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INTRODUCTION

In September 1985, a section of the Dempster Highway at
km 8.5 collapsed because an ice wedge 1in frozen

over burden deposits beneath the road fill melted out.

In December 1985, the Government of the Northwest
Territories (GNWT), Department of Public Works and
Highways retained an engineering consultant (EBA
Engineering Consultants Ltd.) to carry out field
investigations including drilling and geophysical surveys
at km 8.5 and at seven other locations along the Northwest
Territories portion of the Dempster Highway. At all
locations existing or predicted maintenance problems
related to the thawing of permafrost had been identified.
The results of the EBA study were presented in a December
1985, report to the GNWT entitled, ."Geotechnical

Evaluation Dempster Highway, N.W.T. (Selected Sites)".

In May 1986, GNWT, Department of Public Works and Highways
decided to undertake further work to identify and assess
potential ice wedge areas on the Dempster Highway between
kilometres 0 and 85. This study consisted of an airphoto
interpretation study which was awarded to Geocon Inc. on
July 11, 1986, by Mr. L. Elkin, P.Eng., Deputy Minister of
the Department of Public Works and Highways. The results

of this study are presented in this report. Section 2.0
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describes the Scope of Work; Section 3.0, The Methodology:;
Section 4.0, The Geological Setting; Section 5.0, Results
of the Airphoto Study: Section 6.0, The Recommendations

for Further Investigations; and Section 7.0, Closure.

SCOPE OF WORK

The terms of reference for the airphoto study are as

follows:

o Carry out a medium level (1:15,000 scale) airphoto
study within a 300 m corridor along the Dempster
Highway (km 0-85) which identifies potential ice wedge

areas.

o Prepare a sﬁggested priority schedule and plan for a
‘field testing program based on the severity of the

potential ice wedge areas within the corridor.

o Submit six copies of the written report which includes
good quality xerox copies of the annotated airphotos.

The original annotated airphotos and "as-built"”

drawings will also be returned with the report.
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METHODOLOGY

The contract was awarded July 11, 1986, and work was
completed between July 25 and August 10, 1986, after
airphotos arrived from the government airphoto library in

Ottawa.

The project was undertaken by:

o Meeting with GNWT employees, R. Doerries and

A. Aderichin, to obtain information on the failure of

Lo

the highway at km 8.5.

Reviewing existing published and unpublished reports

on terrain conditions along the highway.

Carrying out terrain analysis on 1:15,000 scale

airphotos.

Compiling tables showing (a) a summary of terrain
characteristics by kilometre post, and (b) a ranking

of terrain types for massive ice potential.

Preparing recommendations for future geophysical and
geotechnical work to be undertaken to further

delineate ice-rich areas including buried ice wedges,
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ice wedge polygons, and terrain units with high ice

contents because of interstitial ice.

Meeting with Government

G. Minning and S. Dufour of Geocon Inc. met on July 31,
1986, with R. Doerries and A. Aderichin in GNWT offices at
Yellowknife to discuss the failure of the highway at km
8.5 and to obtain background reports on the project
available in the GNWT offices. The 1985 EBA report
mentioned previously in Section 1.0 was obtained at this

time.

Review Existing Information

Foothills Pipeline alignment sheets, Geological Survey of
Canada (GSC) bedrock and surficial geology maps, and high
level coloured airphotos borrowed from the GSC were
reviewed prior to the July 31, Yellowknife meeting with
GNWT personnel. A discussion regarding ice contents of
typical terrain units was also held with 0. L. Hughes,
GSC, Calgary, Alberta. Dr. Hughes has undertaken detailed
surficial geology mapping projects along the Dempster

corridor.

During airphoto interpretation studies, drilling logs from

the 1985 EBA report, "Geotechnical Evaluation Dempster



Highway, N.W.T." and 1logs for holes drilled by Klohn
Leonoff Consultants Ltd. in the 1978, "Dempster Lateral
Drilling Program", report for Foothills Pipelines were
reviewed and their locations indicated on the airphotos,

(e.g. EBA BH and FPL 78-174).

An attempt was made to obtain test pit logs and relevant
drillhole logs from PWC, Edmonton but they could not be
made available in time to complete this work according to

the schedule.

Airphoto Interpretation

Airphoto interpretation was undertaken on stereo pairs
ordered from the Government of Canada airphoto library in
Ottawa. The low level airphotos are from 1978 rolls
A25005 and A25006 and are at an approximate scale of
1:15,000. The study area was covered by 92 airphtos but
some extra airphotos were obtained to ensure complete
coverage.

Airphoto interpretation of principal terrain unit; or
landforms and their visible permafrost characteristics was
undertaken between July 25 and August 4, 1986. Each
terrain unit or landform identified on stereo airphoto
pairs has distinctive topographic and geomorphic

expression, geologic origin and material, drainage,
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vegetation, and permafrost characteristics (including the
presence of ice wedges, ice-rich polygons and.interstitial

ice).

A legend which describes the environment of deposition of
the terrain units and their specific properties was
prepared after terrain units were classified and mapped on
the airphotos. This legend appears with the airphotos in

Appendix I.

Compilation of Airphoto Study Results

After airphoto interpretation was completed, two tables
were prepared which summarize the terrain and permafrost
characteristics of kilometres O0-85 of the Dempster
Highway. The original survey mileages (éhainage
distances) were taken from the "as-built" drawings,
converted to kilometres and transferred to the airphotos
so that a kilometre by kilometre summary of terrain
characteristics could be made. This summary appears as
Table 1 in Section 5.0. Table 2 in Section 5.0,
summarizes the terrain units and ranks their potentiél for
containing massive ice. This chart also shows the total

number of km of terrain within each ranking.
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Prepare Recommendations for Future Work

The results of the airphoto study have been considered in
association with available geotechnical and geophysical
methods to determine the most effective course of future

work.

Mr. Tony Sartorelli of Geophysicon Ltd. and Mr. Jean Pilon
of the Permafrost Research Section, Terrain Sciences
Division, GSC, were consulted regarding appropriate

geophysical techniques. Recommendations are contained in

Section 5.0.

GEOLOGIC SETTING

The study area (km 0-85) of the Northwest Territories
portion of the Dempster Highway is located within three
physiographic subdivisions. The subdivisions from west to

east include: 1) the Richardson Mountains which extend

from 20 km north of Eagle River in the Yukon to 40 km west
of Peel River in the Northwest Territories, 2) the Peel

Plateau which extends from 40 km west of Peel Ri#ér to

2 km west of Peel River, and 3) the Peel Plain which

extends from 2 km west of the Peel River to the Mackenzie

River.
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The Richardson Mountains

The Richardson Mountains and the Porcupine Plateau to the
west have undergone erosion and weathering from Tertiary
time until the present. No Cordilleran or Laurentide
ice-sheets covered the area except for a tongue of
Laurentide ice which entered MacDougall Pass from the
east. Also peaks south of MacDougall Pass with elevations
of 1525 m supported restricted circque glaciers. Because
the Richardson Mountains and southern Porcupine Plateau
were not glaciated, the character of the local terrain is
determined mainly by the 1lithology and structure of
subadjacent bedrock. In the Richardson Mountains this
bedrock is largely the Imperial Formation which consists
of sandstone, shale, mudstone, and siltstone and the Road
River shales. Mountain slopes are covered by colluvial
detritus ranging from silty gravel to coarse blocky debris
which appears to have little segregated ice. Lower slopes
are mantled by fine grained colluvial slopewash sediments
which form pediment deposits. These pediment deposits
vary in thickness from 1-12 m and often have high ice
contents. Organic deposits occur on pediment slopesawhere
fine grained materials are present. Alluvial plain and
terrace deposits consisting of sand and gravel are often

found along mountain valley streams.
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Peel Plateau and Peel Plain

The Peel Plateau and Peel Plain subdivisions are part of
the Interior Plains physiographic region. These areas
(and MacDougall Pass in the Richardson Mountains)
underwent erosion from Tertiary until Quatenary time and
were glaciated twice during the Pleistocene by continental
or Laurentide ice-sheets moving from the south and east.
Drift associated with the last glacial advance and retreat
is commonly at ground surface throughout these areas.
Drift includes all rock and soil material deposited
directly from glacier ice and by water associated with the
melting of ice-sheets. Till derived directly from glacier
ice and deposited in morainal landforms or terrain units
is the major type of drift which covers bedrock in Peel

Plain and portions of Peel Plateau.

Stratified drift including ice contact stratified drift
(eskers, kames, kame terraces), and proglacial sediments
(glaciofluvial plains and terraces, glaciolacustrine
plains and terraces) have been deposited from water

associated with the melting of the ice-sheet.

