL 7
3 - layered
SY 3.2m o
SAND & SILT e
NF {3 75m - little gravel //
y )y d
32 GRAVEL /,
SPT | 33 , o
35 - and sand
- little silt
5 - interlayered
- very dense
34 - rusty brown
SPT | 37
6 22 5.95m
Sa npt rec. END OF HOLE @ 5.95m.
Notes:
1. Hole located on southeast side
7 of Dry Cr., 13m. east of old
telephone line.
2. Vegetation consists of sparse
spruce to 5m. and willows to
3m.
8 3. Hole augered & cored to 2.5m.,
drilled with mud from 2.5 to
5.95m.
L. Single thermistor installed @
9 1.5m.
10
JOB No. AL0890
PROJECT Frost Heave Test Sites
gﬁ% Klohn Leonoff Consultants Lid. [ Soron—m 31

= ClVlL

& GEOTECHN!CAL ENGINEERS | HOLE No.

77-7-15

DATE Nov. 5/77 PLATE
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GRAVEL SAND
o COARSE | FINE |COARSH MEDIUM | FINE SILT OR CLAY
<o U.S. STANDARD SIEVE SIZE
= =3 3 2'W2'1"3/4" 378" #4  #I0  #20 #40#60HI00 #200
= 100 =
I \()\
4 Y 90 >
519 \ \ ™~
‘o 80 \ R o\
ol =h \ \ AN
4 P 26 \ \\ \3\\
2
e G
13 | 5 ool AN
m i == %\D\ﬂ\ \
50
2D |« \ _t—a_ R
o) g 2 \ ‘u\
z| 0 L 40
m g - - \n :
; el 5 0 \\
o bl Q“ B:) \ : i&h\\
7T} \E{ - ~
21515135 =3 DR
|2 |3|E|E| o I oW \'\o;x
51912 =0 =%
< o
' ~J O 1
a7 100 10 1.0 0.1 0.0l 0.000I
3 IS g E GRAIN SIZE— MILLIMETRES
= % § REMARKS: O——0 Sa. #2a (1.25-1.4m) GRAVEL - some sand, trace silt
9 g G——o~@ Sa. #2b (1.4-1.6m) GRAVEL - some silt, some sand
3 ® O——0 Sa. # 4 (3.2-3.3m) SAND - some silt, litfle gravel (sandy layer)
+ o
n
_l.
w
=
®
wn
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1.0

2.0

SITE 8 (MP 41 1o 41.5)

INTRODUCT ION

This area was selected as a potential frost heave test sze.
The site is located between MP 41 and 41.5 along the proposed
pipeline right~of-way which parallels the H-F pipeline. The
Alaska Highway is located within 300 m. at the north end of the
site. The reader should refer to the attached location

plan on Plate A-0890-8-1 as well as the aerial and site photo-
graphs on Plates A-0890-8-2 & 3.

‘SUMMARY

The site is located in an old glacial meltwater channel which varies
from about 100 to 300 m. wide. The valley is confined by a conspic-
uous upland area to the north which is undertain by outwash and
hummocky moraine. In the south, the valley is bounded by a gently

sloping coalescing alluvial fan deposit.

In tThe area adjacent to the site, the meltwater channel valley is not
drained. Rather, drainage from adjacent areas flows into a number of
lakes which occupy the valley floor. A large lake exists immediately

northwest of the site.

Three test holes were drilled at this site ~ two located in the old
meltwater channel and a third hole located in the coalescing alluvial
fan terrain to the south. Based on fwo drill holes in the valley
bottom, The subsoils consist of an upper fine arained sirata overlying
gravel and sand soils at depths between 1.5 and 3 m. below ground
surface. No permafrost was encountered within the depths drilled in
either test hole. Based on one and two holes respectively drilled in the
coalescing alluvial fan terrain during the 1976 and 1977 programs, the
soils underlying this area consist of frozen, interlayered organic silts,
sands and gravels. In fest hole 77-8-3, the soils consist of 5.5 m. of
organic silts and clays, overlying coarse interlavered gravel and sand;

and permafrost occurs below a shallow unfrozen active laver.

Klohn Leonoff Consultants Ltd.



3.0

4.

.

SITE DESCTIPTION

Test hole 77-8-1 is located at the north end of the site, about

75 m. southeast of a large lake which occupies the valley bottom.
The H-F pipeline lies about 120 m. to the east. The terrain slopes
gently 1 to 2% towards the lake and is relatively 6pen with a
sparse growth of willows. Locally about 10 m. north of the drill
site, a small 1 m. deep drainage gulley (dry at the time of the

investigation) is incised into the ground surface.

Test hole 77-8-2 is located about 250 m. southeast of 77-8-1. The
terrain between these holes slopes gently 1% to the northwest and

is sparsely vegetated with willow and spruce. Test hole 77-8-2 is
located 30 m. west of the H-F pipeline. Vegetation at the drill site

consists of a sparse growth of willow and spruce to 5 m. high.

Test hole 77-8-3 is located 500 m. south of 77-8-2 along the H-F
pipeline. The terrain between these test holes is similar to the
conditions at 77-8-3. The ground surface which slopes at 3% to the
east is covered with peat tussocks. Ponded water occurs between
the tussocks and in depressions. Vegetation consists of a light

growth of spruce to 8 m. high.

SOIL AND PERMAFROST CONDITIONS

Test Hole 77-8-1

Test hole 77-8-1 was drilled to a depth of 8.5 m.. The hole was
augered to 2.0 m. and rotary drilled with mud below 2.0 m.. The

upper soils to a depth of 1.55 m. consist of lacustrine silt and

clay. These soils are laminated with fine sand and organic materials,

and have an average moisture content of 40%. These fine grained
soils overlie interlayered coarse gravel and sand to the maximum

depth drilled (8.5 m.).

The entire test hole was unfrozen within the total depth drilled.

Klohn Lesnoff Consultants Ltd.



4.2

4.3

Test Hole 77-8-2
This test hole was drilled fo a depth of 9.6 m. by augering
to 3.64 m., then rotary drilling with mud below 3.65 m.. The

topstratum consists of organic silt and clay to a depth of

0.75 m.. From a depth of 0.75 to 3.0 m., the subsoils consist

of a laminated, medium plastic clay and silt. The moisture
content is uniform, averaging about 35%. These upper fine grained
soils overlie very dense, interlayered sand and gravel strata.

From a depth of 3.0 to 5.5 m. the granular materials are comprised
of fine to coarse sands with a little silt and gravel. The sand
grades into an interbedded gravel -and sand material at about 5.5 m.
and extends to the maximum depth drilled (9.6 m.). Due to the
rotary nature of the drilling equipment, no representative samples

of the coarse, unfrozen gravel materials were obtained.
The entire test hole was unfrozen within the total depth drilled.

Test Hole 77-8-3

This test hole was drilled to-a depth of 10.0 m. by augering to
0.6 m., coring from 0.6 m. to 5.15 m., and rotary drilling with
mud below a depth of 5.15 m.. From ground surface to a depth of 3
5.5 m. the subsoils consist of an organic silt and clay. The moisture
content of the upper 3.5 m. is high, ranging from 100% to more than
300%. From 3.5 to 5.5 m. the moisture content decreases from 80
to 50% with stratum depth. The fine grained organic soils are

underlain by interlayered gravel and sand.

