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Attention Dr Yip Eng

Dear Sir

RE Final Report

Frost Heave Test Drilling Program

This report presents the results of the test drilling program carried from

MP at the Alaskan Border to MP 40 at the White River between September 19

and November 1977 The purpose of the program was to locate 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 general overview of the soil and

permafrost conditions along the 40 mile segment of the route summarized

assessment of the soil and permafrost conditions as applicable to the potential

frost heave sites is also presented

The field and laboratory data for each of the ten sites drilled durina the

program are attached in the Appendices to 10 inclusive The data contained

in each appendix are as fol lows

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

bulk densities

140- 1st Avenue S.W Calgary Alberta Canada T2P 0A5 Telephone 403 263-7830 Telex 03-824621



legend describing the terrain classification terms used on the enclosed

airphotographs is provided in Appendix description of both the

symbols and terms and the soil classification system used on the test

hole logs is given in Appendix

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

Edgeworth Eng

ALE/c It

cc Mr Lazerte

Kohn Leonoff Consuthnts Ltd
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To Members EPB Technical Subcommitteepermafrost Date August 1978

From Edwin Al Kuhn Director Government and Environmental Affairs

Subject Distribution of Appendices to January 1978 Frost-Heave Program

By letter dated July 25 1978 Dan Friedman provided members of the
Permafrost Subcommittee with copy of the NEB staff Reply to
Foothills Yukon Frost-Heave Program Proposal

The NEB comments pertain to report entitled Alaska Highway Pipe
line Project FrostHeave 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.l through A.5 and Appen
dix Appendix is bulky document prepared by Klohn Leonoff
Consultants Ltd which is being forwarded to your directly from
that firm

EAK/fes

Attachments

cc Dan Friedman
Jack Cannon
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1.0 INTRODUCTION

1.1 Scope

The scope of this project as outlined by Foothills Pipe Lines Ltd

was to locate 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 drilling was confined to an area

along the proposed pipeline rightofway although this was modified

during the program to include two mile corridor on either side of

the proposed me The requirements for the proposed test site

location as outlined to us were to comprise the fol lowing conditions

considerable area underlain by thick sequence of fine

grained frost susceptible soils in the order of 20 feet

essential ly unfrozen subsoi Is

high water table or nearby water source

prior to commencing the field drilling program Klohn Leonoff Consultants

undertook thorough examination of relevant geological data pertaining

to the 40 mile segment along the rightofway The office study entailed

detailed review of the following data

thirtyfive test hole logs drilled in the area by Klohn

Leonoff Consultants during the 1976 drilling program

reconnaissance notes acquired during the 1976 examination

of the route

thermistor instrumentation data from installations made

during the 1976 drilling program

airphoto interpretation and terrain classification data

describing the geomorphological features and landforms in

the area

D.P.W drill logs and G.S.C publications

to 2000 air photography available along the pipeline

corridor

Subsequent to the office study total of 10 potential frost heave test

sites were selected From to test holes for each potential site

were laid out in the field and riII pads were cleared At the outset

of the program it was understood the proposed test facility would be

in the order of mile in lengtr Thus the test holes were laid out about
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200 to 400 apart within each potential site During the latter

part of the field program we were informed that the proposed test

faci ity 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 detailed

examination of soil exposures and terrain conditions along and

adjacent to the 40 miles of pipeline rightofway This exam

ination included considerable number of hel icopter spot checks

and ground truthing along the old HainesFairbanks pipeline right

ofway Subsequent to this detailed field reconnaissance several

adjustments in drill hole locations were made in the field as the

program progressed In total 52 test holes were drilled during

the time period from September 19th to November 1977

1.2 Glacial History

brief overview of the glacial history is beneficial to explain the

general soil conditions along the 40 mile segment of the pipeline

rightof--way In this area the Quaternary geology is complex and

most of the underlying subsoils have glacial origin The southern

portion of the area was inundated by a-I- 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 lllinoian 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 pipel me route immediately south of

Beaver Creek where hummocky morraines were deposited During glacial

recession to the south large outwash plain was deposited beyond the

limit of the glacial advance in the area between MF and 15

The ice sheet during the younger Macauley glaciation advanced northerly

to about MP 25 of the pipel me route in the vicinity of the present day

Enger Lakes In this area especially near the glacial Umit extensive
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areas of undulating disintegration moraines were deposited During

deglacation vast amounts of meitwaters 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

infi led many of the depressions in the Mirror Creek moraines and

outwashes Local ly smal 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 thin veneer of volcanic ash

was deposited in the southwestern Yukon by two large volcanic eruptions

in the St Elias Mountains during the past 2000 years

2.0 SUMMARY SUBSOIL PERMAFROST CONDITIONS MP to 40

The test hole data from both the 1976 and 1977 drilling programs along

the 40 mile segment of the pipeline route general ly 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 fol lowing paragraphs

describe the general subsoil and permafrost conditions on macroscale

based on the test drilling long the 40 mile segment The reader should

refer to Appendices to 10 inclusive for test hole logs laboratory

data and detailed description of each of the ten potential sites

Variations of the described conditions will certainly occur local ly 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 to crosses 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 dH lied in the valleys encountered frozen

interlayered fine grained soils consisting of organic silt and clayey

silt up to depths exceeding 25 meters The upper are high ice

Kohn Leonoff ConsuRants Ltd



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 col luvium On the

lower valley flanks the col luvium may be ice rich and exceed

in thickness Potential frost heave sites and were drilled in

the valleys at MP and 2.5 respectively There is no area between

MP and suitable for frost heave test site as no unfrozen

soil conditions could be located

The pipeline route from MP to crosses 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 deep Four and eleven test holes

respectively were drilled in this section during the 1976 and 1977

drill ing programs The subsoi Is consist of thin organic veneer

overlying glaciolacustrine nontosHghtly plastic silts and sands

all of which overlie very dense stratum of gravel and sand The

upper fine grained soils vary from to thick and average

to thick The permafrost conditions are variable Permafrost

is generally present except in broad open areas with considerable

ponded water In areas adjacent to Snag Creek and Mirror Creek and its

tributaries permafrost generally occurs as tal ik from to

thick Potential frost heave sites and were drilled between

MP 5.5 to 6.5 and MP to The only substantial areas of unfrozen

ground between MP and occur where water is ponded to depths

exceeding about m. Therefore the potential for frost heave

test site along this segment of the route is poor

The pipeline route from MP 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 are also avai able

within the community of Beaver Creek The subsoils in this area are

quite uniform consisting of dense interlayered sandy gravels below

depth of to m. Permafrost is widespread but generally has low

ice content This area is not considered suitable for frost heave
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test site due to widespread permafrost and shallow gravel deposits

The pipeline route from MR 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 wi.th numerous

smal drainage courses flowing into Enger Creek Three test holes

were drilled In this section during the 1976 drilling program The

three test holes encountered to of peat and glaciolacustrine

silts overlying dense granular stratum Observations during ground

truthing along Enger Creek indicates the creek bed is essentially

gravel Permafrost was encountered in all three test holes and

considerable probing along the old HainesFairbanks pipel me indic

ates permafrost is virtually continuous Based on the test

drilling and considerable field observations there is no location

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

due to widespread permafrost and the shallow granular strata

The pipeline route from MR 24 to 31 crosses variety of terrains 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 rol ing upland terrain consists of thin

upper stratum of silt clay and sand overlying variable and often

tilllike 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 thick Al test holes drilled in the low

lying flat areas encountered permafrost to the maximum depths dri led

Potential frost heave site was drilled between MR 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 tilllike strata whereas the low lying

areas which are underlain by fine grained soils are permafrost affected

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

The pipeline route from MR 31 to 31.5 crosses narrow well defined
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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 In general the subsoil conditions

at Site consist of narrow band of unfrozen soi Is along the west

side of Dry Creek The subsoil conditions are variable grading from

clays and silts to sands and gravels The depth of finegrained

material varies from more than in confined zones in the north

central portion of the site to less than 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

Six additional test holes were drilled at potential frost heave sites

and 10 in the Dry Creek valley These two sites are located up

stream from Site along the Dry Creek vat Icy Al six test holes

drilled at sites and 10 encountered permafrost to depth up to 11 m.

Therefore there is no potential for locating frost heave test site

at sites and 10 due to lack of unfrozen soil conditions

The pipel me route from MR 31 to 40.5 crosses series of roll ing

hummocky moraines and outwash deposits Seven test holes were

drilled during the 1976 drilling program The subsoi Is consist of

interlayered peat organic si It and sand to depth of overlying

interlayered granular strata Permafrost is widespread and six of

the seven test holes encountered permafrost to the maximum dri led

depths Therefore frost heave test site could not be found between

MR 31 and 40.5 due to widespread permafrost and shallow granular

strata

The pipeline route from MR 40.5 to 42 descends into meltwater

channel valley and proceeds across gently sloping coalescing at luvial

fan terrain 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 nieltwater channel val lay the subsoi Is consist

of 1.5 to of laminated silts overlying dense gravel and sand

stratum No permafrost was encountered in either of these test holes

The three test holes drilled to the soUth in the coalescing at luvial

fan terrain encountered widespread permafrost The subsoils consist
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of to 5.5 of interlayered sand and silts overlying

granular substrata frost heave test site could not be located

in this area due to widespread permafrost and shal low granular

strata in areas of unfrozen ro.nd

3.0 ASSESSMENT AND CONCLUSIONS

As discussed during previous meetings and in preliminary reports

we have carried out detailed appraisal of the soil and permafrost

conditions along the first 40 miles of the proposed Alaska Highway

pipel me south of the Alaskan Border 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

taIik 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 occasional ly in rolling

hummocky terrain

Based on an assessment of the data for the 40 mile segment of the

pipeline route we were unable to locate site which met all the

specified requirements as laid out in the scope of this report The

conditions at Site although variable meet many of specified

requirements summary of the conditions at Site are summarized

in the following

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

Due to the complex glacial and postglacial history of deposi

tion the subsoil conditions at the site are variable The

most unifrom conditions occur in confined area in the vicinity

of test holes and

The unfrozen soils at Site are confined to narrow zone

along the west side of Dry Creek Portions oF this zone

are underlain by tal iks of permafrost in the order of

to thick
Kiohn Leonoff ConsuRants Ltd



The site has several relatively abrupt transition areas

from icerich permarrost to unfrozen frost susceptible

soils

The site is bisected creek which has bed load

of fine grained silts The unfrozen ground near the

creek has high water table generally within to

of ground surface

The site is easily accessible due to its cJose proximity

iithin 100 to The Alaska Highway

Site is representative of difficult soil and permafrost conditions

which will occur along the 40 mile segment of the pipeline route

The variabi ity of both the soil and permafrost conditions provide

representative situation where differential frost heave is concern

for chilled gas pipeline Hoever after detailed discussions with

Foothills staff and their various consultants it was decided that the

soil stratigraphy is too variable to permit testing of various modes

of frost heave mitigation In particular to permit comparisons of

tests the three test sections arid one control section of pipe must

be located in uniform idea ly 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 serious

frost heave problem

In conclusion while Site is representative of the worst frost heave

conditions likely to be encountered in the chilled section of pipe me

milepost to 40 it does not provide suffiently serious conditions

to be used as full scale test facility nor does it provide the

uniformity of soil and perma-rost required for testing modes of frost

heave mitigation Unfrozen soils with thickness similar to those

at Site were also encountered in the area between MF and near the

potential frost heave sites and 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 local ly in the hummnocky moraines at the potential frost

heave site This hummocky terrain is widespread between HF 24 and 31

However the unfrozen ground is general ly comprised of grave and sand
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or granular till-like materials at shal low depths

4.0 COMMENTS RECOMMENDATIONS

Based on the detailed frost heave drilling program along the first

40 mile segment of the pipel me it was decided that if test

facility is to be located in the Yukon the area of search must

be extended beyond MP 40 review of the surf icial 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 Yip and Mr Lazerte during

meetmngs in mid December as outlined in the following

Site 11 located in the Dezadeash River valley south of MR 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 to

miles east of the abandoned community of Champagne

The potential sites are located 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 rightofway This area was The centre of Glacial

Lake Champagne and is underlain by thick sequences of fine

grained glacial lake basin sedimenTs The potential sites

are located in the central part of the valley where the

fine grained subsoi Is should be thickest

Kiohn Leonoff Consultants Ltd
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Sites 14 15 16

locaed 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 high water table and up

to 20 of clayey silts and silt clay soils with

generally 80 to 90% passing the 200 sieve Sand

dunes and topstratum of sand occur local ly

We expect that at lease one of the above six sites wi conforn to the

following test heave site criteria

broad area of unfrozen relatively homogenous fine grained

soils in excess of thick

groundwater table within below ground surface

An evaluation of the above sites is required to determine their suit

abi ity as potential frost heave test sites The recommended schedule for

selecting the location of new site is provided in the fol lowing table

DESCRIPTION OF WORK

Site Reconnaissance

LandUse Review

Approval to Start Work

Geophysical Examination

TestDrilling

Decision Made for New Site

Approval Obtained for New Site

Kihr Looff Cosuithnts Ltd



SITE MPO.5 1.0

1.0 INTRODUCTION

This area was selected as potential frost heave test site The

site is located between MF a-J along the proposed pipel ne

rightofway which parallels the Haines Fairbanks pipeline The

Alaska Highway is located 2CJO eters east of the site

The reader should refer to the attached location plan on Plate

A089011 as well as the aerial and site photographs on Plate

A089O12

2.0 SUMMARY

The site is located in glaciolacstrine basin terrain GLB1 in

an eastwest trending valley approximately 1000 wide The

hi Is bounding the north and soun margins of the valley are

terraintyped as mountain vat tey cot luviurn overlying bedrock

MTV/B

The north central portion of the valley bottom has flat to gentle

slopes 1/2% 2% with consider-able ponded water The ground

surface is vegetated with grass peat tussocks wi lows and

light growth of spruce to 10 ni. The valley bottom is drained

by smal creek and number of poorly defined drainage courses

which flow to the east at craa ent of less than 1% The creek

flows through series of thermokarst lakes in the north into

Scottie Creek near the AlaskaYu on border and eventually into

the Chisana River in Alaska

Three test holes were drilled at this site Two holes were located

in the val Icy one adjacent to the creek on the north side and the

other in the central part of the vat Icy The third hole was located

near the toe of the ridge bodi the southern side of the site

Based on the three test holes as wet as four holes dr-il led during

the 1976 drill ing program the sbsoi Is are frozen interlayered fine

lake sediments These sediments consist of organic silt and non

plastic si It up to depths exceedng 30 m. The upper consists of

KOh Looff CoWtaits Ltd



organic silt interlayered with peat and wood Below this depth

the soil is grey laminated nonplastic 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

si It overlying shale and si lTstone bedrock at depth of

The entire site is underlain by permafrost beneath shallow

active layer Permafrost was found in all test holes located in

the valley up to the maximun drilled depth of 30 In the

upper the soils have high ice content with many thin

random and horizontal ice lenses to mm thick In test hole

77-1-3 2.5 thick ice layer overlies bedrock from the 6.5 to

9.0 depth In general the subsoils below the upper are

low ice content with mostly wel bonded nonvisible ice

SITE DESCRIPTION

Test hole 7711 is located at the northern end of the site 15

east of the HF pipeline rightofway and 20 south of small

creek The ground surface slopes gently dt 1/2% to the southwest

The ground surface is soft grass covered poorly drained with

ponded water between extensive peat tussocks The site is sparsely

vegetated with stunted spruce to

Test hole 77-1-2 lies about 400 south of 77-1-1 and 30 east of

the H-F pipeline The terrain between these two holes is gently

undulating with series of very shallow eastwest trending depres

sions Slopes vary between 1/2 and 2% in north south direction

with an overall gradient of 1% to the east Drainage is to the east

along number of poorly defined drainage courses The ground surface

at 7712 is soft with ponded water between extensive peat tussocks

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

Test hole 7713 is located about 350 south of 7712 and 100

east of the HF pipeline on the lower northern flanks of 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 northerly direoiori increasing
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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 moderately dense growth of

spruce to 15 m.

SOIL AND PERMAFROST CONDITIONS

4.1 Test Hole 77i--i

Drilling test hole 7711 incorporated dry augering to 0.5 coring

of frozen sediments from to 08 fol owed by rotary drill ing

with mud from 5.08 to completion depth of 30.0 m. The topsoil

is composed mainly of peat flaying high moisture content 542%

Beneath the peat topstratum the upper soils to depth of 4.77

consist of laminated organic silt and peat with high moisture

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

to the maximum depth drilled 30 tne soi Is consist of glacio

lacustrine grey slIts which re non to slightly plastic The silts

are faintly laminated and have moisture contents decreasing from

50 to 35% below depth of m.

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

of to 77 the soils have high excess ice content ranging

from about to 30% by volume Below depth of 4.77 the exess

ice content if very low tn sparse thin ice lenses from 1/4 to

1/2 mm thick

Test Hole 771-2

This test hole was drilled to total depth of 10.1 by dry augering

To 05 coring from 05 To 52 and rotary drilling with mud

from 4.52 to 10.1 m. Feat ahd organic silt form the topstratum to

depth of 0.38 m. The moisture content in the topstratum material is

148% Beneath the peat topstratum to depth of 4.12 the soils

consist of an organic silt with extensive black organic laminations

and traces of sand and clay The organic silt has high moisture

content ranging from 100 to 300% due to both high organic and

excess ice content From depth of 4.12 to the maximum drilled

depth of 10.1 the soils consist of glaciolacustnine grey silts
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which are non to slightly plastic The silts are faintly

laminated and have moisture contents averaging 35 to 45%

Permafrost occurs from depth of 0.5 to 10.1 m. The upper soils

to depth of 4.12 have high excess ice contents ranging up to

90% by volume between depths of 1.38 and 2.4 rn. Below depth of

the excess ice content is generally less than 2% by volume

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

4.3 Test Hole 77-1-3

Test hole 7713 was drilled to depth of 11.5 by dry augering to

1.2 coring from 1.2 to 3.83 then rotary drilling with mud

Beneath 0.2 thick moss cover the soils to depth of 6.5

consist of interlayered si Its and gravelly sands Thick soil and

ice layers occur between depths of 3.0 to 3.83 and 6.5 to 9.0 rn.

Shale and si ltstone bedrock underlies the upper soil and ice strata

below depth of 9.0 m.

Permafrost occurs from 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 to 30% by volume The ice content

in the shale and siltstone bedrock below 9.0 was not ascertained

during drilling but is believed to be negligible at depth

Kihn Leooff Consultants Ltd
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SITE

Vie looking northwesterly at Site along the HainesFair

banks pipeline rightof--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-0890-13



TEST HOLE LOG

HAMMERWT 63 5Kg
PERMAFROST

See FIte A089012 COHEStON /Sqcm

HI DROP 76 cm ELEVATION

SAMPLE DATA NRC N.F PLASTIC WATER LIQUID

or DESCRP11ON OF MATERAL
LE TYPE CLASS .L I0 30 50 JO 904

NF O.2m PEAT 954
i45

O.5m ORGANIC SILT dio

_2 VrVx O.68m SILT trace sand

Vr ORGAIIC SILT 28

.- peat layers wood
33__ pieces

-1 trace sand

non to slight
1k

plasticity
brown to grey 191

Lice lenses to mm
Vr 5-ice lenses ----1mm spaces 21
Vs

Vx -i ORGANIC SILT

_i___ trace sand wood ii

____ pieces trace clay
laminated with

organics
lu

brown to grey

If
_9 iLice lenses 15mm spaced 12

11

Vs
10 mm 12

ice lenses mm spaced 1-3mm

ice lenses -mm spaced
4.77 mm

Nbn SILT

trace sand trace

clay

sparse wood pieces

non to slight

plasticity

grey

SPT
_____

________
SPT

156 15 VçVr

________________________________

9k
SPT

1k5 16 VrVx ice lenses nim spaced 5-30mm

10 Continued

JOB No AL0890

PROJECT Frost Heave Test SitesKohn Leonoff ConsuRants Ltd
MP

sà cvi GEOTECHNICAL ENGINEERS HOLE No 77-1-1

DATE Sept.30/77 PLATE
I.L.C METRIC



TEST HOLE LOG

HAMMER WT 63.5Kg LOCATION COHESION Kg fSq.crn

PERMAFROST

HI DROP 76
_____

ELEVAUON

SAMPLE DATA N.R.C PLASTIC WATER LIQUID

or DESCRPTON OF MATERIAL
DEPTh TYPE 15cm Nc CLASS

_________________________________________ iO 50 70 90T

As above

LT

11
trace clay

occasional layer
90

IL of fine sand
SPT 20

Vs non to slight

plasticity

12 grey

---i

14

SPT Nbn ice lenses to nirn spaced 35mm

16

121
SPT

240 19 Nbn extensive organic fibres

19 _________________________

20 Continued

No AL0890

PROJECT Frost Heave Test SitesKohn Leonoff Consutants Ltd AT to

CIVILGEOTECHNICALENGINEERS HOLENo 77-1-iContinued

DATE Oct 1/77 PLATE
K.L.C METRIC



TEST HOLE LOG

HAMMER WT 63 Sg LOCATION COHESION Kg /Sq cm

PERMAFROST

HT DROP 76 cm ELEVAI1ON

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTF TYPE CLASS

or DESCRPTON OF MATERIAL

As above

21

22

23

SILT

trace to little fine

sand trace clay
24

organic specks

non to slight

plasticity
20 Nbn grey

25 Notes

Hole located 15 east of HF
P/L and 20 south of small

drainage course Terrain

slopes --1 to south east

Peat tussocks on ground surface

Site is vegetated with sparse

spruce to

27
Hole cored from 0.55.08
Drilling mud used from 5.08

to 30m

28
14 Thermistors installed at 0.5

1.5 3.0 and 1..5 Standpipe

piezometer installed

29

30
JJjjjJ 30.Om EtJD OF HOLE 30.0

JOB No ALO89O

Klohn Leonoff Consultants Ltd iOJECT
Frost Heave Test Sites

ILCIVILGEOTECHNICAL ENGINEERS HOLENo 771-lContinued

_____________________________________________
DATE Oct 1/77 PLATE

K.L.C METRIC
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 11

Sample Sample Frozen Bulk3
Frozen Bulk

No Depth ii Density KG/M Density PCF

0.50-068 1700 101.0

0.68098 10140 61.8

14 098-128 1160 68.9

1281.73 1220 72.5

1.73-2.18 1120 665

2.18-2.58 1310 77.8

258-313 1150 68.31

10 3583.88 1340 79.6

11 38814.15 1210 718

12 4.15-14.77 1380 820

13 4775.08 1400 832



TEST HOLE LOG
-.

HAMMERWT 63.5Kg LOCATION See Hate A-0390-1-2 COHESION Kg./Sq.crn
.- PERMAFROST _______________________________

HI DROP 76 ELEVATION 0.2 0.6 1.0 1.4 1.8

-___________________ ______ ____________________________________________ .FELD VANE E31 tNC94F

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

_________
LIMIT CONTENT tIMIT

or DESCRPTON OF MATERIAL --_
DEPTF TYPE Nc CLASS

io ao so o%
NE O.38m PEAT ORGANIC SILT

ORGANIC SILT 10
extensive black

Vr
Vs

organic layers .21tr sand tr clay

____ 1ice lenses 1-5 spaced 3-5 mm 13

28
Ice ICE AND SOIL

and soil mostly peat and

Soil
____ 2i0m orgic silt --

ORGANIC SILT 19

laminated with
Vr
Vx organic layers

Vs tr sand tr clay
dark greybrown 11

ice lenses to 15mm spaced 15mm nc
10 --ice lenses 1-2mm spaced 2-5mm

Vr .12m .12
11 __________________________Vx

Vs SILT

trace clay

sparse organic layers

1ext

trace fine sand

non plastic

grey

ensive pieces of wood

ice lenses ic---rnm spaced 2-5mm

SPT
103

285 13 Nbn

151
Nbn ice lenses mm spaced 5mm

SPH450I

Vs

l5i Nbn
10 SPT

376 ftjjjjj Continued

JOB No AL0890

Kohn Leonoff ConsuRants Ltd OJET Frost Heave Test Sites

LOCAl ION NP 0.5 to .0

CIVIL GEOTECHNICAL ENGINEERS IHOLE No 77-1-2

IDATE Oct 1/77 PLATE
____________.LC METRIC



TEST HOLE LOG

HAMMER WI 63.5 Kg LOCATION COHE5ON Kg Sq
PERMAFROST

HL DROP 76 cm ELEVATION

SAMPLE DATA N.R.C N.F liQUID

or DESCFflPTION OF MATERIAL
WMT

DEPT TYPE
15cm Nc CLASS 10 30 50 70 90___ mi ____ -_--__-_____

END OF HOLE 10.1

11
Notes

Test hole located 30 ni east of

H-F PIL Terrain slopes gently

to east

Peat tussocks on ground surface

Sparse spruce growth to 10

Hole augered to 0.5 cored

from 0.5 to 1.52 drilled

with water from 4.52 to 10.0

JOB No AL0890

PROJECT Frost Heave Test Sites
Kllohn Leonoff ConsuRants Ltd

CIVIL GEOTECHNICAL ENGINEERS HOLENo 77-l-2continued

________________________________________________
DATEOct /77 PLATE

K.L.C METRIC
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 1-2

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth CM Density KG/M Density PCF