Laurentide ice moved generally northwestward across the

Interior Plains during the last Wisconsin glaciation.

- However, during its retreat the development of minor

lobations controlled by 1low relief features in the
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Mackenzie 1lowlands produced a complicated pattern of
ice-flow features (Hughes, 1972). Major halts or
re-advances are inferred from moraines like the one near
Fort McPherson. In these ridged and hummocky moOraine
landforms, drift can be up to 30 m thick. However, in

large areas of Peel Plain, and Peel Plateau morainal

deposits can be less than 2 m thick.

After the glacial retreat and draining of glacial lakes,
weathering processes continued to erode bedrock and soil
materials. Alluvial plains and terraces formed along
rivers and streams. Water erosion and mass wasting
resulted in the formation of colluvial deposits along
river and stream valleys. Fine grained sediments from
slopewash and small streams were deposited in topographic
lows. Organic deposits also accumulated in these 1low
areas. Permafrost formed in surficial materials and in
some areas where permafrost thawed, thermokarst features

developed.

RESULTS OF THE AIRPHOTO STUDY

Terrain unit boundaries and letter symbols representing
the names of the individual units have been indicated on
the airphotos which are contained in Appendix I. A legend
which describes the characteristics of the individual

terrain units is also included in this appendix.
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The study area lies within the continuous permafrost zone
and all terrain units mapped on the airphotos could

contain high ice content permafrost.

High ice content permafrost according to the NRC
classification is greater than 20% ground ice by volume.
Visible ground ice less than 25 mm thick can occur as
individual crystals or inclusions, ice coatings or
particles, random or irregularly oriented ice formations,
and stratified or oriented ice formations. Visible ground
ice greater than 25 mm thick can occur as thick ice with
or without soil inclusions (see NRC classification system

for Ice in Appendix 1I).

High ice content permafrost which occurs as visible ice
between particles of soil and thin layers less than 25 mm
thick is found in most of the terrain units. ' In Tables 1
and 2 this ice is referred to as interstitial ice. When
this ice melts, settlement over broad areas occurs.
Thicker visible ice ( > 25 mm) forms distinct lenses and
wedges or massive ice bodies like the lens present at km
8.5 and ice which cores hills in hummocky moraine deéosits
near Fort McPherson. If these ice bodies melt out,
localized settlement occurs over the wedge or lens. If

sloping terrain is present, e.g. hummocky moraine, slope

failures can occur.
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0-1.0

1.0-1.3

1.3-2.3

2.3-3.2

3.2-4.0

4.0-5.8

£.8-7.96

—

TERRAIN TYPE

- U7

[,, i - B [ ,,J

L ANDFORM

Cb{P)-G

s"R~-S

CcHiPI-G

cbPY-G

sR-S

Ch(PI-G

Coltuvisl Bilanket
{pediment sliope) -
Gullled

Sheale ond mudstone
(sol1ftuction
festures)

Colluvial Rlanket

(pediment siope) -
Gul) led

Shala and mudstone
(sol Ifluction
feotures)

Colluvial Alanket
(padiment slope) -
Gultted

Shale and mudstone
Cottuvial Rlanket

{pediment siope) -~
Gullled w

SUMMARY OF TF

MATERI AL

Fine gratned sliope
motertal end residual
rock over shale and
mudstone

Rock

Fine arsined slope
materiat and residuel
rock over shale and
mudstone

Rock

Fine gralnad slope
matertial and rasidual
rock over shale and
mulstone

RPock

Fine gralned slope
material end residunl
rock over shale and
mudstone

R

J T

km OF ® SECTIONS

(AREAS OF GREATEST

PRORABILITY OF
MASSIVE (CE)

COMMENT S

| S gdj [ el Lj L
TARLE 1
RRAIN CHARACTERISTICS RY
KM POST
RATING OF
MASSIVE ICF
THICKNESS ACE POTENT I AL
1-12m fenses and 3b
wedges
At Surfesce - hd
1-12m lenses and 3b
wedges
At Surface - -
1-12m lonses and A
wadoes
At Surface .- -
1-12m lenses and 3a
wedges

Coltuvium ts probsbly 2m or
less - some shallow rock -
Lower chance of wedges than
In thicker colluvium:

Colluwiun Is probably 2m or
less. Lower chance of wadges
then In thicker coltuvium

Colluvliun Is probebly 2m or
lass, Lower chance of wedaes
than In *hicker colluwium

Ffoltwlium 1s 2-12m.
Good chance for wedges
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KM POST TERRAIN TYPE LANDFORM
7.96-8.22 N Allyvial Plaln
8.22-9.9 cHiP)-G Coltuvial Rlanket
(Pediment Slope)
Gullled
9.9-10.03 At Alluyvlel Terrace
10.03-10.1 N Allyviat Pinln
10.1-10,.4 s8,smM Sendstone, shale
and mudstone
10.4-11.1 ChiP)-G Coliuvial Rlanket -
Pediment Slope
ttot=11.4 ss,s"R Sandstone, shale
and mudstone
11.4-12.0 CbiP)-G Coliuvial Rlanket -
Padiment Slopa
12.0-12.% ss, smR Sandstone, shale

and mudstone

SUMMARY OF TERRAIN CHARACTERISTICS AY

MATFR AL

Send, siit arasvel
Fine gralned stope
material over shale

and mudstone

Sond, siit, gravel

Sand, siit, gravet

Rock

Fina qratned siope
material over
bedrock

Rock

Flne aralned slope
material

Rock

KM POST

THIOXNF SS

?25m

1<12m

?om
?5m
At Surtace

1+t2m

At Surface
1-12m

At Surface

ICE

mostly Interstitieal
minor wedges

tenses and
wedaes
mostiy lnterstitial

Ice

mostly interstitial
fce

lenses and
wadans

lenses and
wedaes

T (SRED R D B B
km OF ® SECTIONS
RATING OF (MEAS OF GREATESY
MASSIVE ICF PROBARILITY OF
POTENT I AL MASSIVE ICF) COMMENTS
6 -— Falrly low chance for wedges
Ya A.5-9,3% Thick coltuviume Good Ice
9.9-9.7 wedge potentisl!, especlally
9.8-9.9 where * 1s shown
6 — Low chance for wedges
6 -— Low chance for wedges
la 10.8 Thick collwiwm. Good Ice
wedge potentisl where * I
shown
3a Thick colluwlium. Good Ice

wedqe potentlal
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12.%5-12.8

12,8-13.0

13.0-13.5

13.3-14.0

14.0-14.%

14.5-17.8

17.0-18.0

C O 3

Altuvisl and colluvie!
veneer over shale and

Sendstone, shale

Alluvial and coltuvtst
venaar over sandstone
shale and mudstone

Lower allyvial plaln

colluvial venear

TERRAIN TYPE L ANDFORM
Av+Cv
s, R
mudstone
33,8
ond mudstone
Av+Cv
ss, smR
LD Upper alluvial
platn
M)
Mv+Cv Morainal and
s, SMR
over shale and
sendstone
ss,S"R

Shale and mudstone

Thin collutium 2m, Lower
chance of Ice wadges than

In thick colluwium

Thin cottyviel end alltuvisl
Lower chance of
wodoes than tha thicker
Greatest Ice
wedas potential In ®* along

Thin colluyvium and +111;
aantest potentlal In ® ares

4 L Ca O 3 32 3
SUMMARY OF TERRAIN OHARACTERISTICS BY
M POST
km OF ® SECTIONS
RATING OF (ARFAS OF GRFATEST
MASSIYE ICF PRORAAILITY OF
MATERI AL TH CKNESS | OF POTENTI AL MASS{VE | CF) ONMMFNTS
Flne gralned meterisl £ 2m minor lenses 3b -
over shale and mudstone rock and wodges
Pock At Surface - - - -
Flne greined mater!isl £ 2m minor wedaes 35 13.3-13%.%
over shate and rock venear,
mudstone
colluviwm,
stope
Sand, silt, qrave! > 5m mostly Interstitial 6 -~ -
lce; minor wedqes
Sand, slit, gravel »%m mostly Interstitial 6 - -
fce; minor wadges
Tl some flne £ 2m lenses and wedges; b t4,7-14.8
agalned colluvlium rock some Interstitial 14,05-15,35
’ fce 15.6 along slope