Permafrost occurs from a depth of 0.6 to 10.0 m.. The upper 5.5 m.
has a medium to high ice content with ice lenses up To 2 cm. Thick.
The estimated excess ice content varies up To 30%, averaging about
15% by volume. Due to the rotary nature of the drilling squipment,
representative samples of ine underlying gravel stratum could not

be obtained for permafrost classification.

Klohn Leonoff Consultants Lid.
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SITE 8

View northwesterly at Site 8§ along the Haines-Fairbanks pipe-
line. The meltwater channel valley which is partly occupied

by a lake is evident in the background. The coalescing alluvial
fan terrain in the foreground is vegetated with a moderate growth
of spruce.

A-0890-8-3



TEST HOLE LOG
HAMMER WT. 63.5Kg. LOCATION See Plate A-0890-8-2 COHESION - Kg./Sq.cm.
s |PERMAFROST [— 02 06 10 14 | 18
HT. DROP 7e cm.. 8 ELEVATION @ FIELD VANE & LAB VANE @ E.
sampie_Data_| = [NRCNF T g
T ———ThoW ] or | DESCRIPTION OF MATERIAL | xo—___% 0 x
15cm. 1O CLASS| F 1030 50 70 90%
0.15m. organic cover Lo
B SILT & CLAY g
- trace fine sand
1 B - roots & organics
- slight to low plasticity :
Sy ]——\\\‘- light brown //5
SPT ]2 1.55m.-trace gravel o
2 91 GRAVEL
- some sand
3 3.0m.
| 3.2m. SAND
NF GRAVEL
- some sand
- (classification based on
e ] drill action & cuttings
returned in drilling ©
B mud) .
ar NOTES : |
1. Hole located in a former lake,
i in a meltwater channel at the
S.E. end of the present day
6 lake. Hole is situated about
120m. west of the H-F pipeline.
Terrain slopes 1-2% to N.W.
2. Site is void of forest cover
and is vegetated with grass and
scattered willows.
/ 3. Hole augered to 2.0m. & drilled
8 with mud from 2.0 to 8.5m.
_8 |
8.5m.
9 END OF HOLE @ 8.5m.
’ JOB No. AL0890
PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd. r oo rion 1w 11 o i1

HOLE No. 77-8-1
DATE oct. 11/77 PLATE

L
K.L.C. -~ METRIC




TEST HOLE LOG
HAMMER WT. 63.5xg. LOCATION See Plate A-0890-8-2 COHESION - Kg./Sq.cm.
_, IPERMAFROST - orz T 0'6 ' 1'0 L ]'4 I ]'a
HT. DROP 76 cm. 8 ELEVATION F.IELDVAB.IE A'B VANE . .
sampie bATA | = [NRCINE | T awm, e
v or DESCRIPTION OF MATERIAL Xm— e — SR — X
pepTH] Ty PE [BIOW Ney CLASS| F. A 10 30 50 70 _90%
ORGANIC SILT & CLAY j ?3?
B - roots || 3
i 0.75m. - dark brown 1+
1 v L]
B wa/ CLAY & SILT /@'
géé ~ trace sand
7 - stiff to very stiff at
B i
sy [6 |Li7 depth B
o - medi high plasticit
9 16 ééé medium to high plasticity
SPT |15 5 é%g - yellowish-rusty brown
_— ///
%%%%
2%%‘ —}———- little sand
3 | s 7 3.0m. - trace gravel
SY I
SPT SAND ,
NF - fine to coarse
L - little silt ,
- little gravel becoming
coarser with depth
- gr
B grey
5
5.5m.
GRAVEL & SAND
6 - interbedded @ 0.25-0.5m.
(classification based on
drill action and cuttings
returned in the drilling
7 mud).
NOTES:
1. Hole located on south side of
an old meltwater channel. 30m.
west of the H-F pipeline right-
8 of-way.
2. Site vegetated with willow and
sparse spruce to 5m. high.
3. Hole augered to 3.65m., then
rotary drilled with mud.
9
B
9.6m.
10 END OF HOLE @ 9.6m.
JOB No. AL0890 ‘
PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd. H5cms0 % 71 to iT.5
CIVIL & GEOTECHNICAL ENGINEERS |HOLE No. 77-8-2
DATE o0ct. 12/77 PLATE

K.L.C. -~ METRIC



TEST HOLE LOG

HAMMER WT. 63.5kg.
HT. DROP

76 cm.

PERMAFROST

LOCATION  gee Plate A-0890-8-2

COHESION - Kg./Sq.cm.

T T i T ! ¥ T

ELEVATION

I
0.6 1.0 1

DATA NR.C.

BLOW

1Scm.

SAMPLE
~ IDEPTH

TYPE NoJ CLASS

N.F.
or

F.

DESCRIPTION OF MATERIAL

PLASTIC
LIMIT

WATER
CONTENT

0.2 4 1.8
@FiELD vanNe O\ 1aB vANE BB uNCONE. |

LIQuID
LIMIT

T

0:6

ORGANIC SILT
- peat layers

NF

Vr,Vs
Vx

OO @

- pieces of wood

- little clay

- trace sand

- roots

= dark brown

lce crystals 5mm. spaced
@ 5 to 10mm.

random & stratified ice
lenses to lcm.

%

some fine sand

o721
124

339
259
o

°326

°192

©279

o142

VX, VT

10 Vs

11§

(e 2 o T o M o }

Vr,Vs
Nf

ORGANIC SILT & CLAY
- trace fine sand

- laminated

- low plastic

- brown

4. 5m.

EON

>a188

CLAY & SILT

- trace fine sand

- organic laminations
- medium plastic

5.5m.

(?)

Vx, Vclk

GRAVEL
- medium to coarse
- some sand
(based on
cuttings
drilling

drill action
returned in
mud) .

8. Om.

&

SAND

- some gravel
(based on drill action
cuttings returned in
drilling mud).

<X410.0m.  END OF HOLE @ 10.0m.

(cont

&

Klohn Leonoff

CIVIL & GEOTEC

JOB No.

AL0890

PROJECT

Frost Heave Test Sites

Consultants Ltd. ~577 55

MP 41 to 41.5

ENGINEERS

HNICAL HOLE No.

77-8-3

DATE 0ct.12/77

PLATE

K.L.C. - BETRIC



TEST HOLE LOG

HAMMER WT. 63.5Ko. LOCATION COHESION - Kg./Sg.cm.
PERMAFROST 1 T T 1T 77

i
0.2 0.6 1.0 14 1.
ELEVATION OFIELD VANE {\1aB vane Bl uNconE.

NRC.INE PLASTIC WATER tQuip
LMIT CONTENT LIMIT

or DESCRIPTION OF MATERIAL P R — X

BLOW
[DEPTHI TYPE No CLASS| E 10 30 50 70 90%

I1S5em.

HT. DROP 76 cm.

SAMPLE DATA

SYMBOL

NOTES:

1. Hole located 50m. west of
H-F pipeline. Site situated
on a coalescing alluvial fan
which slopes gently to the

east.

2. Ground surface covered with
extensive peat tussocks.
Site vegetated with sparse

spruce to 8m.