050-085 iiO 83.8

085110 1300 772

1LO-1.65 880 52.3c

225270 1170 695

2.80-3.10 1200 71.3

3.1O3JO 1230 73.1

10 3LiO377 1030 612

12 L124.5O 1120 665

low value due to thick ice lenses combined with

peat wood pieces

value 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

HAMMER WI 63.5Kg LOCATION See Plate A0890l2 COHESION Kg./Sq.cm
PERMAFROST

HI DROP 76 cm ELEVATION 0.2 06 1.0 1.4 1.8

_____________ ____ _____________________________ VANE LABVANEjNO
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

LIMIT CONTENT LIMIT

DESCRPTON OF MATERIAL x-------
DEPTI- TYPE CLASS

30 50_ 70 90
HF O.2rn MOSS organic cove.r

0.6 SILT some sand
_____ little gravel

.J._ Vr shale siltstone

Vs traceclay

1.48m light brown___________
SILT some sand gravel

2.lm -darkbrownorganics
Vr pieces of siltstone

Vs
SILT and sand graveVx

pieces of siltstone
Vc

organic layers
fine gravel layer 2.85 ni

____ .pm
ICEANDSOIL -io8

Ice soil is mixture of
10 and gravelsand silt

Soil 383m rusty layers

.l3 GRAVEL-shalesitstone 3cm

LT

some gravel

Vr
trace sand

Vs 5.3m
-grey

SPT
292

SILT and sandfine to

1L
very fine

organic specks

grey
ice ense mm mm

____ 6.5m

11813
ICE 690

ICE layered with silt

and sand

hard candledcloudy

149

243

____ 9.Om

Nbn SHALE AND SILTSTONE

Vs interbedded black

shale rusty silt

10 Contd stone layersBedrock

JOB No AL0890

Kohn Leonoff Consuiltants Ltd
PROJECT Frost Heave Test Sites

LOCATION 0.5 to .0

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-1-3

DATE Oct 2/77 PLATE
X.L.C METRIC



TEST HOLE LOG

HAMMER WT 63.5Kg LOCATION COHESION Kg /Sq.cm

PERMAFROST
HI DROP 76cm

____
ELEVATION

PIASTIC WATER LIQUID.MMPL %.1i.TM CONTE4T LIMIT

or DESCRPTON OF MATERIALDE15NC CLASS ____

As Above

SHALE AND SILTSTONE

11 Bedrock

___ 1L5m
END OF HOLE AT 11.5

Notes

Test hole located 100 east of

H-F P/L on lower north flanks

of ridge

Terrain slopes 1O north

easterly Ground surface is

firm and moss covered iith

moderate spruce growth to 15

Hole augered to 1.2 cored

from 1.2 to 3.83 and drilled

with water from 3.83 to 11.5

fJOB No AL0890

IPROJECT Frost Heave Test Sites

j2hn offCoulttsLtd
IIOCATION HP 0.5 to 1.0

CIVILGEOTECHNICALENGINEEPSIHOLENO 77-1-3continuec

I5KTE Oct 2/77 PLATE
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 13

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/M Density PCF

12O-1.55 1370 81
155185 i38O 879

185210 l90 885

2.1O-2L2 1590 9L.k

2.t2-2.7l 1560 927

2.713.00 2350 139.6

3.00-3.30 1390 82.6



SITE MP 2.5 3.0

1.0 INTRODUCTION

This area was selected as potential frost heave test site The

site is located between MP and 30 along the proposed pipeline

rightof-way which parallels the Haines-Fairbanks pipeline The

Alaska Highway is in close proximity to the pipel me on the north

and south sides of the val Icy and 600 meters to the west of the

pipel inc in the val Icy bottom The reader should refer the

attached location plan on Plate A089021 as well as the aerial

and site photographs on Plates A08902-2

2.0 SUMMARY

The site is located in glaciolacustrine basin terrain GLB1 in

an eastwest trending val Iey approximately 300 iide The

upper valley slopes are classified as mountain val Icy col luvium

overlying bedrock MTV/BRM

The val Icy bottom is drained by smal creek which has gradient

of 1% to the east The creek drains into larger creek located

one mile east of the site in northsouth trending valley This

creek flows through series of thermokarst lakes into Scottie

Creek near the AlaskaYukon border and eventual ly into the Chisana

River in Aldska

Although the valley bottom has considerable ponded water in flat

grassed areas the flanks of the val Icy are fairly well drained

The lower valley flanks vary between slopes of 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 two dri II holes in the val Icy

bottom as well as two previous holes dri led during the 1976 program

Kiom Leornff CosuDthnts Ltd



the soil conditions are relatively consistent The subsoils are frozen

interlayered fine lake sediments consisting of nonplastic organic

silt and non to slightly plastic silt up to depths exceeding 25 m.
The upper consists of interlayered organic silt and peat with

extensive wood chunks and other organic inclusions Below this depth

the soil is grey nonplastic sLIT with thinly interbedded gravel and

sand seams Considerable organic material was encountered from the

18.45 to 20.0 depth in test hole 7722 Test hole 7723 drilled

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

1.7 of silt and clai overlying interbedded shale and siltstone bedrock

The entire site is underlain by permafrost beneath shallow active

layer Permafrost occurs in both test holes drilled in the valley

up to depths exceeding 25 m. The upper are high ice content

with ice layers up to thick Ice layers in excess of

thick were encountered within the upper of some test holes drilled

during the 1976 test drill ing program In test hole 77-2-3 permafrost

occurs from 75 to the maximum drilled depth of The

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

random ice lenses to mm thick

3.0 SITE DESCTIFTION

Test hole 77-2-1 is located at the northerly end of the site in small

drainage course at the bottom of an eastwest trending valley The

HF pipeline lies about 50 to the west The hole was drilled

adjacent to the creek bed about 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 result of permatrost degradation Consideranle thaw

slumps are evident along the creek and probing in the creek bed

encountered permafrost at 0.8 m. Massive ground ice is exposed

about 500 downstream where the creek has eroded gulley some

to deep Vegetation along the creek consists of dense willows

to about high with sparse spruce to 10 high in the surround

ing terrain denser growth of spruce exists in the val Icy bottom

Kiorn Leoroff CosiDthts Ltd



3-

northwest of the test hole

Test hole 772-2 lies 300 south of 7721 and is situated 40

west of the HF pipeline The terrain between these test holes

slopes northerly and ascends from to 5% towards 7722 The

terrain is relatively open with grass and peat tussocks on the

ground surface At test hole 7722 the ground is firm and fairly

well drained Vegetation consists of light spruce growth to

high

Test hole 7723 is located about 500 south of 77-22 along the

HF pipeline on the north flank of the ridge bounding the eastwest

trending valley to the north The terrain between these test holes

ascends to maximum slope of about 18% before decreasing near the

ridge crest Test hole 77-23 was drilled about 10 west of the

HF pipeline and 40 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 Vegetation consists of healthy forest cover of spruce

poplar and birch to 20 high

4.0 SOIL PERMAFROST CONDITIONS

4.1 Test hole 77-2-1

Test hole 7721 was drilled to depth of 26.3 m. The hole was

augered to 1.0 cored from 1.0 to 9.65 and rotary drilled with

mud from 63 to 26 The upper soils to depth of 77 consist

of organic silt with fine sand and clay laminations Due to the high

ice content and extensive organic material the soils have moisture

content varying from 50 to 550% and averaging more than 100% From

6.77 to 23 the subsoils consist of non to slightly plastic grey

silt with 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

and averages 30 to 35% from 105 to 23.0 m. coarse gravel and sand

layer underlies the upper glaciolacustrine silt strata from depth of

23 to 262 hard siltstone material believed to be bedrock was

encountered at 26.2 m. However the hard consol idated nature of the

Kithr Leff CoisWthnts Ltd
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siltstone prevented penetration io conIirm bedrock

Permafrost occurs below shallct unfrozen active layer 0.7

thick to the maximum depth driHed 26.3 mJ The upper subsoHs

to depth of 6.77 have high excess ice content Between depth

of 1.0 and 2.44 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 1J.5 m. Below depth of 10.5 rn

the excess ice content is low and ice occurs only as random 1/4

to 1/2 mm lenses

4.2 Test Hole 772-2

Test hole 7722 was drilled to depth of 26.3 m. The method of

drilling involved augering to 0.55 coring from 0.55 to 10.65 rn

and rotary drilling with mud from 10.65 to 20.0 m. The soils

essentially consist of interlayered glaciolacustrine slIts with minor

sand and gravel seams at depth The upper consists of highly

organic silt with extensive pieces of wood and organic laminations

The moisture content of the frozen organic silt is high and generally

varies from about 80 to 200% From to 17.35 the organic silt is

underlain by non to slightly plastic silt interlayered with gravel

and Sand seams The interbedded gravel and sand seams are up to 0.5

thick and occur only below deth of 12 m. The moisture content of

the silt varies from 32 to 109% averaging about 50% layer of

organic silt and ice underlies tie silt soils from 17.45 to maximum

depth drilled 20.0 m.

Permafrost occurs below shallc 0.5 thick unfrozen active layer

to the maximum depth drilled Tie upper of organic silt has

high excess ice content ranging rcrn an estimated 10 to 30% by volume

The ice generally occurs as closely spaced horizontal lenses from 1/4

to mm thick The excess ice content of the soils from to 17.45

is low and general ly much less tian 10% by volume Although the ice

content of the subsoi Is in this area generally decreases with depth

high ice content layer occurs at the bottom of this test hole from

17.45 to 20.0 m. The organic sHt at this depth has an estimated

excess ice content of 25 to 50% volume

Korn Leooff CosWtrrts Ltd



Test Hole 77-2-3

Test hole 7723 was drilled to depth of 30 The hole

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

soil profile consists of thin 0.1 veneer of topsoil under

lain by silt with minor pockets and layers of gravel sand and

shale to depth of The moisture content of this material

averages about 20% The upper silt stratum is underal in by shale

and si ltstone bedrock from 1.7 to the maximum depth dri led

The bedrock is friable and dark grey with orange weathering along

joint surfaces

Permafrost occurs below shallow unfrozen active layer 0.75 thick

at the time of drill ing to the 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 It is expected that the excess ice content of the bedrock

below the upper weathered zone is negligible

KOh Leioff Co ithrts Ltd
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SITE

View looking northerfy at Site alonq the Haines-Fairbanks

pipe me rightofway The site is ocated in an eastwest

trending valley which drains to the east The Aaska Highway

is visible on the cit and upper part of the photograph

A-0G90-2-3



TEST HOLE LOG

HAMMERWT 63 5Kg LOCATION See Plate A-0890-2--2 COHESION Kg /Sq cm

PERMAFROST
HT DROP 76 cm ELEVATION 0.6 1.0 L4 1.8

___________________ ______ ___ FIELO VANEIAB VANEUNC9
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

TYPE CLASS
DESCROPT6ON OF MATERIAL

ORGANIC SILT

shghtly plastic
N.E rootlets

_i_ 1.Om dark brown

ICE SOIL INCLUSIONS .545

soil is organic .126

silt some fine sand
126

CE trace clay

435

.550
Vr SILT

7_ Vs some sand trace clay
136

VxNbr peat layers
ICE organic specks

\\_ non to slight plasticity
Vr ice lenses cm spaced

..2 ____ 387m 1-2 mm

11 VxNb iL -----
ice lenses 1/Li mm

12 Vx spaced 1-2 mm 196
Vr ____ ice lenses 1/4-lmm spaced

L3 Vs i-mm

ORGANIC SILT

15 wood specks to cm
root fibres 104Vr
little sand

17 -brownrey
lenses 9mm thick

18 Vs
6.77m.L_ice lenses rnrn spaces

mrn
19 SILT

little sand

20 ._ brown wood specks

laminated

21
Vx non to slight plasticity

-browngrey
Lice lenses 1/4-lmm spaced

22 Vr icm
Lice lenses 15mm thick

23 Vs __________________________

24 VrVs ice lenses 6-l5mm spaced 145

10 Nbn
20

extensive wood specks

TJOB No ALO89O

Kohn Leonoff Consutants Ltd
PROJECT Frost Heave Test Sites

LOCATION M.P 2.5

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-2-1

DATE Sept 28/77 PLATE
.L.C METRIC



TEST HOLE LOG

HAMMER WT 635Kg LOCATION COI1SON /5g cn
______________________ PERMAFROST

LI
0.2 0.6 1.0 1.4 .81I Ldl cm gt vtui

SAMPLE DATA N.R.C N.F PIASflC WATER LIQUID

RIOW or DESCRIPTION OF MATERIAL ___I__.T
DEPfl TYPE Nc CLASS

________________________________ Ia 30 50 70 90$
VrVs

Nbn
10 Sm As ABOVE

11

SILT

little sand in laminations

96 trace Organic specks

non to slight plasticity

SPT
1147 25 grey with brown

150
Nbn

13

114

117
15 SP1

157
sand laminations 1/141/2mm

181

16

17

Nbn

18
SPT

100
205 27

__
fJOB No AL0890

PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd

icATION

CIVIL GEOTECHNICAL ENGINEERS IHOLE No 77-2-1

rbATE Sept 28/77 PLATE
X.L.C METRIC



TEST HOLE LOG

HAMMER WI 63.5K9 LOCATION COHESION Kg /Sq cm

HI DROP 76

PERMAFROST
ELEVATION

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTF TYPE -Nc CLASS
DESCRPTON OF MATERIAL ___T_.iX

15cm 10 30 50 70 9O

Nbn

135
AS ABOVE

21 SPT 180

22

23 23.Om

23 3m GRAVEL coarse

23.5m SAND coarse

24

GRAVEL coarse
.0 Nbn

25

255m

26
SPT 25.85m SAND coarse

SPT Nbn medium to coarse
SPT 174 Vx 26.2m SAND and gravel

126.3 m.SILTSTONE bedrock

END OF HOLE 26 3m

NOTES
Hole located in small drainag

course in the bottom of

broad east-iest trending

28 valley Terrain slopes 1/2
easterly
Low willows along creek and

sparse spruce to lOm in

surrounding terrain

Test hole cored from im to

from 9.63m to 26.3m
ti Water level at ground surface

30J during drilling

9.63m. Drilling mud used

JOB No AL0890

PROJECT Frost Heave Test Sites

Klohn Leonoff ConsuRants Ltd
LOCATION H.p 2.5

VI IC GIN HOLE No 7.7-2-i

DATE Sept 29/77 PLATE
E.L.C METRIC
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 2-1

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/H Density PCF

18 27-6 77 1183 70

19 677-727 1252 7ii

20 7.277.72 195 88.8

21 728 17 1566 93

22 8.178.57 1O3 83.3

23 729 12 1i95 88

259 63 1137 85 L1



TEST HOLE LOG

HAMMER WI 63 5Kg

PERMAFROST

LOCATION See Plate A-0890-2-2 JCOESIN
Kg /Sqcm

HI DROP cm ELEVATION

SAMPLE DATA NR.C N.F PIASTIC WATER LIQUID

CLASS

or DESCRIPTON OF MATERIAL
______________________________________________ __jo._ jo__ 70

HF 1kPEAT_ ORGANIC SILT

Vs O.7m
SILT Organic Pockets

b133
Little sand in lense

_i__c SILT jr

3._ Vr little sand

57m
light brown

Nbn ORGANIC SILT

trace sand in lenses

Vs wood specks trace clay

peat layers 108

____3__ \/r

roots 106

laminated dark brown
132

extensive 1/-1/2 mm 197

Vr
ice lenses spaced 1-5 mm 151

/xNb 161

Vs

Nbn
jrustysand lenses

i6L _Ice lenses 1/22nini spaced 157
J1-2mm

Vs 5.53m

17 Vr
SILT 136

trace sand trace clay

oranic laminations
6.3 si ight plasticity

SILT

trace fine sand

Vs \\ Ibflatb0h15
non to slight plasticity

i- brown grey

ice 1Lnses to 2mm
23

._.ice lenses 1/4 mm spaced

\_ 5mm

2i 9.6m
10 25 43J SILT trace clay

___________
No AL0890

IPROJECT Frost Heave Test SitesKohn Leonoff ConsuFtants Ltd
LOCATION

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-2-2

DATESept 21/77 PLATE

K.1C METRIC



TEST HOLE LOG

HAMMER WT 63.5Kg LOCATION COHESION Kg./Sq.cm
PERMAFROST

HT DROP 76 cm ELEVATION 0.2 0.6 LO L4 1.8

SAMPLE DATA NRC N.F PLASTIC WATER LIQUID

DEPIF TYPE CLASS

or DESCRPTON OF MATERiAL
LT CONTENT 1IMT

LO
VrVs SILT

Nbn little fine sandtr.cla

76
27 _____ 10.65m trace organic specks

IL SPT 28 ht as ty

Vr SILT

little sand

12
root fibres

_____
12.08m grey brown

GRAVEL

12.6m med to coarse

13
based on drill action

SILT

little sand

trace of gravel inlayer

86 root fibres
14 SPI

220
Nbn 11i Om rusty slit pockets

115GRAVEL
based on drill action

15

Vx SILT

little sand

interlayered with thin

gravel layers

17

98 17.35m
150 30 bi6o

1117i5m SAND

18 SPT fine white uniform

ORGANIC SILT ICE

extensive organic

fibre peat

SPT

Vr
20 Oni spaced____

JOB No ALO3

Klohn Leonoff ConsuRants Ltd
PROJECT Frost Heave Test Site

LOCATION M.P 2.5

CIVILGEOTECHNICALENGINEERS HOLENo 77-2-2 contd
DATE Sept 21/77 PLATE

K.L.C METRIC



TEST HOLE LOG

HAMMER WT 63 5Kg LOCATION COHESION Kg/Sq cm
PERMAFROST

HI DROP 76 ELEVATION 0.2 0.6 io .4 l.a

ELDVANEABANEflN0
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPfl TYPE WNc CLASS
DESCRPTON OF MATERIAL

UPMT CONTENT UPMT

___ ____________________ 30 50 70 90

NOTES

Hole located 40 west of old

Haines Fairbanks line on

terrain sloping 52 to north

Ground is firm with light

growth of spruce to 5m

Hole cored from 0.55 to lO.65m

Drill ing mud used froni lO.65m
to 20.0 rn.

Thermistors installed at

0.5 1.5 3.0 and 1.5

depths Standpipe piezometer
installed

JOB No AL0890

Kohn Leonoff Consuiltants Ltd
PROJECT Frost Heave Test Sites

LOCATION
CIVIL GEOTECHNICAL ENGINEERS HOLENo 77-2-2 contd

_______________________________________________
DATE Sept 29/77 PLATE

CL.C
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 2-2

Sample Sample Frozen Bulk Frozen Bulk

No Depth CM Density KG/M3 Density PCF

0.55-070 1210 73.6

0.70-1.00 1250 713

1.00-1.27 144o 85.5

1.271.57 1120 84.3

57-1 80 1400 83

1.802.12 1290 76.6

12-2 47 1600 95

11 123 72 1210 73

12 721 02 1230 73

11 4.27-4.59 1220 72.5

15 4.59-4.89 1290 76.6

16 4.89-5.21 1310 79.6

17 5.21-5.86 1280 760

18 5.86-6.07 1530 909

19 6.07-629 1310 77.8

20 29-6 61 1410 83

21 6.79-7.11 1440 85.5

22 59-7 97 510 89

23 8.47-8.87 1430 84.9

21 912-9.60 1590 94.1

25 960-990 1680 99.8

26 9.90-10.15 1620 96.2

27 1015-10.6 1620 962



TEST HOLE LOG

HAMMER WT 635Kg LOCATION See Plate A-O8022 COHESION Kg./Sq.cm
PERMAFROST

HT DROP 76 ELEVATION

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

or DESCRIPTION OF MATERIAL _____.X
DEPTI- TYPE IiT LASS

_________________________________________________
10 30 50 70 90%

10.lm ORGANIC SILT

NF roots dark brown

..L
____

O.75m.- trace volcanic ash

SILT AND CLAY

Nf organic pockets roots

Vx
trace shale siltstone

Vr 70m
gravel little sand

slight to low plastic

dark broin

14 Vr SILT

little sand trace clay

trace to little gravel
Vs

3.Om.\ pieces of shale

\\\_siihtiPlastic

SILTSTONE SHALE

14 fragile orange weather
ing

1L.
black

ice lenses 15mm spaced

1-3mm
BEDROCK

END OF HOLE

NOTES
Test hole located adjacent to

the old HainesFairbanks pipe
line on the north slope of

ridge Terrain is well

drained sloping 1O north

westerly

Dense spruce and poplar 15 to

20

Hole dry augered to 1.2

cored from 1.2 to 3.0 rn

JOB No ALO89O

PROJECT Frost Heave Test Sites
Kohn Leonoff ConsuRants Ltd

LOCATION H.P 2.5

CIVIL GEOTECHNICAL ENGINEERS IHOLE No 77-2-3

LDATE Sept 29/77 PLATE
L.C METRIC



FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 2-3

Sample Sample Frozen
Bulk3

Frozen Bulk
No Depth Density KG/ti Density PCF

1.21.7 1570 93.3

1.71.3 1880 111.7



SITE MR

1.0 INTRODUCTION

This area was selected as potential frost heave tes site The

site is located between MR 5.5 and 5.5 along the proposed pipel me

right-of-way The HF 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

A089031 as well as the photograhs of the cite on PIaes

A089032

SUMMARY

The site is located adjacent to soal creek which flows north

westerly into Mirror Creek The Mircr Creek drainage flows

northerly and westerly draining into the Chisana River in Alaska

The terrain consists of glaciolacistrine plain underlain by outwash

and is generally flat to very gentl roll ing and feaureless In

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

with water to deep ponded or tre ground surface In sI ghtly

higher terrain and in gently slopire areas the ground is firm moss

covered and vegetated with ight To moderate spruce growth

Based on the five test holes dri lIed across the site the soil

profile is relatively consistent The subsoils consist of thin

organic veneer overlying glaciolacstrine non to low plastic silts

and sands al of which oven Ic very dense stratum of gravel and

sand The upper sequence of fine crained soils varies from 3.4 to

55 thick in test holes 7732 inclusive In rest hole

77-3--i the fine grained soils extend to 5.0 m. In general the

fine grained soils grade from slIgT To be plastic silts

fine Its and sands to coarser sads at depth The very dense gravel

and sand stratum which underlies the upper fine grained strata

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

test holes were drilled to the .5 depth

KDhi Loff CrsuOtrnts Ltd



The permafrost conditions at the site are variable Test holes

7732 and 7733 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 dri led within of the tributary

creek to Mirror Creek These holes have shallow unfrozen active

layer above permafrost which extends to the 5.0 and 3.2 depths

respectively Beneath the upper permafrost zone the gravel and

sand is unfrozen to depth of 8.5 m. Test hole 7735 encountered

permafrost to depth of 8.5 beneath shallow 0.5 active layer

Ice in the permafrost affected soils 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 to in test holes

7734 7735

3.0 SITE DESCTIPTION

Test hole 77-3-1 is located at the north end of the site 40

southwest of the H-F pipeline and rn east of the tributary to

Mirror Creek The ground elevation at the test hole is about

0.7 above creek level and the terrain slopes gently 23% to the

west and north towards the creek The ground surface is firm moss

covered with tree cover consisting mainly of spindly spruce to

high The creek adjacent to the test hole is about wide

0.7 1.3 deep with an estimated flow of c.m.s The creek

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

Along the H-F pipeline between test holes 77-3-1 and 77-3-5 the

terrain is flat or gently sloping 12% to the north with water

frequently ponded to depth of about 0.3 m. Test hole 77-3-5 is

located 450 in southeast of 773-1 and 70 southwest of the HF

pipel inc righofiay It is situed in an open poorly defined

drainage course which trends northeasterly and slopes 1/2% towards

the creek in Ihe southest The oninage course is 20 wide and

0.5 lower than the adjacent terrain due to permafrost degradation

It is vegetated with grass and has water ponded to depth of 0.7

in contrast to the dry moss covered terrain adjacent to the drainage

KflcL Leooff Consuitaiits Ltd



course which supports sparse growth of spruce to

Test hole 7734 is situated 350 southeast of 7735 100

southwest of the HF pipeline and 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 across

The creek channel itself is about across and deep with

bed of soft dark brown silt The hole elevation is about

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 to the

north are 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 moderate

growth of wi lows and spruce to 10 m.

Between test holes 77-3-4 and 77-3-3 the terrain is flat and over

grown with moderate growth of spruce The ground is firm dry and

moss covered Hole 77-3-3 is located 200 southeast of 77-3-4

in an open swamp about 50 across The ground is soft and wet

with water ponded to depth of 0.3 m. few small peat mounds to

height of 0.5 extend above the water level in the swamp The

open area is grass covered with sparse wi lows to and few

spruce to m. The slightly higher ground surrounding the swamp

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

to m.

Test hole 7732 is located 275 southeast of 7733 in the middle

of broad open swamp along the trinutary to Mirror Creek The flat

open area adjacent to the creek is about 150 across and has

ponded water in excess of deep General drainage is into the

creek which flows northwesterly into Mirror Creek The ground

beneath the swamp is soft and supports growth of grass

Kflm Leooff Ltd



4.0 SOIL PERMAFROST CONDITIONS

4.1 Test Hole 77-3-1

Test hole 7731 was drilled to depth of 8.5 m. The hole was

augered to 1.0 cored from 1.0 to 3.2 and rotary drilled with

mud from 3.2 to 8.5 m. The topstratum consists of peat overlying

organic si It and sand to 75 The water content of the soi

varies up to 266% From 0.75 to 2.15 the soil is fine sand with

some si It and organic laminations The water content varies from

30 to 40% From 2.15 to 5.0 the soil grades to coarser sand

with little si It in pockets and 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 depth of 5.0 to 8.5 m.

Permafrost occurs from depth of 0.75 to 5.0 m. The soil has

low ice content Vr Vx of Nbn classification with ice lenses

ceneral ly less than mm thick comprising Ies than 2% of

the soil by volume zone of more extensive visible ice occurs

from the to depth where the excess ice content is

estimated to be 15% by volume

4.2 Test Hole 77-3-2

Test Hole 7732 was drilled to depth of 8.5 m. The hole was

augered to and drilled with mud from to 8.5 m. The site has

up to of ponded water overlying soft organic silt to depth of

0.5 m. The topstratum is underlain by soft fine sand and silt with

organic laminations to depth of 1.5 m. The water content averages

0% From depth of to the soil is medium dense sand with

little silt becoming coarser with depth The natural water content

decreases from 35% to 25% witn 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 trace of silt and is fairly well graded The natural

water content is about 10%

Koh Leoff Cosuitrt Ltd



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

4.3 Test Hole 77-3-3

Test hole 7733 was drilled to death of 8.5 m. The hole was

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

upper stratum underlying the site consists of 0.5 of organic

silt silt and clay laminated with organic material and little

sand underlies the upper stratum to depth of 3.0 m. The silt and

clay has soft to firm consistency slight to low plasticity and

natural water content of 3035% From 3.0 to 345 the silt grades

into Pnedium dense to dense sand interlayered with fine gravel This

stratum is underlain by dense to very dense gravel and sand from

3.45 to the maximum drilled depth of 8.5 m.

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

4.4 Test Hole 77-3-4

Test Hole 7734 was drilled to depth of 8.5 m. The hole was augered

to cored from to 3.45 and rotary drilled with mud from 3.45

to 8.5 m. The upper strata consist of 0.2 of peat overlying

laminated organic silt with litHe fine sand to depth of 1.95 m.

The total water content of the orcanic silt averages about 110% From

1.95 to 3.45 the silt is less organic with some sand The water

content of the silt varies from SC to 90% Below depth of 3.45 the

si It overl es dense to very ense gravel and sand stratum to the

maximum drilled depth of 8.5 m. The gravel and sand has trace of si It

and IS fairly well graded

Permafrost occurs from deptn of to The soil nas medium

to high ice content mainly Vr Vs Vx classification with extensive

ice lenses 1/4 to mm thick nd spaced at 1/4 to mm. The excess

ice in the soil is estimated to vary from to 30% by volume

Leonoff Coistants Ltd



4.5 Test Hole 77-3-5

Test hole 7735 was drilled to depth of 8.5 m. The hole was

augered to 0.5 cored from 0.5 to 3.5 and rotary drilled

with mud from 3.5 to 8.5 m. The upper strata consists of 0.3

of soft organic silt overlying slightly plastic silt with organic

and fine sand laminations to depth of 2.85 The water content

is high varying from about 100 to 400% From 85 to 55 the

silt grades to dark grey fine to medium sand with trace of

gravel The water content of the sand is about 20% The sand is

underlain by gravel and sand layer to the maximum drilled depth

of 8.5 m.