15.9

16,2%

15 A=1A R

17,5=17.7

Rock A+ Surface -
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18,0-19.0

19.0-19.9

19,9-20.5

20.%-22.1

22.1-23.3

23.3-29.%

Thin cotluvlium and +111;
greatest potential in ® eres

Colluvium and +11) Iy thick -
Good chance of wedges and

! nl
L - L .o o3 O O3 C 3 3 21 3 OO T
SUMMARY OF TERRAIN CHARACTERISTICS AY
KM POST
km OFf * SECTIONS
RATING OF (ARFAS OF GRFATEST
MASSIVE 1CF PROBAAILITY OF
TERRAIN TYPE LANDFORM MATERI AL THICXNF 8S 1CE POTENT | AL MASSIVE (CE) COMMENTS
Mv+Cv Morainal end cottuvial TH); some fine 4 2m fenses and wedges; 3b 18.0~18,2
ss, smP veneer over shale and grelned col luvium rock some Interstitial
muds tone fce
ss, shR Sandstone, shale Rock At Surface - - -— --
and mudstone
Cv /N Coltuvial veneer over Mostly rock;: minor < 2m; possibiiity of [ - -
s, sMR sandstone. Road on sand, siit, aavel rock Interstitial ice In Ap only
alluvial plaln mostiy {Im In Ao beneath road
In Cv unle;
2% In Ap
sa,smR/Cv /Ap Colluviel veneer and Mostly rock; minor < 2m; possible 6 -— -
ssR shatlow rock; some coliwium and altuvial rock Interstitial Ice In Ao onty
altuvial plaln sand, siit mostiy { im In A0 benmath road
henaath road in Cv unit;
?9m In Ap
ss, s Sandstone, slitstone Mostly rock At Surtace possible ice In 6 - -
(minor Ap) shale; minor Ap - Ap only in minor Ap
not always benesth slong this stretch
road
chir) Colltyviel blanket - Fins gralned siope 1-12m possible ice AL 23.3-23%.8
pediment slope moteriat; minor till woedgas and lenses 28.7-26.%
26.3%-21.2

27.3-28.1

lenses, ospeclally In ® asreas
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29.%-29.2

29.2-31.8

31.8-31.9

31.9-34.2

34.2-34.7

SIMMARY OF TERRAIN CHARACTERISTICS AY

i
C— O - [ C 1 O]
TERRAIN TYPE L ANDFORM MATER | AL
ss, smR Sandstone, stitstone, Mostly rock
shale
Ch(P)-G Colluvial blanket - Tt and tine gralned
ped iment siope slope materal; quiiled
On ss,sMR-G Thick coltuvium Velley with rock and
and rock fine gratlned slope
materiatl
Ch(P)-5 Colluvial blanket - tine aralned siope
Padimant siope material and *+I1}
Ap+LD Altyviatl and SI1+ and cley; altuviat

lacustrine plala

end lacustrine material

KM PNST
THIONESS -4
At Surface -
1-12m possible Ice
wedges and l{enses
?%m possible lce
woadgas and lenses
1-12m lenses and
wadqes
»um mostly Interstitint

lce - possible
tanses and wedges

L4 o3 1 o1 3 L
km OF ® SECTIONS
RATING OF (APEAS OF GREATEST
MASSIVE ICE PROAABILITY OF
POTENT I AL MASSIVE ICE) COMMENT S
3a 29.4 Coltuvium and t11H1 s thick
29.73-30.0 Good chance of wedges and
30.7-%0.9 fenses, especlally In ® arass
30.9%-31.4%
31.6
31.7-31.8
a 31.R-31,8% Thick coltwlum on siopes;
potentisl for wedges and
lenses
la 32.0-32.2 Falrly visible patterned
32.4 around meaning high Iice
32.8-3%.1 content st 32.96 km
33.2%9-1%,1
4 - More chance of settiement

over broader ares
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KM POST TERRAIN TYPE L ANDFORM

34.7-40.1 coiP)-G Coltuvial blenket -
Pediment Slope

40.1~40.19 Mp Moraline plaln

SUMMARY OF TERRAIN CHARACTERISTICS RY

KM PNST
MATERI AL THIOKNF SS | CE
Flne grained siope 1-12m lenses and
material and t111 wadqes
T >5m mostly

Interstitial Ice

RATING OF
MASSIVE ICE
POTENT I AL

km OF ® SECTIONS
(ARFAS OF GREATEST
PRORARILITY OF

MASSIVE 1CE) COMMENTS

3a

3%.2-3%.4% Thick t11) and collyvium;
36.0 chance of lenses and wedges
35.1% - especlally In * arans
36.4-36.9

36.6-36,7

37.2-37.3

31.%

37.6%-37.9

37.9-38.0%

18.9%

9.6-40,1

- Settlement over broed sres
1f ot alt - very low chance
of wedges



KM POSY

40.135-47.9

47.9-57.3

TERRAIN TYPE

LANDFORM

Cb(P)-G

Colluvial bienket -
Padiment sliope

Colluvial veneer
over sandstone, shale
and mudstone

[—

SUMMARY OF TFRRAIN (HARACTERISTICS RY

MATER | AL

Flne gralined sliope
materlal end t11)

Thin, fine aralned
mater|al

KM POST

THICXNESS

1-12m

<an
rock
tocally
thicker

RATING OF
MASSIVF ICE
1CE POTENTTAL

km OF * SFCTIONS

(AREAS (F GREATEST

PRORARILITY OF
MASSIVE 10E)

OOMMENT S

possible wedges 3a
and lenses

wedges only In 3b
orens where

colluvtun s

thicker

40,15-40.4
40.%5-40.6
41.0-41,19%
41,2-41.3%
41,5%-41.7
41 .08
41.9
42,0%
42.3
43.0-4%.2
43,33-43.5%
45.9
46.3
7.5
47.65%
47.7%

48.75-49,9%
49.3

40,7

49.9

49.9%

51.0
$7.%-%2.4
%52.6%9-%2.R
%8,1-54,2
5%5.R-55.9
6. 3-56.6

Thick t111 and collwium

chances of wedges md lensas
- especlsltly In ® asreas

Possible wedges and lenses
In thicker colluviun where *
is present
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SUMMARY OF TERRAIN CHARACTERISTICS AY
KM PNST
km OF * SFCTIONS
RATING OF (AREAS OF GREATFST
MASSIVF (OF PROBARILITY OF
KM POSY TERRAIN TYPE L ANDF (RM MATFR| AL THICKNE SS tF POTENTIA, MASSIVE ICE) COMMENTS
57.3-%9.9 Mv4+Cv R Moratinal and coliuviel Till; some tine <2m lenses and wedges; 3b 57.5~%7.6 Thin #1111 and colluwium -
s venser over shale end aralned colluvlum rock some interstitiat 59.0-%9.1 chance of Ice grestest In *
mudstone (RI{ted) ice areos
%9.9-60.9 Cb{P)-G Colluvial blanket Flne qralned slope 1=12m lensas and wedaes 3a 6N.A-60.9 Thick +11) and colluvium -
(pediment stope) - material ond til) chance of wedaws And tenses
Gullled
60.9-62.0 MiCy Moralnal and Ti1l; some fine <m lenses and wedges; 3b - Thin #1111 and cotluwium -
smR coltuvial veneer gralned colluwlum rock some Interstitial bast chance of wedges in ®
over shale and tce areas (none In this saction)
mudstone (R111ed)
62.0-42.2 0+ 10 Oraantc danosits Pant and fen 2%m lanses and wedges 2 - Lenses snd wedges In
tit) and organics and tn underlying
colluviun t11t and coliuwium
62.2-6%.9 MHCv g Moralnal and colluvial Tiit; some flne <om tonsas and wadoms; W 62.2-62.4 Thin +11} end colluvlum;
TR veneer over shale and grained coltuvlium rock some Interstitial £2.5%-K7 .6 hest chance of wedges In ®
mutstons (R1(1ed) fce 63.2-A3,% armas only
£3.9-K3.A pO+{0 Oraqanic denosits Past and fen >i'1 lensas and wedoes 2 -— Lenses and wedges In orgenics
i and and underlying materlel
colliuviun
£Y.5-RY.7 MHCY g Moralnal and colluvial Ti11; some fine g alnad <L om lenses and wedams; Ib -— Thin tit! and colluvium;
s veneer over shale and collyviun rock some Interstitial chance of wedges In ® asress

mutstona (2111ad)

tce

(none In this saction)
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KM POST

63.7-63.9

63,%-64.6

64.,6-64.7
64.7-64.8

64,.8~66.2

66,2-71.6

71.6-72.5

TERRAIN TYPE

2

LANDFORM

pN+ 10

Lp

pO+10

Mv+Cv R
smR

¥
!