3. Hole augered to 0.6m., cored
from 0.6 to 5.15m., and
rotary drilled with mud
below 5.15m.

| JOB No. 70890

PROJECT Frost Heave Test Sites
» Klohn Leonoff Consultants Lid. 5550y NP b1 - 415
ENGINEERS | HOLE No. 77-8-3
DATE oct. 12/77 PLATE

CIVIL & GEOTECHNICAL

K.L.C. -~ METRIC



SHIANIONIT TTVYIOINHODILOID % TTILAID

‘DI SIUB}NSUOD }JOUO0ST UYOlY

31vd
‘ON 3710H
NOILYO01

tey ¥

e-8-1L1

STy - I dW

H1ld3da
S371S 3501 SAEoH 150447

103rodd

‘ON g0r

068071V

GRAVEL
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100
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FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 8-3

Sample Sample Fro%en Bulk3 Froz?n Bulk

No. Depth (M) Density KG/M Density PCF
2 0.60-0.85 1,040 61.8
3 0.85-1.10 1,090 6h.7
L 1.10-1.45 1,120 66.5
5 1.45-1.90 1,070 63.6
6 1.90-2.30 1,080 6L.2
7 2.30-2.75 1,210 71.9
8 2.75-3.10 1,250 74.3
9 3.10-3.25 1,190 70.7
10 3.25-3.70 1,230 73.1
13 L.72-5.15 1,590 9L .4




1.0

2.0

SITE 9 (MP 32.5 fo 33)

INTRODUCT ION

This area was selected as a potential frost heave test site
subsequent to initial drilling in the Dry Creek meltwater
channel at Site 7. The site is located about 1.1 km. west
of the proposed pipeline right-of-way which parallels the
H-F pipeline. The Alaska Highway is located within 400 m.
east of the site. The reader should refer to the

attached location plan on Plate A-0890-9~1 and the aerial
photograph on Plate A-0890-2.

SUMMARY

This site is situated along Dry Creek in an old glacial meltwater
channel. The Dry Creek valley is well defined and about 400 m.
wide. It is flanked by upland areas to the east and west which
are underlain by glacial outwash. The valley bottom is slightly
hummocky and poorly drained, with many small thermokarst lakes.
Dry Creek meanders in a sinuous manner and occaisionally displays
beaded drainage which usually indicates the presence of ground ice

and permafrost.

Four test holes were drilled at this site. The subsoil profile is
similar across the site, consisting of an upper stratum of fine
grained, highly organic soils overlying interlayered gravel and
sand. The upper organic strata vary from 4.8 fo 13.2 m. thick

and consist essentially of peat and both organic and inorganic silt.
These fine grained organic soils overlie gravels. Representative
samples of the coarse gravel materials were difficult To obtain as

a rotary drill was used for this program.

Permafrost is widespread at the site. All four test holes encount-
ered permafrost to the maximum depths drilled. The ice generally
occurs as thin, closely spaced horizontal or randomly oriented
lenses. In test hole 77-9-4, a layer of ice and soil more than 3m.

thick, has more than 50% excess ice by volume. The ice content of

Klohn Leonoff Consultants Lid.
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-2 -

of the coarse gravel substratum underlying the area was not

ascerfained as a rotary drill and mud was used for this

program.

SITE DESCRIPTION

Test hole 77-9-1 is located at the northern end of the site, about
70 m. south of Dry Creek.  The area south and west of the site is

- swampy and poorly drained. The ground is slightly hummocky and

the terrain slopes into the swamp. The swamp is overgrown with
grass, but is essentially void of forest cover. The surrounding
area adjacent to the swamp is vegetated with a light to moderate

growth of spruce to 8 m. high.

Test hole 77-9-2 is located about 150 m. southeast of 77-9-1. The
terrain between these two test holes is low lying but slightly
hummocky, and vegetated with a moderate growth of spruce to 10 m.
high. AT the drill site, which is located 10 m. west of Dry Creek, -
the ground slopes about 5% towards the creek. Vegetation at the site

consists of a moderate growth of spruce to 12 m. high.

Test hole 77-9-4 is situated about 130 m. south of 77-9-2. The

Terrain between these holes is similar to that at 77-9-2. The drill
site is located about 8 m. east of Dry Creek and is vegetated with a
sparse growth of spindly spruce. The terrain slopes 3% towards the

creek.

Test hole 77-9-3 is located about 150 m. south of 77-9-4. The terrain
between these holes is slightiy hummocky and vegetated with a moderate
to dense growth of spruce to 15 m. high. The drill site is located

on the east side of the Dry Creek valley, 30 m. from the toe of the
east valley sideslope. A small water filled depression exists
immediately east of the site. The ground surface is covered with

peat tussocks and the area is essentially void of ftrees except for

a sparse growth of stunted spruce.

Klehn Leenoff Consultants Lid.
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4.1

4.2

-3 -

SOIL & PERMAFROST CONDITIONS

Test Hole 77-9-1

This test hole was drilled to a depth of 5.0 m. by augering

to 0.5 m. and coring from 0.5 to 5.0 m.. The subsoil profile
consists of peat and organic silt, overlying gravel and sand
materials. The interlayered peat and organic silt strata extend

to a depth of 4.8 m.. The soils have a high moisture contents

which generally vary from 150 to 450%. The basal granular stratum
from 4.8 to 5.0 m. consists of a coarse gravel and sand with a little

silt.

Permafrost occurs from a depth of 0.5 to 5.0 m.. The upper peat and
organic silt soils have medium ice contents. The estimated excess
ice content averages about 10% by volume. The permafrost classific-

ation of the underlying gravel was not determined.

Test Hole 77-9-2

This test hole was drilled to a depth of 11.2 m. by augering to

0.5 m., and coring from 0.5 to 11.2 m.. The subsoil profile consists

of organic silts, overlying silt,all of which overlies a coarse

gravel layer. From ground surface to depth of 5.9 m., the soils consist
of an organic silt with peat layers. The moisture contents are high,
averaging in excess of 100%. A grey silt with organic pockets and
faminations of clay and sand occurs below 5.9 m. to a depth of 10.9 m..
The silt has a moisture content varying from 35 to 85%, averaging

about 65%. These fine grained and organic soils overlie a gravel

stratum from 10.9 to 11.2 m..

Permafrost occurs from 0.6 to the maximum depth drilled (11.2 m.). The
upper peat and organic silt soils have medium-to~high ice contents. The
estimated excess ice content ranges up to more than 50% in ice and soil
layers, but averages about 20% by volume. lce usually occurs in thin
horizontal and randomly oriented lenses. The grey silt stratum

also has ice and soil layers up to 0.4 m. thick, but the overall ice
content is low-to-medium. The estimated excess ice content averages

about 10% by volume in the stratum. The permafrost classification of

Klohn Leonoff Consultants Ltd.



the underlying gravel was not determined.

Test Hole 77-9-3
This test hole was drilled to a depth of 8.5 m. by augering

to 0.9 m., coring from 0.9 to 7.4 m., and rotary drilling with

mud from 7.4 to 8.3 m.. The subsoil profile is consistent with
the other test holes at the site. An upper organic silt stratum
extends from ground surface to a depth of 2.2 m.. This soil has

a high moisture content varying from 95% fo more than 400%. A
dark grey laminated silt underlies the organic topstratum from a
depth of 2.2 to 7.4 m.. This stratum is non-to-slightly plastic
and has thin laminations of sand, silt, and organic pockets. The
moisture content averages about 55%. A basal gravel stratum under

lies the upper fine grained soils from a depth of 7.4 to 8.3 m..