Permafrost occurs from depth of to the maximum drilled

depth of 8.5 m. The upper silt soils from depth of 0.5 to

2.5 have very high ice content mainly Vx Vr classification

with many ice lenses to mm thick spaced at mm tb cm

The excess ice content of these soils is variable ranging from

an estimated 10 to 60% by volune Below the soils are

low ice content being mostly Nbn classification with sparse Vx Vc

KkIhi Looff CosaDtits Ltd
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PROJECT

KLOHN LEONOFF CONSULTANTS LTD
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____

View northwesterly at Site adjacent to both the

HainesFairbanks pipeHne richtf.iay and the

Alaska Highway The site is octe-J in flat swampy
terrain along tributary to 1iror Creek

A-0890-33



TEST HOLE LOG

AMMERWT ó3.5g
PERMAFROST

LOCATION See Plate A-0890-3-2 JCOESIN
Kg./Sqcm

HI DROP 76 cm ELEVATION

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

CLASS

or DESCRPTON OF MATERIAL ___T.L__
___ _o..... 70 9O

Lim ORGANIC COVER D266
SILT AND SAND

organic fibres
0. 75m dark brown

Vr SAND

Vx some silt trace clay 74

Nbn fine to medium

_____ organic specks

dark grey to black
2.0 Nbn

____ 2.15m

Nbn SAND trace silt grey
Vx fineuniform gradatio

2.75m trace fine gravel

Vr ice lenses 1cm spaced 1cm

SAND

fine to coarse

stratified
Vc -somegravel

little silt in pocket

Nbn
wood pieces grey

some gravel

5.0 __ 5.Om

60
GRAVEL

fine to medium

and coarse sand

trace silt
7fl oj

grey
NE

u.u

8.5m

END OF HOLE 5m

LL LHHH
JOB No AL0890

PROJECT Frost Heave Test Sites

KDohn_Leonoff Consultants Ltd
LO All

CIVILGEOTECHNCAL ENGINEERS HOLENo 77-3-1

DATE Sept 23/77 PLATE
NE TR IC



TEST HOLE LOG

HAMMER WI 63.5g LOCATION COHESION Kg./Sqcm
PERMAFROST

Hr DROP 76 cm ELEVATION

SAMPLE DATA N.R.C N.F PI.ASTIC WATER LIQUID

DEPTF TYPE CLASS
DESCRPTON OF MATERIAL

15cm
______ ______________________________________________ 10 30 50 70

Notes

Hole located east of

tributary creek to Mirror Cr
Terrain slopes towards creek

Ground is firm moss covered
and overgrown with spruce to

7m

Thermistors installed at 0.5
1.5 3.0 and 6.0 depths

Standpipe piezometer installed

Hole augered to and cored

fromlto3.2m Drilling
mud was used from 3.2 to 8.5m

JOB No AL0890

Kohn Leonoff Consultants Ltd
Frost Heave Test Sites

IV IL GE IC GIN HOLE No 77-3-1 Continued
DATE Sept 23/77 PLATE

K.L.C LITRIC
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TEST HOLE LOG

HAMMER WI 635Kg
ERMAFROST

See Drawing A-0890-3-2 1C0ESIN
Kg /Sqcm

HT DROP 76 ELEVATION 0.2 0.6 LO .4 L8

____________________ ______ ____________________________________________ flELD VAN.E .AB VANJ
SAMPLE DATA N.R.C N.F PLASTIC WATER uouio

or DESCRPTON OF MATERAL
DEPIF TYPE Nc CLASS

_______________________________ 10 30 O_ 90
O.3M WATER

5i ORGANIC SILT

SAND and silt trace clay
1.0 fine uniform

rootsorganic specks

1.5M soft black

20 SAND

some silt trace clay
wood specks

nonplastic
SPT loose to med dense

dark brown-black

18

NF

SPT 38

GRAVEL AND SAND

trace silt

fairly well graded ._

-max 5cm
stratified

very dense

6.0 SPT 30 brown and grey
Ir
-U

i_9

8.o

_____ 8.5M

END OF HOLE 8.5M
9.0

Contd
AL0890

LILJJ

Kohn Leonoff Consuftants Ltd
Frost Heave Test Sites

PCIVIL GEOTECHNICAL ENGINEERS IHOLENo 77-3-2

Sept.214/77 PLATE
E.L.C METRIC



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION C0HE5ON Kg /Sq.cm

PERMAFROST
HI DROP ELEVATION 0.2 0.6 1.0 1.4 1.3

76 Cr
FIEL.D..VAN AB VANE

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

or DESCRPTON OF MATERIAL
DEPTI TYPE L5 No CLASS

_______________________________ 10 30 50 70 90

Notes

Hole located in small tribu

tary creek to Mirror Creek

Site is flat and swampy and

covered with O.3m-O.6m standing

water

Open area with grass small

willows

Hole augered to 3m Drilling

mud used from 3.Om to 8.5m

Thermistors installed 0.5
1.5 3.0 and 6.0 depths

JOB No AL0890

PROJECT Frost Heave Test Sites
Kohn Leonoff Consutants Ltd

CAU
lvi GE IC EN GIN HOLE No 77-3-2 Continued

DATE Sept.24/77 PLATE
C.L.C METRIC
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TEST HOLE LOG

HAMMER WI 635Kg LOCATION See Drawing A-089032 COHESION Xg./Sq.cm
PERMAFROST

HI DROP 76 ELEVATION

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

or DESCRPTON OF MATERAL ____
DEPTE TYPE Nc CLASS15cm

_______ ________________________________________________
30 50 70

O.5M ORGANIC SILT

10 SILT AND CLIY

little sand in

SPT laminations

rootsorganic specks

laminated

slight to low plastic

SPT
grey

3.0 3.OM
18 SAND some ned to fine

SPT 23 3.45M gravel
11

NE
little silt trace

clay

4.0 \- grey
27

SPT 31

33

------
bOcj GRAVEL

43 and sand

SPT 40 trace silt

fine

dQ grey iith rusty

colored layers

7.0
23

SPT 18

23

oQ

8.0

_____
8.5M

END OF HOLE 8.5M

9.0

LU it LHLH
IJOB No AL0890

KHohn Leonoff Consutants_Ltd
Frost Heave Test Sites

LOCATION HP

CIVIL GEOTECHNICAL ENGINEERS IHOLE No 77-3--3

FDATE Sept.26/77 PLATE
K.L.C METRiC



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION COHESION Kg /Sq
PERMAFROST

HI DROP 76 ELEVATION 0.2 0.6 1.0 1.4 l.a

_________________________________________________ OI 10 VLL BAIjIN
SAMPLE DATA N.R.C N.E PLASTIC WATER LIQUID

DEPTF TYPE QWN CLASS Fr
DESCRPTON OF MATERIAL

WMT CONTENT LIMIT

______ _______ _j 0_ j0_ __o_ __io_

Notes

Hole located in open swampy

terrain 80 meters west of old

Haines-Fairbanks pipeline
Ponded water to 0.5 meter deep
at ground surface

Ground is soft and wet over
grown primarily with grasses

Hole augered to 3M Drilling

mud used from 3M to 8.5M

JOB No AL0890

KDohn Leonoff ConsuRants Ltd
PROJECT Frost Heave Test Sites

4à lvi GE GIN HOLE No 77-33 Continued

_______________________________________________
DATE Sept.26/77 PLATE

.L.C METRIC



G
R

A
N

S
Z

E
C

U
R

V
E

-
-
-
-
-
-
-
-
-
-
8

f
l

U
i

C
u

_
_
_

_
_
_
Y

_
C

l
L
ii

c
c

Q
i

L
ii

iic
-
L

C
-

L
i_

C
O

-
-
-

-
i
-
I

C
D

flU
-
I

L
ii

L
fL

f\L
f\

.4
c
-
z
t

L
ii

C
0

U
r

u
i

c
n

gW
L

N
V

H
J

J
N

L
d

IN
O

d
JO

B
N

o
A

L
0
8
9
0

P
R

O
JE

C
T

F
ro

s
t

H
e
a
ve

T
e
s
t

S
ite

s
K

o
h

n
L
e
o
n
o
ff

C
o
n
s
u
ta

n
ts

L
td

L
O

C
A

T
IO

N

C
IV

IL
G

E
O

T
E

C
H

N
IC

A
L

E
N

G
IN

E
E

R
S

H
O

LE
N

o
7
7
3
3

D
E

P
T

H
3

3
4

5
M

D
A

T
E

U
c
t.2

1
/7

7



TEST HOLE LOG

HAMMERWT 635Kg LOCATION See Plate A-0890-3-2 COHESION Kg /Sq cm
PERMAFROST

HT DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

______________________________________________ jEID VAN ELAygL
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTh TYPE Nc CLASS
DESCRPTON OF MATERJAL

___ _______________________ ..J0 70
NF 0.2 PEAT-trace silt sand .1O

ORGANIC SILT
Nbn

little sand
1.0 Vx trace clay

rootswood pieces 11
VsVr laminateddk brown

Vr
ice lenses -2 mm

12

2.0 vs 1.95
-5 mm spacing

Vx SILT some sand

trace clay
organic specks

Vx non to slight
3.0 plasticity

Vr brown and grey
ice lenses up to mm

10 3.2 3.135 11 with 10mm spacings

SPT 24 1i
5.0

cjR0
GRAVEL AND SAND

12 .9 fine to coarse

43 NE layered
SPT

Ref
13 trace silt

000 very dense

grey

--
SPT 33

--7

21

SPT 22 15

__ 8.5M

90 ENDUE HOLE 5M

HH_H _____TJOB No AL0890

Klohn Leonoff ConsuRants Ltd IPROJECT
Frost Heave Test Sites

LLOCAT ION MP

CIVIL GEOTECHNICAL ENGINEERS JHOLE No 77-3-4

IDATE Sept.27/77 PLATE
IC.L.C METRIC



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION COHESION Kg./Sq.cm
PERMAFROST

Hr DROP 76 ELEVATION 0.2 0.6 1.0 1.4 ta

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTI TYPE -Nc CLASS
or DESCRPTON OF MATERIAL

___ ______________________ 10 J0 50 J0
Notes

Hole located east of small

tributary creek to Mirror Cr

Ground slopes towards creek

Ground is moss covered over
grown with moderate spruce

growth to 10

Hole augered to then

cored from to 3.145

Drilling mud used from 3.15

to 8.5

14 Water level at 3M on comple
tion of drilling

Thermistors installed at 0.5
1.5 3.0 and 14.5 depths

Standpipe piezometer installed

JOB No AL0390

Kohn Leonoff ConsuRants Ltd
PROJECT Frost Heave Test Sites

LOCATION

lvii GE IC AL GIN HOLE No 77_314 Continued

_______________________________________________ DATESept 27/77 PLATE
E.L.C METRIC
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TEST HOLE LOG

HAMMRWT 63 5Kg

PERMAFROST
LOCATION See Drawing A-0890-3-2 JC05 /Sqcm

HT DROP 76 cm ELEVATION 0.2 0.6 1.0 L4 .8
_____________ ____ __

SAMPLE DATA N.R.C N.E PLASTIC WATER LIQUID

CLASS

or DESCRPTON OF MATERAL
_____ _____________________________________ _j jo so 7o 9O

NF O.3M ORGANIC SILT soft

_____
0.5

SILT trace clay

.2 trace sand
_i__ Vr

fl organic layers 3O
_7

slight plasticity

Vs brown and grey
iice lenses 1-4mm lmmlcm

ICE
spacing

Vs
27

Vr
___ 257

3.0
Nbn 2.85M

Vx SAND-finetomedium
trace gravel mostly

10 Vc 355M shale pieces
trace silt

N-darkgrey-biack

GRAVEL AND SAND
SPT- Ref 11 Vx

fine to medium
Vc

trace silt

6.0 sub rounded

very dense

grey

7.0

SPT Ref 12 9Nbn

8.5M

__
ENDOFHOLE@8.5M

________

JOB No AL0890

Kohn Leonoff ConsuRants Ltd
PROJECT Frost Heave Test Sites

_________________________________ LOCATION MP

CIVILGEOTECHNICAL ENGINEERS HOLENo 77-3-5

DATE Sept.27/77 PLATE
R.L.C METRIC



TEST HOLE LOG

AMMER WI 63 5Kg LOCATION COHESION Kg /Sq cm

ERMAFROST
HT DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

_________________ _____ ____________________________________ FIE1O VANE

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTI TYPE Nc CLASS

or DESCRPTON OF MATERIAL ___L__..X
15cm

______ 10 30 50 70 90$

Notes

Hole located 50 west of

HainesFairbanks pipeline
R.O.W in swampy drainage

course Water is ponded at

the hole to depth of 0.7

and to depth of 1.0 in

small pond where the drainage
course crosses the H.F P/L

R.0.W

Ground is soft and overgrown

with grasses Terrain slopes

westerly

Hole augered to then

cored to 3.5 Drilling mud

used from 3.5 to 8.5

JOB No AL0890

Klohn Leonoff Consultants Ltd
Frost Heave Test Sites

CIVIL GEQTECHNICAL ENGINEERS HOLE No 773-5 Continued
DATE Sept.27/77 PLATE

.L.C IIETRIC
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SITE MP

1.0 INTRODUCTION

This area was selected as potential frost heave test site

The site is located between MP a-id along the proposed

pipeline rightofway The Alaska Highway passes within

1000 to the east of the site The reader should refer to

the location plan on Plate A0890--41 as well as aerial and

site photographs on Plates Aoo-

2.0 SUMMARY

The site is located on flat featureless plain which was the

extreme northwesterly limit of glaciation in the Yukon during

the Pleistocene The site encompasses two terrain units namely

outwash overlain by shal low pet Ci SH and glaciolacustnne

basin terrain GLB1 and GLB2

The entire site is very poorly drained with considerable ponded

water in grassy swamp areas sHghtly higher terrain above the

swamps the ground is firm moss covered and vegetated with light

to moderate growth of spindly sprLe The local drainage is into

Snag Creek which has very mature reandering channel Snag Creek

flows easterly joining with Beave Creek to the east of the site

before emptying into the White Ri er at Snag

Based on the six test holes dr led across the site the soil profit

consists of thin organic topstraurn overlying variable thickness

of glaciolacustrine sand silt anc clay all of which overlie outwash

gravel and sand The upper sequerce of laminated and interlayered silt

organic silt silt and clay and sand varies from 1.4 to 5.1 thick

Hydrometer tests indicate hess is are usual iy gap graded fine

sands or medium to coarse si Its Sased on Atterbeg Limit tests the

silt soils are generally non pasnic although the upper rn in test

hole 7745 is tow to medium pasc silt and clay These upper fine

grainad glaciolacustrine soils oeI ery dense gravel and sand of

glacial outwash origin The cave and sand is well graded and

Kirn Leoioff Co Wtits Ltd



relatively clean with trace of silt This stratum was penetr

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

The permafrost conditions the site are variable Test hole 7746
which was drilled in the OW PTSH terrain has shallow unfrozen

active layer 0.7 above permafrost which extends to the maximum

drilled depth of 8.5 m. Test holes 77-4-1 to 77-4-4 inclusive have

shallow unfrozen active layer above permafrost which extends to

depths varying between 2.8 and 5.0 m. Beneath this upper frozen zone

or talik of permafrost the ground is unfrozen Test hole 7745 was

dri lIed in flat open swampy area with considerable ponded water to

depth of 0.2 to 0.5 m. No permafrost was encountered in this

test hole

Ice in the permafrost affected soils is variable but occurs essential

ly as lenses and random layers in the fine grafted 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

7744 and 77-46 have hign ice contents The ice generally occurs

as thin closely spaced lenses varying from to mm thick Random

ice lenses up to 6cm also occur infrequently in these soils

3.0 SITE DESCRIPTION

Test hole 7744 is located at the northern end of the site approx

imately 1000 west of the Alaska Highway and 1300 north of Snag

Creek The terrain at 77-4-4 is flat and poorly drained with large

swamp located 14 to the east The hole itself is situated 75

above the water level in the swamp The drill site is vegetated with

grass moss and peat tussocs with sparse growth of spruce to 12

high

Test hole 77-4-5 is situated about 300 south of 77-4-4 The terrain

between these two holes is similar to that at both 7744 and 7745 being

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

Kilofim Looff Co situts Ltd



of the many swampy areas characteristic of the area and poorly defined

drainage flows northeasterly across the site The ground surface is

covered with extensive ponded water to 0.5 deep and is vegetated

with grass moss and brush s3arse growth of spruce and birch to

10 high occur predominantly in slightly higher areas where extensive

ponded water is not as prevelant

Test hole 7743 lies about 300 southeast of 7745 and is located

in treed area at the southeast corner of broad open stamp The

terrain is flat to gently sloping and drainage is poor At the drill

site the ground is firm moss covered and overgrown with moderate

growth of spruce with minor oircn TO 10 high The broad open swamp

to the north is vegetated with crass and covered with standing water at

the ground surface

Test hole 7742 is located abouT 500 south of 7743 in flat

area south of an old meander channel of Snag Creek and 125 north

of the present day channel The area is not as swampy as to the

north and the ground surface ha thick moss cover Vegetation

consists of moderate growt sruce to 10 high

Test hole 7741 lies 115 soLh of 7742 and nor of Snag

Creek on flat poorly drained area situated about above the creek

level The near vertical banks along Snag Creek are comprised of silt

and thaw slumps are evident at isolated locations Water in the creek

varies from 0.5 to 1.0 deep The Snag Creek drainage course is mature

and meanders with several oxbo lake features and old abandoned channels

dense growth of spruce to 20 high is concentrated along the banks of

the creek while shorter sparse spruce grow in areas awa from the creek

The ground surface is firm and ross covered

Test hole 7746 is located in Inc outvash terrain south of Snag Creek

which is flat poorly draine ar void of tree cover Vecetation consists

mainly of grasses shrubs and eensive peat tussocks Drainage of the

area is poor and ponded water generally occurs between peat tussocks

Kiorn Looff Cosuitrrts Ltd



4.0 SOIL AND PERMAFROST CONDITIONS

4.1 Test Hole 77-4-1

Test hole 77-4-1 was drilled to total depth of 10.0 by dry

augering to 1.1 coring from 1.1 to 2.85 and rotary drilling

with mud below 2.85 m. The subsoils consist of laminated silts

of glaciolacustrine origin extending from ground surface to depth

of 3.1 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 moisture content of 20% at the top of the stratum and

less at depth

Permafrost exists from 75 to 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 Ice generally occurs

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

4.2 Test Hole 77-4-2

This test hole was drilled by augering to 0.5 coring from 0.5 to

2.8 and rotary drilling with mud from 2.8 to 10.0 where the

hole was completed The subsoils consist of thin moss cover over

lying silt with organic laminations to 2.65 all of which overlies

dense gravel and sand outwash stratum to 10.0 m. The upper slIt

soils have high moisture contents ranging from 70 to 250% due to the

organic content The underlying gravel and sand materials have low

moisture content averaging about 10%

Permafrost exists from 0.5 to 5.0 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 mm thick and spaced

at 1/2 to 10mm intervals Due to the rotary method of drilling the

ice content of the gravel and sand soil was not ascertained

Test Hole 7743

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

Kih Levrnff Co itnt Ltd
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augered to 0.6 cored from 0.6 to 3.4 and rotary drH led

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

1.8 consist of silt larnnated with sand and organic materials

The soil has 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 high but variable ranging from 70 to 150% Peat and

organic silt with high moisture content occur from 3.1 to 4.2 m.

The upper fine grained soils depth of 42 are underlain by

fine to coarse gravel to the maximum depth drilled 8.95 m.

Permafrost exists from 0.6 to 2.8 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 to mm thick spaced to mm apart

4.4 Test Hole 774-4

Test hole 7744 as drilled to depth of 95 in by dry augering to

0.5 in coring from 0.5 to 5.1 and rotary drilling with mud below

The subsoils in tnis test hole progress from fine to coarser

grained with depth The subsoil profile consists of 1.2 of silt and

clay overlying sandy si It from to overlying sand from

to 4.7 all ol which overl ies thin silt layer and 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 low

moisture content averaging less than 10%

As with many of the test holes in the Snag Creek area talik of perma

frost exists from to with unfrozen soi Is above and below this

zone The frozen subso Is generally have medium ice content although

some lenses are up to cm Tnick The estimated excess ice content varies

from 10 to 20% in the upper silt strata to less than 10% in the sand

stratum from 3.0 to L1.7 m. Due to the rotary method of drilling the ice

content of the gravel and sand outwash stratLim was not ascertained

KDh Leonoff Corsiteit Ltd



4.5 Test Hole 77-4-5

Test hole 77-4-5 was dri led to depth of 8.6 by dry augering

to 3.0 and rotary drilling wiTh mud from 3.0 to 8.5 m. shallow

gravel stratum was encountered at depth of 2.0 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 7746

Test hole 7746 was drilled to depth of 8.5 by augering to

0.5 coring from 0.5 to 1.4 and rotary drilling with mud

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

depth of 1.4 beneath an upper layer of peat ice and silt The

upper 1.4 of soil is comprised of 0.55 of peat overlying ice rich

silt and organic sill- The moisture contents of these upper soils are

very nigh varying from 80 to more han 200%

Permafrost occurs beneath shal Dw 0.55 thick unfrozen active layer

to the maximum depth drilled m. Ice in the upper 1.4 occurs

as horizontal lenses to cm thick Due to the rotary method of drilling

the ice content of the gravel an sand substratum was not ascertained

However based on dri cuttings this material is very dense and has

negligible ice content

Kohn Leooff Consulthnts Ltd
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SITE

View northerly at Site with Snag Creek in the

foreground The site is located on relatively

flat featureless plain dotted with many small

ponds Note the cut me between the six test

holes drilled at the site The Alaska Highway
the HainesFairbanks pipeline riqhtofway and

Site along the tributary to Mirror Creek are

visible in the upper right part of the photo
graph

A089043



TEST HOLE LOG

HAMMER WI 63 5Kg

PERMAFROST
LOCATION See Dawing A-0890-i-2 COHESiON Kg /Sqcm

HT DROP 76 ELEVATION 0.2 0.6 1.0 1.4 1.8

___________________ ______ __________________________________________ AFIELD VANE LAB VANE UNCONF

SAMPLE DATA N.R.C NP CIT LIQUID

or DESCRIPTION OF MATERIAL
DEPTE TYPE CLASS

_________________________________ in 50 70

N.F SILT
little sand

trace clay
slight plasticity

Vr l.im brown

Nbn SILT- little sandtr.clay
laminated

VrVs
-i sand organicsVr

layers and laminati n_
Vs dark grey

Nbe iL
L_Ice lenses mm spaced 10mm

Ice lenses rnm spaced 10mm

Vx 3.lm

ob

14

Nbn GRAVEL AND SAND

and silttrace clay

layers of coarse

14 sand

medium dense
114

SPI 20 tç N.E Notes
214

Hole located north of

Snag CreeL on flat and
17 poorly drained area approx

SPI 11 above creek level

Dense spruce trees to 20-25M

Drilling mud used from 14 to

1OM

.c 14 Thermistors installed at 0.5
13 1.5 30 and 6.0

SPT 11

13

from wasi ed

smpe

ci
JlOOMENDOFH0LE

JOB No AL0890

PROJECT Frost Heave Test Sites
Kohn Leonoff ConsuRants Ltd

LOCATION MP to

CIVIL GEOTECHNICAL ENGINEERS IHOLE No 77-14-1

LDATESePt 19/77 PLATE

CL.C lETflIC
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TEST HOLE LOG

HAMMER WT 63.5Xg LOCATION See Drawing A-O89O-12 COHESON Kg./Sq.crn

PERMAFROST

HI DROP 76 cm ELEVATION E1DVANE
XI

PLASTIC WATER LIQUID
SAMPLE DATA

LIMIT CONTENT LIMIT

or DESCRPTON OF MATERAL -X
DEPTI TYPE

15cm
Nc CLASS

_________________________________________
30 50 70 907o

_____ orgariics lamination
and layers

Vr darK grey
l.11-Ice lenses mm spaced 5mm

.206
Vs rIce lenses .5 mm spaced 5mm

____ 1.55 SILTlittle clay peat

Vs
SILT little sand

organic laminations l23
Vr and layers

Nbe
dark grey 235

2.65Ice lenses 1-2mm spaced 10mm
112

GRAVEL AND SAND

subangular and

subrounded
bO little silt

yca

___

N.F Notes

Hole located 125 north of

Snag Creek on flat poorly

drained area

Deep moss cover with spruce

trees to

Drilling mud used from 2.8

to 10

Thermistors installed at

___________________________

10
10 ft END OF HOLE

JOB No AL0890

FROJECT Frost Heave Test Sites

Kohn Leonoff Consutants Ltd
LOCATION to

SWCiVILGEOTECHNICAL ENGINEERS HOLENo 77-4-2

DATESept 19/77 PLATE
K.L.C TRC
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TEST HOLE LOG

HAMMERWT 635K9 LOCATION See Drawing A0890-4-2 COHESION Kg.ISq.cm

PERMAFROST

HT DROP 76 cm ELEVATION 0.2 0.6 tO 1.4 L8

ca ___ ____________________________________ HEIDVANE IABVANE.UNcQN
SAMPLE DATA N.R.C N.F PLASTIC

CONTENT LIMIT
or DESCRIPTION OF MATERIAL ----

DEPTI TYPE
15cm

Nc CLASS
_________________________________________

10 30 50 70 90%

NE 3m MOSS- organ ic cover J1465

jIce lenses 1-2mm spaced 2-5mm

____ 0.6 SILT little clay trace sand ..-

Vr
__siity

organic laminations

Nbn sand and layers

Vr
dark grey

Vs .Ice lenses 1-2mm spaced 1-3mm NI

Vx 1.80m
__ _. Ice lenses 1mm spaced 2-7 mm

SILT AND CLAY

Vr trace of sand

Vs
low plasticity 1t
organics lamination

Vx and layers

3.lii.Ice lenses 1mm spaced 5mm

PEAT AND ORGANIC SILT 186

wood chips

black

SY 14.2m

Oo

GRAVEL

fine to coarse

some sand

little silt

subrounded

layers of coarse

_.fL sand

dense

I.E Notes
Hole located adjacent to

swamp area Ground surface

36 slopes to West
SPT 11 Cover of spruce trees to 15

37 and birch to 12

Drilling mud used from 3J
to8 95

Hole located 5m above

24 elevation of the nearby

SPT 38 swamp

8.95rn

ENDOFHOLE

1HHHH
JOB No ALO89O

PROJECT Erost Heave Test Sites
Kohn Leonoff ConsuRants Ltd MD to

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-I-i-3

DATE Sept 20/77 PLATE
.L.C METRIC
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TEST HOLE LOG

HAMMER WT 63.5Kg LOCATION See Drawl ng AO89O-3--2 OHEON Kg /Sq.cm

PERMAFROST
HI DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

_____________ ____ ____________________________
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPfl- TYPE Nc DESCRPT1ON OF MATERAL
15cm