Cmtsgg, smit-G

Oraoenic denosits

Morainal and cottuvial
vanser over shale and
mudstone (RI|1ed)

Lacustrine

Organic deposits

Moralnal and
colluvial veneer
over shale and
mudstona (R111ad)

Moralina! venear
over shale and
mudstone (Ri)led)

Cotluvial mantim and
sandstone and shate
(Gullled)

matarial and rock

2 O [P SR B G D 2 21 T3 T T3
SUMMARY OF TERRAIN OHARACTERISTICS BY
KM POST
km OF ® SECTIONS
RATING OF (AREAS OF GREATEST
MASSIVE ICF PROAARILITY OF
MATERI AL THICXNE SS (k23 POTENTIAL MASSIVF (CE) COMMENT §
Paat and fen >m fanses and wedoss ? - Lenses and wadges In
+111 end orqanics and tn underiying
colluvium materlal
TII; soma finn ¢m lonses and wedams: b -— Thin ¢111 and cotiwlum;
aratned siope materiatl rock soma Interst(tial chance of wadans In ® areas
ica only (nona this sectlion)
S1it and sand >5m Intarstitial lce 4 -— Settlement over broad ares
Past and fen )ﬂ lensms and wedges ? Lensas and wedges In organics
facustrine and underiying materlost
TiH; soms fine <m lensas and wadaes W 65.2-6%,7 Thin +111 end colluvliom -
gralnad stope materisl rock soms Interstitial 65.9~66,2 hast chance of wedges In *
Ice arens
TN {2m fenses and wedges; 3b 66.2-66.7 Thin till; best chance of
rock soms Interstitial AT.15-A7.4 wedoas In * ereas
lce £7.9
AQ,9-70,1
0.3
T70.%
7.0
Fine aralned slope Jsm tensas’ and wadaes ‘A Colluviun may be thick or

thin, Thicker colluvium has
mors chance of lce
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SUMMARY (F TERRAIN (HARACTERISTICS RY

KM POST
km OF * SECTIONS
RATING OF (AREAS OF GREATEST
MASSIVE 1CF PROBARILITY OF
KM POSY TERRAIN TYPE LANDFORM MATERI AL THIOKNE SS 1CE POTENT (AL MASSIVE 1CE) COMMENT S
72.5=7%.1 Poz-t( Upper atiuvial plain Sand end siit 72 5m Interstitial ice - S - Sattlemant over broad eres
(Thermokarst) high ice content
75.1-75.8 gy Allyvial plain Sand and sitit r5m Interstitinl ice 6 - Settiement over brosd ares
75.8-76.9 MoK Atluvisl ptaln St end sand ?5m Interstitial lce - b -— Settlement over broad araa
{Thermok arst) : high lce content
76.9-77.6 Mp Moraine plaln TN >%m Interstitlel lce T -— Low potential for wedams -
’ {higher ice content Settiemant over brond area
in rises on plaln)
77.6-71.7 10+p0 Organics Pest and fen 75m Lenses and wedoes ? - Lenses and wedges In orasnics
moralne ond underiying moratne plaln
plaln
11.1-11.9 Mp Moralins ptaln TN ) 5m Interstitial lce 7 - Low notentlsl for wadges ~
sattiement over broed ares
77.9-79.1 pO+10 Organics Peat and fen J5m Lenses and wedoes 2 -— Lenses and wedges In organics
mor alne and underiying moraine plen
plaln
18.1-78.4 Mp Morstine plaln T ?Sm Interstitlal ice 7 - Low potentiat for wedqes -
Satttemont over broad sres
79.4-78.5 pO+f0 Orqganlics Paat and fen ?5m Lenses and wedaes 2 - Lenses and wedqes In orgenics
v moralne and underlylng moralne olnaln

plaln



—

r al 1 = !
S O D CorD o, D C0 3 43 T/ T3
SUMMARY OF TERRAIN OHARACTERISTICS 8Y
KM POST
km OF ® SECTIONS
RATING OF (AREAS OF GREATEST
MASSIVE (CE PROBRARILITY OF
KM POST TERRAIN TYPE L ANDFORM MATER | AL THIOKNESS 1CE POTENT 1AL MASSIVE |ICE) COMMENT S
78.5-79.3 Mp Morains plaln THIY 9m interstitial ice 7 - Low potential for wadges
79.3-79.4 pO+ 10 Organics Peat ond ften ?5m Lenses and wadqes 2 -— Lenses and wadqges In organics
moralne and underiylng' mowralne niatln
plain
79.4-719.9 Mp Moralne plain Tt 7 5m tnterstitial lce 7 - Low potentisl for wedges
79.9-80.1 pO+10 Oraqanics Peat and fen 75m Lenses and werdqes ? - Lenses and wedges !n oraqanics
moralna and uvnderlyling moraine plen
plain
an.1-A1.6 M Moralne plaln T 75m Interstitial lce 7 - Low potentlial for wedges
81.6-81.7 pO+ 10 Oraanics Pest and feon J5m Lenses and wadges ? - Lenses and wedoes In oraqenlcs
moralne and underlying moralne piain
otatin
Bt.7-9%.0 “n Rol)1na moralne TN 7 5m Interstitial lce 1 A%, 45-A%,7S {.anses and wedqms In hills
A3.9-14.1 of rotitng moraine.

R4, 55-8%5,0



.

d D B

fo—

—d

C

r
| S—

L

GRS S G B D

S

L=

During terrain classification and mapping activities
numerical symbols, e.g. 3a, were assigned to the terrain
units along the highway to rank their potential for
containing various types of high ice content permafrost,

especially ice wedges and lenses. A line with arrows

drawn beneath the number 2 3a s indicates the lateral
3 * *
extent of each ranking. A or a . shows a

specific location with each ranking where there is the
most chance for massive ice to occur. Dotted lines also
outline areas where ice wedge polygons and other surface

permafrost features are present.

The terrain with the highest potential for massive ice is
ranked number 1 and the lowest potential is number 7. A
total of 7 categories or rankings have been identified and
are indicated along with terrain unit and ice descriptions
on a kilometre by kilometre basis (see Table 1). Table 2
summarize 7 rankings or categories and identifies the
total number of kilometres in each of the 7 categories.
Table 2 shows the type of ice expected in terrain units of
the seven different categories. Bedrock at ground surface
has not beeﬁ assigned a ranking because it is considered
to have very low potential for massive ice. However,
isolated ice wedges have been reported in bedrock

exposures near the Yukon border. Bedrock accounts for 9.9

km or 11.6% of the route.



Potentlal for

Mpssive ice Total km Terraln Type
(From Worst Case 1
to Leest Cose #7)

(80 3.3 Mn -
(Rol ! Ing Moraine)

) 1.4 pO+ {0
(Organlics)

(38) 28.39 Cch(P)
(Pediment slope; thicker
cotluvium >2m

(&1.)) 1.0 Om
(Colluvial Mantie)
>5m

(3b) 2.8 Ch(P)
(Podiment siope; thin
colluwlum < 2m)

3b) 9.4 Cv
(Colluvial veneer)
<2m

3b) 5.4 My

(Moralnal veneer)
<2m

D B S

TARLF 2:

D R S

Lod

RANKING OF TERRAIN TYPES FOR MASSIVE {CF POTENTIAL

Mater |8l

THt
t(siity clay)

Peat and fen

Fine groined (sflt and
clay) coliuvium; minor
gravel; wasthered rock
Fine arsined (siit and
cliny) coltuvium; minor
aravel; weasthered rock
Flne orained (slit and
clay) colluvium; minor

aravel; weathered rock

Seme as ahove

Tt

Thickness

?5m
3-%m;
often »5m
1-12m colluvium

RQock

25m colluviumm
Rack

1-12m collyvim
Rock

<2m coltwiym
Rock

lco Doseription

Interstitial Ice; ice wedges

and fenses especlially In hilils

lce lenses and wedges In organics

and In underiylng material
Some Interstitial Ice; Ice

wedges and lanses

Some as sbove
Some Interstitial ice; thin
wadaes and lenses

Same 85 ahove

Semm as above

—

Reaction Yo Disturbence

Locsl settiement and siope faliures

Settiement over brosd sreas

Settiement over wedges and lenses

Same as sbove

Settiament over wedqes and lenses -

Ssm» as shove

Same as shove

-
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Potentlel for

Massive lce Totel km TYerraln Type

(3b) 1.5 Mv+Cv
(Moralnsl and
coltuvial veneer)
<2m

3b) 8 Av+Cv
(Aluvial end coltuviasl
<2m

(4) 0.1 Lo
(Lacustrine Plain)

(€} K] LotAp
(Lecustrine plaln eand
altfuvial plalin

(5) 3.7 poz-x
(Atluvlal Floodplalin -
Thermok arst)

(R) «93 Ao
(Alluvial Floodplaln -
1itnd | f terent ) ated)