Permafrost exists from 0.7 to the maximum depth drilled (8.3 m.).
The upper organic silt stratum has a medium ice content, with excess
ice comprising about 10 to 20% of the soil by volume. The dark grey
laminated silt generally has a low ice content except for scattered
ice lenses up tfo 5 cm. in thickness. Ice usually occurs in horiz-
ontal and randomly oriented lenses from 1/4 to 5 mm. thick, spaced
at 5 fo 20 mm. apart. The permafrost classification of the under-

lying gravel was not determined.

Test Hole 77-9-4
This test hole was drilled to a depth of 13.3 m. by augering to
0.9 m. and coring from 0.9 to 13.3 m.. The subsoil profile is

consistent with other test holes at the site. The upper 13.2 m.

of soil below ground surface consists of infterlayered organic silt
and laminated silt of lacustrine origin. The moisture contents are
high, varying from 30 to 160%, and averaging about 70%. These organic

and fine grained strata are underlain by a coarse, silty, sandy gravel.

Permafrost occurs from 0.6 m. T0 The maximum depth drillted (13.3 m.).
The ice content of the fine grained organic and silt soils varies
from low to very high. A Thick layer of ice and soil (with an excess

ice content of more than 50% by volume) occurs from a depth of

Klohn Leonoff Consultants Lid.
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4.95 to 8.3 m.. The permafrost classification of the underlying

gravel was not determined.

Klohn Leonoff Consultants Lid.
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TEST HOLE LOG
HAMMER WT. 63.5Kg. LOCATION - -G~ COHESION - Kg./Saq.cm.
° . lpermarrost See Plate A-0890-9-2 A :[4 —
HT. DROP 76 em, g ELEVATION @ FIELD VANE QLA'B VANE F@ | ]
SAMPLE DATA | = [NRC[NF Piasrie T warzR, oo
= & or | DESCRIPTION OF MATERIAL | xoo_ < o0 X
DEPTH TYPE =] 10 30 50 70 20¢/
: ' 16 370
PEAT & ORGANIC SILT T 403
B - laminated with silt & clay ®
‘ - black 448
o
1 c
. . 210
=c—— ice lenses 1 to Smm. thick O 165
C spaced @ 5 to 10 mm. O
1. 7m. @ 280
2 ORGANIC SILT & CLAY & 223
C ~ wood pieces
2. Ly~ brown & 210
PEAT & ORGANIC SILT & 234
3 - laminated with silt & clay & 206
¢ - trace gravel & 457
- trace sand 4 221
c 4 225
[} C 3.8m. /Gr//
PEAT & ORGANIC SILT ~ }
c - some gravel o
204 - some sand ’ﬂ_,i318]
1]
1y 4. 8m. | b1
5 |SPT [13cm 5.0m.SAND AND GRAVEL
- little silt
- grey
; END OF HOLE @ 5.0m.
NOTES:
1. Hole located in the Dry Creek
valley on north side of swamp.
Terrain slopes into swamp.
7/ 2. Swamp is vegetated with grass.
Adjacent to swamp a sparse
growth of spruce to 8 m. high.
3. Hole augered to 0.5 m. & cored
8 from 0.5 to 5.0m.
9
10
JOB No. AL0890
, PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd. [ ccrions o v or w525 1o 53
CIVIL & GEOTECHNICAL ENGINEERS |HOLE No. 77-9-1
| DATE Oct. 20/// PLATE

g.L.C. - MFTRIC



FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO. 9-1

Sample

Sample

Frozen Bulk

Frozen Bulk

No Depth (M) Density KG/M3 Density PCF
2 0.50-1.00 984.8 61.4
4 2.20-2.40 1,026.0 63.9
5 2.40-3.10 1,110.2 69.2
7 78.5

3.50-3.75

1,260.0




TEST HOLE LOG

HAMMER WT. 63.5K0

. - -0 - / .cm.
PERMAFROST |21 See Plate A-0890-9-2 o-:OTESENv :i: [sql' T
— ) ) . 4 18
HT. DROP 76 em. | O ELEVATION @FIELD VANE O\ LAB vANE B UNCONE. |
sawpie_oara_| £ [NRC[NE W,
S| or | DESCRIPTION OF MATERIAL | x——_-= S '
DEPTH TYPE s en {Noy CLASS| F. 10 30 50 70 90%
Ll: 0.15m. Moss cover
B TR vr,vs ORGANIC SILT ~
2l yx - little clay Tt 71
%’S : - peat inclusions 142
1 C 2;.. - pieces of wood )
3 - slight plasticity G/
i” - dark brown ;
c g zadi: K
2 '0 e ice lenses to lcm. vy 141
c 1 B
: £ ice & soil from 2.4-2.45m.
3 c " 3 Vr,Vs and 3.05-3.1m. depths.
“H L 119
C _S_ﬁ. 5 o 173
A U, Vs : ; 126
A B Vi | ice lenses to 2cm. thick ONAES
C 6?.;‘1 spaced @ 1.5cm. ol
2i - 120
c 7 ity : extensive ice lenses c//b
— R to lcm. thick \\P 121
5 C 8 %,
c 8a 1 I 1S5 .
|CE ICE & SOIL
61 ¢ 9 2.Jm. % 106
SILT =
Vr,Vs - organic pockets & layers ]
C 10 Vx - trace clay
-~ trace sand 0
! C 11 G{
7. h4m. s
- »0)
ICE o
7.8m. ICE & SILT /O
8 C 12 SILT q
] - organic pockets ¥
- trace clay, trace sand B
{Vr,Vs ~o
g € 3 pd
few ice lenses up to v
” 1.5cm. thick.
C
10 (cont'd.)

cCivilL

Klohn Leonoff Consultants Ltd.

& GEOTECHNICAL ENGINEERS

JOB No.  AL0890

PROJECT Frost Heave Test Sites

LOCATION 1 mi. W. of MP 32.5 to 33

HOLE No. 77-9-2

DATE oct. 20/77

PLATE




TEST HOLE LOG

12

END OF HOLE @ 11.2m.

NOTES:

1. Hole located in an old melt-
water channel, 10m. west of
Dry Creek. Ground slopes at
5% towards the creek.

2. Terrain is vegetated with
a moderate growth of spruce
to 12m. high.

3. Hole augered to 0.5m., and
cored from 0.4m. to 11.2m.

HAMMER WT. 63.5kg, LOCATION COHESION - Kg./Saq.cm.
_» |PERMAFROST 0I2 T olb T ‘lo T 114 T ]xa
HT. DROP 76 cn. 8 ELEVATION DFIELD VANE {NLAB VANE E@gmgokﬁ ‘
SAMPLE DATA 2 | NRC.INF PLASTIC WATER LIQuID
- LiMIT CONTENT LM
¥ BLOW v or DESCRIPTION OF MATERIAL X o e e P X
DEPTHI TYPE I3 { Ny CLASS| F 1030 S0 70 90%
. SILT O
c 15 Vr, - organic layers Q|
Nbn - trace clay, trace sand |_©
11 C ]6 10.9”1. O
5ol 11.2m.  GRAVEL
- some sand
- trace silt
- grey