_______ ________________________________________________
10 30 50 70 Q0

NF 3m MOSS-topsoilSlLT CLAY

-trace sandorganics

Vr
-low plastic grey

Ice lenses l-2nvn spaced 1mm
Vs 1.2m

Ice lenses 2-10mm spaced 10mm

SILT-some sand little day

Vx laminations organic lye
-darkyrey

Vr Ice lenses 1-2mm spaced 1-5mm

Vs Ice lenses to 50 mm .275

VrVx 3.Om
SANDrine uniform

Vr sore silt

-layers of sand and

Vx organic
-dark grey

4.1Ice lenses mm spaced 1-5mm 145
SAND-fine uniform

Nbn
-little silt

_____ 4.7m -dark grey

5.lm SILT-organic

GRAVEL-fine to coarse

21
and sand

little silt
SPT 37

.Q surounueu

-dense

NF Notes

Hole located 111m from swamp

on flat area and 75M above

17 swamp level

SPT 16 Moss grass cover with whit

18 spruces 5-12 in height

Drilling mud used from 5.1

to8.95t

41

SPT 30 10

____
95M

END OF HOLE

1OHL LHHHJ
JOB No ALO89O

Klohn Leonoff Consultants Ltd
PROJECT Frost Heave Test Sites

LOCATION MP to

jj9 CIVIL GEOTECHNICAL ENGINEERS 1HOLE No 77-4

1ATE Sept 21/77 PLATE

K.L.C METRIC
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TEST HOLE LOG

HAMMER WI 63.519 LOCATION See Drawing A-0890-4-2 COHESION Kg.fSq.cm

PERMAFROST
HI DROP 76 cm ELEVATION 0.2 0.6 .O L4 LG

_________________ _____ ______________________________________ FIE1D VANE tAB VANE JlicQ

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPIF TYPE Nc CIAS
DESCRPTKDN OF MATERIAL

15cm
_______ ________________________________________________

10 3fl 50 70 90
O.2m MOSS- organic cover

SILT AND CLAY

trace sand

trace organ ics

low plasticity

grey

2.Om --

GRAVEL

fine to coarse

some sand

90
little silt -c
layers of sand

o0

18

SPT 10 64 I.E Notes

Hole located on flat swampy

area with water to depth of

J..LO

Vegetation consists of shrubs

24 with birch white spruces in

SPT 23 surrounding

21 Drilling mud used from to

8.6M

Thermistors installed at

153Oand6O
.Q92

SPT 20 Piezonieter installed Water

24 level at ground surface

25_SP__ 8.6m

END OF HOLE

HOLHH LI UHHHW
JOB No AL0890

Kohn Leonoff Consutants Ltd
Frost Heave Test Sites

LOCAT ION MP to

LV9CIVILGEOTECHNICAL ENGINEERS HOLENo 77-4-5

DATE Sept 21/77 PLATE

CL.C METRIC
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TEST HOLE LOG

H4AMMERWT 635Kg
PERMAFROST

LOCATION See Drawing A-0890-14--2 COHESION Kg /Sqcm

HI DROP 76 cm ELEVATION 0.2 0.6 1.0 14 1.8

_____ ____________________________________ EIE1D VANE IAVANEUMCQNF
SAMPLE DATA N.R.C N.F

PLASTIC WATER LIQUID

DEPTF TYPE NNc ASS
DESCRIPTION OF MATERIAL

15cm
_______

10 30 50 70 0fr

MOSS- grass cover 669

____ O.55m PEAT 22
.1.

Vs O.7m ICE SILT

II Vr

II l.2m SILT- trace sand
Vs lJim ORGANIC SILT

.00-c

00.
GRAVEL

fine to coarse

p. subangular

some sand

race

bo

14

.s

9o. Note
.P Hole located on flat poorly --

14

drained area Free water on

ground surface

Vegetation consists of peat
tussocks grass with buck
brush 11.5m high
Drilling mud used from 1.14 to

8.5

çi

OOc

____
8.5m

END OF HOLE

101 II IlIII.i._.L._LII
JOB No AL0890

Kohn Leonoff Consuiltants Ltd
PROJECT Frost Heave Test Sites

LOCATION to

tAFCIVILGEOTECHNJCAL ENGINEERS HOLENo 7714-6

DATE Sept 23/77 PLATE
I.L.C METRIC
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SITE MP 25 24.5

1.0 INTRODUCTION

This area was selected as potential frost heave test site The

site is located between MP 24 and 24.5 of the proposed pipel me

rightofway The Alaska Highway passes within 150 of test hole

7751 at the north end of the site The reader should refer to the

location plan on Plate A0890--51 as well as the aerial and site

photographs on Plates A089052

2.0 SUMMARY

The site is located in broad gently sloping valley bounded by

steeply sloping upland on the southeast The valley is former

meitwater channel MCPTfl which is flanked by upland areas classified

as outwash OW and moraine RKMHM underlain by bedrock at she low

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 very light growth of spruce and brush

except along the creek where the spruce are dense and up to 20 high

Based on three test holes in the valley the soils consist of an upper

sequence of fine laminated organic silts overlying coarse gravel and

sand stratum at depths between 0.6 and 4.55 m. fourth test hole

dri led on the upper valley slopes encountered of interlayered

colluvial sand silt and graver overlying coarse gravel stratum

Permafrost is widespread at the site Three test holes encountered

permafrost beneath shal low unfrozen active layer to the maximum

depths drilled Test hole 77-7-2 drilled within of Enger Creek

encountered permafrost tal ik from 1.0 to 5.0 above and below

which the ground is unfrozen

The upper fine grained silt strata in all four test holes has high

ice content The ice generally occurs as thin closely spaced horiz

ontal lenses The ice content of the gravel undenlyinq the

Kilohn Leornff Consutants Ltd
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site was difficult to determine as mud wa used as the drill ing

fluid Based on the cuttings returned in the drilling mud the

ice content of the gravel is believed neglible

3.0 SITE DESCRIPTION

Test hole 77-5-1 is located at the north end of the site approx

imately 150 southwest of the Alaska Highway and 70 east of the

HF pipeline The ground elevation at the test hole is about

above Enger Creek which is located 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 dense growth of

spruce to 10 high exists along both banks of the creek

Test hole 7753 is located about 400 southeast of 7751 and

lOOm east of the HF pipeline The ground between these holes is

slightly dishshaped with large pond in the middle along the HF

pipeline The drill site is located in natural clearing overgrown

with very sparse stunted spruce to denser stand of spruce

occurs southwest of the site The terrain has very gentle 1/2% slope

to the northwest and water is ponded between peat tussocks

Test hole 775-2 is located about 800 southeast of 7753 along

Enger Creek and about 80 east of the HF pipeline The ground

between these holes is gently undulating with maximum slope

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

hole is about 1.5 wide 0.2 deep and had 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 dense

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

creek

Test hole 7754 is located on 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% bedrock cored ridge exists east of the site The ground

KioFim Leooff Co Litats Ltd
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surface is firm moss covered and supports moderate growth of

spruce to high

4.0 SOIL PERMAFROST CONDITIONS

4.1 Test Hole 775--i

Test hole 7751 was drilled to depth of 9.0 by augering to

0.5 coring from 0.5 to 4.7 and rotary drilling with mud

from to The subsoils consist of 55 of silt and

organic silt overlying coarse gravel and sand stratum From

depth of Oto 1.75 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 have little fine and lesser amount of organic material

with moisture contents averaging about 55% The underlying gravel

and sand is coarse and has low moisture content of about 10%

Permafrost occurs from depth of 0.5 to 9.0 m. The upper fine

grained soils to depth of 55 have low to medium ice content

The estimated excess ice content varies from about to 20% by

volume The ice usually occurs in thin 1/4 cm thick lenses with

few thicker lenses up to cm. Based on cuttings returned in the

drilling mud the gravel and sand below depth of 4.55 have

low excess ice content

Test Hole 7752

Test hole 77-5-2 was drilled to depth of 8.55 by augering to

and rotary drilling with mud from to 55 The subsoi Is

consist of thin veneer of silt and clay to depth of 0.6 over

lying 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 depth of 1.0 to 5.0 m. Due to the rotary

nature of drilling with mud used as drilling fluid representative

samples of the gravel stratum were not obtained

Kith Leoff Co thrts Ltd



4.3 Test Hole 77-5-3

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

to 1.0 and rotary drilling with mud from 1.0 to 8.5 m. From

ground surface to depth of 2.4 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 grained soils overlie 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 depth of 0.5 to 8.5 m. The upper fine grained

soils to depth of 2.4 generally have medium ice content The

estimated excess ice content varies from about to 25% by volume

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

mm thick Based on cuttings returned in the drilling mud the

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

content

Test Hole 775-4

Test hole 7754 was drilled to depth of 8.5 by augering to 0.5

coring to 4.9 and rotary dri ing with mud to 8.5 m. The subsoi Is

consist of 4.9 of interlayered silt sand and gravel colluvium

overlying coarse gravel and said 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 depth of m. Based

on cuttings returned in the dri ing mud the underlying gravel and

sand materials are coarse

Permafrost occurs from depTn to rn The upper fine grained

soi Is to depth of 55 have Io ice content The estimated

excess ice content varies from about to 10% by volume Based on

cuttings returned in the drill mi mud the underlying gravel and sand

materials have negligible ice content

Kih Leooff CoisDthits Ltd



MP2O

JMto Pa
//

115

kiI\NN

775

25 Lake

MIapost

1191j

ger\

it
snag

AN --T
TAN

SCALE 5OO lazal

FOJECT

KLOHN LEONOFF CONSULTANTS LTD FROST HEAVE TEST SOTES

CIVIL GEOTECHNICAL HYDRAULIC TITaE

GENERAL LOCATIION PLAN

CALAY WIHHIP DANAA TEST SATE

DATE OF ISSUE PEOJECT No Iowa No

FOOTHILLS POPE ION ESYUKONL TD 0890 jAOe9O511



PROJECT

KLH1 LOOFF ULTANTS LTD
AV ST

CIVIL GEOTECHNICAL HYDRAULIC TITLE

TEST HOLE LOCAflON

VANCOUVER CALGARY WINNIPEG CANADA HOTO MO SA tIC No
CLIENT DATE OF ISSUE PROJECT No DWG No REV

FOOTHOLLS HPE UNESYUCONLTD A10890



SITE

View looking southerly at Site along the HainesFairbanks

piel merightofway heav tree arowth occurs alcng Enger

Creek in the lower left and centrai parts of the photoqraph
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TEST HOLE LOG

HAMMERWT 63.5Kg LOCATION See P1at A08905-2 COHESION Kg.fSq.cm
PERMAFROST

HT DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

_____ _____________________________________ FtE10VANEAVANEryNcpHp
SAMPLE DATA N.R.C N.F PLASTIC WATER UQIJID

DEPfl TYPE WNc CLASS
DESCROPTON OF MATERIAL

_________________________________________________
10 30 50 70 90

O.3m organic cover p156

____ 0.5 ORGANIC SILT 135
itte ciay 1137

VrVs trace sand Li

Vx peat layers organic L216
laminations

Vr Vs slight plasticity
1.75rn 5cm ice lense 0.95 _126

Nbn SILT

VrVs t2m little sand in lenses

SILT

little fine sand

trace clay

wood specks organic

VrVs layers

slight plasticity

brown

__ ____d__
....extensive black organics

VxVr
____ .55m

GRAVEL

some sand
D0

little silt

trace cobbles

i2 coarser .iItn depth

90m

ENDOFHOLE9Om

10
contd

No AL0890

PROJECT Frost Heave Test Sites
Kohn Leonofl Consuftants Ltd

LOCATION .5

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-5-1

DATE Oct 3/77 PLATE
E.L.C METRIC



TEST HOLE LOG

HAMMER WT 63.5Kg LOCATION COHESION Kg /5g cm
PERMAFROST

HI DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

_____ ________________________________________ fjELD VANE A8 VANE UCON
SAMPLE DATA NRC N.F PLASTIC WATER LIQUID

DEPTF TYPE -Nc CLASS
DESCRPTON OF MATERAL

15cm
______ 10 30 50 70 90T

NOTES

Hole located 70 east of H-F

pipeline and southwest of

Enger Creek Terrain slopes
1/2 towards creek

Vegetation adjacent to the

creek consists of moderately

dense spruce to 10 with

extensive willows to m. An

open grassy swamp some 15

across is located immediately

south of the creek

Hole augered to 0.5 cored

to 4.7 then rotary drilled

with mud to 9.0 rn.

Thermistors installed at 0.5
1.5 3.0 and 4.5 m. Stand-

pipe piezorneter installed to

4.5m.

JOBNo-
KDohn Leonoff ConsuRants Ltd

PROJECT Frost Heave Test SItes

LOCATION

CIVILGEOTECHNICAL ENGINEERS HOLENo 77-5-1

_________________________________________________ DATE Oct.3/77 PLATE
X.L.C 4ETRIC
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FROZEfl BULK DEUSITY TEST RESULTS

TEST HOLE NO 5-1

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/M Density PCF

0.500.95 1120 66.5

1.28-1.60 1330 79.0

2.202.73 1OO 832

3.7O-.1O 16O 97.L



TEST HOLE LOG

HAMMER WT 63
5K91

PERMAFROST

LOCATION See P1 ate A089052 COIESIN
Kg /Sqcm

HI DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

______ __________________________________________ FIELD VANE LAB VANE 1jCQNP.
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

or DESCRPTVON OF MATERIAL
DEPI1 TYPE Noi CLASS15cm

________________________________________________ -J $fl 50 .j0 90
O.2m organic cover

SILTCLAY
O.6m little sa

____ \ec
GRAVEL

little sand

little silt clay
brown

NOTES

Hole located from west bank

of tributary to Enger Creek
Site is well drained slopes

gently towards the creek

dense growth of spruce to 20m

occurs adjacent to the creek
The ground is firm and moss

covered
_1 __

Hole augered to 1.0 and

rotary drilled with mud to

8.55m

Thermistors installed 0.5
NE

1.5 3.0 and 6.0 m. Stand
pipe piezonieter installed

-7

.0

oo

00

____
8.55m

END OF HOLE @8 55

JOB No AL0890

KlohnLeonoffConsuRantsLtd
LOCAUON MP24

Test Sttes

CIVIL GEOTECHNICAL ENGINEERS HOLENo 7752
DATE Oct 4/77 PLATE

k.L.C METRIC



TEST HOLE LOG

HAMMERWT 63.5Kg LOCATION See Plate A-0890-5-2 C0HESI0 Kg./Sq.cm
PERMAFROST

HI DROP 76 cm ELEVATION 0.2 0.6 tO L4 1.8

_____ _________________________________ FIELD VANE LABVANJI1CQN
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTF TYPE WNc CLASS
DESCRIPTION OF MATERAL

_____ ______ _____________________________________ ______
10 30 50 70 9Oj

NE O.25m PEAT 61

_____
0.5 O.50m SILT CLAY dark brown

ORGANIC SILT
VrVs

peat in layerswood specks

some fine sand 27
black 12

white sand layer ii

1.95m ice lenses 1/14-7mm thick

SILTCLAY
2.4m trace fine sand

slight to low plasticity
dark brown

çf VxVc GRAVEL

çc medium to coarse

some sand00
little silt

layered

_5_

91 8.50m

END OF HOLE 50

coned

JOB No AL0890

Kohn Leonoff ConsuRants Ltd
Frost Heave Test Sites

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-5-3

DATE Oct.t/77 PLATE
.L.C METRIC



TEST HOLE LOG

HAMMER WT 63.5Kg LOCATION COHESION Kg./Sq.cm
PERMAFROST IT

Hr DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

_____ _______________________________ EIE1D VANE

SAMPLE DATA N.R.C Ni PLASTIC WATER LIQUID

DEPTI TYPE NC CLASS
DESCRPTON OF MA1ERAL

15cm
10 30 30 70

NOTES

Hole located 100 east of

H-F pipeline in an open area
Terrain slopes 1/22 to the

northwest

Ground surface has extensive

peat tussocks with virtually

no tree growth at the hole

location dense clump of

spruce occurs southwest of

the site

Hole augered to 1.0 and

rotary drilled with mud to

8.5

JOBN0
PROJECT Frost Heave Test SitesKohn Leonoff ConsuRants Ltd
LOCATION HP .5

1CIVILGEOTECHNICAL ENGINEERS HOLENo 77-5-3

_________________________________________________
DATE Oct /77 PLATE

J.L.C METRIC
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 53

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/M Density PCF

L1OL4O 1130 671



TEST HOLE LOG

HAMMER WT 63.5Kg LOCATION COHESION Kg /Sq.cm
PERMAFROST

ee Pate 0u90

HI DROP 76 cm ELEVATION 0.2 0.6 1.0 L4 1.8

_____ ___________________________________ jFIELD VANE LABVANELLNCQJ.P

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTI TYPE 9Nc CLASS
DESCRPTON OF MATERAL

NE O..2m orcianic cover 57C
____ O.5 SILT little sand

O.6m organic

GRAVEL SILT

some sand
1.15mvrvS 11

---
Vx SAND some silt

some gravel

l.85m wood specks
organic layers

ORGANIC SILT

trace sand

2.65m slight to low

plasticity

___ SILT somesand

VrVx ______________
0-extensive gravel layers

Nbn SILT some sand

hO VrVx little gravel

Nbn organic layers

GRAVEL- fine to medium
SPI some sand

ref

13

VrVx
Vc

coarse
trace cobbles

8.50m

END OFHOLE @8 5m

contd

JOB No AL0890

PROJECT Frost Heave Test Sites
KDohn Leonoff ConsuRants Ltd

LOCATION MP 2L

WcIvILGEOTECHNIcAL ENGINEERS HOLENo 77-5-n

DATE Oct.5/77 PLATE
E.L.C METRIC



TEST HOLE LOG

HAMMER WI 635Kg LOCATION COHESION Kg /Sq.cm
PERMAFROST

HI DROP 76 cm ELEVATION

SAMPLE DATA N.R.C N.F PLASTIC WATER UQUID

DEPT TYPE CLASS
DESCRIPTLON OF MATERIAL ____-x

NOTES

Hole located on bench above

the meitwater channel The

bench slopes to the north-

west whereas the nearby
flanks of the meitwater

channel slope at 2O

The ground surface is firm an

moss covered and the area is

vegetated with moderate

growth of spruce to 8m high

Hole augered to 0.5 cored

to i.9 then rotary drilled

with mud to 8.5m

JOB No ALO89O

Kohn Leonoff ConsuRants Ltd
PROJECT Frost Heave Test Sites

tIP

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-5_Li

___________________________________________________
DATE Oct 5/11 PLATE

K.L.C tTRIC
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 5_1

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/H Density PCF

50-3 00 i6k0 97

1OO-35 1590

10 35-1i 75 16O 97



SITE MP 26.5 27.5

1.0 INTRODUCTION

This area was selected as potential frost heave test site The

site is located between MP 26.5 and 27.5 along the proposed pipe

line rightofway which parallels the HF pipel me The Alaska

Highway is 400 east of the southern part of the site The

reader should refer to the attached location plan on Plate

A089O6--1 as well as the aeria and site photographs on

Plates A-0890-2

SUMMARY

This site encompasses 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 terrain This flatter low lying terrain parallels

the Alaska Highway on the west and is flanked by gently undulating

outwash and ridge and knol 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

moderate growth of spruce and clusters of tall birch and poplar

The peat terrain in the south has gentle to 2% slope to the east

Drainage is poor and water is ponded between the exTensive pear

tussocks in the area The area is void of tree cover except for

sparse growth of stunted spruce

Seven test holes were dri led 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 to the east or west of the HF

pipel me rightofway The subsoil conditions are relatively uniform

in that they consist of an upper stratum of fine grained soils over

lying interlayened gravel sand and glacial till soils The upper

substratum varies from to 3.3 thick and consists of variable

KOo Leonoff Cosuithts Ltd
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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 variable silt and clay content

The coarse granular and often un-frozen material prevented

detailed camp ing with the rotary drill used for this 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 776--i and

therefore large portions of this area are unfrozen However

permafrost occurs below depths of 5.8 and 2.5 respectively

in test holes 7766 and The frozen soils in 7766 are ice

rich with lenses up to cm thick These variable permafrost

conditions typify those expected in the discontinuous permafrost

zone

Test holes 7762 and were drilled in the low lying peat terrain

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

below depth of 0.3 to 0.5 m. Considerable ground probing indicates

extensive permafrost in the area The subsoils consist of topstratum

of ice rich silt organic silt and peat varying from about to

thick overlying gravel and sand materials

3.0 Site Description

Test hole 776-1 is located at ne northern end of the site about 50

west of the HF pipeline lake is situated west of the test

hole and the lake level is 20 oelow the ground elevation at 7761

Large boulders up to in diameter are visible along the lakeshore

The terrain in the immediate vicinity is fairly we drained and slopes

gently at about 3% into the lake on the west The ground surface is

firm and moss covered Vegetation consists of moderate growth of

spruce to and sparse poplars to 10 high

Test hole 77-6-7 is located on The H-F pipe inc right-of-way about

150 south of 7761 The terrain between these two test holes has

Kilohi Lecoff Cott Ltd
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5% slope to the south At the drill site the terrain slopes

5% to the east across the pipeline rightofway Vegetation near

the site consists of moderate growth of spruce to 10 and

sparse poplars to 15 high

Test hole 7763 is located about 250 south of 7767 The

terrain between these test hole3 is undulating but has an overall

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 HF pipeline which runs

northsouth across Site is situated 40 east of test hole

7763 The drill site is located in natural clearing which

appears to be the dried up bed of former pond The natural

ground surface in the clearing is grass covered and some to

lower in elevation than the surrounding terrain Although local

drainage is into this depression no ponded water existed at the

time of drilling Vegetation adjacent to the clearing consists of

WI low spruce and tall growth of poplar

Test hole 7766 is located on the HF pipeline rightofway about

200 south of 7763 The terrain between these two holes is

undulating but has an overal positive gradient of 2% to the south

The drill site is located in very small drainage course which flows

on 2% gradient to the east across the pipetine rightofway Veget

ation adjacent to the site consists of light growth of spruce to

and sparse poplar to 15 m.

Test hole 7764 is situated about 200 in south of 7763 and 30

west of the HF pipeline The ole is located on the top of broad

low eastwest trending ridge The terrain in the immediate vicinity

of the site slopes about to the east across the pipel me rightofway

Vegetation consists of thick crowth of WI lows and moderately dense

spruce to high

Test hole 7765 is located abojt 250 south of 7764 and 30 east

of the HF pipeline rightofway The hole is located in low lying

area about 10 lower in elevacion than the ridge to the north The

Kom Leoof Cosutnts Ltd



terrain is poorly drained and slopes gently 2% to the east The

ground surface is covered with peat tussocks and local ly has

standing water between the tussocks The area is almost void of

tree cover except for very sparse stunted spruce

Test hole 7762 is located 200 south of 776-5 and 30 iii east

of the HF pipeline The poorly drained terrain slopes 2% to the

east and is identical to that at 7765

40 SOIL PERMAFROST CONDITIONS

Test Hole 7761

This test hole was drilled to depth of 8.5 by augering to 2.0

and rotary drilling with mud from 2.0 to 8.5 m. The topstratum

consists of 2.0 of silt and sand interlayered with thin gravel

materials Atterberg Limit tests indicate the soil has nonto

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 depth of 2.0 rn. This material has variable

but generally low si It and clay content and occasional ly contains

boulders

The entire test hole was unfrozen within the dri led depth of

Test Hole 776-2

This test hole was drilled to depth of 10.0 by augering to 0.5

coring from 0.5 to 4.05 rn then rotary drilling with mud to 10.0 rn.

The subsoil profile consists of peat and organic silt overlying silt

all of which overl ies thick sandy gravel stratum The peat and

organic silt topstraturn extends to depth of 1.4 rn and has very

high moisture content in excess of 250% The topstratum is underlain

by grey silt material from depth of 1.4 to 3.92 rn. The silt

is laminated with thin seams of sand and clay and has slight

plasticity The moisture conte1T decreases from 90 to 30% with stratum

depth The basal stratum below depth of 3.92 consists of gravel

and sand with variable amounts of silt clay and boulders

Kiim Leoioff Cositaits Ud



Permafrost occurs from deth of 0.3 to 10.0 m. The upper peat

and organic silt stratum has high ice content with ice lenses

greater than cm. The estimated excess ice content varies up to

60% by volume The silt soils between depth of 1.4 and 3.92

has medium to high ice conetnt Ice lenses are generally less than

mm thick and the estimated excess ice content varies from 10 to 40%

by volume The ice content of the gravel and sand substratum is low

based on single core sample recovered in the upper cm of the stratum

4.3 Test Hole 77-63

This test hole was drilled to depth of 9.65 by augering to 1.55

then rotary drilling with mud below 1.55 m. The upper 3.25 consists

of soft to firm low plastic silt and clay Below depth of

this material has sone fine sand as well as layers of coarse

gravel The moisture content decreases from 50% near ground surface

to 15% below depth of m. Below depth of 3.25 the subsol Is

consist of very dense gravel ly materials From depth of 3.25 to

5.45 the soil consists of coarse gravel with both matrix and

layers of sand and silt Below depth of 5.45 the soil is

glacial till consisting of well graded gravel sand and silt and clay

An Atterberg Limit test on he fine matrix material indicates the

plasticity index is about The entire test hole was unfrozen within

the total drilled depth

Test Hole 7764

This test hole was drilled to depth of 5.5 where the hole was

abandoned due to continuous sloughing of unfrozen gravel during drilling

The hole was augered to 1.0 and rotary drilled with mud from 1.0 to

5.5 m. The subsoils consist of 1.0 topstratum of silt underlain

by gravel and sand with variable silt content and occasional

boulders to depth of 5.5 m. Due to the rotary nature of the

dri ing equipment representative samples of the coarse unfrozen

gravel materials could not be obtained

The entire test hole was unfroen within the total drilled depth

Kiuü Leooff Couitrnts Ltd



4.5 Test Hole 77-6-5

This test hole was dri led to depth of 8.5 by augering to 0.5 In

coring from 0.5 to 6.4 then rotary drilling with mud below

6.4 m. From ground surface to depth of 4.9 the soils consist

of peat and organic silt The moisture contents in this zone are high

varying from 90 to 350% depending on the relative ice and organic

content From depth of 4.9 to 6.4 the organic materials are

underlain by laminated non plastic silt 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 ittle

sand below depth of 6.4 m.

Permafrost occurs from 0.5 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 has low ice content

Ice lenses are general ly 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 drill ing eauipment represenTative samples of the gravel stratum

could not be obtained for permafrost classification

4.6 Test Hole 77-6-6

This test hole was drilled to 6.25 by augering to 2.3 then

rotary drilling with mud below 2.3 m. Water was encountered at

0.75 during dri ing Coarse unfrozen granular materials with

variable si It content were encouitered from ground surface to depth

of 5.8 m. The upper consist of well graded gravel sand and

si It which becomes coarser iith deuth From depth of to

the material is cleaner medium dense to dense gravel and sand with

trace of silt and clay

The test hole was terminated in an ice rich sand silt and gravel

layer encountered from depth of 5.8 to 6.25 m. Ice lenses up to

cm thick exist in this permafrostaffected soil

4.7 Test Hole 776-7

This test hole was drilled to 8.5 by augering to 3.3 then rotary

drilling with mud below 3.3 rn. The subsoils consist of 1.95

Kkm Leo Coiltts LW
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thick topstratum of silt and clay with little 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 slightly plastic silt sand and gravel

material from depth of 1.95 to 3.3 m. The moisture content averages

about 30% Below depth of 3.3 the subsoils consist of an

interlayered gravel and sand with variable silt content

Permafrost occurs from 2.5 to 8.5 m. From depth of 2.5 to 3.3

ice general ly occurs as thin 1/2 to mm thick lenses although

cm thick lense occurs at depth of 3.0 m. The gravel and sand

substratum has low excess ice content which becomes negligible below

5.1 m.