(6) 1.2 Ao

(Alluviat Floodplalin ~
1nactive)

TAALF 2: (DONT'D)
RANKING (F TFRRAIN TYPES RY MASSIVE 1(F POTENT{AL

Material

Til! and fine gralned
colttuvium; mlinor gravel;
weathered rock

Sitt and sand and fine
gratned colluvium; minor
aravel; weasthered rock

Lacustrine sand;
sttt and clay

Locustrine and altuvial

sand; siit and clay

Alluvial sand, slit,
clay and minor gravel

Atfuvial sand, stl¢,
clay and minor aravel

Same as ahove

Thickness
< 2m 4111 ond

col L w i
Rock

<2m sl luvliun

and collwium

rock

y5m

>5m

?%m

>%5m

O3 C3 O3 3

1ce Nescription

Seme as above

Same as ahove

Mostly Interstitial ice

Some as ahove

Intargtitinl Ice

Intarstitial lce

Samm as above

Reactlon To Disturbance

Sene ss sbove

Seme 53 ohove

Settiement over brosd aress

Somm as shove

Sattlement over broad areas;
Thermokarst lokes ~

Settiement ovar broed sress

Some as above



Potentinl for

Massive Ice Total km Terraine Type

6) 0.% o,
(Aftuvial Floodplaln -
Actlive)

(6} 0.13 At
(Altuviel Terrace)

M 4,05 Mp
(Moralne Plaln)

{-) 9.9 sm, ssR
Redrock

a%

GRS S N B GRS R G

TAALE 2: (OONT'D)

D B G B

RANKING OF TFRRAIN TYPES RY MASSIVE 1(F POTENTIAL

Mater|al Thickness

Same as above ?%m
Same as above ?5m
TIH (stlty clay) 7%5m
Conglomerata, sratlilte, At surfece

sandstone, siitstone,
shate and mudstone

tce Description

Intersitial lce;

somatimes wnfrozen
Iinterstitial fce; minor lenses

Interstitial lce

Frozen but 111tle lce
or Isolated wedges only

Reaction To Nisturbance

Seme as above

Some as above

Same as above

Uisually none

L7¥]

.

e d
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Rankings 1, 2, 3a, and 3b have the greatest chance of
containing massive ice, in the form of wedges and lenses.
Terrain units with these rankings underlie 64 km or 75% of

the highway from km 0 to 85.

The most massive ice is present in the hummocky portions
of hummocky moraine deposits (ranking #1 on Table 2) in
the vicinity of Fort McPherson. These deposits account
for 3.3 km or 3.8% of the route. Ice wedge polygons are
visible in hummocky moraine deposits just east of the

study area between km 117 and 121.

Ice lenses are also present 1in peat and fen organic
deposits and in overburden materials beneath these
deposits. These deposits (ranking #2 on Table 2) account
for 1.4 km or 1.6% of the route. These deposits arevquite
visible on airphotos and settlement over broad areas would

probably occur if the ice in these deposits melted out.

Thick colluvial deposits at the base of mountain slopes
also have high potential for ice wedges. These thicker

colluvial deposits have been ranked as 3a and account for

29.39 km or 34.5% of the route.

Thinner colluvial deposits ranked as 3b also have fairly

high potential for ice wedges, although not as high as the

thicker colluvium with 3a classification. In the thinner
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colluvial units bedrock is usually only 2 m from ground
surface. Areas marked within 3b units with , * or *
have the greatest potential for massive ice. Colluvial
units with a 3b ranking account for 29.9 km or 35.1% of

the route.

The terrain units with ranking of 4 to 7 have high ice
content permafrost but ice generally is interstitial to
the soil grains and wedges and lenses are not as common.
Terrain with rankings of 4 to 7 account for 11.11 km or

13% of the route.

Foothills Pipelines borehole logs shown in Appendix 11
give some idea of ice contents in the various types of
terrain. Table 3 summarizes key factors relative to these

holes.



NUMBER

174

175

176

177

178

179

180

181

182

183

TERRAIN TYPE

cb(pP)
3b rankling

Ch(P)
3b ranking

Cb(P)

ss,smR
boundary of
Mv+Cv

ss,smR

Cv =C
ss,smR
boundary of
Cb(P)

AptLp

Mp
with organic
cover

Cb(pP)

Area of Flow Sl lide

Cb(P) or Cv
e
ss,smR

Mm-K

[N R G B

L

FOOTHILLS PIPELINES BOREHOLE LOGS

AIRPHOTO #

A25006-55
(OQur #1)

A25006-5%5
(Our #1)

Off Road
allgnment

A25006-24
(our #20)

A25005-140
(Our #34)

A25005-132
(Our #39)

A2500%-126
(OQur #45)

A25005-120
(Our #51)

Off Photo

A25005-52
(Our #62)

PERMAFROST CLASSIFICATION

Organic slit with lIce lenses at surface; Gravel
wlth Interstitial ice at depth

Interstitlial ice; some lenses at sitt/gravel
Interface

{nterstitial Ice and Ice tenses In 5 m of siit
and clay overbuyrden overlylng shale and sllitstone

Minor lce lenses In clay and silt coltuvial
veneer 2 m thick which overlles slili+tstone

ice lenses and thick Ice & soll or massive lce

Interstitial Ice In silts and gravels. Thin
lenses In surface organlics and some of +he burlied
slit and clay layers

Thin lenses In orgenic cover; some +hin lenses In
undertying siit+ and clay +1l1 - Also Interstitiel
fce

Interstitial Ice and Ice lenses

Interstitlal Ice and thick lce lenses

Interstitial Ice and thick lce wedage st 4 m depth
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TABLE 3 (Cont'd):
FOOTHILLS PIPELINES BOREHOLE LOGS
NUMBER TERRAIN TYPE AIRPHOTO # PERMAFROST CLASSIFICATION
184 Mv+Cv ~-R A2%005~62 Interstitlial lce -~ thin lenses In 2 m of slit which
smR (Our #69) over!les bedrock
185 ' My Off Photo Thin lenses Iin orgenic cover; iInterstitlial fce;
smR lens at 6 m depth
186 Apz-K 0ft Photo Interstitial lce - small lenses Rock at 6 m
187 Mv Off Photo Thin lce lenses In organic silt at surface;
smR Interstitial lce In +11t beneath organlics; Rock st
3 m
188 Mm 0ff Photo Interstittial Ice and thin lIce lenses In 8.5 m of

tin
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RECOMMENDATIONS FOR FURTHER INVESTIGATIONS

The air photo study presented in this report should be
confirmed by field investigations. The terrain unit
boundaries, unit names, and descriptions, and surface
permafrost features shown on airphotos should be verified
during a truck traverse along the highway. During this
traverse, sections consisting of ovefburden and rock
located in existing road cuts, borrow pits, and other
natural exposures would be closely examined. In areas
where ice wedges and lenses are anticipated or permafrost
features have been identified, detailed observations of
the ground surface and the condition of the road would be
made. The traverse should be made jointly by the
geologist who did the terrain mapping and a geotechnical
engineer familiar with permafrost and northern highway
construction. This ground truthing should be done before

the ground is covered by snow.

Geophysical surveys using electromagnetic methods (EM31)
and the newest generation of radar equipment (in use by
the GSC) should be carried out at selected locatio;s in
terrain units with the highest potential for massive ice,
particularly in areas which are ranked as 1, 2, 3a, or 3b
on the airphotos. The EM31 will show areas with high ice

contents, but will not necessarily delineate the shape or

thickness of individual ice wedges and 1lenses. EM31
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equipment is available commercially at Geophysicon Inc.,

Calgary, Alberta.

Mr. Tony Sartorelli of Geophysicon has worked successfully
with this equipment for Foothills Pipelines along the
Dempster Highway. His familiarity with the Dempster area

makes him best suited to carry out the EM-31 studies.

The newest generation of radar equipment which is used
experimentally by the Geological Survey of Canada, Terrain
Sciences division, and is available commercially from
"A-Cubed", Mississauga, Ontario, may complement the
information obtained with EM-31 equipment. This new
generation of radar equipment may in fact be able to
delineate the shape and thickness of the ice wedges.
Peter Ananan, of A-Cubed is one of the leading experts on
shallow radar geophysics in North America and has done
radar work on high ice content permafrost along the Norman
Wells o0il pipeline. Both typesA of geophysics, particu-
larly the new radar, can be expensive if done over every
location where ice wedges are expected. For this reason,
it is our recommendation that the geophysics be calibrated
in areas with known high ice contents and massive ice

(e.g. km 117 or km 8.5) and then run in selected local-

ities where massive ice bodies are anticipated. It is
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also important to bear in mind that geophysics is only as
good as the interpreter's experience. It is for this
reason that we are identifying herein individuals in whom

we have confidence.