> Klohn Leonoff Consultants Ltd.
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K.L.C. - METRIC



FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 9-2

Sample Sample Fro?en Bulk3 Frozen Bulk

No. Depth (M) Density KG/M Density PCF
2 0.90-1.20 1,240 77.3
3 1.20-1.50 1,201.7 74.9
it 1.90-2.50 1,167.7 72.7
5 3.10-3.50 1,275.0 79.4
6 3.50~-3.80 1,219.0 75.9
8 4.60-5.00 1,226.4 76.4
9 5.80-5.17 1,320.4 82.3
10 6.10-6.60 1,544.4 96.2
11 6.70-7.00 1,459.4 90.9
12 7.40-7.80 1,463.1 91.2
13 8.70-9.10 1,563.7 97.4
15 9.90-9.30 1,550.8 96.6




TEST HOLE LOG

HAMMER WT. 63.5Kg, PERMAFROST LOCATION See Plate A-0890-9-2 lcorrussurml— lig.{Sq.'cm.' r
"HT.DROP 76 cm. | D ELEVATION F oA UL < S
SAMPLE DATA = | NRC.INE PLASTIC WATER LIQUID
sow—] © or | DESCRIPTION OF MATERIAL | xoo___Z92l__ %
[PEPTHI TYPE Fsco{Noy CLASS| F 10 30 5070 90%
NE{O.7m.  peat cover 595
B ORGANIC SILT 426
= little clay
1 -~ trace fine sand
- organic pockets
C - slight plasticity 217
- grey-brown
C i & (ice lenses 1/4 to 5mm. thick,
2 i v, Vs ::::‘ spaced at 1 to 5mm. Few random bmg
e Ux 2. 2m. lensesup to 1.5cm. thick) o1
c se%eS
- 0::’ SILT /
R - trace sand Fof
3 5 ! - trace clay ?/
¢ % - organic pockets
- :::: - blackish grey
.:::0 two ice lenses to 5cm. thick
vl ¢ 6 XK
.:::0 5cm. layer of white sand /
K" or volcanic ash (i
205
C 7 02038 \
% .
— QR (ice lenses 1/4 to 5mm.
5 2000 : o
Vr, Vs[4S thick spaced at 5 to 20mm.
C 8 Nbn .::: few lenses up to 1.5cm. 0
::: thick)
6 C g .
Q
C 10 AN
7 | ‘t————~ice lenses to 1.5cm. thick \\Q
G5 0Me  gravel 7
SPT | 70 7. hm. d
ref GRAVEL
- some sand
.___E_;._ - some silt
8. 3m. (based on drill action &
cuttings returned in the
B \ drill mud.
9
] END OF HOLE @ 8.3m.
10 (cont'd.)
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TEST HOLE LOG
HAMMER WT. 63.5Kq. LOCATION ICOTESK'JNI' '<l9~/[5q.::m.l ‘
PERMAFROST I
- 0.2 06 10 14 1.8
HT. DROP 76 cm. 8 ELEVATION @FIELD VANE QLAB\{ANE% NCONE.
samrLe_oaTa_| = [NRCTNE W, e
Teow ] or | DESCRIPTION OF MATERIAL | 20 ___ 7 S X
DEPTH TYPE [5°5|Noy CLASS| F ‘ 10 30 50 70 90%
NOTES:
1. Hole located in Dry Creek
valley east of the creek.
2. Site is vegetated with sparse
spruce
3. Hole augered to 0.9m., cored
from 0.9 to 7.4m., then rotary
drilled with mud from 7.4 to
8. 3m.
d JOB No. ALQ890

PROJECT Frost Heave Test Sites
> Klohn Leonoff Consultants Ltd. r 5o o, v of 17 32.5 to 33

CIVIL & GEOTECHNICAL ENGINEERS [HOLE No. 77-9-3
DATE oct. 21/77 PLATE

K...C. - METRIC




FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO. 9-3

Sample Sample Fro?en Bulk3 Froz?n Bulk
No. Depth (M) Density KG/M Density PCF
3 1.30-1.90 1,238.9 77-2
} 1.90-2.20 1,300.4 81.0
7 L.00-4.60 1,459.9 91.0
8 5.00-5.50 1,427.6 38.9
10 6.00-6.70 1,615.6 100.6




TEST HOLE LOG
HAMMER WT. 63.5Kg, » LOCATION  See Plate A-0890-9-2 COHESION - Kg./Sa.cm.
-y |PERMAFROST e T T
HT. DROP 76 cm. 8 ELEVATION @FIELD VANE O 1AB vANE Hly
SAMPLE DATA E NR.C.§ N.F Ptfpjnrrlc c‘é’ﬁ'riix
BLOW v or DESCRIPTION OF MATERIAL X e e 0 — — e X
DEPTH| TYPE [ysen {Nof CLASS| F 10 30 50 70 90%
' : NF SILT b
6 ~ trace sand G//
B 0. - organic pockets \\
1 0.9m. - brown \\
ORGANIC SILT 109
- trace fine sand 133
C Vr,Vs - slight plasticity v
= brown v
2 1.9m.
SILT S
c 3 - trace sand AN
2.55m. - brown
3 ORGANTC SILT & PEAT e
3 4% -~ trace fine sand o
C 3.2m. - brown A
L~
SILT C
c - organic pockets
L - trace fine sand |
C Vr - brown \\
: 2
5 C 7 Vr,VS 4-95”’]- /d
ICE & SOTL /
- soil mostly grey, low ot
¢ 8_ plastic, silt & clay [~
with organic pocekts \\(,
S ¢ 2 ICE - ice lenses are inclined D\
& or near vertical ”6
SOIL
- 103
C 10 ©
7 — 1
C 11 /’G
- K z
TN
g | © 12 o
C ]3 8.3m. ¢ \\\
'—% Nbn 8. 6m. SILT & CLAY - grey \‘3\
2 C 14 ICE 9.0m. ICE & SOIL \3 159
| ORGANIC SILT d
- little clay /9/
Vr,Vs - grey
10 ¢ 15 ’ (cont'd.) Y
JOB No. AL0890
PROJECT Frost Heave Test Sites
= KIOhn L@Oﬂ@ﬁ CO“SUH@H%S Ltd LOCATION 1 mi. W. of MP 32.5 to 33
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No.  77-9-4
DATE Oct. 21/77 PLATE

¥ 1 r ~ mMETDr



‘TEST HOLE LOG

LOCATION

COHESION - Kg./S5q.cm.

2. Ground sufrace at the site is
moss covered and hummocky.
Moderate growth of spruce to

15m. high.

Hole augered to 0.9m., then
cored from 0.9 to 13.3m.

HAMMER WT. 63.5K,.
; _» [PERMAFROST 012 T olo T ‘Io T 114 T ]la
HT. DROP 76 em. g | ELEVATION ©FIELD VANE QI.A.BVANE ,. .
SAMPLE DATA | £ | NRC.INF PLASTIC WATER tauio
BLOW » or DESCRIPTION OF MATERIAL Ko e 0 = e e X
DEPTH TYPE o Noj CLASS 'F. 1o 20 50 70 0%
5 SILT f
¢ 16 ||| {VrsVs - little fine sand
Nbn - organic pockets
11]¢ 17 - rusty silt lenses
|| - laminated o)
¢ 18 - grey
12 ice lenses to 5cm.
Vr,Vs
C E ©
13 Nbn
13.2m.
— GRAVEL
- some silt
14 13.3m. — some sand
NOTES:
1. Hole located 8m. east of Dry
Creek. Terrain slopes 3% to
the west.