Km LoFoff Co trnts Ltd
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SITE

View southerly at Site along the HainesFairbanks oipel me

rgh-of-way with the Alaska High.ay to the east The od
caciaI meitwater channel evident in the upper part 31 the

pnotograph is the present day Dry Creek val Icy The undul

aTing and hummocky terrain in the lower part of- the photo

caph marks the northwestern terminus of 1acauley ociation

the Yukon



TEST HOLE LOG

HAMMERWT 635K9 LOCATION See Drawing A0890-6-2 COHESION Kg./Sq.cm

PERMAFROST

I-IT DROP 76 ELEVATION 0.2 0.6 1.0 1.4 1.8

_____ ________________________________________ FiE1D VANEjAB VANE

SAMPLE DATA N.R.C N.F
CONTENT

UUID

or DESCRPTON OF MATERIAL
DEPTI- TYPE 15cm Nc CLASS

__________________________________________ 10 30 50 70 90
0.lM PEAT AND SILT black

SILT and sand
0.5M little fine gravel

slight plasticity

LU SILT SAND
some fine to medium
gravel

-- gravel subangular to
subrounded

slight plasticity
2.OM grey-brown

NF

3.0 GRAVEL AND SAND

trace silt

trace clay

trace boulders

gravel fine to coarse

110 poorly sorted

SPT
grey

18

Sa st
5.0

op
loss of drilling fluid to

22 format ion

SPT 112

6.0 56

7B

coarse gravel
8.0

_____
8.5M

END OF HOLE 8.5M
9.0

LI LL LLI
JOB No AL0890

PROJECT Frost Heave Test SitesKeh Leonoff ConsuRants Ltd fA NP 2o.5-27.5

%iWCIVILGEOTECHNICAL ENGINEERS HOLENo 77-6-1

DATE Oct 5/77 PLATE
X.L.C METRIC



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATtON COHESION Kg./Sq.cm

ERMAFROST
HI DROP 76 ELEVATION 0.2 0.6 1.0 1.4 1.8

_____ ________________________________________ FIELD VANE J.AB VANE UNCQNF

SAMPLE DATA N.R.C N.F
PLASTIC

CONTENT
UQuID

___
or DESCROPTON OF MATERIAL

LIMIT

DEPTh TYPE I5cm LASS ___________________________________ 10 30 50

Notes

Hole located at the southeast

corner of small lake 1i

from lake and 20 cm above

water level Ground surface

is well drained and slopes

into the lake Large boulders

visible along lakeshore

Moderate growth of spruce to

and poplars to 10

Hole augered to 2.0 Drill-

ing mud used from 2.0 to 8.5m

14 Thermistors installed at 0.5
1.5 3.0 and 1.5 depths

JOB No AL0890

Klohn Leonoff ConsuRants Ltd
PROJECT Frost Heave Test Sites

LOCATION .5 to 7.5

lvi GE GIN HOLE No 77-6-1 Continued

___________________________________________________
DATE Oct 5/77 PLATE

K.L.C P4ETRIC
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TEST HOLE LOG

HAMMERWT 63.5Kg

PERMAFROST

LOCAUON See Plate A-0890-6-2 Kg./Sq.cm

HT DROP 76 cm ELEVATION O2 0.6 .O 1.4 1.8

c0 _____ ___ ________________________________________ FILD VANE .AB VANE JJNCON
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTI TYPE BN CLASS
DESCRPTON OF MATERAL

_______ _________________________________________________ 10 30 50 70

NE PEAT moss 28____ considerable wood
VrVx pieces 471

trace silt 26S
cm ice lense 333

1.1m ORGANIC SILT trace sand 26
SILT

2.0
Vr trace sandtrace clay

Vs organic specks

2Jim -grey

SILT

3.0 10 Vs trace sandtrace clay ..

slight plasticity
11 Vr grey

Lice lenses to 15 mm
12 Vs L__ice lenses -3mm 1-10mm

4.0 13
3.92m..and gravel and sand

.çc GRAVEL

some sand

14c trace silt

trace boulders
5.0

coarse

grey

Notes

6.0 Hole located in an openpoorly
cO draIned area 30 east of the

156yo H-F P/L Ground surface slopes

cP easterly

Vegetation consists of peat

tussocks on the ground surface

and sparse spruce to 3m
cc

Test hole augered to Sm
cored from 0.5 to 4.05m and

drilled with mud from 4.05 to

17 lOm

90 I1

10.0 1O.Om END OF HOLE AT 10.0

No AL0890

PROJECT Frost Heave Test Site

_- Klohn Leonoff ConsuRants Ltd MD
1S II to

CIVILGEOTECHNICALENGINEERSIIlOLENo 77-6-2

Oct 7/77 PLATE
It.L.C I.IETRIC
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 62

Sample Sample Frozen Bulk3 Frozen Bulk

No Depth ti Density KG/il Density PCF

050-080 930 552

L1O1.1O 960 570

liiO-L65 1290 76.6

1.90-2.10 i6O 86.7

10 2.70-300 1550 92.1

11 003 30 2020 120

12 303 65 17kO 103

13 3.65.O5 1720 102.2



TEST HOLE LOG

HAMMERWT 63.5Kg LOCATION See Plate A-0890-6-2 COHESION Kg./Sq.cm

PERMAFROST
UT NDQO IATI 0.2 0.6 1.0 1.4

i-
76 cm

________________________________________ FiE1D VANE jAB VANE JUNCQrL

SAMPLE DATA N.R.C N.F
PLASTIC IT

or DESCRPTON OF MATERIAL
DEPfl TYPE

is cm CLASS _______________________________ 50 70 90
.3m GRASSCOVER

SILTCLAY
trace sand x/

1.0 l.Om low plastic

SY SILT AND CLAY

SPT 10
some fine sand

little gravel and
boulders

2.0 fine laminations

ito 25 mm
SY discontInuous organh

laminations

3.0

SPT 11
slight to low plastil

3.25m
boulder

GRAVEL

14
little silt

HF little fine to

coarse sand

medium dense

brown
5.0 1Oc

SPT 18

26
5.145m

SAND AND GRAVEL

6.0 some silt clay

little gravel

layers of sand and

gravel

sancier depth

grey and brown

io
12

SPT ii
ref

TILL

12

65m

10.0 END OF HOLE 9.65

JOB No AL0890

IPROJECT Frost Heave Test Site

Kohn Leonoff ConsuRants Ltd
to

ICIVILGEOTECHNICALENGINEERSIHOLENO 77-6-3

Oct 7/77 PLATE

I.L.C TRIC



TEST HOLE LOG

SAMPLE DATA ELEV COLLAR UNCONFINED COMPRESSION T.S.F

WEIGHT HAMMER 140 lb ELEV GROUND
FIELD VANE 418 VANE DUNCONF

HEIGHT DROP 30 inchoi CO-ORD LOCATION PLASTIC WATER L.IQU1D

_________________________________________________________ LIMIT CONTENT LIMIT

-4 DESCRIPTION OF MATERIAL
5Q

Notes

Hole located in depression which

was formerly small pond

Area is grassed and opensurrounded

by dense growth of willowpoplar
and spruce

Test hole augered to 1.55

Drilling mud used from 1.55 to 9.65m

installed thermistors at 0.5 1.5
3.0 and 6.0 depth Standpipe

piezometer installed

JOB No AL0890

PROJECT Frost Heave Test Site

Kohn Leonoff Consutants Ltd
LOCATION MP 26.5 to 27.5

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-6-3 Continued

DATE Oct 7/77 PLATE
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TEST HOLE LOG

HAMMER WI 63.519 LOCATION See Plate A890-6-2 COI4ESION Kg./Sq.cm

PERMAFROST

HI DROP 76 ELEVATION
0.2 0.6 1.0 1.4

____________________________________ FIE1D VANE ABVANEUNC0NF

SAMPLE DATA N.R.C N.F
PLASTIC WATER LiQUII

DEPfl TYPE BOW CLASS
DESCRPTON OF MATERIAL

S.
______ ______________________________________________

10 30 30 70 90

0.3m ORGANIC SILT SAND-moss

SILT and sand tr clay

trace gravel

Om
slight to low plasticity

GRAVEL AND SAND

oo trace cobbles and

NE boulders
0O. trace silt

fine to coarse

gravel

poorly sorted

coarse gravel layer from

2.5 depth caving during

drilling

73

___ 5.5m

END OF HOLE

Notes

Hole located 30 west of the

H-F P/L Terrain slopes 1.i

to the east

Site overgrown with thick

willows and moderately dense

spruce to Sm few poplar to

7m
Hole augered to 1.0 rn Drilling

mud used from to 5.5

Hole abandoned to 5.5 due to

continual caving of sand and

gravel

JOB No AL0890

Klohn Leonoff ConsuRants Ltd
PROJECT Frost Heave Test Site

LOCATION MP .5 to 7.5

tIYCIVILGEOTECHNICAL ENGINEERS HOLENo 77-6
DATE Oct 8/77 PLATE
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TEST HOLE LOG

I4AMMERWT 63.5Kg LOCATION See Plate A-08901 COUESION Kg/Sqcm
PERMAFROS1

HI DROP 76 cm ELEVATION
0.2 0.6 .O L4 i.e

______ ___
FIE1D VANE LAB VANEjNCONF

SAMPLE DATA N.R.C N.F
PLASTIC WATER LIQUID

DEPTE TYPENC CLASS
DESCRPTON OF MATERIAL

15cm
_______ _________________________________________________

10 30 50 70 90
NE O.2m ORGANIC SILTblackspongy Q73
0.5 SILT AND SAND

vrvx
O.5m trace fine gravel 12

e- organ ics 23

J-_Ice lenses 1-5mm spaced
2-5mm

Vr

Vs ORGANIC SILT-layers of peat
trace fine sand

dk brown to grey 19

____ Ice lenses 6mm spaced 4-5mm

4Ice inclusions to 10 mm 11

Vr
13

Ice lenses 1-5mm spaced 3-5mm
Vs

10 Vr Hi_wood chunks
Vs

Vx Ice lense 10 mm thick

_-__ 12
Ice lense 20 mm thick 15

13

114 Vs
Ice lenses 1-3mm spaced 2-5mm

14.90m _._J11l

15 ___ SILT

l..
trace fine sand

NP

Vs
trace clay

laminated

18 organic pockets EY

6.140m

GRAVEL

little sand

coarse

8.5m

END OF HOLE 8.5 __
JOB No AL0890

KohnLeonoffConsuRantsLtdFN
Site

CIVIL GEOTECHNICA ENGINEERS9LENo 77-6-5

IDATE Oct 9/77 PLATE

METRIC



TEST HOLE LOG

HAMMER WT 83.5Kg LOCATION COhESION Kg /Sq cm

PERMAFROST

HI DROP 76 cm ELEVATION ov vAJc9
SAMPLE DATA N.R.C N.F

PLASTIC WATER LIQUID

or DESCRPTION OF MATERIAL
UWdT CONTENT LIMII

DEPTI TYPE I5 CLASS ______________________________ _10_ 30 50

Notes

Hole located 30 east of HF
P/L Area is poorly drained

and slopes easterly

Site is open with extensive

peat tussocks and ponded water

to 0.3 on ground surface

Sparse spruce to

Hole cored from 0.5 to 6.4

Drilling mud used from 6.4 to

8.5m

JOB No AL0890

PROJECT Frost Heave Test Site

Kohn Leonofl ConsuRants Ltd
LOCATIOr to

IV II GE IC GIN HOLE No 776-5 Continued

DATE Oct 9/77 PLATE
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 6-5

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/H Density PCF

0.80-1.20 1210 71.9

201 60 1080 64

1.601.90 1270 75.4

1.90-2.10 1200 71.3

2.10-2.10 1330 79.0

2.402.70 1480 87.9

10 3.00-3.30 1180 70.1

11 3.303.65 1220 72.5

12 654 05 13140 79

13 4.35-1460 1320 78.4

14 14.6014.90 13140 796

15 4905.20 1380 82.0

16 5.20-5.50 1610 97.4

17 5.50-5.90 1750 104.0

18 5.906.30 1790 106.3



TEST HOLE LOG

HAMMERWT 635Kg
PERMAFROST

LOCATION See Plate A-0890-6-2 1cOESIN
Kg /Sqcm

HT DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

__________________________________________ FIE1D VANE a_LAB VAN..NCQNF

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTF TYPE
ON

CLASS
DESCRIPTON OF MATERIAL

15cm
_______ _________________________________________________

10 30 50 70
90fr

O.lm organic coven

GRAVEL SAND SILT
.i trace clay

trace cobbles

well graded

SY coarser below

dark brown

...2..._
2.Oni..

SY GRAVEL SAND

NF trace Slit

organic specks

gravel rounded to

subangular

medium dense to dense

ço9 grey

15

20 7o0

coarse gravel layer

SY
___ 5.8m

f--- SPT ICE SAND SILT GRAVEL
Vs

_____ 6.25m ice lenses to 4cm

END OF HOLE 6.25

NOTES

Hole located along H-F pipe me
in small drainage course mid

way between 776-3 and 7764
Terrain slopes to the east

Vegetation adjacent to cleared

right-of-way is moderate

growth of spruce to 8m spars

poplar to 15m

Hole augered to 2.3m rotary

drilled with mud from 2.3 to

6.5m. Water encountered at

O.75rn depth during drilling

L._.......J 111111
JOB No ALO89O

KlohnLeonoffConsuRantsLtd
LOCATION NP 265 275

Site

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-6-6

DATEOct.24/77 PLATE

METRIC
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TEST HOLE LOG

HAMMER WI 63.5X9

PERMAFROST

LOCATION See Plate A0890-62 JCOESIN
Kg./Sq.cm

HT DROP 76 cm ELEVATION 0.2 0.6 10 1.4 1.8

SAMPLE DATA N.R.C N.F PLASTIC WATER UQUID

DEPTh
or DESCRP11ON OF MATERIAL

15cm
_______ 10 30 50 70

0.lm organic cover

SILTCLAY
little coarse gravel
little sand

NE organic layers

black yellowish brown

SY
l.95m black organic layer

SILT SAND GRAVEL

trace clay
_____ well graded

Vx Vr slight plasticity X-

5y 3.0m

VsVx 3m
SILT SAND

____ some gravel

trace clay
extensive ice lenses to

____ 85 VrVx 1cm thick

SPT 205
_____ GRAVEL SAND

little silt

ice lenses up to 2cm thick

VxVc sand layer
Nbn

11

SPI 223

interbedded with fine
fl coarse layers

very coarse

bouncing drill action

____ _8.5m

ENDOFHOLE@85m

HHII_H contd LHHJH
JOB No AL0890

Klohn Leonoff ConsuRants Ltd 1I0JT Frost Heave Test Sites

.5 to 27.5

1CIVILGEOTECHNICALENGINEERS HOLENo 77-6-7

DATE Oct.26/77 PLATE
IL.C METRIC



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION COHESION Kg./Sq.cm
PERMAFROST

HI DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

_____________________________________ GFIEI.D VANE AVANJNcONP
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTI- TYPE Nc CLASS
DESCRPTON OF MATERIAL

15cm
______ ______________________________________________ 10 30 50 70

NOTES

Hole located on H-F pipeline

right-ofway Terrain is

rolling and hole situated

in small saddle which slope
to the east

Moderate growth of spruce to

lOm and poplars to l5m

adjacent to the rightofway

Hole augered to 3.3m and

rotary drilled with mud from

3.3 to 8.5m

JOB No AL0890

Kohn Leonoff Consuiltants Ltd
PROJECT Frost Heave Test SItes

LOCATI MP .5 to 27.5

CIVILGEOTECHNICAL ENGINEERS HOLENo 77-6-7

DATE Oct 26/77 PLATE
E.L.C METRIC
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SITE NP 31

1.0 INTRODUCTION

The site is located at NP 31 aion the proposed pipeline right-of-way

which parallels the HF pipel Inc 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 telephone or power transmission

line which paral lels 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

location plan Plate A08901 an aerial photograph Drawing B08902

survey plan Drawing C08903 detailed terrain interpretation map

Drawing D08904 and site photograph Plate A08905

Initially three preliminary test holes were located in this area

Test Hole was drilled in sr-all open depression about 20 west of

Dry Creek Test hole was located east of the creek and test hole

was located about 100 west of the creek The subsoi and perma

frost conditions in these three test holes were highly variable However

the relatively thick unfrozen fine grained sd strata above basal

gravel stratum in test hole were sufficiently encouraging to merit

further drilling 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 drill ing

was essential ly confined to narrow vidth adjacent to the meandering

creek bed

2.0 SITE DESCRIPTION SUMMARY

The site is situated in narrow northeasterly trending valley which

was meltwater channel during deglaciation of the area For purposes

of this report the creek is assumed to flow in northerly direction

During detailed terrain evaluation of airphotos for the site the

va Icy bottom was classified as LBAMFBD/OW See attached drawing

DO89074 for detai led terrain classification of the site and description

KDoh Leonoff Coitaits Ltd



of 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 stratified outwash consisting of gravel sand

silt and boulders The lower valley slopes along the east side of the

creek are comprised of series of coalescing alluvial fan deposits

These post glacial deposits are generally comprised of poorly sorted

gravel sand and silt materials eroded from upland areas which are

underlain by hummocky moraine and outwash The lower val ley slopes along

the west side of the creek are terrain typed as MCSL and LBSL This

classification denotes veneer of slopewash overlying the lacustrine

basin and meltwater channel sediments gently sloping heavily treed

drainage area at the southwestern corner of the site is classified

as 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 0FTSH

The valley bottom is drainec D-y Creek which has gradient of less

than 1/2% to the northeast Tne creek flows in sinuous manner

wth many tight meander loons an drains into the White River ups I-ream

of the abandoned community of Snag The creek occasional ly displays

beaded drainage and varies in width from to 12 wide averaging

to wide The banks along the creek are generally to high

and thaw slumps are evident at several locations

The valley bottom is dishsnaed with the lower valley flanks

sloping at to 8% towards he creek The east valley slopes between

the creek and the highway ascend TO maximum slope of about 10% The

west valley slopes are considenably steeper wi-I-h gradients on the

upper slopes of more than 3O small erosion gulley is evident along

the old pipeline rightofway near the toe of the west valley slope

This erosional feature likely oriinated as shallow surface slide

wnich displaced the HF pipel me to to the north Subsequent

erosion of the granular glacial sbsoils has incised gulley beneath

The old pipel Inc to depth of abcut

IKh Looff ConsQitt Ltd



total 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 The test drill ing was confined to zone along

the creek approximately 500 long from north to south and 250

wide Seven test holes were drilled within to 20 from the

west side of the creek Test holes 7777 and 77711 were drilled

further fromthe 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 east and 100 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 to 8.5 rn

thick overlying very dense gravel and sand substratum Organic

laminations and pieces of wood are general ly widespread in the upper

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

grade sequentially from slight to low plastic silt and clay near

ground surface to non plastic si and sand to coarser sand ith

gravel layers at depth Due to the depositional mode of the sub

soils it is impossible to correlate the microstratigraphy across

the site without very closely spaced drill holes

The gravel outwash stratum underlying the site is undulating and

occurs at relatively shallow depths in portions of the site The

eastern flanks of the valley are comprised of series of moderate

ly sloping coalescing alluvial fans which extend almost to Dry

Creek Shallow gravel and sand soils were encountered in test hole

77715 on the east side of the creek at the north end of the site

Ihese interlayered granular materils are representaie of the

alluvial fan deposits which were laid down by the small tributary

creeks which enter Dry Creek from the east The stratified gravel

stratum was also encountered at relatively shallow depths in test

holes 7772 and along the east side of the creek in the south

central portions of the site

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

At the north end of the site dirty gravel stratum tas encountered

Leooff Coisthnt Ltd
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below depth of 3.25 m. Shallow gravels were also

encountered within 2.5 of the ground surface in test holes

77-7-9 and 14 at the south end of the site These shallow

cravels were probably deposited as post glacial delta Ic fan

materials from 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 strata were encountered below

depth of to in test holes 77712 and 13 The composition

o- the gravel strata thoughout the site is variable The gravel is

frequently layered with sand and has 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 narrow zone which

has its broadest extent in an area extending about 350 rn south

from the HF pipeline The unfrozen zone closely parallels the

east side of the creek and extends laterally to the east only

to 10 from the creek The unfrozen zone along the west side

of the creek is wider and varies from about to 50 wide

Based on considerable hand probing in this area along the west

side of the creek there are several ttaliks of permafrost in

tne upper soils These tal iks are likely 24 in thickness

although detal led drilling is required to 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 medium to high ice content Test holes

P73 10 11 encountered permafrost below thin active layer

Tne permafrost affected soils extend to the maximum depths dri led

which vary from 5.2 to 10.0 m. The upper laminated organic silts

in test holes 7773 and 11 are icerich with extensive segregated

ice lenses comprising up to 50% of the soil by volume There is also

evidence of subsidence along an old trail in this area where the

organic cover has been disturbed in the past

Along the east side of the creek adjacent to the unfrozen zone

KDov Looff



the permafrost consists of thin talik of frozen soil which is

confined to the upper m. Test hole 7779 encountered

permafrost from depth of 0.6 to 2.6 with unfrozen soils

above and below this zone Similarly test hole 7774

encountered permafrost from depth of 2.15 to 5.0 with

unfrozen soils above and below this zone

3.0 SOIL PERMAFROST CONDITIONS

3.1 Test Hole 77-7-1

Test hole 7771 was drilled to total depth of 9.5 by dry

augerIng to 3.1 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 depth of 3.1 m. There

fore the soil stratigraphy below 3.1 is based on dri II action

and cuttings returned in the drilling mud

The subsol Is consist of silt and clay overlying coarser

inter layered gravel and sand The silt and clay soi Is extend to

depth of 2.8 and are laminated with organic specks pieces of

wood and fine sand The moisture content averages 50% in the

upper and decreases to 20% at the base of the stratum

Atterberg Limit tests indicate the material has very low

plasticity with plasticity index of The silt and clay soils

overlie interlayered gravel and sand strata from 2.8 to 7.5 m.

Based on drill cuttings these interlayered soi Is appear to be

essential ly sand These interlayered sand soi Is overlie dense

sandy gravel stratum from 7.5 to the maximum depth dri led

The entire test hole was unfrozen within the total depth drilled

3.2 Test Hole 77-7-2

Test hole 7772 was dri led to total depth of by dry

augering to 2.15 and rotary dr II ing from 2.15 to the maximum

depth dri led The subsoi Is consist of 0.75 thick peat top

stratum overlying clay and si It from 0.75 to 1.7 all of which

over ies coarse interhedded gravel and sand stratum The clay

Lerrnff CouDtrnts Ltd



and silt soi Is are medium plastic and two Atterberg Limit tests

indicate plasticity index of 11 Based on drill action and

cuttings returned in the dri ing mud the basal gravel and sand

stratum is coarse very dense and interbedded at 0.5 to 1.0

intervals Due to the rotary nature of the helidrill repres

enta-I-ive samples of the coarse unfrozen gravel materials were

not obtained

The entire test hole was unfrozen within the total depth drilled

3.3 Test Hole 77-7-3

This test hole was drilled to depth of 10.0 by augering to

1.0 coring from 1.0 to 4.55 and rotary drilling with mud

below 4.55 to the maximum depth drilled The subsoi Is consist

of interlayered si It and organic silt overlying slIt and sand

stratum all of which overl les gravel and sand soils The upper

topstratum of interlayered silt ard organic silt extends from

ground surface to depth 4.2 n. These soi Is are general ly

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 cepth of 4.2 to 8.5 the

organic soils are underlain by silt and sand soils with organic

inclusions which become sandier with depth The soil stratigraphy

below 4.55 is however based on dri II action and cuttings

returned in the drilling mud An interlayered gravel and sand

stratum under ies the finer sol Is below depth of 8.5 m.

Permafrost occurs from 0.7 in to the maximum depth dri led in

this test hole From ground sjrface to depth of about in the

estimated excess ice content of the organic silt averages about

40% by volume Ice occurs in stratified lenses generally 1/2 to

mm thick spaced at to mm. From depth of to 4.5 in

the ice contents o-F 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 belov dept 55

Koh Leoff Cosiltjits Ltd



3.4 Test Hole 77-7-4

This test hole was drilled to depth of 8.0 by augering to

2.15 coring from 2.15 to 3.4 and rotary drill ing with

mud from 3.4 to the maximum depth drilled The subsoils

consist of inter layered peat and slIt and clay from ground

surface to depth of 3.22 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 plasticity index of

about 17 The moisture content ranges from 40 to 90% averaging

about 70% finetocoarse gravel and sand stratum occurs from

depth of 3.22 to 8.0 m.

Permafrost exists from 2.15 to 5.0 with unfrozen soils above

and below this zone The silt clay and peat soils from 2.15

to 3.22 have high ice content Extensive ice lenses from

to mm thick are generally spaced closer than mm apart

The estimated excess ice content averages about 30% by volume

The frozen gravel and sand material from 3.22 to 5.0 nas

low ice content

3.5 Test Hole 77-7-5

This test hole was drilled to depth of 7.65 by auger in to

1.15 and coring from 1.15 to the maximum depth drilled

total of ten grain size tests here made on the fine graied un

frozen soils from 7775 silt and clay stratum occurs from

ground surface to depth of 4.2 m. The upper 1.5 has many

organic laminations which result in high moisture content varying

from 75 to 115% Ihe btratum is also laminated with fine sand which

comprises about 20% of the material but increases with depth Four

Atterberg Limit tests indicate The material has plasticity index

varying from to 11 and therefore is low plastic Fror depth of

4.2 to 4.97 the silt and cIa is underlain by non plastic

layered sand and silt with an average moisture content of 22% The

sand portion of this material is of fine uniform nature This

stratum is underlain by iel raded fine to coarse sanc which

extends to depth of 7.0 The sand has an average moisture

iQm Leoff sutart Ltd



content of 15% The sand is underlain by layer of silt and

clay from 7.0 to 7.5 all of which overlies very dense

gravel

Permarrost exists from To with unfrozen soi Is above

and below this zone The excess ice content of the frozen silt

and clay is low

Test Hole 7776

This test hole was drilled to depth of 7.8 by augering to 1.7

and coring from 1.7 to the maximum depth drilled The subsoils

consist of fine grained silt sand and clay overlying layered

gravel and sand material below depth of m. The successful coring

of fine grained unfrozen soils in this test hole yielded almost

of continuous samples which exerlify the variability of soils under

lying Site total of eight grain size tests were made to assist

in classif ication of the subsoil

silt and clay with sand and black organic laminations forms the

topstratum from ground surface to depth of m. An Atterberg Limit

test indicates the soil is low plastic with plasticity index of

about 7.5 The moisture content averages about 55% From depth of

2.0 to 2.75 the soil grades to laminated silt and sand with

variable moisture content from 30 to 60% more uniform sand and

silt occurs from depth of 2.75 to 3.9 m. The moisture content

averages 25% and Atterberg Limit tests indicate the soil is nonto

low plastic The sand portion of all the upper strata is of fine

uniform nature Below depth of 3.9 the soils grade into fine

medium sand with moisture content Ci 20 gravel and medium

tocoarse sand material occurs both from 5.0 to 5.5 and below

depth of 6.0 m. The soil has an average rroisture content of less than

10% laminated silt sand clay layer is interbedded in the gravel

materials from 5.5 to 6.0 m.