If geophysics supports the terrain mapping identification
of areas with high potential for massive ice, drilling and
geotechnical 1logging can be undertaken to confirm that
massive ice is present. This combined approach could then
be used to cut back on the amount of drilling in areas
with expected massive ice. Alternatively drilling without
geophysics can be undertaken at all or selected localities

where massive ice is anticipated.

Geophysical surveys and drilling are carried out most

successfully after the active layer is frozen in autunmn.

Investigation of highway construction proce&ures in the
vicinity of the ice wedge at km 8.5 may also provide clues
as to the melting out of the ice wedge and failure in the
road fill at this locality. Along the southern Dempster
Highway, melting of ice wedges usually occurs within the
first three years after construction (0.L. Hughes, GSC.,
personal communication). Evidencé of ice wedges melting

out is usually observed and repaired prior to collapse.
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It is possible the drainage system along the highway or
the condition and thickness of the fill at km 8.5 may have
contributed to the collapse which gave rise to these

investigations.
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CLOSURE

The General Conditions and Limitations contained in
Appendix III1 are deemed to apply' to this geotechnical

report.

The air photo interprétation presented herein was con-
ducted by Ms. G. Minning, M.Sc. P. Geol. Ms. Minning
prepared the report which was reviewed by Dr. G.
Hollingshead, P. Eng., and Mr. Dufour.Mr. T. Sartorelli,
P. Geoph. of Geophysicon Ltd. contributed to the
discussion of geophysical methods as did Mr. Jean Pilon,
Geological Survey of Canada. O0.L. Hughes, Geological
Survey has also provided useful insight into the ice

contents of certain terrain units.

We will be pleased to provide further design assistance or
field services as you may require. Please do not hesitate

to contact the undersigned.
Respectfully yours,

GEOCON INC.

Prepared by

G.V. Minning M.Sc. P. Geol.

“TRE A AJSOCIATIO NoO
K PHOFE gu‘GNAL ENGINEERS

')L-C- < ac..-d
"".. uw‘l NUMBER
P 078
GEOCON
INC,

1ngshead PhD. P.Eng.

G. W. HOLLINGSHEAD
% LICENSEE
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0 - Organic

fo

pO

C - Colluvial

Cb(P)

Cm

Ct -

Cv -

A - Alluvial

Ap -
Ap1 -
Ap) -
At -
Av -

LEGEND FOR TERRAIN TYPES

Fen: peat and organic silt; flat to depressional; poor
drainage; generally unfrozen, small areas with high ice

A —————————
content

Peat: peat; flat to depressional; poor drainage;
generally frozen, areas with high ice content

Pedlment: silt, sand and clay, with some organics and
angular coarse material, overlying bedrock; depth to
bedrock from 1 to 12 m, depending on location om pediment
surface; gently to moderately sloping; fair drainage;
mgdium to high ice content

Colluvial Mantle Slopewash: predominantly silt, clay and

sand; gently to steeply sloping; fair to good dralnage;
medium to high ice content

Talus: angular bedrock fragments, silt and sand matrix;
steeply sloping; good dralnage; low ice content

Colluvial Veneer: predominantly silt, clay and sand;
topography reflects wunderlying bedrock; fair to good
drainage; medium to high ice content

Alluvial Floodplain {(undifferentiated): stratified silt,
sand and gravel; flat to undulating, channelled; fair to

good drainage, high water table; unfrozen or low ice
content ’

Active Floodplain: stratified silt, sand and gravel; flat
to undulating, channelled; fair drainage with open water,
frequently inundated; generally unfrozen

Inactive Floodplain: stratified silt, sand and gravel,
silt veneer; fair to good drainage, periodically
inundated; low ice content

Alluvial Terrace: stratified sand and gravel, silt
veneer; flat; good drainage; low ice content

Alluvial Veneer: stratified sand and gravel, minor silt;
topography reflects underlying material; good drainage;

low ice content
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G - Glaciofluvial

Gp -

M - Morainal

Mm -
Mp -
Mv -

R - Bedrock
R -
K -
G -
R -
S -

Glaciofluvial Plain: stratified sand and gravel, minor

silt; level to gently undulating; good dralnage; low ice
content —

1

Rolling Moraine: silty clay till, organic veneer common
in depressions; wundulating to rolling; fair to good
drainage; medium to high ice content - especially in hills

Moraine Plain: silty clay till; flat to gently undulat-
ing; fair to good drainage; low to high ice content,
mostly medium R —

Moraine Veneer: silty clay till; topography reflects
underlying bedrock; fair to good drainage; low to high ice

content, mostly medium
W‘

Bedrock with 1little or no cover. Lower case prefix
indicates rock type, where known, e.g.

s - Sedimentary rock (undifferentiated)
sm - Siltstone, mudstone, shale, argillite
ss,sm - Sandstone and conglomerate; some shale,

siltstone, mudstone and argillite

Modifiers
Thermokarst features
Gullied
Rills

Solifluction

Complex Units

Two or more terraln types which cannot be differentiated at the scale of
mapping are shown as a complex, e.g.

pO+£0

or ss,sm R/Ap

50% + 50% 75% 25%



(R e R I G

L]

C

e

-

C

-

-

Veneers, generally less
indicated as follows:

than

veneer —» Mv+POv

sR

2 m thick, and erosional modifiers are

-~ R
S~ Erosional Modifiler
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GROUND ICE DESCRIPTION

ICE NOT VISIBLE

80

100

MILLIMETERS

150

POCRLY BCNDED
OR FRIABLE

LEGEND: SOIL -

WELL BONDED -
NO EXCESS ICE

Nbn Nbe

WELL BONDED -
EXCESS ICE

on E

D ICE -

VISIBLE ICE LESS THAN 25mm THICK

0o~ —
0 - ]
& A /
w N
i 50 S
= . - .a z
= . .
- 100 F \\
2 -
150 -

Vx Ve

INDIVIDUAL ICE
INCLUSIONS

ICE COATINGS
ON PARTICLES

vr
RANDOM OR STRATIFIED OR
IRREGULARLY DISTINCTLY
ORIENTED ICE ORIENTED ICE
FORMATIONS FORMATIONS

VISIBLE ICE GREATER THAN 25mm THICK

50

100

MILLIMETERS

150

ICE & SOIL

ICE WITH SOIL
INCLUSIONS

ICE

ICE WITHOUT SOIL
INCLUSIONS

NRC 7576



TEST HOLE LOG

HAMMER WT. 63 5Kg] ] LOCATION COHESION - Kg./Sq. cm.

PERMAFROST LU LA S A

- 0.2 0.6 1.0 1.4 18
HT. DROP 76 cm. 8 ELEVATION FIELD VANE (\LAB YANEI - |
SAMPLE DATA -3 NRC.INF PLASTIC WATER LIQuUID

> LIMIT CONTENT LIMIT

e P F1Eer M B or | DESCRIPTION OF MATERIAL | xo—oo—C P 5
TSem. | CLASS| F 10 30 $0 70 90%,

_

e

21 O3

. Vegetation is comprised of

£ w

a thick growth of shrub and
conifers to 15m tall.

. Peat tussocks cover the surface.

Poorly drained.

. Hole augered to 0.3m, cored to

5.4m and then drilled with air
to 8.5m.