: JOB No. AL0590
PROJECT Frost Heave Test Sites
> Klohn Leonoff Consultants Ltd. Ko mon T v or w375 10 33
CIViIL & GEOTECHNICAL ENGINEERS | HOLE No. 77-9-[;
i DATE oOct. 21/77 PLATE

K.L.C. - METRIC




‘TEST HOLE LOG
HAMMER WT. 63.5Kg, LOCATION COHESION - s{g./sq.cm_
s (PERMAFROST 02 06 10 1]4 ' Ve
HT. DROP 76 cn. | & | ELEVATION OrieLn vae O LAB vave H ucot
sampie DATA_ | = [NRCINE U o, e
T Toowl | © or | DESCRIPTION OF MATERIAL | x—____Z ot S
15em. | o CLASS .F- 10 30 50 70 90%
< SILT f
c 16 Vr, Vs - little fine sand
Nbn - organic pockets
11| 17 - rusty silt lenses
: | - laminated o)
¢ - grey
12 ice lenses to 5cm.
Vr,Vs
C e o)
13 Nbn
éh _ 13.2m.
— GRAVEL
- some silt
14 13.3m. ~— some sand
NOTES:
1. Hole located 8m. east of Dry
Creek. Terrain slopes 3% to
. the west.
2. Ground sufrace at the site Is
moss covered and hummocky.
Moderate growth of spruce to
15m. high.
3. Hole augered to 0.9m., then
cored from 0.9 to 13.3m.
JOB No. AL0590
PROJECT Frost Heave Test Sites
l . ,
Klohn Leonoff Consultants Ltd. 5 o0 T or e 375 10 33
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No.  77-9-4
DATE Oct. 21/77 PLATE

K.L.C. - METRIC



FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO. 9-4

Sample Sample Frozen Bulk Frozen Bulk
No Depth (M) Density KG/M3 Density PCF

2 0.90-1.40 1,199.4 74.7

b 2.70-3.20 1,344.7 83.8

6 3.80-4.30 1,518.7 94.6

9 5.55-6.10 1,319.9 82.2

13 7.90-8.20 1,512.3 94.2




1.0

2.0

SITE 10 (34.5 to 35.5)

INTRODUCT ION

This area was selected as a potential frost heave test site
subsequent fo initial drilling in the Dry Creek meltwater channel
at Site 7. The site is located about 700 m. west of the

proposed pipeline right-of-way which parallels the H~F pipeline.
The Alaska Highway is |ocated within 200 m. east of the

site. The reader should refer to the attached location plan on

Plate A-0890-10-1 and the aerial photograph on Plate A-0890-10-2.

SUMMARY

The site is situated along Dry Creek in an old glacial meltwater
channel. The Dry Creek valley is about 400 m. wide and flanked

by upland areas to the east and west which are underlain by glacial
outwash and hummocky moraine. The valley bottom is slightly hummocky
and poorly drained, with a number of small lakes. Dry Creek meanders
in a sinuous manner and occasionally displays beaded drainage which

usually indicates the presence of ground ice and permafrost.

Two test holes were drilled at the site. The subsoil profile
consists of a thick organic silt topstratum overlying interlayered
silty gravel and sand materials. In test hole 77-10-2, a 3.15 m.
thick layer of silt and clay overlies the gravel and underlies the
organic silt. The organic silt and silt and clay soils vary from
5.65 m. thick in 77-10-1 to 8.0 m. thick in 77-10-2. These upper
organic and fine grained soils overlie gravel materials. Due to use
of rotary drilling equipment, representative samples of the coarse

granular materials were difficult to obtain.

Permafrost was encountered to the maximum depths drilled in both

test holes. The upper 4.85 m. of organic silt has a high ice
content. The estimated excess ice content of these soils varies from
5 to 40%, averaging about 25% by volume. The silt and clay stratum
below a depth of 5.5 m. in test hole 77-10-2 has a low excess ice

content averaging less than 10% by volume. The ice content of the

Kiohn Leonoff Consultants Ltd.



3.0

4.0

-2 -

gravel substratum was not ascertained.

SITE DESCRIPTION

Test hole 77-10-1 is located at the south end of the site, in a low
lying poorly drained area. The terrain is flat to very gently sloping,
and the ground surface is covered with peat tussocks. The area is

open with no forest cover except for a sparse growth of stunted spruce.

Test hole 77-10-2 is located about 250 m. north of 77-10-1. A small
lake occurs between these two test holes. The drill site is located
5 m. southeast of a small creek at its junction with Dry Creek. The
water leve!l in the creek is about 0.2 m. below the collar elevation
of the ftest hole. The area is open with a sparse growth of spruce to

10 m. high.

SOIL & PERMAFROST CONDITIONS

Test Hole 77-10-1

This test hole was drilled to a depth of 7.0 m. by augering to

0.85 m., coring from 0.85 to 5.7 m., and rotary drilling with mud
below 5.7 m.. The subsoil profile consists of 5.65 m. of organic
silt overlying gravel to the maximum depth drilled. The organic
silt is laminated with peat, pieces of wood, sand and clay, and

has a high moisture content varying from 100 to 300%. The basal
gravel stratum from a depth of 5.65 to 7.0 m. is interlayered with

silt and sand.

Permafrost occurs from 0.6 m. to the maximum depth drilled (7.0 m.).
The organic silt stratum to a depth of 5.65 m. has a high ice content.
The estimated excess ice content of this stratum averages about 25%
by volume. Ice generally occurs in fthin horizontal and randomly
oriented ice lenses from 1/4 to 5 mm. thick. The ice confent of the

gravel substratum was not ascertained.

Klohn Leonoff Consultants Lid.



4.2

Test Hole 77-10-2

This test hole was augered to 0.75 m., cored from 0.75 +to

8.0 m., then rotary drilled with mud from 8.0 to 9.0 m.. The
subsoil profile consists of organic silt, overlying silt and
clay, all of which overlies a coarse gravel stratum. The organic
silt topstratum extends to a depth of 4.85 m.. The stratum is
laminated with peat, pieces of wood, sand and clay, and has a
high moisture content varying from 100 to 300%. The organic sil+t
topstratum is underlain by a grey silt and clay soil of slight

to low plasticity, from a depth of 4.85 to 8.0 m.. The stratum
is laminated with fine sand and has scattered organic layers.

The moisture content varies from 25% to a maximum of 112% in an
organic layer, and averages about 55%. The basal gravel stratum

is interlayered with grey silt and sand.

Permafrost occurs from 0.6 m. to the maximum depth drilled (8.9 m.).
The organic silt soils to a depth of 4.85 m. have a high ice content.
Ice generally occurs as horizontal lenses up to 3 cm. thick. The
estimated excess ice content varies from about 20 to 50%, averaging
about 30% by volume. the silt and clay soils from a depth of 4.85
To 8.0 m. have a low-to-medium ice contents except in the upper

0.6 m., where the ice content is high. The average excess ice
content is less than 10% by volume. The gravel stratum from 8.0

To 8.9 m. has well bonded, non-visible ice.