Permafrost occurs from depth of 0.9 to 2.0 with unfrozen soi Is

above and below this zone The excess ice content of the frozen silt

and clay in this zone is lo

Liff Coisiltant Ltd



3.7 Test Hole 77-7-7

This test hole was drilled to depTh of E.0 by augering to

4.0 and coring from 4.0 to 8.0 in. The core samples from this

test hole exemplify the nature cf tne fine grained soils under

lying portions of Site total of seven grain size tests were

made to assist in classification of the soi Is

The subsoils consist of silt anc clay with organic laminations from

ground surface to depth of 2.C m. Atterberg Limit tests indicate

the soil is of sI ighttolow plasticity with plasticity index

varying from to The si It and clay overl ies sequence finely

laminated sand and silt The sHt content is generally less than

25% except between depth of 4.5 to 6.0 n.where the silt content

is about 55% The sand material generally has finetomedium

gradation The moisture content of the sand and silt soils averages

less than 20%

The entire test hole was unfrozen within the total depth drilled

Test Hole 777-8

This test hole was drilled to epth of 7.6 by augering to 0.5

Taking continuous Shelby Tube snes -r to and coring

below 3.5 to the maximum deptn ci Hed Tne topstratum from

ground surface to depth of consists of non-to-sI ightly

plastic silt with fine sand and crcanic laminations The material has

firm to stiff consistency and variacle moisture content ranging

from 35 to 80% At depth of .3 c.tne silt grades into laminated

fine sand and non plastic grey sIt which extends to depth of 3.5 m.

The stratum has many organic rs iin nieces of wood which result

in variable moisture content ranging from 20 to From depth

of to rn ne soil beorne cnarser gr3ding from finetocoarse

sand with some si It to sand th sore cravel and trace of si It

This progression Towards coase raer ls ai depth is common occur

ence at Site gravel ann sad neqLence with finer sand layers

occurs at the base of 7776 frc -.9 cc 7.6 r.

The entire test hole was unfrozen Hth tne Total depth drilled

KDth Loff ConsuOtts Ltd
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3.9 Test Hole 77-7-9

This test hole was augered to 0.7 cored from 0.7 to 4.4

and augered from 4.4 to
corip lotion depth of 5.1 m. The

subsoi Is consist of organic silt overlying silt grading into

sand all of which overlies sandy gravel stratum An organic

silt topstratum laminated with fine sand exists from ground

surface to depth of 1.5 m. The moisture content is higaverag

ing more than 100% The orcanic silt overlies silt with some

fine sand from depth of 1.5 to 2.2 m. The moisture content is

60% finetocoarse sand layer with some silt and trace of

gravel occurs from 2.2 to 2.7 m. The moisture content is 25%

The upper fine grained soils are underlain by relatively fine

gravel stratum below 2.7 to the maximum depth drilled 5.1 m.
The unfrozen gravel was successful ly cored and two grain size tests

on the material indicate well graded sand content of 20 to 30%

and silt content of about 13% with trace of clay Moisture

contents average about 9%

The entire test hole was unfrozen with the total depth drilled

3.10 Test Hole 77-7-10

This Test hole was drilled To by augering to coring

from 1.2 to 2.5 and rotar/ drilling with mud from 2.5m to the

maximum depth drilled The subsoi Is consist of organic silt clay

and peat with trace of grael and sand extending from ground

surface to depth of 3.25 rn. coarse gravel layer occurs from

depth of to Tne Topstrata have variable moisture

contents ranging from 20% in sand seams and from 150 to 200% in

organic layers layered gavel stratum with some silt and sand

occurs from depth of 3.25 to 6.5 m.

Permafrost occurs from depth of 1.2 to the maximum depth

drilled The upper organic stratum has mediumtohigh ice

content with ice lenses up to 11 cm thick The ice content of

the gravel stratum was not ascertained due to the rotary nature

of drilling using mud as the return fluid

Koi Loroff Cs trrt Ltd
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3.11 Test Hole 77-7-11

This test hole was drilled to depth of 5.2 by augering to 0.4

and coring from 0.4 to the maximum depth drilled An organic

silt clay and peat stratum exists from ground surface to depth

of 2.0 m. The organic soils have high moisture contents varying

from about 100 to 250% The organic silt is underlain by non

tosi ightly plastic silt from depth of to 35 The silt

has fine sand laminations which are widespread from depth of

65 to 95 The average moisture content of the silt is 45%

From 4.35 to 4.75 the si It grades into fine sand with some

silt The moisture content is 25% The test hole was terminated

in gravel stratum which extends from 4.75 to 5.2 m. Two grain

size tests indicate gravel has some finetocoarse sand and trace

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

Permafrost occurs from 35 to the maximum depth drilled Hor

izontal and randomly spaced lenses up to mm thick are widespread

the organic soils to depth of The excess ice content

of these soils averages more than 30% by volume Below depth of

the ice content is low and excess ice contents are general iy

less than 5% by volume

3.12 Test Hole 77-7-12

This test hole was drilled to depth of 8.5 by augering to 3.5

coring from 3.5 to 4.2 rn and rotary drilling with mud from

4.2 to the maximum depth drilled The subsoils grade from fine

to coarser grained with depth in this test hole The topstratum

to depth of 0.95 consists of an organic silt with moisture

contents ranging from 90 to 135% The organic silt oven es

non organic silt laminated with some fine sand from deth of

0.95 to 2.2 m. The silt is of slight plasticity and has

moisture content ranging from 30 to 70% The silt stratum grades

into fine-tomedium sand from depth of 2.2 to 3.4 m. The

sand has little silt and little gravel at depth The moisture

content averages about 15% The sand stratum grades into sandy

silty gravel from 3.4 to 4.0 and overt ies dense gravel stratum

Kth Looff CosLiltarts Ltd



-12-

The gravel strtum which extends from 4.0 to the maximum depth

drilled 8.5 has thick silt layer interbedded 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 sample recovered

from depth of 4.0 to 4.2 m.

Permafrost occurs as thin talik from depth of 1.2 to 1.75 rn.

No permafrost occurs above or below this zone

13 Test Hole 777-13

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 toa depth of 1.0 m. Moisture contents are well in

excess of 100% The highly organic topstratum overl ies silt

with organic laminations from depth of 1.0 to 1.6 m. The

moisture content is 40% The silt overlies finetomedium

sand laminated with silt and organic material from depth

of 1.6 to 2.7 rn. The moisture content averages 15% The sand

soils grade into gravel and sand material from depth of

to The gravel and sand which extends from to

6.8 is interlayered with finetomedium sand stratum

between depths of and Grain size tests indicate

the gravel and sand materials are interlayered medium dense

todense well graded and the gravel portion is usually fine

Moisture contents average 10 to 15%

Permafrost occurs as thin tal ik from depth of 0.5 to 1.5 rn.

No permafrost occurs above or below this zone

3.14 Test Hole 77714

This test hole was drilled to depth of 10 rn by augering to 3.0

rn coring from 3.0 to 3.7 rn and rotary drilling with mud

below rn to the mxtmurn depth drilled The subsoils consist

of silt laminated with organic material and wood specks from

ground surface to depth of 2.1 m. The si It has stiff

Kh Loff Co uRit Ltd
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consistency and is of slightto-low plasticity The moisture

content varies from 25 to 65% averaging about 45% The silt

topstratum overlies very dense gravel stratum from 2.1 to

the maximum depth drilled Three grain size tests indicate

the gravel stratum is fine and the minor constituents are some

sand little silt and trace 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

3.15 Test Hole 77-7-15

This test hole was drilled to depth of 5.95 rn by augering

and coring to 2.5 rn then rotary drilling with mud from 2.5

to the maximum depth drilled The subsoi Is near the ground sur

face are variable due to their mode of deposition as an alluvial

fan The subsoils from ground surface to depth of 1.25 con

sist of silt with organic laminations The silt is of slight-

tolow plasticity has trace of clay and moisture content

of about 45% The silt overlies variable interlayered

sequence of gravel sand and silt from depth of 1.25 rn to

3.75 rn. The moisture content varies from to 45% depending

on the material type These interlayered soils overlie

very dense stratum comprised of gravel and sand with little

silt The moisture content is low averaging less than 10%

The entire test hole was unfrozen within the total depth drilled

Kioim Leoff Co sdtts Ltd
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SITE7

View northweterIy at Site located in the Dry Creek melt
water channel The proposed pipe me route paral lels the

HainesFairbanks right--ofway which cuts across the vaHey
moderately dense growth of spruce occurs immediately adja

cent to Dry Creek

OR9O-7.5



TEST HOLE LOG

HAMMER WI 63.5I LOCATION See Plate A-0890-7-2 COHESION Kg./Sq.cm

PERMAFROST
HI DROP 76 cm ELEVATION 2265.21

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

or DESCRPTON OF MATERAL
DEPTI TYPE Nc CLASS _______________________________ 10 30 50 7o 90

-.Jj.lm ORGANIC SILT grass

SILTCLAY
.1 trace fine sand

organics and wood

soft to firm

low plastic brown

sand silt from 1.6-1.75m

sy l.7m

SILTCLAY
SPT some fine sand

laminated 1-6 mm
black organ ics

low plastic firm
2.8m yellowish brown

sy -g

SAND SILT-little gravel

3.2m trace clay

GRAVEL AND SAND

trace silt brown

Om --
SAND little silt

trace gravel

NE caving during drillin

loss of circulation

based on drill action

and cuttings returned

in drillinq mud

6.Om______________
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

9.5m

END OF HOLE 9.5

10 Continued

JOB No ALO89O

Kohn Leonoff ConsuRants Ltd
PROJECT Frost Heave Test Sites_________

CIVIL GEOTECHNICAI ENGINEERS HOLE No 77-7--i

DATE Oct 10/77 PLATE
TRIC



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION COHESION Kg /Sq.cm

PERMAFROST
LIT OD CI ClATI 0.2 0.6 1.0 1.4 1.8

ni 76 cm VtI
___________________ ______ __________________________________________ FIE1D VANE jBVANtJIC

SAMPLE DATA N.R.C N.F
PLASTIC

CONTENT
or DESCRIPTON OF MATERIAL .-_X

DEPTE TYPE Icm Nc CLASS ______________________________ 10_ 30 50 70 90fr

Notes

Hole located in small dried

up slough 20 west of Dry

Creek Site is approx
below surrounding area

Vegetation in dry depression

is grass Surrounding area

has willow sparse spruce to

Hole augered to 3.1 Unable

to auger further due to

sloughing of gravel layer
Drilled with mud from 3.1 to

9.5 Unable to obtain SPT

or SY samples below 3.1 due

to caving of unfrozen sands

into drill hole Considerable

loss of drilling fluid in sand

layer from to The soil

stratigraphy below 3.1 is

based on drill action and

cuttings returned in the

drilling mud

Thermistors installed 0.5

1.5 3.0 and 4.5 depths

Installed standplpe plezom-

eter to 4.5

JOB No AL0890

Kohn Leonoff Consultants Ltd
Frost Heave Test Sites

CIVIL GEOTECHNICAL ENGINEERS HOLENo 77-7-1Continued

_________________________________________________
DATE Oct 10/77 PLATE

K.L.C METRIC
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TEST HOLE LOG

HAMMERWT 63.5Kg LOCATION See Plate A-0890-7-2 COHESION Kg./Sq.cm

PERMAFROST
lIT DROP 76 cm ELEVATION 2268.10

SAA0I DATA PLASTIC WATER LIQUID

LIMIT CONTENT LIMIT

or DESCRIPTION OF MATERIAL
LF TYPE NC

_______________________ 10 30 50 70 90
PEAT and silt

trace sand

dark brown i58
O.75m

CLAY SILT
_L_

trace med sand

trace gravel

soft to firm X-
medium plastic

.1

.._ SPT 60 GRAVEL SAND

78 interbedded .5 to im
gravel med to coarse

subrounded to subangular
little clay and silt in

upper meter

Based on drill action below 2.15m
NE

sand layer

NOTES

Hole located 8m east of Dry
Creek Terrain slopes

towards the creek

Ground surface very undulating

due to peat tussocks Vegetatioi

mainly willows low brush witi

sparse spruce to 5m
Augered to 15m Drilled with

mud from 2.15 to 8.5m. Consid
erable loss of drilling fluid

in gravel stratum below 7m

___
85m

END OF HOLE 8.5m

liii II IHIHHI
JOB No ALO89O

PROJECT Frost Heave Test Sites
KIohnLeonoffConsutantsLtd

LOCATION M.P.31

4WCIVILGEOTECHNICAL ENGINEERS HOLENo 77-7-2

DATE Oct 10/77 PLATE
I.L.C IIETRIC
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TEST HOLE LOG

HAMMER WT 63 5Kg

PERMAFROST

LOCATiON See Plate A-0890-7-2 ES Kg /Sqcm

Hr DROP 76 cm ELEVATION 2281.58
FIELDVANE LAVANEUt.cQNF

CA NArA NR NF PLASTIC WATER LIQUIDMPLL Id-
LIMIT CONTENT LIMIT___ t/ or DESCRIPTON OF MATERIAL

DEPTF TYPE
15cm

Nc CLASS
__________________________________________ 70 9O
.1m moss cover O31

ORGANIC SILT CLAY

.7 O.6m ittle sand brown

SILT

____ .Om some sand trace clay
N.-organic layers p124

Vs ORGAHC SILT
Vr .- trace sand

ice lenses 1-5mm spaced

\@2-6mm
2.25m

SILT
D132

and sand little clay 1126
Q_ trace gravel

brown wood pieces 12
_____ ______ Ice lenses 1-5 mm spaced
Nbn 1-10 mm

11 Vx ORGANIC SILT cx

/4

12 3.9m and med coarse sand

13 Vs /4.2
layers to 10 cm 2O3
trace gravel trace clay
extensive organics

SAND

and silt

little gravel

organics wood

non plastic

ORGANIC SILT

ice lenses /4-5mm spaced

15mm
SILT SAND

Vr sandier depth
Vs

organic inclusions
Vx wood specks

non plastic
brown

based on drill action
and cuttings returned in

______
5m

drilling mud

GRAVEL
000

Om fine to medium

____ 3m
SAND

GRAVEL

fine to medium

10 Om END OF HOLE 1O Om

JOB No ALO89O

PROJECT Frost Heave Test SitesKohn Leonoff ConsuRants Ltd
LOCATION M.P 31

ICIVILGEOTECHNICAL ENGINEERS HOLENo 7773
DATE Oct.11/77 PLATE

CL.C MTRlC



TEST HOLE LOG

HAMMER WT 63.5Kg LOCATION COHESION Kg /S.cm
PERMAFROST

lIT DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

___________________ ______ _________________________________________ FIE1D VANE LAB VANE IJ.ICOZlF

SAMPLE DATA N.R.C N.F PLASTIC WATER liQUID

or DESCRIPTION OF MATERIAL
DEPTI TYPE Nc CLASS

____________________________________________ 10 30 50 70 90

NOTES

Hole located 40 west of H-F

P/L on north side of Dry Creek

valley Terrain slopes

southerly towards the creek

Ground is moss covered Site

vegetated with sparse spruce
to5m

Hole augered to cored

from to 4.55i and drilled

with mud from 4.55 to 10.0

No SPT or SY samples recovered

below 4.55 m. Soil strati
graphy below 4.55 is based

on drill action and cuttings
returned in the drill ing mud

JOBNo AL59O

PROJECT Frost Heave Test Sites
Klohn Leonoff Consultants Ltd
__________________________________________ s.. AT

ÆCIVILGEOTECHNICAL ENGINEERS HOLENo 77-73contd

_______________________________________________
DATE Oct.ll/77 PLATE

R.L.C METRIC
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 73

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/M Density PCF

i.oo-i.4s 1100 65.3

1.652.05 1190 70.7

2.25-2.55 1270 75.4

2.552.80 1290 76.6

2.80-3.20 1280 760

11 3.353.70 1720 102.2

12 703 95 1780 105

13 3.95-4.20 1450 86.1

14 20-4 55 1290 76



TEST HOLE LOG

HAMMER WT 63.5Kg
PERMAFROST

LOCATION See P1 ate A-0890-7-2
COHESON Kg /Sq.cm

FIT DROP 76 cm ELEVATION 2276.38 1DYAANE
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

or DESCRPTON OF MATERAL
DEPTE TYPE Nc CLASS

_______________________________
0.3 peat moss cover

CLAY SILT

little sand

NE
0.9 black organics

11 medium plastic riO
SPT PEAT

and layers of clay silt
SY l.85rn black 15

SPT
___ 2.l SILTCLAY

little sand ittle gravel70
Vr organic wood chips

Vs laminated low plastic

Vx peat layer

_____
tgravel layer ..-

SPT 115 GRAVEL SA1D
Ref little to some silt

Vx
subrounded to subangularl3

Vc fine to coarse

NOTES

SPT 1400 Hole located rn east of the

Ref HainesFairbanks pipeline and

5.0 90 north of the Alaska Hwy
Ground surface slopes north

Spruce and poplar to 7m willow

to5m
Hole augered core sampled to

15 Drillina mud used from

3.4 to 8.0 Difficulty sampling

NE from 5.5 to 8m due to sloughirg
of gravel stratui

Thermistors installed at 0.51.5
16 and rn Standpipe plez

ometer installed

___ 8.Om
END OF HOLE 8.0

HH 1HffiH
JOB No AL0890

PROJECT Frost Heave Test Sites
KlohnLeonoffConsuRantsLtd

LOCATION 31

IWCIVILGEOTECHNICALENGINEERS HOLENo.77-7-4
DATE Oct 16/77 PLATE

K.L.C METRIC
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 7_L

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/ti Density PCF

2.352.60 1120 66.5



TEST HOLE LOG

HAMMERWT 63 5Kg

PERMAFROST
LOCATION See Plate A-0890-7-Z

COHESION Kg ISQcrn

HT DROP 76 cm ELEVATION 2267.20 1DV LABVANEUNCQN
.I fl PLASTIC WATER LIQUID

SAMPLE DATA iii CONTENT LIMIT

or DESCRPTON OF MATERAL
DEPTt LASS _1o_ _30_ O_ jO 9O

SILT CLAY

-1

NF little sand 11
organic laminations

slight to low plastic
_i_ Vx -brown

1.Lim ES

gg SILT CLAY

little fine sand

__ _____ organic specks

2j firm laminated

low to medium plastic

brown
SPT thin gravel laminations

at2.3m

some sand in laminations

2m
SAND SILT layered

trace clay
slight plasticity

1L97m lIght brown

5.12m SAND some silttr.gravel

SAND

medium to coarse

little silt

trace gravel
brown

70m

jj SILT CLAY trace sand

7.5m low plastic grey XX
SPT 93 lö

_____ 7..65m GRAVELsome sandlittle silt

END OF HOLE 7.65m _______________________

NOTES
Hole located 3m east of Haines
Fairbanks pipeline and Bm west

of Dry Creek Ground slopes __________________________
south

Willows sparse spruce to S.W
Hole augered cored to 65m

JOB No AL0890

PROJECT Frost Heave T.st SitesKohn Leonoff ConsuRants Ltd
LOCATION M.P 31

ijCIVLGEOTECHNICAL ENGINEERS HOLENo 77-7-5

DATE Oct 18/77 PLATE
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 75

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KGIM Density PCF

1.15-135 1004 59.6

1.351.70 1840 109.3

1.702.00 1640 97.4



TEST HOLE LOG

HAMMERWT 635Kg LOCATION See Plate A-08907-2 HE5ION Kg./Sq.cm
PERMAFROST

HI DROP 76 cm ELEVATION 2267 17
0.2 0.6 LO L4 .8

________________ _____ ____________________________________ EIEID VANE LABVANEUcQNF

SAMPLE DATA N.R.C N.F PLASTIC WATER LiQUID

DEPT TYPE Nc CLASS
DESCRPTON OF MATERAL

15cm
_______ ________________________________________________

10 30 50 70 0$
O.lm ORGANIC COVER

NE

SILT AND CLAY

99 some fine sand

black organic
laminations

3. low plastic

dark brown

____ 2.Om

2.0 SILT and sand

wood specks

2.75m laminated brown

NE SAND AND SILT

fineto medium
laminated with thin
seams of silt clay
and coarse sand to

3.9m cm thick

nontoslight
SAND fine to medium

some silt

10 5.Om
trace gravel

GRAVEL- and medium to

5.5 coarse sand

11 little silttrace clay
SILT CLAY SAND

6.Om trace gravel

12 GRAVEL and medium to

coarse sand in layers
-7-- little silt

trace clay

l3 6Bm 3cm thickgrey silt

and clay seam

___ 7.m

ENDOFHOLE@7.8m

HH
Continued __

LJOB No ALO89O

IPROJECT Frost Heave Test Sites

Klohn Leonoff ConsuRants Ltd
LOCATION NP 31

CIVILGEOTECHNICAL ENGINEERS HOLENo 77-7-6

bATE Oct 19/77 PLATE

CL.C METRtC



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION See Plate A-0890-7-2 COHESION Kg./Sq.cm
PERMAFROST

HI DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

___________________ ______ _________________________________________ FIE1D VANE IA9 VANE

SAMPLE DATA N.R.C N.F PLASTIC

CONTENT UMIT
or DESCRPTON OF MATERAL

DEPTI TYPE Nc LASS
__________________________________ ao so 70 oo

Notes

Hole located along Haines
Fairbanks pipeline right-of

way immediately north of

small water filled depression
and 10 east of Dry Creek

Vegetation mostly willows to

2m
Test hole augered to 1.7

and cored from 1.7 to 7.8

Water encountered at 2.5

depth during drilling

Standpipe piezometer installed

to 3.2

JOB No ALO89O

PROJECT Frost Heave Test Sites
Kohn Leonoff ConsuRants Ltd

LO CAT

S1CPVILGEOTECHNICALENGINEERS HOLENo 77-7-6Contd

_________________________________________________
DATE Oct 19/77 PLATE

rpir
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 7-6

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth ti Density KG/ti Density PCF

1.50-L7O 1620 96.2

1.70-2.00 1300 77.2



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION See Plate A-0890-7-2 COHESION Kg./Sq.cm

PERMAFROST
HI DROP 76 cm ELEVATION 2266.73 FIELD VANE AvANE

SAMPLE DATA N.R.C N.F
PLASTIC WATER LIQUiD

or DESCRPTON OF MATERAL
___ ______________________ jo po_

15m ORGANIC COVER -O
_-- 161

SILTCLAY
little fine sand

organic laminations

rootlets

slight to low plastic

soft to firm brown

and sand in laminations

2.Om slight plasticity

SY La

SAND fine to medium

little silt in thin

35 mm laminations

grey and brown

sy
Isilt layers to 11 cm thick

3.0 depth

Li

NE

5m
SAND AND SILT

trace clay
10 cm thick silt layer

i.5

silt laminations average

6.Om 2-3 cm thick

SAND

little laminated silt

trace clay

___ little gravel to7cm
10 below depth

8.Om

END OF HOLE 8.0

Li___Continued rw-rr
JOB No AL0890

IPROJECT Frost Heave Test Sites
Keoh Leonoff Consutants Ltd

MPF%

Sçjf CIVIL GEOTECHNICAL ENGINEERS IHOLE No 77-7-7

Oct 19/77 PLATE
k.L.C METRIC



TEST HOLE LOG

NAMMER WT 63.5Kg LOCATION COHESION Kg /Sq.cm

PERMAFROST
HT DROP 76 cm ELEVATION

FIELD VANE ABVANEVCQHP
SAMPLE DATA N.R.C N.F

PLASTIC WATER LIQUID

or DESCRPTON OF MATERIAL
DEPfl TYPE CLASS ____________________________ 10 30 50 70 90

Notes

Hole located on north edge of

small swampy depression which

is about 30 in diameter

about 50 west of Dry Creek

The swampy depression is

vegetated with grass The

terrain to the west is open
with sparse spruce to

The terrain to the east adja
cent to Dry Creek is more

densely vegetated with spruce

tolOm

Test hole augered to

cored from to

14 Water level in test hole at

3.2 on completion of

drilling

JOB No AL0890

PROJECT Frost Heave Test Sites

Klohn Leonoff ConsuRants Ltd
LO All HP 31

CIVILGEOTECHNICAL ENGINEERS HOLENo 77-7-7Continued

DATE Oct 19/77 PLATE

.L.C ETRC
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TEST HOLE LOG

HAMMERWT 63.5Kg
PERMAFROST

LOCATION See Plate A-0890-7-2 COE Xg./Sq.cm

HT DROP 76 cm ELEVATION -ir .8

__________________ LI FIE1O VANE LA8 VANE 1J.t4CO3

SAMPLE DATA N.R.C N.F Pisnc LIQUID

or DESCRPTON OF MATERIAL x-------
UMT

DEPTF rYPE
15cm CLASS 10 30 50 70 90

0.1 organic cover

SILT 10

trace clay

sy trace fine sand NP0-
organic wood specks
laminations of silt and

SY
sand 2-8 mm

SY non to slight plasticity

firm to stiff dk brown

extensive organic lamina-
sY .3 tions pieces of wood

SILT AND SAND

trace clay

NE laminated fine sand
SY greysilt

3.5 organic wood layers

non to slight plasticity

firm broin grey
13 13.Om SAND

fine to coarse

some silt little gravel

10
\- well qraced brown

139m SAND

fine to coarse

some gra\el

trace silt

11 GRAVEL
5.om-z .. some sand trace silt

SAND

little gravel trace silt

12 6.5

000 GRAVEL

and sand trace cobbles

trace silt

13

___ 76m

END OF HOLE 7.6

Cont

JOB No
PROJECT Frost Heave Test Sites

Kohn Leonoff ConsuRants Ltd
LOCATI ti

CIVIL GEOTECHNICAL ENGINEERS HOLENo 77-7-8

L. DATE Oct 22/77 PLATE



TEST HOLE LOG

HAMMERWT 63.5Kg LOCATION COHESION Kg./Sq.cm

PERMAFROST
Hr DROP 76 ELEVATION VANThcQNF

SADI DATA PLASTtC WATER UQUID
LIMIT CONTENT LIMIT

or DESCRIPTION OF MATERIAL ---------x
DEPT TYPE 15cm

Nc CLASS
__________________________________________ 10 30 50 70 o04

NOTES

Hole located 20 meters west of

Dry Creek and about 20 meters

east of open sparsely treed

area

Area adjacent to creek support

dense spruce growth to 15

in height

Test hole augered to 0.5

continuous undisturbed Shelby

Tube samples taken from 0.5 to

3.5 and cored from 1-.O to

7.6m.