JOB No. AL1023

PROJECT Dempster Lateral
% Klohn Leonoff Consultants Ltd. F=t 5o

CiIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 78-188
DATE Aug.14/78 PLATE

K.L.C. - METRIC h27

;

b

¢
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TEST HOLE LOG
HAMMER WT. 63.51¢4 LOCATION COHESION - Kg./Sa.cm.
PERMAFROST ¥ 0 TV 1T 7 ¥ { T
HT. DROP 76 ¢=. | O ELEVATION 02 cs 10 14 18
a QF e vane £\ap vane T UNCONF |
SAMPLE DATA X | NRC.INF PLASTIC WATER LuQuio
o] © o | DESCRIPTION OF MATERIAL | (20 _ 2027 __Z%0
PTHTYPE 1Scm. NaoJ CLASS] F 10 30 50 70 90%
B ‘:;""j NF L 0.10m URGANTC COVER 4 {
B = 03 PEAT v f
C 2 ;Efﬁ Nbe - dark brown 467%4:
s [
! C 3 B3 vr 1.00m PAn
Vr 1 ORGANIC SILT AND CLAY Q
C 4 Tove - trace to little sand 3
Vs Y - low plasticity Brgis S
- 1.80m ~ Peat pockets Sog
2 c PR 13707 mun— - greyish brown (y—f””
21 t1] < - ice lenses 1/2mm=3mm o
%%,ﬂ Nbe spaced & 1mm-10mm |
C 6 E—,g.":?/,‘; v : )
"—“iﬁﬁj 3 trace cobbles and boulders
5 i
31 ¢C F_‘%/ vr CLAY AND SILT |
%zfl Vx - and sand i
F__:%;’ - sand, coarse to fine
£5%4 - little to some gravel d
4 ¢ 8 170 - low to medium plasticity
4% - rusty specks
- massive structure
c g - brown to 6.0m, grey belaov o
- ice lenses 1/L4mm=3mm
5 spaced € 1mm-20mm
C 10 J
1
6 B 1 (TILL) |
B 12 . %
7 B 13 ¢
B 14 -9
8 B 15
B 16 8. 50m é
END OF HOLE
9 Notes:
1. Hole located on a hummocky
surface sloping 1% to north.
(Cont'd.)
JOB No. AL1023
PROJECT Dempster Lateral
== Kiohn Leonoff Consuitants Ltd. F555T08
aﬁ D R S S R R P
CIVIL & GEOTECHNICAL ENGINEERS | HOLE Neo. 78-188 R
DATE Aug.14/76 PLATE R

XK.L.C. - METRIC

476
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TEST HOLE LOG

1. Hole located north of Peel

River.

2. Vegetation consists of shrubs

to 2m and birch and conifers
to 10m in the vicinity.

3. Frost mounds and peat tussocks

cover the surface.

L. Drainage is poor.
5. Hole augered to 0.3m, cored to.

HAMMER WT. 63.5x] LOCATION Peel River COHESION - Kg./Sa.cm.
PERMAFROST
HT. DROP 76 cm. § ELEVATION ORGANIC CONTENT % Bl uncong.
SAMPLE DATA 3 NR.C.INF . PLASTIC WATER LIQUID
- LiMIT CONTENT LiMIT
- e or | DESCRIPTION OF MATERIAL | (Z1___C A .
OEPTH TYPE 57 " Noy e CLASS| F 10 30 50 70 90%
s ; 0.1m ORGANIC COVER !
S T'ig.éﬂ NF 17, 3m - ' x 35 % [
g8 x b O
¢ 2 Vs E] ORGANIC SILT AND CLAY "
¢ : jCE+ - trace tine sand "3%:.5
1 3% . - trace gravel Bl
: T -~ low plasticity 1
C 4 * - silt laminations 220'/.,4\
c Vr - peat_lﬁygr o 217°/.I
- greyish brow — 1
5 Vs A 1.70m - Tceylen§es !7L+mm-7mm | T r—a
) "g“e',;z_” " 4——\ spaced & Imm-12mm C{ |'
¢ i Nee CLAY AND SILT
C 7 Vi1 s - trace to little sand %<
?I{/ Seser - trace gravel
2% -{;ﬁ -~ medium to high plasticity
3 c $/ts S - greyish brown =
3 i3 4 3.30m (TILL)
=)
C 10 %m
b ¢ 1 (ﬁ/g Nbn SHALE - SILTSTONE
-—-\ - medium to high plasticity ;J
C 12 - laminated ﬂ‘
!l - white specks -
5 B 13 K - upper 1.0m is highly $1>
= ,\i weathered & fractured
8 144 \>3 i
ff
3 R <<
B ‘6\\&“ 6.50m >
END OF HOLE
7 Notes:

4.5m then drilled
6.5m.

with air to

cCIvitL

% Klohn Leonoff Consultants Ltd.

% GEOTECHNICAL ENGINEERS

JOB No.

AL1023

PROJECT

Dempster Lateral

LOCATION

HOLE No.

78-137

DATE Aug.14/78

PLATE

- METRIC
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TEST HOLE LOG

HAMMER WT. 83 51 LOCATION Peel River COHESION - Kg./Saq.cm
: T 1 1 T T T T
HT. DROP 76 cm. | B PERMAFROST ELEVATION 02 ' o4 1o ua s
@ FIELD yant Lias vane B uncone |
SAMPLE DATA | £ | NRC.INF PLASTIC vaTER uauio
i LT
ot Type 12O T 7 CLASS °F' DESCRIPTION OF MATERIAL X — P —
! 1Scm. |’ . 10 x 50 70 90%
g Hea NFE{0.2m CRGANIC COVER R &
S 0.3m ORGANIC SILT & CLAY S O
c > Hr Vr \L - dark brown ~L T
1 414 CLAY AND SILT ;}
C 3] Vs - little to some sand ;
24377 - little gravel
c B Nbe - low to medium plasticity
(22 - grave] comprised mostly
23523 of siltstone
2 c S bt - rusty brown
i - ice lenses 1/4mm-5mm
¢ g bt spaced @ 1mm-8mm
%5 4 2.50m (T1LL)
i 7] i
¢ SHALE o
-~ concretions and interbeds
¢ Vr of hard siltstone
- low to medium plasticity
&S
4 B vs ::::’ - fractured
XX - rusty brown
B XK .
oo - ice lenses 1/2mm-1mm
::::i spaced @ 5mm=10mm
@
5| ® S
9002
0 3 O
XY 5. 50m
6 END OF HOLE
Notes:
1. Hole located on Peel River flood
plain on a small peninsula
surrounded by water on north,
east and west.
2. Surface is flat, but irregular
with frost mounds and peat
tussocks.
3. Vegetation consists of shrubs
and grasses with occasional
conifers to 10m tall.
L, Poor drainage.
5. Hole augered to 0.3m, cored to
3.6m, then drilled with air to
5.5m.

R I T I

a2 Klohn Leonoff Consultants Ltd,

CIVIL & GEOTECHNICAL ENGINEERS

JOB No. AL

1023

PROJECT De

mpster Lateral

LOCATION

HOLE No. 78

-186

DATE Aug.14/7

8 PLATE
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TEST HOLE LOG

¢

LOCATION

HAMMER WT. 63.5¢x LOCATION COHESION - Xg./Sa.cm.
o |PERMAFROST o2 | o6 10 v 1w
HT. DROP 76 ca. | 3 ELEVATION @ hcanic” contaur % Muscor |
SAMPLE DATA = NR.C.I NF. PLASTIC WATER LIQUID
D= LIMIT CONTENT LIMIT
] @ or | DESCRIPTION OF MATERIAL | xoo—-_Z o o e %
DEPTH TvPE I1Scm. No CLASS z 10 30 50 70 90
B r5Y 3 25
B 24 §i1 vr As above
11 228%9 Vs
B 25
B 3 ] ¢
12 2 4 11.9C0m
B 27 ]
Nbn (8] SHALE - SILTSTONE
B 28 Vr ~ low to medium plasticity
13 - & - grey
Vs S
B 29
1 | B 30
: &
31 14.5m
END OF HOLE
15 Notes:
1. Hole located 30m south of south
bank of Peel River. Terrain
slopes 2% easterly.
2. Vegetation comprised of shrubs
and bushes 2-3m tall and birch
to 10m tall along river bank.
3. Moderate to poor drainage.
4, Hole augered to 0.5m,
cored to 9.3m and then drilled
with air to 14.5m.
S. Thermistors installed to a depth
of 0.2, 0.5, 1.0, 1.5, 2.0, 2.5
3.0, 5.0 and 8.0m.
JOB No. AL1023
PROJECT Dempster Lateral
%= Klohn Leonoff Consuitants Ltd.

CIVIL & GEOTECHNICAL ENGINEERS | HOLE No.