Klohn Leonoff Consultants Lid.
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KLOHN LEONOFF CONSULTANTS LTD.
C L @ GEOTEC

ECHNICAL ® HYDRAULIC

VANCOUVER - CALGARY - WINNIPEG, CANADA

FROST HEAVE TEST SITES

TITLE

TEST HOLE LOCATION

PHOTO MOSAIC SITE No.10

CLIENT: e
FOOTHILLS PIPE LINES{YUKON)LTD.

ATE OF IS! T No.
D. o] SUE OCI./77. PROUEC o

> 7 AL0890
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A-0890-10-2
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TEST HOLE LOG
HAMMER WT. 63.5Kg, LOCATION See Plate A-0890-10-2 COHESION - Kg./Sq.cm.
_, [PERMAFROST 012 J 016 T Ilo T 1|4-1 1rs
HT. DROP 76 em. | B ELEVATION Deibi0 vat O ins vaNE B UNCORE.
sampie_DATA_| = [NRCTNE R R, e
DEPTHTYPE 1B o] or DESCRIPTION OF MATERIAL U 0 = e e X
15e¢m. Q. . CLASS| F 10 30 50 70 90%
L NF
5 SR ¢ ORGANIC SILT i
ZRaR 0. - trace sand in rusty seams ¥
-~ trace clay
1
C : - laminated 8)2]‘
2 EHAVr, Vx - dark brown
ik 120
2 C 3 %% O
e
Ba sand lenses L~
. — >
od
\\
3 C (ice lenses 1/4 to 5mm. thick) ~~n 126
1209
C
.246
b C peat layers
» - pieces of wood 1316
C 260
150
> 127
C L1
S gravel seam ////,//
c 5.65m. D/
6 GRAVEL
- - some silt
- some sand
- layered, grey
/ 7.0m.
END OF HOLE @ 7.0m.
NOTES:
1. Hole located in Dry Creek
8 valley adjacent to a swamp.
2. Ground surface is covered with
extensive peat tussocks, and
vegetated by spruce to 10m.
3. Hole augered to 0.85m., cored
9 from 0.85 to 5.7m., then rotary
drilled with water to 7.0m.
10
JOB No. AL0890
, PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd. [ ociriong s o v of mp. 3h.5 10552
cCIVvi HOLE No. 77-10-1
DATE Oct. 23/77 PLATE

K.L.C. - METRIC



FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 10-1

Sample Sample Frozen Bulk3 Frozen Bulk
No. Depth (M) Density KG/M Density PCF
3 1.60-2.20 1,207.2 75.2
4 2.65-3.10 1,212.8 75.6




TEST HOLE LOG
HAMMER WT. 63.5Kg. LOCATION - 1o COHESION - Kg./Sq.cm.
’ _ |permarrosT See Plate A-0890-10-2 T ,,: 4 °],4 T
HT. DROP 76 cm. 8 ELEVATION @F'IELD VANE A VANE B .
sampie_oata_| £ [NACTRE Wi, e
BLOW » or DESCRIPTION OF MATERIAL X e e 0 — e X
DEPTHITYPE [Tscm [No] [ CLASS| F 10 30 50 70 90% .
b NF o115
[ bR ORGANIC SILT rd
B RR:tisg 0.6 - peat layers GK\
1 A - trace sand in lenses 15125
i - trace clay
{01 - pieces of wood A 145
C 2 $Vr,Vs - dark brown
LT VX
c 3 eike (extrensive ice lenses 118
; up to 3cm. thick.) O
152
3
¢ | 257
z 320
c )
4 116
c P
/01]2
c L. 85m. |
5 SILT & CLAY //@
- trace fine sand 4
c 8 = slight-to-low plasticity /d
| - grey ;/
6 (ice lenses up to 2.5cm. thick) /
¢ 9 Vr,Vs d\
] Nbn
c 10 Nbe \X
Z el
organic layer N~ 112
c 1 e | e
8 1|
,,,,,,, c 8.0m. ?’
GRAVEL /
- some silt
- some sand, grey Cg
9 8.9m. -
END OF HOLE @ J.0m.
10 (cont'd.)
JOB No. AL0E30
PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd. oo on T 0 o w1 sae s
CIVIL & GEOTECHNICAL ENGINEERS [HOLE No.  77-10-2
DATE oct. 23777 PLATE

K.t..C. - METRIC



TEST HOLE LOG

HAMMER WT. 63.5Kg. LOCATION

with Dry Creek.

spruce growth to

8.0 to 9.0m.

1. Hole located in the Dry Creek
valley, 5m. southeast of a
small creek at its junction

2. Water level in creek 0.2m.
below hole elevation. Sparse

3. Hole augered to 0.75m., cored
from 0.75 to 8.0m., then
rotary drilled with mud from

COMESION - Kg./Sq.cm.

_, [PERMAFROST 012 T ]lo T ‘14 o

HT. DROP 76 en. | O ELEVATION Oritio vae O ias vane B uncers
SAMPLE DATA | £ | NRC.|NF PLASTIC WATER LQuID
= LT CONTENT LIMIT

BLOW » or DESCRIPTION OF MATERIAL X e 0 X
DEPTHI TYPE [557o Noy CLASS! E 10 20 50 70 0%

NOTES:

10m. high.

JOB No. AL0890

PROJECT Frost Heave Test Sites

Klohn Leonoff Consultants Ltd.

LOCATION ! mi. W.of MP34.5 to 35.5.

CiIVIL & GEOTECHNICAL ENGINEERS

HOLE No. 77-10-2

DATE 0Oct. 23/77 PLATE

T K.L.C.- METRIC




FROZEN BULK DENSITY TEST RESULTS
TEST HOLE NO. 10-2

Sample Sample Frozen Bu]k3 Frozen Bulk
No. Depth (M) Density KG/M Density PCF
3 1.60-2.00 1,175.2 , 73.2
4 2.85-3.30 1,084.8 67.6

11

6.80-7.20 1,525.0 95.0




AFD

AFP

BR-M

Br-V

FFP

GLB-1

GLB-2

HM

MTV

oW

RKM

MC

DF

PT

SH

TERRAIN TYPING LEGEND
for
SITES 1, 2, 3, 4, & 5

Alluvial Fan Deposit: Poorly sorted loose, ice-rich, sand and silt with
some gravel; gently sloping.

Active Flood Plain: Exposed or at least non-forested gravel, sand and minor
silt with some boulders.

Bedrock, Metamorphic: Hard schist, gneiss, quartzite, argillite, hornfels,
and cherty slate forming hills.

Bedrock, Volcanic: Hard rhyolite, latite, andesite, diabase and basal forming
hills.

Fossil Flood Plain: Alluvial gravel, sand and minor silt above normal flood
level of present streams; commonly forested.

Glacial Lake Basin, Better Drained Type: GCently sloping fo flat, thinly
stratified, ice-rich silt, and minor sand and clay
covered by up to 14 feet of peaT and organic silt.

Glacial Lake Basin, Thermokarst Type: Flat to gently stoping, thinly
stratified, ice-rich silt, sand and clay with thermo-
karst ponds and lakes.

Hummocky Morrain: Hilly, kettled moraine of rocky, sandy till with deep

' deposits of ice-rich silt, sand and clay with thermokarst
ponds and lakes.