14 Water level in test hole at

3.0 on completion of drill

ing

JOB No AL0890

PROJECT Frost Heave Test Sites
KlohnLeonoffConsuRantsLtd

LOCATION 31

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-7-8

___________________________________________________
DATE Oct 22/77 PLATE

CL.C KTRIC
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TEST HOLE LOG

HAMMER WI 5Kg

PERMAFROST
LOCATION See Plate A-0890-7-2

COUESION Kg /Sqcm

HI DROP 76 ELEVATION 2273.51 LDvA LABVANEJNç
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

or DESCRPTON OF MATERIAL
DEPTE TYPE

15 cm Na CLASS
_________________________________________

10 ao 50 70 90
NE O.lm organic cover

____ 06 SILT

____ highly organic b11

Vi Vs
little fine sand

-traceclay 10
____

1.5m
laminated

slight plasiticity
SILT

Nbn some fine sand

Vs he
2.2m trace gravel trace clay

69 SAND __b
7m

fine to coarse

some silt trace gravel
-J o.O

\-rustybrown

GRAVEL

some sand

little silt

fairly well graded
stratified

dense brown

____ 5.lm
END OF HOLE 5.1

NOTES

Hole located 20 in east of Dry

Creek

Dense growth of spruce to 20

adjacent to creek Drill site

has hummocky moss ground

cover vegetated with sparse

spruce to

Test hole augered to 0.7 in
cored from 0.7 to 141 and

augered from 1ii- to 5.1

Hole terminated due to extensive

sloughing of gravel

II II II IIIIlIII
No ALOB9O

Kohn Leonoff ConsuRants Ltd VROJECT
Frost Heave Test Sites

LOC 31

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-7-9

L.___ DATE Oct 22/77 PLATE
E.L.C METRIC
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 79

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/M Density PCF

1.50-2.00 13O 8k.9



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION See Plate A0890-7-2 COHESION Kg./Sq.cm

PERMAFROST
HI DROP 76 cm ELEVATION 2270.89 1LD VANE LABVANEUNcc1

AA DI TA PLASTIC WATER LIQUID

LIMIT CONTENT LIMIT

or DESCRPTON OF MATERIAL
DEPIF TYPE Nc CLASS

_________________________________________ 10 30 50 70 90
O.lm organic cover

ORGANIC SILT CLAY PEAT 151
trace fine sand in layers

to9cm
SY trace gravel wood specks

sand layer 0.9 21
black organic laminations

VrVs .8m slight to low plasticity il7O
Vx dark brown

ice lenses 1/14-11m spaced

5m
1/21Omm

GRAVEL

fine to coarse

_____
ORGANIC SILT

SY Vs 3.25m some sand

SPT little clay trace gravel

brown to black

ice lenses 1/14-lmm spaced
1/41mm

oo GRAVEL

SPT Vc
and

some sand

stratified

below Lt.5m based on drill

00 actIon and cuttings returned

in drilling mud

___ ___ 6.5m

END OF HOLE 6.5

NOTES

Hole located 25m west of Dry

Creek

Light spruce growth to 6m
Test hole augered cored to

2.5m Drill ing mud used from

2.5 to .5m

____No AL0890

IPROJECT Frost Heave Test Sites

KlohnLeonoffConsuRantsLtd 9C AT ION 31

1c CIVIL GEOTECHNICAL ENGINEERS IHOLE No 77-7-10

L.._ JIATE Oct 22/77 PLATE

K.LC METRIC
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TEST HOLE LOG

HAMMERWT 63.5Kg LOCATIONSee Plate A-0890-7-2 COHESION Kg./Sq.crn

PERMAFROST

HI DROP 76 cm ELEVATION 2272 27
0.2 0.6 L0 .4 LB

_________________ _____ ______________________________________ AFIELD VANE LABVANEjJJNf
SAMPLE DATA N.R.C N.F PLASflC WATER LIQUID

or DESCRPTON OF MATERAL
DEPTI- TYPE Nc CLASS

________________________________ 10 30 50 70 90fr
NE O.lm organic cover 66
.35

ORGANIC SILT CLAY 171
trace fine sand

extensive organic

laminations 18i
VrVs slight to low plasticity 1l4

Ice lenses 1/4l/2mm spaced
l.7m 1/4-1mm 252

2..Om
ORGANIC SILT PEAT 174
ice lenses 1/4-lmm spaced

1/2-2mm

_____
2.65m SILT

______ trace fine sand
\Nbn 2.95m.\- slight plasticity

ice lenses 1/14mm 1/2-2nm

SILT

VrVs and fine sand in 1/22cm
Nbn laminations

SILT

_____
4.35m trace fine sand

trace clay

VrVx Ii 75m organic layers

slight plasticity

Vx \ice lenses 1/4mm spaced -3
_____ 2m 25mrn

_1I SAND

fine

some silt trace clay

ice lenses 1/mm spaced

515mrn
GRAVEL

some sand

trace silt

END OF HOLE

NOTES

Hole located 85 west of Dry

Creek

Area vegetated with small

grassy hummocks and moderate

spruce growth to lOm
Test hole augered to 0.4 andJH JcoredfrornO4tos2rn

JOB No AL0890

Klohn Leonoff ConsuRants Ltd
PROJECT Frost Heave Test Sites

31

IVI IC GIN HOLE No 77-7-11

DATE Oct 22/77 PLATE
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 7-11

Sample Sample Frozen Bulk3
Frozen Bulk

No Depth Density KG/M Density PCF

0.70100 i4o 85.5

1.00135 1290 766

1.70-2.00 1130 67.1

2.00-2.50 1290 766

5a 2502.95 1670 99.2

2.95-3.55 1600 95.0

553 95 1660 98

7a 3.954.35 1640 97.4



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION See Plate A-0890-7-2 COHESION K9/Sqcm
PERMAFROST

HI DROP 76 cm ELEVATION 2267.98
DVA 1AB VANE tVt4CQNF

KID KI PLASTIC WATER LIQUIDSAMPLE DATA
LIMIT CONTENT LIMIT

or DESCRPTON OF MATERAL
DEPTE TYPE Nc CLASS

______________________________________ 10 _0_ 50 70 90
im organic cover 13

ORGANIC SILT

NE roots wood specks
O.95m dark brown

sv .2 SILT NO
Nbn little to some fine sand

SY Vr trace clay
_____ laminated stiff

sY hristtcitY
iL

some fine sand
SAND

find to medium
SY -littlesilt

trace to little gravel3.4m____ trace clay

light brown

NFLIOm
styent335m

some gravel cJ

some silt trace clay

GRAVEL

and sand

-somesilt
trace clay

dense

brown

60m
SILT

little gravel

little sand
SPT

15 10 laminated layered

slight to low plasticity

grey
7.5m

cj GRAVEL

some sand
000

some silt

_____ _____ well graded

based on drill action

cuttings returned in

drilling mud
END OF HOLE 8.5m

ioHIJ CONTD LHHH
JOB No ALO89O

Frost Heave Test Sites

Kohn Leonoff ConsuRants Ltd AATN
31w-__________

\SW clvii GEOTECHNICAL ENGINEERS HOLE No 77-7-12

DATE Oct 30/77 PLATE
ICL.C METRIC



TEST HOLE LOG

SAMPLE DATA ELEV COLLAR UNCOr4FINED COMPRESSION T.S.F

WEIGHT HAMMER 4O .j ELEV GROUND IELD VANE LA8 VANE UNCONF

HEIGHT DROP 30 nche CO-ORD LOCATION PLASTIC WATER LIO4JO

________________________________________________________ LIMIT CONTENT LIMIT

-Jz NO DESCRIPTION OF MATERI4L

Notes

Hole located 22 rn northwest of Dry

Creek

The site is situated between denser

stand of spruce located to the east

along Dry Creek and sparsely

vegetated open area to the west

Hole augered to 3.5 cored from

3.5 to and drilled with mud

from 4.2 to 8.5 rn

JOB No AL0890

PROJECT Frost Heave Test Sites
Kohn Leonoff Consuftants Ltd

LOCATION MP 31

CIVIL GEOTECHNICAL ENGINEERS HOLENo 77-7-12 Continued

DATE Oct 30/77 PLATE
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TEST HOLE LOG

HAMMERWT 63.5Kg LOCATION See Plate A0890-72 COHESIOP Kg.fSq.crn

PERMAFROST
HT DROP 76 cm ELEVATION 2270.70

LDV VANE_P
SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

or DESCRPTON OF MATERAL
DEPTh TYPE No CLASS

________________________________ io 90$

NE O.lm ORGANIC COVER
913

____ 0.5 ORGANIC SILT PEAT

roots pieces of wood 344
Vr XX .Om dark brown to black .-

SY Nbn SILT-organic laminations

____ trace fine sand
1.6Land sand 1.4 1.6

15
SY

SAND fine to medium

little silt

laminated with rusty sand
SY

grey silt brown organics
2.7m

SY
NE

SAND and gravel tr silt

1m\ well graded

sy \trace gravel 3.0 to 3.1

GRAVEL AND SAND

trace silt org specks

loose to medium dense

4.4m

SAND fine to medium
little silt
tr gravel tr clay

lOi woodspecks
5.LIm well graded

11 GRAVEL and sand
12 little silt

13 layered
wood specks

14 brown
15 sand some gravel from

6.65 to 6.8
____ ___________________________

ENDOFHOLE@6.8m

Notes

Hole located 16m n.w of Dry

Creek

Dense spruce growth to 15m
Hole augered cored to re
fusal in dense gravel 6.8m
Water level 3.2m during

drilling
Thermistors installed 0.5
1.5 3.0 6.Om depth

standpipe piezometer installed

EIIIIIILII
JOB No AL0890

PROJECT Erost Heave Test Sites

KiohnLeonoffConsuRantsLtd
LOCATION 31

CIVIL GEOTECHNICAL ENGINEERS HOLENo 77-7-13

DATE Nov 1/77 PLATE

.L.C METRIC
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TEST HOLE LOG

F4AMMERWT 63.5Kg LOCA11ON See Plate A-08907--2 COFIESION Kg./Sq.cm

PERMAFROST
38 0.2 0.6 1.0 1.4 1.8

iii 76 in IN

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

or DESCRPTON OF MATERIAL
DEPfl TYPE 15cm Nc CLASS

______________________________________________
10 30 50 70 90/n

O.lm ORGANIC COVER

LI

trace fine sand .0

SY trace clay

extensive organic lam-

SY inations wood specks

slight to low plasticity

stiff brown
SY __ some sand

2l

SY
GRAVEL some sand

little silt

trace clay

fairly well graded

NF

oP
drilling below 3.7rn based on SPT

data drill action and cuttings

SPT 36
returned in the drilling mud

56
______ coarse gravel

21 sand layer

SPT 27

L8

___ -L
SPT Ref very dense gravel

trace cobbles

sand layer

10
____

1O.Om END OF HOLE 1O.Orn
____

JOB No ALOO

PROJECT Frost Heave Test Sites
KiohnLeonoffConsuRantsLtd

LOCATION MP 31

cIViLGEOTEcHNIcAL ENGINEERS HOLENo 77-7-1k

_________________________________________________
DATE Nov /77 PLATE

I.IETRIC



TEST HOLE LOG

HAMMER WT 63.5Kg LOCATION COKESION Kg /Sq.cm

PERMAFROST
u1 DOP 0.2 0.6 LO .4 1.8

ii 76 cm

SAMPLE DATA N.R.C N.F
PLASTIC

CONTEFJT LIMIT

or DESCRIPTION OF MATERAL --
DEPTI- TYPE Nc LASS

__________________________________ 10 ._2 50 70 90

Notes

Hole located 20m n.w of Dry

Creek

Vegetation is dense spruce to

20m Ground surface is moss

covered and slightly hummocky
No free water encountered to

3.7m during drilling

Hole augered and cored to 3.7m

and drilled with nud from 3.7

to 10.Om 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

Thermistors installed 0.5
1.5 3.0 and 6.Om depths

JOB No AL0890

PROJECT Frost Heave Test Sites

KDohn Leonoff Consultants Ltd TICJ MP 31
LU i..

VI GE IC GIN HOLE No 77-7-1k Continued

___________________________________________________
DATE Nov 1/77 PLATE

IC.L..C METRIC
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TEST HOLE LOG

HAMMERWT 63.5Kg LOCATION See Plate A-0890-7-2 COFIESION Kg./Sq.cm

PERMAFROST

HI DROP 76 cm ELEVATION v-i 7n
0.2 0.6 10 1.4 1.8

-I fjE.1D VANE BVANEIflJCQt4F

SAMPLE DATA N.R.C N.F
PLASTIC WATER LIQUID

DEPTI TYPE Nc CLASS
DESCRPTON OF MATERIAL

WT CONTENT UMT

L5cm 30 50 70

O.lm ORGANIC COVER

SILT -organic laminations 185

little fine sand

slight to low plasticity

-brown
1.25m

GRAVEL- some sand

trace silt grey
1.75m some silt below 1.4m

SAND fine to coarse
somesilt

little gravel
2.5m dark brown

SY SAND SILT GRAVEL

layered

sy 3.2m

SAND SILT

NE 375m little gravel

SPT
GRAVEL

35
and sand

little silt

interlayered

very dense

5c. rusty brown

SPT 37

22 ___ 595m

Sa nt END OF HOLE 5.95m

Notes
Hole located on southeast side

of Dry Cr 13m east of old

telephone line

Vegetation consists of sparse

spruce to 5m and willows to

3m
__ Hole augered cored to 2.5m

drilled with mud from 2.5 to

5.95m

Single thermistor installed

1.5m

10

JOB No AL0890

Kohn Leonoff Consuiltants Ltd
PROJECT Frost Heave Test Sites

LOCATION

CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-7-15

L0 DATE Nov 5/77 PLATE

METRIC
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SITE MR 41 to 41

1.0 INTRODUCTION

This area was selected as potential frost heave test site

The site is located between MR 41 and 41.5 along the proposed

pipeline rightofway which parallels the HF pipel me The

Alaska Highway is located within 300 at the north end of the

site The reader should refer to the attached location

plan on Plate A089081 as well as the aerial and site photo

graphs on Plates A089082

2.0 SUMMARY

The site is located in an old glacial meltwater channel which varies

from about 100 to 300 wide The valley is confined by conspic

uous upland area to the north which is underlain by outwash and

hummocky moraine In the south the valley is bounded by gently

sloping coalescing alluvial fan deposit

In the area adjacent to the site the meltwaer channel valley is rot

drained Rather drainage from adjacent areas flows into number of

lakes which occupy the valley floor large lake exists immediately

northwest of the site

Three test holes were drilled at this site two located in the old

meltwater channel and third hole located in the coalescing al luvial

fan terrain to the south Based on two drill holes in the valley

bottom the subsoils consist of an upper fine irained strata overlying

gravel and sand soi Is at depths between and 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 durina the 1976 and 1977 programs the

soils underlying this area consist of frozen interlayered organic silts

sands and gravels In test hole 7783 the soils consist of 5.5 rn of

organic Its and clays overl\ ng coarse interlayerecl cravel and sand

and permafrost occurs below shallow unfrozen active layer

Kiohn Leooff Coisithnts Ltd
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SITE DESCTIPTION

Test hole 7781 is located at the north end of the site about

75 southeast of large lake which occupies the val ley bottom

The HF pipel me lies about 120 to the east The terrain slopes

gently i-a 2% towards the lake and is relatively open with

sparse growth of willows Locally about 10 north of the drill

site smal deep drainage guI ley dry at the time of the

investigation is incised into the ground surface

Test hole 7782 is located about 250 southeast of 7781 The

terrain between these holes slopes gently 1% to the northwest and

is sparsely vegetated with willow and spruce Test hole 7782 is

located 30 west of the HF pipeline Vegetation at the drill site

consists of sparse growth of wi low and spruce to high

Test hole 77-8-3 is located 500 south of 77-8-2 along the H-F

pipeline The terrain between these test holes is similar to the

conditions at 7783 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 light

growth of spruce to high

4.0 SOIL AND PERMAFROST CONDITIONS

4.1 Test Hole 77-8-1

Test hole 7781 was drilled to depth of 8.5 m. The hole was

augered to 2.0 and rotary drilled with mud below 2.0 m. The

upper soils to depth of 1.55 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

soi Is overl ie interlayered coarse gravel and sand to the maximum

depth drilled 8.5 m.

The entire test hole was unfrozen within the total depth drilled

KDo Leooff Cositrts Ltd
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Test Hole 77-82

This test hole was drilled to depth of 9.6 rn by augering

to 3.64 then rotary drilling with mud below 3.65 m. The

topstratum consists of organic silt and clay to depth of

0.75 m. From depth of 0.75 to 3.0 the subsoils consist

of 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 depth of 3.0 to 5.5 the granular materials are comprised

of fine to coarse sands with little silt and gravel The sand

grades into an interbedded gravel and sand material at about 5.5

and extends to the maximum depth drilled 9.6 m. Due to the

rotary nature of the dri ing equipment no representative samples

of the coarse unfrozen gravel materials were obtained

The entire test hole was unfrozen within the total depth dri led

4.3 Test Hole 77-8-3

This test hole was drilled to depth of 10.0 by augering to

0.6 coring from 0.6 to 5.15 and rotary drilling with

mud below depth of 5.15 m. From ground surface to depth of

5.5 the subsoils consist of an organic silt and clay The moisture

content of the upper is high ranging from 100% to more than

300% From 3.5 to 5.5 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 depth of 0.6 to 10.0 m. The upper 5.5

has medium to high ice content with ice lenses up to cm thick

The estimated excess ice content varies up to 30% averaging about

15% by volume Due to the rotary nature of the drilling equipment

representative samples of the underlying gravel stratum could not

be obtained for permafrost classification

KDoi1i Lornff ithnt Ltd
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SITE

View northwesterly at Site along the HainesFairbanks pipe
me The meitwater channel val ley which is partty occupied

by lake is evident in the background The coalescing alluvial

Fan terrain in the foreground is vegetated with moderate growth

of spruce

A-0890-83



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION See Plate A-0890-8-2 COHESION Kg./Sq.cm
PERMAFROST

HI DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4

_________________ _____ _____________________________________ FIELD VANE LABVANEU4CO4F

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTF TYPE mNC CLASS

or DESCRPTON OF MATERAL ___L__x
O.15m organic cover

SILT CLAY
..

trace fine sand

roots organics

slight to low plasticity

SY light brown

SPT L55m trace gravel

16

91 GRAVEL

some sand

____ 3.Om

3.2m SAND

NE GRAVEL

some sand

classification based on
I____ drill action cuttings

returned in drilling

mud

NOTES
Hole located in former lake

in meltwater channel at the

S.E end of the present day

lake Hole is situated about

___ 120m west of the H-F pipeline

Terrain slopes l-2 to N.W
Site is void of forest cover

and is vegetated with grass and

oG scattered wi lows

____ Hole augered to 2.Om drilled

with mud from 2.0 to 8..5m7j

85m

ENDOFHOLE@85m

IlL
JOB No AL0890

Klohn Leonoff ConsuRants Ltd Ni Sites

CIVIL GEOTECHNICAI ENGINEERS HOLENo 77-8-1

DATE Oct 11/77 PLATE
LL.C METRIC



TEST HOLE LOG

HAMMER WI 63.5kg LOCATION See Plate A-0890-8-2 COHESION Kg.fSq.cm
PERMAFROST

HT DROP 76 ELEVATION 0.2 0.6 .0 1.4 i.e

_____ ______________________________________ FIEID VANE

SAMPLE DATA N.R.C N.F PLASTIC WATER LiQUID

DEPfl TYPE Nc CLASS
DESCRPTON OF MATERAL ___I__tX

___ _______________________ 10 30 50 71

ORGANIC SILT CLAY 53

-roots 13
O.75m dark brown

CLAY SILT

trace sand

stiff to very stiff at

SY depth

16 medium to high plasticity
SPT

15 yellowish-rusty brown

lIttle sand

_L 3.Om trace gravel

SY
34

..8

SPT SAND

47 NE
fine to coarse

little silt

little gravel becoming

coarser with depth

10
grey

5.5m
GRAVEL SAND

interbedded O.25-O.5m

classification based on

drill action and cutting

returned in the drilling

mud
NOTES

Hole located on south side of

an old meitwater channel 30m

west of the H-F pipeline right
of-way
Site vegetated with willow and

sparse spruce to Sm high

Hole augered to 3.65m. then

rotary drilled with mud

96m

10
END OF HOLE 9.6m

JOB No AL0890

KlohnLeonoffConsuRantsLtd Sites

CIVIL GEOTECHNICAL ENGINEERS HOLENo 778-2
DATE Oct 12/77 PLATE

I.L.C METRIC



TEST HOLE LOG

HAMMERwI 63.5I LOCATION See Plate A-08O--82 COHESION Kg./Sq.cm
PERMAFROST

HI DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

___________________ ______ __________________________________________ FIEID VANE J.AB VANE UNCQtL
SAMPLE DATA N.R.C N.F PLASTIC WATER UQUID

DEPTF TYPE CLASS
DESCRPTON OF MATERAL

15cm _____ _____________________________________ 10 30 50 70 90fr
721

NE ORGANIC SILT

peat layers
124

_____ pieces of wood 339
little clay 259

VrVs trace sand

roots 326

dark brown

iIce crystals 5mm spaced
192

@5tolOmm
\random stratified ice 279

lenses to 1cm

.142

some fine sand

____ 3.25m
VxVr 188

10 Vs ORGANIC SILT CLAY

_____ trace fine sand
ii laminated

low plastic

k.5m
brown

L2 VrVs CLAY SILT

Nf trace fine sand

organic laminations

_____ 5.5m medium plastic

GRAVEL

medium to coarse

-somesand
VxVc

based on drill action

00 cuttings returned in

14o
drilling mud

8.Om

I15 SAND

some gravel

based on drill action

cuttings returned in

drilling mud

10 10.Om END OF HOLE 10.Om cont

JOB No ALO89O

Klohn Leonoff Consultants Ltd
PROJECT Frost Heave Test Sites

LOCATION MP 41 to 41.5

9CiVILGEOTECHNICAL ENGINEERS HOLENo 77-8-3

DATE Oct.12/77 PLATE
C.L.C FTRIC



TEST HOLE LOG

HAMMER WT 63.51g LOCATION C0HES0N Kg./Sq.cm
PERMAFROST

HT DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4 1.8

______ ________________________________________ FJELD VANE 2AB VANE VCQ4F
SAMPLE DATA N.R.C N.F PLASTIC WATER UQUID

DEPTE TYPE WNc CLASS
DESCRP11ON OF MATERAL

15cm
_______ ________________________________________________ 10 30 50 70 90

NOTES
Hole located 50m west of

H-F pipeline Site situate

on coalescing alluvial far

which slopes gently to the

east

Ground surface covered with

extensive peat tussocks

Site vegetated with sparse

spruce to 8m

Hole augered to O.6m core

from 0.6 to 5.15m and

rotary drilled with mud

below 5.15m

JOBNo ALo8O

Klohn Leonoff Consutants Ltd
PROJECT Frost Heave Test Sites

LOCATION tIP 41 41.5

CIVILGEOTECHNICALENGINEERS HOLENo 77-8-3

____________________________________________ DATE Oct 12/77 PLATE
CL.C METRIC
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 8-3

Sample Sample Frozen Bulk3
Frozen Bulk

No Depth Density KG/M Density PCF

0.60-0.85 io4o 61.8

85i 10 1090

1.101.45 1120 66.5

1451.90 1070 63.6

1.902.30 1080 64.2

2.30-2.75 1210 71.9

2.753.10 1250 74.3

3.10-3.25 1190 70.7

10 253 70 1230 73

13 4.72-5.15 1590 94.4



SITE MR 32 to 33

1.0 INTRODUCTION

This area was selected as potential frost heave test site

subsequent to initial drilling in the Dry Creek meltwater

channel at Site The site is located about 1.1 km west

of the proposed pipeline rightofway which parallels the

HF pipeline The Alaska Highway is located within 400

east of the site The reader should refer to the

attached location plan on Plate A089O--91 and the aerial

photograph on Plate AO89O2

2.0 SUMMARY

This site is situated along Dry Creek in an old glacial meltwater

channel The Dry Creek valley is well defined and about 400

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 smal thermokarst lakes

Dry Creek meanders in sinuous manner and occaisional Iy displays

beaded drainage which usually indicates the presence of ground ice

and permafrost

Four test holes were drilled at this site The subsoil pi-ofi Ic 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 to 13.2 thick

and consist essential ly of peat and both organic and inOrganic si It

These fine grained organic soils overlie gravels Representative

samples of the coarse gravel materials were difficult to obtain as

rotary drill as used for this rogram

Permafrost is widespread 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 7794 layer of ice and soil more than 3m

thick has more than 50 excess ice by volume The ice content of

Kiim Leooff suitht Ltd



of the coarse gravel substratum underlying the area was not

ascertained as rotary drill and mud was used for this

program

3.0 SITE DESCRIPTION

Test hole 77-9--i is located at the northern end of the site about

70 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 light to moderate

growth of spruce to high

Test hole 7792 is located about 150 southeast of 7791 The

terrain between these two test holes is low lying but slightly

hummocky and vegetated with moderate growth of spruce to 10 rn

high At the drill site which is located 10 west of Dry Creek

the ground slopes about 5% towards the creek Vegetation at the site

consists of moderate growth of spruce to 12 high

Test hole 7794 is situated about 130 south of 7792 The

terrain between these holes is sim lar to that at 779-2 The dr Ii

site is located about east of Dry Creek and is vegetated with

sparse growth of spindly spruce The terrain slopes 3% towards the

creek

Test hole 7793 is located about 150 south of 7794 The terrain

between these holes is slightly hummocky and vegetated with moderate

to dense growth of spruce to 15 high The drill site is located

on the east side of the Dry Creek val ley 30 rn from the toe of the

east valley sideslope 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 trees except for

sparse growth of stunted spruce

ith Loff Co tnts Ltd



4.0 SOIL PERMAFROST CONDITIONS

4.1 Test Hole 77-9-1

This test hole was drilled to depth of 5.0 by augering

to 0.5 and coring from 0.5 to 50 m. The subsoil profile

consists of peat and organic silt overlying gravel and sand

materials The interlayered peat and organic silt strata extend

to depth of 4.8 m. The soils have high moisture contents

which generally vary from 150 to 450% The basal granular stratum

from 4.8 to 5.0 consists of coarse gravel and sand with little

silt

Permafrost occurs from 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 77-92

This test hole was drilled to depth of 11.2 by augering to

0.5 and coring from 0.5 to 11.2 m. The subsoil profile consists

of organic silts overlying siltall of which overlies coarse

gravel layer From ground surface to depth of 5.9 the soils consist

of an organic silt with peat layers The moisture contents are high

averaging in excess of 100% grey silt with organic pockets and

laminations of clay and sand occurs below 5.9 to depth of 10.9 m.

The silt has moisture content varying from 35 to 85% averaging

about 65% These fine grained and organic soils overlie gravel

stratum from 10.9 to 11.2 m.

Permafrost occurs from 0.6 to the maximum depth drilled 11.2 rn. The

upper peat and organic silt soils have mediumtohigh ice contents The

estimated excess ice content ranges up to more than 50% in ice and soil

layers but averages about 20% by voume Ice usually occurs in thin

horizontal and randomly oriented lenses The grey silt stratum

also has ice and soil layers up to 0.4 thick but the overall ice

content is lowtomedium The estimated excess ice content averages

about 10% by volume in the stratum The permafrost classification of

flou Leooff Consltaits Ltd



the underlying gravel was not determined

4.3 Test Hole 77-9-3

This test hole was drilled to depth of 8.5 by augering

to 0.9 coring from 0.9 to 7.4 and rotary drilling with

mud from 74 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 depth of 2.2 This soil has

high moisture content varying from 95% to more than 400%

dark grey laminated silt underlies the organic topstratum from

depth of 2.2 to 7.4 m. This stratum is nontoslightly plastic

and has thin laminations of sand silt and organic pockets The

moisture content averages about 55% basal gravel stratum under

lies the upper fine grained soils from depth of 7.4 to 8.3 m.

Permafrost exists from 0.7 to the maximum depth drilled 8.3 rn.

The upper organic silt stratum has medium ice content with excess

ice comprising about 10 -1-0 20% of the soil by volume The dark grey

laminated silt generally has low ice content except for scattered

ice lenses up to cm in thickness Ice usual ly occurs in horiz

ontal and randomly oriented lenses from 1/4 to mm thick spaced

at -I-s 20 mm apart The permafrost classification of the under

lying gravel was not determined

4.4 Test Hole 7794

This test hole was drilled to depth of 13.3 by augering to

0.9 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

of soil below ground surface consists of interlayered 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 coarse Si Ity sandy gravel

Permafrost occurs from 0.6 tc the maximum depth drilled 13.3 m.
The ice content of the fine grained organic and silt soils varies

from low to very high thick layer of ice and soil with an excess

ice content of more than 50% by volume occurs from depth of

Ko Leoff iltts Ltd



4.95 to 8.3 m. The permafrost classification of the underlying

gravel was not determined

Kom Leioff Costhits Ltd
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TEST HOLE LOG

HAMMERWT 63.5Kg

PERMAFROST

LOCATION See Plate A-0890-9-2 cOHESION Kg./Sq.cm

HT DROP 76 cm ELEVATION 1DVEAAJ.
SAMPLE DATA N.R.C N.F PLASTIC WATER UQUID

or DESCRPTON OF MATERIAL
DEPTI TYPE NC LASS

__________________________________ 30

NE PEAT ORGANIC SILT
40

0.5 laminated with silt clay

VrVx black 448

Vs

ice lenses to 5mm thick

spaced to 10 mm
.280

_____ 7m
ORGANIC SILT CLAY 223

-woodpieces
brown 210

VrVx
PEAT ORGANIC SILT 234

laminated with silt clay 206
trace gravel 457
trace sand 221

VrVs
Vx 225

_Z Nbn 3.8m
PEATORGANICSILT

some gravel

204 VrVx some sand 181

114

68/ t.ufll

5SPT9 __ 5.Om.SANDANDGRAVEL
little silt

grey

END OF HOLE 5.Om

NOTES

Hole located in the Dry Creek

valley on north side of swamp
Terrain slopes into swamp
Swamp is vegetated with grass
Adjacent to swamp sparse

growth of spruce to high
Hole augered to 0.5 cored

from 0.5 to 5.Om

____
HHUH

No ALO89O

IPROJECT Frost Heave Test Sites
Klohn Leonoff ConsuRants Ltd CATION
________________________________________________
CIVIL GEOTECHNICAL ENGINEERS HOLE No 77-9--i

DATE Oct 20/77 PLATE
iTRir



FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 9-1

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth DenSity KG/H Density PCF

0.501.00 98L.8 61.k

2.20-2.0 1026.0 639

2.LO-3.10 1110.2 69.2

503 75 1260 78



TEST HOLE LOG

HAMMERWT 63.5 LOCATION See Plate A-0890-9-2 1COESIN
Ig./Sqcm

ERMAFROST
0.2 0.6 1.0 1.4 1.8

HI DROP 76 cm ELEVATION

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

LIMIT CONTENT liMIT

or DESCRPTON OF MATERftAL x---------
DEPTF TYPE Nc

15cm CLASS
_________________________________________ 10 30 J0 _70 QO4

O.15m Moss cover

VrVs6 ORGANIC SILT

71Vx little clay

142peat inclusions

1--c -piecesofwood
slight plasticity

dark brown

_____ ice lenses to 1cm 141

ice soil from 2.4-2.45m
VrVs and 3.05-3.lm depths

_..X 4a
_________ 119

l2O
173

VrVs
ice lenses to 2cm thick______

126
Vx

spaced 1.5cm

extensive ice lenses

____ to 1cm thick
121

8a
Vr

5.4m

ICE ICE SOIL

5.9m b6
SILT

VrVs organic pockets layers .-
10

Vx trace clay

trace sand

11 -.---
____ 7.4m

ICE 7.8m ICE SILT

12 SILT

organic pockets

trace clay trace sand

LftHftT
_____

VrVs

_________________________

_______ few ice lenses up to

1.5cm thick

contd._____
101

JOB No AL0890

Klohn Leonoff Consultants Ltd.I PROJECT Frost Heave Test Sites

LOCATION ml of MP 32.5 to 33

CIVILGEOTECHNICALENGINEERS1HOLEN0
77-9-2

DATE Oct 20/77 PLATE



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION COHESION Kg./Sq.cm
PERMAFROST

HI DROP 76 cm ELEVATION
iE1DVEABvANEJNO

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

or DESCRPTON OF MATERIAL ___TI__
DEPIF TYPE Nc CLASS

_______________________________ 50 70 90
SILT

15 Vr organic layers
Nbn trace clay trace sand

_.

16
-L. 1O.9m

Vx 11.2m GRAVEL

some sand

trace silt

\-_grey
12

ENDOFHOLE11.2m

NOTES
Hole located in an old melt-

water channel lOm west of

Dry Creek Ground slopes at

52 towards the creek

Terrain is vegetated with

moderate growth of spruce

to 12m high

Hole augered to 5m and

cored from O.1m to 11.2m

JOB No AL0890

PROJECT Frost Heave Test SitesKohn Leonoff ConsuRants Ltd
LOCATION mi MP 32.5 to

CIVIL GEOTECHNICAL ENGINEERS HOLENo 77-9-2 contd
___________________________________________________ DATE Oct 20/77 PLATE

K.L.C METRIC



FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 9-2

Sample Sample Frozen Bulk3
Frozen Bulk

No Depth ti Density KG/H Density PCF

0.901.20 1240 77.3

1.2O1.50 1201.7 74.9

1.90-2.50 1167.7 72.7

3.103.50 1275.0 79.4

3.50-3.80 1219.0 75.9

4.605.00 1226.4 76.4

805 17 1320 L1 82

10 6.106.60 15144.4 96.2

11 70-7 00 1459 14 90

12 7.1407.80 1463.1 91.2

13 8.709.10 1563.7 97.4

15 9.90930 1550.8 96.6



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION See Plate A-08O--2 COHESION Kg./Sq.cm

PERMAFROST
HT DROP 76 cm ELEVATION

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

or DESCRPTON OF MATERIAL
DEPTh TYPE 15cm CLASS

_______________________________ 10 30 50 70 90
NE O.7m peat cover p595

ORGANIC SILT

little clay

trace fine sand

organicpockets 217
slight plasticity

greybrown
ice lenses 1/4 to 5mm thick

VrVs spaced at to 5mm Few random 1O8
Vx 2.2m lenseup to 1.5cm thick

.- SILT

trace sand

trace clay

organic pockets

blackish grey
1two ice lenses to 5cm thic

5cm layer of white sand

or volcanic ash

ice lenses 1/4 to 5mm
VrVs thick spaced at to 20mm

Nbn few lenses up to 1.5cm

thick

10

ice lenses to 1.5cm thick ---
11 .- some gravel

SPT 70 7.4m
ref GRAVEL

some sand

some silt

3m based on drill action

cuttings returned in the

drill mud

END OF HOLE 3m

10 contd
JOB No AL0890

Kohn Leonoff ConsuRants Ltd
PROJECT Frost Heave Test Sites

_____________________________________ mi of HP 32.5 to 33

CIVIL GEOTECHNICAL ENGINEERS HOLENo 77-9-3

DATE Oct 21/77 PLATE
.L.C IETRPC



TEST HOLE LOG

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

HI DROP 76

PERMAFROST
ELEVATION 1Yi_N_

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTF TYPE WNo CLASS

or DESCRPTON OF MATERAL
jri o_ _5 jo

NOTES
Hole located in Dry Creek

valley east of the creek

Site is vegetated with sparse

spruce

Hole augered to O.9m cored

from 0.9 to 7.1km then rotary

drilled with mud from 7.4 to

8.3m

JO8No AL0890

Kohn Leonoff ConsuRants Ltd
PROJECT Frost Heave Test Sites

LOCATION mi of HP 32.5 to 33

CIVIL GEOTECHNICAL ENGINEERS HOLENo 77-9-3

____________________________________________
DATE Oct21/77 PLATE

.L.C METRIC



FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 93

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/ti Density PCF

1.30-1.90 1238.9 77.2

1.902.20 1300J 81.0

LOO-Li.6O 1k59.9 91.0

5.005.50 127.6 88.9

10 00-6 70 1615 100



TEST HOLE LOG

HAMMERWT 63.5Kg LOCATION See Plate A-0890-9-2 COHESION Kg./Sq.cm
PERMAFROST

02 06HT DROP 76 cm ELEVATION
FiE1D VANE AB VANE JJJjçQ4F

PLASTIC WATER UQUIDSAMPLE DATA N.R.C N.F
LIMIT CONTENT LIMIT

or DESCRPTON OF MATERAL
DEPTF TYPE Nc CLASS

_______________________________ rn 30 _0_ JO_ 90fr

NE SILT

trace sand

_____
0.6

organic pockets
O.9m brown

ORGANJCSILT 109
trace fine sand

b133
Vs slight plasticity

-brown
l.9m

SILT

trace sand

2.55m brown

ORGANIC SILT PEAT

trace fine sand

3.2m brown_________________
SILT

organic pockets
_____ trace fine sand

-brown
Vr

VrVs 14.95m

ICE SOIL

soil mostly grey low

plastic silt clay

with organic pocekts
ICE

ice lenses are md med
or near vertical 11

SOIL

103

10 ---
11

12

13 ___ 8.3m

Nbn 8.6rn SILT CLAY grey

_____ 11141 ICE Urn ICE SOIL
159

lIttle clay

L-I

ORGANIC SILT

VrVs grey
10LC contd

JOB No ALO8O
IOJECT Frost Heave Test Sites

Klohn Leonoff Consultants Ltd
LOCATION nh of MP 32.5 to 33

WCIVILGEOTECHNICAL ENGINEERS HOLENo 77-9-14

DATE Oct 21/77 PLATE



TEST HOLE LOG

HAMMER WI 635Kg LOCATION COHESON Kg /Sq cm

PERMAFROST

Hr DROP 76 cm ELEVATION

SAMPLE DATA N.R.C N.F PLASTIC WATER LIQUID

DEPTI- TYPE WNc CLA
DESCRIPTION OF MATERIAL

L- ___ _____________________ 30 50 70 9Ofr

SILT
VrVs little fine sand

Nbn organic pockets

rusty silt lenses

laminated

12

VrVs
ice lenses to 5cm

Nbn
13.2m

GRAVEL

some silt

14 13.3m some sand

OT

Hole located 8m east of Dry

Creek Terrain slopes to

the west
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

II t.1 111111
JOB No AL0890

PROJECT Frost Heave Test Sites

Klohn Leonoff Consultants Ltd
LOATIOi mi of MP 325 to 33

4CIVILGEOTECHNICAL ENGINEERS HOLENo 77_913

DATE Oct 21/77 PLATE
C.L.C METIHC



TEST HOLE LOG

HAMMER WI 63.5Kg LOCATION COHESION Kg fSq cm
PERMAFROST

Hr DROP 76 cm ELEVATION

SAMPLE DATA N.R.C N.F PLASTIC WATER liQUID

DEPTF TYPE Nc CLASS
DESCRPTON OF MATERIAL

15cm 10 30 50 70 90
SILT

VrVs little fine sand
Nbn

organic pockets

11 rusty silt lenses

laminated

-grey

12 __________ ice lenses to 5cm
VrVs

Nbn

13.2m

GRAVEL

some silt

14 \3.3m some sand

NOTES
Hole located 8m east of Dry

Creek Terrain slopes to

the west
Ground sufrace at the site is

moss covered and hummocky
Moderate growth of spruce to

15m high
Hole augered to O.9m then

cored from 0.9 to 13.3m

II 1111111111
No AL0890

PROJECT Frost Heave Test Sites

Kohn Leonoff ConsuRants Ltd
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 9-k

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/M Density PCF

0.90-1.10 1199k 74.7

2.703.20 1314.7 83.8

3.80-4.30 1518.7 94.6

5.556.10 1319.9 82.2

13 7.90-8.20 1512.3 94.2



SITE 10 34 to 35

1.0 INTRODUCTION

This area was selected as potential frost heave test site

subsequent to initial drilling in the Dry Creek meitwater channel

at Site The site is located about 700 west of the

proposed pipeline rightofway which parallels the HF pipeline

The Alaska Highway is located within 200 rn east of the

site The reader should refer to the attached location plan on

Plate A0890101 and the aerial photograph on Plate A08901O2

2.0 SUMMARY

The site is situated along Dry Creek in an old glacial meltwater

channel The Dry Creek valley is about 400 wide and flanked

by upland areas to the east and west which are underlain by lacial

outwash and hummocky moraine The valley bottom is slightly hummocky

and poorly drained with number of small lakes Dry Creek meanders

in 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 thick organic silt topstratum overlying interlayered

silty gravel and sand materials In test hole 77102 3.15

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 thick in 77-10-1 to 8.0 thick in 77-10-2 These upper

organic and fine grained soils overlie gravel materials Due to use

of rotary dri II ng 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 85 of organic silt has high ice

content The estimated excess ice content of these soils varies from

to 40% averaging about 25% by volume The silt and clay stratum

below depth of 5.5 in test hole 77-10-2 has low excess ice

content averaging less than 10% by volume The ice content of the

Kihn Leonoff Conuithnts Ltd
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gravel substratum was not ascertained

3.0 SITE DESCRIPTION

Test hole 77-10-1 is located at the south end of the site in 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 sparse growth of stunted spruce

Test hole 77-102 is located about 250 north of 7710-1 small

lake occurs between these two test holes The drill site is located

southeast of small creek at its junction with Dry Creek The

water level in the creek is about 0.2 below the col lar elevation

of the test hole The area is open with sparse growth of spruce to

10 high

4.0 SOIL PERMAFROST CONDITIONS

4.1 Test Hole 77-10-1

This test hole was dri led to depth of by augering to

0.85 rn coring from 0.85 to 5.7 and rotary drilling with mud

below 5.7 m. The subsoil profile consists of 5.65 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 high moisture content varying from 100 to 300% The basal

gravel stratum from depth of 5.65 to 7.0 is interlayered with

silt and sand

Permafrost occurs from to the maximum depth dri led

The organic silt stratum to depth of 5.65 rn has high ice content

The estimated excess ice content of this stratum averages about 25%

by volume Ice generally occurs in thin horizontal and randomly

oriented ice lenses from 1/4 to mm thick The ice content of the

gravel substratum was not ascertained

Kohr Leowff Cosuitiits Ltd
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4.2 Test Hole 77-10-2

This test hole was augered to 0.75 cored from 0.75 to

8.0 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 coarse gravel stratum The organic

silt topstratum extends to depth of 4.85 m. The stratum is

laminated with peat pieces of wood sand and clay and has

high moisture content varying from 100 to 300% The organic silt

topstratum is underlain by grey silt and clay soil of slight

to low plasticity from 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 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 to the maximum depth dri led

The organic silt soils to depth of 4.85 have high ice content

Ice generally occurs as horizontal lenses up to cm thick The

estimated excess ice content varies from about 20 to 50% averaging

about 30% by volume the silt and clay soils from depth of 4.85

to 8.0 have lowto-medium ice contents except in the upper

0.6 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 has well bonded nonvisible ice

Kilrn Looff Cuitnts Ltd
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TEST HOLE LOG

HAMMERWT 63.5Kg LOCATION See Plate A-0890-10-2 COHESION Kg./Sq.cm

PERMAFROST
F4T DROP 76 ELEVATION 0.2 0.6 1.0 1.4 1.8

__________________ -_____ ________________________________________ F1E1D VANE LAB VANE

SAMPLE DATA N.R.C N.F
CONTENT

or DESCRPTON OF MATERIAL
IT

DEPTE TYPE Nc LASS
__________________________________ 30 50 70 0/

NE
ORGANIC SILT

trace sand in rusty seam

trace clay
laminated .211

VrVx dark brown

120

--
sand lenses

EX

VrVs ice lenses 1/4 to 5mm thick 126

209

VrVs
246

Vx peat layers

___ -piecesofwood 316

260

VrVs
150

127

_____ _____ gravel seam

NbNV
VrVs 5.65m

GRAVEL

OOIJ
somesilt

some sand

layered grey

___ Om

END OF HOLE 7.Om

NOTES
Hole located in Dry Creek

valley adjacent to swamp ______________________
Ground surface is covered with

extensive peat tussocks and

vegetated by spruce to lOm
Hole augered to 0.85m cored

_____ from 0.85 to 5.7m then rotary

drilled with water to 7.Om

10
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PROJECT Frost Heave Test Sites
Kohn Leonoff Consultants Ltd

LOCATION___________________________________ 0.5 mi to
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FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 10-1

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth CM Density KG/M Density PCF

1.60-2.20 1207.2 75.2

2.653.10 1212.8 75.6



TEST HOLE LOG

HAMMER WT 63.5Kg LOCATION
pi

COHESION Kg.fSq.cm
PERMAFROST ee sate 00 10

HT DROP 76 cm ELEVATION 0.2 0.6 1.0 1.4

___________________ ______ _________________________________________ FiE1D VANE AB VANE uNçQ4F
SAMPLE DATA N.R.C N.F PLASTIC WATER UQUID

DEPTF TYPE WNc ASS
or DESCRPTON OF MATERIAL

15cm
______ ______________________________________________ 10 30 50 70

NE 115
ORGANIC SILT

____ cL.E peat layers

trace sand in lenses
125

-traceclay
pieces of wood 145

VrVs dark brown

Vx

.103

extrensive ice lenses 118
up to 3cm thick

152

257

320

116

112

VrVs
4.85m

SILT CLAY

trace fine sand

slight-to-low plasticity

grey

ice lenses up to 2.5cm thick

VrVs
Nbn

10
Nbe

11 ________ organic layer
112

Il2 80m
GRAVEL

some silt

13

Nb

9m

some sand grey

END OF HOLE LOm

10 contd
JOB No AL0890
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TEST HOLE LOG

HAMMER WI 63.5kg LOCATION COHESION kg /Sq.cm
PERMAFROST

HI DROP 76 cm ELEVATION 1D.JAVAN1
SAMPLE DATA N.R.C N.F

CONTENT UMT
or DESCRPTON OF MATERAL

DEPfl TYPE Nc LASS
___________________________________ 10 30_ 50 70 90$

NOTES

Hole located in the Dry Creek

valley 5m southeast of

small creek at its junction

with Dry Creek

Water level in creek O.2m
below hole elevation Sparse

spruce growth to 1Dm high

Hole augered to O.75m cored

from 0.75 to 8.Om then

rotary drilled with mud from

8.Oto9.Om

JOB No AL0890

PROJECT Frost Heave Test Sites
Klohn Leonoff Consutants Ltd mi W.of MP34.5 to

I.

WCIVILGEOTECHNICAL ENGINEERS HOLENo 77-10-2

_______________________________________________
DATE Oct 23/77 PLATE

I.L.C IETRIC



FROZEN BULK DENSITY TEST RESULTS

TEST HOLE NO 10-2

Sample Sample Frozen
Bulk3

Frozen Bulk

No Depth Density KG/M Density PCF

1.60-200 1175.2 73.2

2.853.30 1o8k.8 67.6

11 6.80720 1525.0 95.0



TERRAIN TYPING LEGEND

for

SITES

AFD Alluvial Fan Deposit Poorly sorted loose ice-rich sand and silt with

some gravel gently sloping

AFP Active Flood Plain Exposed or at least nonforested gravel sand and minor

Si It with some boulders

BRM Bedrock Metamorphic Hard schist gneiss quartzite argi liThe hornfels
and cherty slate forming hi Is

BrV Bedrock Volcanic Hard rhyolite latite andesite diabase and basal forming
hills

FFP Fossil Flood Plain Al luvial gravel sand and minor si It above normal flood

level of present streams commonly forested

GLB1 Glacial Lake Basin Better Drained Type Gently sloping to flat thinly

stratified icerich silt and minor sand and clay
covered by up to 14 feet of peat and organic si It

GLB2 Glacial Lake Basin Thermokarst Type Flat to gently sloping thinly

stratified icerich silt sand and clay with thermo
karst ponds and lakes

HM Hummocky Morrain Hi ly kettled moraine of rocky sandy till with deep

deposits of icerich silt sand and clay with thermokarst

ponds and lakes

MTV Montane Valley Cal luvium Variable but general ly thin cover of poorly sorted

commonly icerich loose colluvial boulders to silt

and organic silt

OW Outwash Plain or Terraces Loose stratified locally icerich gravel sand and

minor silt sometimes covered by up to 14 feet of peat and

organic silt

RKM Gentle Ridge and Knoll Moraine Plain Semicompacted icerich silty till

MC Meltwater Channel Flatbottomed steepsided former stream courses floored with

thick deposits of icerich organic silt and peat and having

wal Is of outwash or till

PHASES

DF Discontinuous Thin Drift Cover Zero to few feet of icerich till over volcanic

bedrock

PT Peat Generally Unpatterned Generally to 14 feet of ice-rich peat commonly
mixed with organic silt overlying the parent terrain type

SH Shallow Depth Phase Generally to feet of ice-rich peat commonly mixed with

organic silt overlying the parent terrain type

Faul Lineament Definite Indefinite

Khr Leonoff Consuftants Ltd



TERRAIN TYPING LEGEND

for

SITES 10

AFD Al luvial Fan Deposit Poorly sorted loose gravel sand silt and boulders
moderately to gently sloping

AMP Alluvial Meander Plain Stratified silt sand and gravel along slowly flowing
streams

BRBA Bedrock Basalt Hard basalt lava flooring low terraces or alluvial meander

plain along big creek

BRLS Bedrock Limestone Hard quartzite forming steep covered slopes at western

edge of Liard Plain

Esker Sinuous ridges of complexly stratified gravel and sand

GLB1 Glacial Lake Basin Better Drained Type Gently sloping to flat thinly

stratified sometimes peatcovered silt sand and

clay with occasional excess ice

Kames Variety of hills ridges cones and depressions composed of complexly
stratified gravel and sand

MTV Montane Valley Col luvium Variable but generally thin cover of poorly sorted

colluvial debris of silt to rock blocks over

quartz ite or limestone slopes

OW Outwash Plain or Terraces Loose stratified gravel sand silt and boulders
locally peatcovered sometimes containing kettles

RKM Gentle Ridge and Knoll Moraine or Moraine Plain Semicompacted bouldersilt till

FEATURES

CF Crevasse Fillings Low subparallel sublinear ridges of gravel sand and

silt on lacustrine silt

DR Drumlinoid and Glacial Fluting Ice Flow Features Long linear parallel

ridges and grooves of till

EVB Eroding Valley Banks Mainly in loose gravel and sand with some till involved

kettled Closed depressions in outwash caused by melting of former glacial

ice remnants

MC Meltwater Channel Flatbottomed steepsided former stream courses general ly

floored with outwash sometimes covered with peat walls of

outwash or ti

PHASES

PT Peat Generally Unpatterned Peat commonly mixed with organic silt sometimes

icerichoverlying 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 lndefinte

KOoJm Leonoff Cosuiterts Ltd



SYMBOLS AND TERMS USED IN THE REPORT

SANDSTONE LIMESTONE SHALE
OR GANC SILT CLAY SAND GRAVEL TILL ROCK ROCK ROCK

ADDOTONAL SYMBOLS
moispure content disturbed bog sample

SY undisturbed SHELBY TUBE sampleunconfined strength as per spring
calibrated pocket penetrometer Sn Standard Penetration Test Coin Blow Counts

BURMOSTER CLASSIFOCATOON SYSTEM
STANDARD TERMS FOR lDENTFyoNG COHESOVE SOJLS

DEGREE OFPLASTiCTy PLASTICITY INDEX WRITTEN IDENTIFICATION
Non to slight plastic

SILT

Low
10 SILT AND CLAY

Medium
10 30 CLAY AND SILT

High 30 or more CLAY

STANDARD TERMS FOR IDENTOFyONG COHESOONLESS SOOLS

MAJOR SOIL MINOR SOIL MINOR SOIL PROPORTIONCOMPONENTS ICOMPONENTS PROPORTIONS DEFINITION BY WtBY wi

GRAVEL gravel ond 35 to 50/a
some 20 to 350/0SAND sand
little 10 to 20 /0

SILT silt trace to 10%
EXAMPLE QjORTION5

GRAVEL 50%
-some sand 20 to 350/

-little silt 10 to 20%

5001 STRENGTH GU0DELNE

POCKET PENETROMETER FOR STANDARD PENETRATION TESTCOHESIVE SOILS FOR COHESIONLESS SOILS
UNCONFINED COMPRESSIVE

CONSISTENCY BLOWS Oinches DENSITY
0.25 Very Soft

Very Loose0.25 0.50 Soft
Loose__Q-1.o Firm

15 Med Dense____ 1.0 2.0 Stiff ________________ ________________
15 25 Dense2.0 4.0 Very Stiff _______________ _________________

________________________ __________
4.0 Hard LS Very Dense

Klohn Leonoff Consultants Ltd



TERMS IDENTIFYING THE COMPOSITION OF SOILS

Terms Defining

Identifying Range Degree of Plasticity
Component Identification Proportions Percentage Plasticity Index

by Weight

GRAVEL non plastic
SAND non plastic

Principal SILT 50 or non to sIigh
Component more plastic to

SILT and CLAY low to 10

CLAY and SILT medium 10 to 30
CLAY high 30 and over

gravel cion plastic
sand non plastic

Mn silt non to slighbr
and 35 to 50 plastic to

silt and clay some 20 to 35 low to 10

clay and silt little 10 to 20 medium 10 to 30

clay trace to 10 high 30 and over

TYPES OF SAMPLES

disturbed sample

SPT standard penetration test 3/8 inch diameter

3SS split tybe sample inch diameter

core sample.3 inch diameter

SY Shelby Tube sample inch diameter

CLASSIFICATION SYSTEM FOR ICE

Nf Poorly bonded

Non Visible Ice Nbn Well bonded

Nbe Excess Ice

Vx Individual ice crystals or inclusions

Visible Ice Vc Ice coatings or particles

Less than inch thick Vr Random or irregularly oriented ice formation

Vs Stratified or distinctly oriented ice formation

Visible Ice Greater lCE Ice with soil inclusions

Than inch thick ICE Ice without soil inclusions

GROUND ICE CONTENT BY VOLUME

Low 10% Med 10% to 20% High 20%