Montane Valley Colluvium: Variable but generally thin, cover of poorly sorted,
commonly ice-rich, loose, colluvial boulders to silt
and organic silft.

Outwash Plain or Terraces: LlLoose stratified, locally ice-rich, gravel, sand and
minor silt, sometimes covered by up to 14 feet of peat and
organic sil.

Centle Ridge and Knoll Moraine Plain: Semi-compacted ice-rich, silty till.

Meltwater Channel: Flat-bottomed, steep-sided former stream courses floored with
thick deposits of ice-rich organic silt and peat and having
walls of outwash or till.

PHASES
Discontinuous Thin Drift+ Cover: Zero to a few feet of ice-rich till over volcanic
bedrock.

Peat, Generally Unpatterned: Generally 4 To 14 feet of ice-rich peat, commonly
mixed with organic silt, overlying the parent terrain type.

Shallow Depth Phase: Generally 1 to 4 feet of ice-rich peat, commonly mixed with
organic siltt, overlying the parent terrain type.

Fault Lineament (Definite: Indefinite)

Klohn Leonoff Consultants Lid.



TERRAIN TYPING LEGEND
for
SITES 6, 7, 8, 9, & 10

AFD Alluvial Fan Deposit: Poorly sorted, loose gravel, sand, sitt, and boulders;
moderately to gently sloping.
AMP Alluvial Meander Plain: Stratified silt, sand and gravel along slowly flowing
streams.

BR-BA Bedrock, Basalt: Hard basalt lava flooring low terraces or aliuvial meander
plain along big creek.

BR-LS  Bedrock, Limestone: Hard quartzite forming steep covered slopes at western
edge of Liard Plain.

E Esker: Sinuous ridges of complexly stratified gravel and sand.

GLB-1 Glacial Lake Basin, Better Drained Type: Gently sloping to flat thinly
stratified, sometimes peat-covered, silt, sand, and
clay with occasional excess ice. ‘

K Kames: Variety of hills, ridges, cones and depressions composed of complexly
stratified gravel and sand.
MTV Montane Valley Colluvium: Variable but generally thin cover of poorly sorted

colluvial debris of silt to rock blocks over
quartzite or |imestone slopes.

ow Outwash Plain or Terraces: Loose, stratified gravel, sand, silt and boulders,
locally peat-covered; sometimes containing kettles.
RKM Gentle Ridge and Knoll Moraine or Moraine Plain: Semi-compacted boulder-sil+ +ill
FEATURES
CF Crevasse Fillings: Low, sub-parallel, sub-linear ridges of gravel, sand and
silt on lacustrine silt.
DR Drumlinoid and Glacial Fluting (lce Flow) Features: Long, linear, parallel
ridges and grooves of till.
EVB Eroding Valley Banks: Mainly in loose gravel and sand with some till involved.
k kettled: Closed depressions in outwash caused by melting of former glacial
ice remnants.
MC Meltwater Channel: Flat-bottomed, steep-sided, former stream courses generally

floored with outwash, sometimes covered with peat; walls of
outwash or Till.

PHASES

PT Peat, Generally Unpatterned: Peat, commonly mixed with organic silt, sometimes
ice-rich, ‘overlying outwash or lacustrine deposits.

SB String Bogs or Reticulated Ribbed Fens: Peat and organic silt with all but the
ribs normally wet all summer, overlying outwash or
lacustrine deposits.

=== Fault Lineament (Definte, Indefinte).

Klehn Leoneff Consultants Lid.



SYMBOLS AND TERMS USED IN THE REPORT

SANDSTONE LIMESTONE SHALE
SILT GRAVEL TiLL ROCK ROCK ROCK
’fq'@'_; \/.‘, 1 T
,_/\:'\ ....
: Nt S
: jay
/‘:;\/ N
20 3.3 -
ADDITIONAL SYMBOLS
® -moisture content B - disturbed bag sample

SY - undisturbed SHELBY TUBE sample

vnconfined strength as per spring

colibrated pocket penetrometer SPT - Standard Penetrotion Test (6in. Blow Counts)

BURMISTER CLASSIFICATION SYSTEM
STANDARD TERMS FOR IDENTIFYING COHESIVE SOILS

DEGREE OF PLASTICITY | PLASTICITY INDEX | WRITTEN IDENTIFICATION

Non to slight plastic

0 - 5§ SILT
Low 5 -10 SILT AND CLAY
Medium 10 - 30 CLAY AND SILT

High 30 or more CLAY

STANDARD TERMS FOR IDENTIFYING COHESIONLESS SOILS

MAJOR SOIL MINOR SOIL MINOR SOIL PROPORTION
COMPONENTS (| COMPONENTS PROPORTIONS DEFINITION BY Wt.
>50% BY Wi.
GRAVEL gravel aond 35 to 50%
some 20 to 35%
SAND sand little 10 to 20 %
SILT silt trace I to 10%
EXAMPLE: PROPORTIONS
—— GRAVEL > 50%
-some sand 20 to 35%
-little silt 10 to 20 %

SOIL STRENGTH GUIDELINE

POCKET PENETROMETER FOR STANDARD PENETRATION TEST
COHESIVE SOILS FOR COHESIONLESS SOILS
UNCOQJTZ'?NESTﬁoqf‘;ﬁfess've CONSISTENCY BLOWS / 6inches DENSITY

0.25 Very Soft o - 2 Very Loose

0.25 -0.50 Soft 2 - 5 Loose

0.5 - 1.0 Firm -

1.0 - 2.0 Stiff ?5 - ;;’ Med. Dense

20 - 4.0 Very Stiff Dense
>4.0 Hard >25 Very Dense

Kiohn Leonoff Consultants Ltd.




TERMS IDENTIFYING THE COMPOSITION OF SOILS

Terms Defining
: ldentifying Range Degree of Plasticity
Component ldentification Proportions Percentage | Plasticity Index
by Weight
GRAVEL non plastic 0
SAND non plastic 0
Principal SILT 50 or non fto slight
Component more plastic 0 fo 5
SILT and CLAY low 5 to 10
CLAY and SILT med fum 10 o 30
CLAY high 30 and over
gravel aon plastic 0
sand non plastic 0
. silt . non fo sl ighti
M(I;Qr?;;onen ; _ and 35 to 50 plastic 0 to 5
‘ silt and clay some 20 to 35 low 5 1o 10
clay and silt little 10 to 20 med ium 10 fo 30
clay trace 1 o 10 high 30 and over

TYPES OF SAMPLES

SPT
3"sS

SY

disturbed sample

standard penetration test 1 3/8 inch diameter

split tybe sample 3 inch diameter

core sample-3 inch diameter

Shelby Tube sample 3 inch diameter

CLASSIFICATION SYSTEM FOR ICE

N Poorly bonded
Non Visible Ice (N) Nbn Well bonded

Nbe Excess lIce

Vx Individual ice crystals or inclusions
Visible Ice Ve Ice coatings or particles
Less than 1 inch thick{ Vr Random or irregularly oriented ice formation

' Vs Stratified or distinctly oriented ice formation
Visible lcé Greater ICE+ lce with soil inclusions
Than 1 inch thick ICE Ice without soil inclusions
GROUND ICE CONTENT - % BY VOLUME
Low < 1C% Med. — 10% to 204 High > 20%