78-185

DATE Aug.15/78  PLATE
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TEST HOLE LOG
HAMMER WT. 63.5xg, PERMAFROST LOCATION Pgeel River rcor;es»?u; ﬁ"fh'r"} i
b 0.2 cé 1.0 1.4 1.8
HT. DROP 76 ca. Qe ELEVATION @ ORGANIC _CONTENT % Jyncone
SAMPLE DATA Z | NRC.INF PLASTIC waTeR Hauio
 pvres T R o | DESCRIPTION OF MATERIAL | xoo___° i -
DEPTH TYPE 1Scm. CLASSY F 10 10 50 70 $0%
B fg.lju NF ,__._ﬂO.TOm CrGANTC COVER v q
R ¢ % 5 e ORGANIC SILT AND CLAY
" 2 : - trace fine sand
- X - low to medium plasticity
1 ¢ < i Vr - peat larpiﬂations o O
) - brown with rusty zones -
c vs $.1:20m _ ice lenses 1mm=7mm //D
Ve spaced @ 1mm-10mm Q//
y \ CLAY AND SILT T
¢ £33 e X5 - trace to little gravel to i
%1114 Nbe % 6.0m,some gravel below
¥ ¢ - little sand, fine tc i
3 c 3 coarse p
c 2 - trace cobbles & boulders =y
' - low to medium plasticity
¢ - greyish brown with rusty
C zones
b - extensive lenses Ilmm-
18mm spaced @ Tmm-20mm
¢ to a depth of 5.0m
- below 5.0m, ice lenses
5 C 1/b4mm=-10mm spaced @ Sj
3Imm-45mm /
c 1264 C{
6 c 13 - (TILL)
c 147 1
- 6.55m '
- CE '
71 . ] o+ ICE & CLAY & SILT L
4
7 7.30m ~
959%2
¢ %;g CLAY AND SILT .
/ -
8 C gggéz Nbe as above _
¢ 22;22 Ve k. [CE+ (29mm layer) -
ggggg - ice lenses Imm=10mm
%éég Vs 4 spaced @ 1mm-60mm
c i
; -
7.
C égég . cobbles 0}
7
0| B % (Cont’d.)
' ! JOB No.  AL1023
PROJECT Dempster Lateral
4 Klohn Leonoff Consultants Ltd. Iocarion
@cwn & GEOTECHNICAL ENGINEERS | HOLE No. 78-185
DATE Aug.14/78 PLATE .
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TEST HOLE LOG

HAMMER WT, 63.5xg] LOCATION COMESION - Kg./Sq.cm.
0T DROP _, [PERMAFROST 072 T :‘ ¥ ‘10 T 1T‘ T Ta
. 76 ¢m. g ELEVATION @FiELD VAEEALA.G YANEm_i
SAMPLE DATA Z | NRC.|NE PLASTIC AR uQuio
i
T B~ |c s | DESCRIPTION OF MATERIAL | x-o-——C ol 8
cm. g 10 30 s0 70 90%
. | E4d NF10.25m  PEAT - dark brown *
——‘v—-qt“:’ Tel 3 -‘:"‘\\O- 3571 ICE
v I ’ PEAT AND ORGANIC SILT
ﬁ},‘% - dark brown
! 5 1.00m\cobbles
Y2377 Nb F~1CE+ (LOmm layer) 3
spag " CLAY AND SILT
—F17 ] Vs k - some gravel
52725 - little coarse to fine
2 42.00m sand /
L A low to medium plasticity
c L By organic inclusions
— ¥ - gravel mostly comprised
C 5 % of siltstone
c raft X - brown with rusty specks
3 L) el ice lenses 1/4mm-6mm '
c 71 Pods spaced 2 3/4mm-8mm
L K
C s SHALE -~ SILTSTONE )
4 —— - low plasticity
L - laminated
C S - weathered in upper 3.0m
- calcareous inclusions
( below 5.0m
2 L - grey
¢ 10 \qw - ice lenses 1/2mm-8mm
__.}/H spaced @ 2mm-20mm
6| . || ‘(f
11 \\%
¢ B i) % 6-4om ¢
- END OF HOLE
7 Notes:
1. Hole located on a broad plain
sloping 2% easterly.
2. Vegetation mainly consists of
grasses & low shrubs with
dccasional conifer to 4m tall.
3. Peat tussocks cover the surface.
4. Poorly drained.
5. Hole augered to 0.3m, then cored
to 6.45m.

JOB No. AL1023

PROJECT Dempster Lateral
A= Klohn Leonoff Consultants Ltd. 553765

CiviIL GEOTECHNICAL ENGINEERS | HOLE No. /8-184

¢

DATE Auc.13/78 PLATE

X.L.C. - mETRIC nCa
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TEST HOLE LOG

[

-

L.

)

L

HAMMER WT. 63.5x LOCATION COHESION - Xg./Sa. cm.
e _, |pErmarrOST LA A AL A S
. cm. . . 1. . i |

i 2 ELEVATION FIELD vane O ap vane B uncore
SAMPLE DATA | | NRC.{NF PLASTIC arer wauiD
ek o | DESCRIPTION OF MATERIAL | x-o___T it
DEPTH TYPE 1S5¢cm. NQ" e CLASS F. 10 30 50 70 90%,
B s NF 0. 10m ORLmNIC COVER W
B s 0.35m PEAT - cark brown 1 >
4
c ‘2‘12 Nbe CLAY AND SILT )//.A
1 k—-%;fi v - little fine to coarse 4} !
%{.: X sand V
%{/’ Vs - trace fine gravel
f;}? v - low to medium plasticity
’ C 3 ,‘g' r - organic pockets
,__1g%§ - grey with rusty zones ¢ i
gaaes - ice lenses lmm=7mm ) '
L f70 N
C L 1 i? “spaced ¥ 2mm-15mm ol ‘\\A
111 o
3
28%%; Q0
3 1131 2,.90m | i
y ICE
4 ICE
c L, 50m
o R L.60m  SAND Q)
5 Vi icEs 80m - some gravel
- little silt
- _brown
ICE ICE + SILT & CLAY
ICE
6 6.00m
END OF HCLE
Notes:
1. Hole located on a rounded area
7 with a north draining valley
located 100m east and another
valley 100m west of the site.
2. Surface slopes gently towards
north, east and west from the
site.
3. Vegetation consists of
occasional conifer to 4m tall.
4, Good drainage.
5. Hole augered to 0.35m, then
cored to 6.0m.
JOB No. AL1023
PROJECT Dempster Lateral
4 Klohn Leonoff Consultants Ltd. ocrion—
@ CIVIL & GEOTECHNICAL ENGINEE RS | HOLE No.  78-183
DATE Aug.13/78 PLATE

L.C. - METRIC [

- IN

4
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TEST HOLE LOG

HAMMER WT. 63.5x LOCATION COHESION - Kg./Sa. cm.
_ |PERMAFROST UL S S B S B
HT. DROP 76 ¢=. | O ELEVATION 62 ~os 10 14 18
2 F.E AN N .
SAMPLE DATA | | NRC.[NF PLASTIC aTeR uauio
i T
o] Y or DESCRIPTION OF MATERIAL X— ————— R -
DEPTH TYPE el NCJ CLASSY F 10 3 50 70 90%
;T ! pAPY
1 FX P
c ~:;%§§ E;?f As above ™
$353 N 1
g e (o] 10. 75m P
11 c 15P e % GRAVEL ~
';2gﬁfc Vx 3 - some sand,coarse to fine o]
B o - Jittle silt and clay
Sell Vr - grey
P32 411.50m =~ ice lenses Zmm-4mm
%%%; '&; \\ spaced @ 10mm=20mm
"2 s437 ;
Bl B
$2%%1 ,\\'
13281 oy ICE & SILT & CLAY
i$9%% Egg&
13 ? IcEs B |
32%5% ] —
15383 <
. 2277% 13.80m
14 c 2o T3 56m  STLT ARD CTLAY d
- little sand - fine
- slight to low plasticity
- coal specks - grey
15 - ice lenses 1/4mm-3mm

spaced € 3mm-15mm

END OF HOLE
Notes:

1. Hole located on crest of S.W.

sloping hillside, at heac of
landslide.

2. Surface at site slopes 2% S.W,
while hillside to the S.W.
ascends 30%.

3. Vegetation mainly consists of
grasses with low bushes and
conifers to 2m tall.

4, Moderate to fair drainage.

5. Surface is undulating with

local relief of 0.5m.

6. Hole augered to 0.5m, then
cored to 14.0m.

7. Thermistors installed to depths
of 0.2, 0.5, 1.0, 1.5, 2.0, 2.5,

3.0, 5.0 and 8.0m.

5 Klohn Leonoff Consultants Ltd. Hooa—

JOB No. AL1023

Dempster Lateral

LOCATION

CIVIL & GEOTECHNICAL ENGINEERS | HOLE Ne. 78-182

DATE Aug.12/78

PLATE

£.L.C. - WETRIC
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TEST HOLE LOG
HAMMER WT. 63.5x¢] LOCATION COHESION - Kg./Saq.ce.
s {PERMAFROST o2 | os 10 14 13
HT. DROP cm. E ATION . ' y .
DRO 76 g LEV o] ’:'E\;?”ZANE AL%:RANE%‘
SAMPLE DATA b o NR.C.INF. :.KAMIT CgNTENT Ltia‘ALI'T
» or DESCRIPTION OF MATERIAL P 0 — e -
pEPTH TYPE HBICH Nal CLASS| F. 1o 30 S0 70 90%
B e NF 10.20m  ORGANIC COVER ‘ '
L__gf DRGANIC SILT & CLAY o
B ,J__.:;: SEME- - trace fine sand T N £
c 2 1:}7;{5 | CE+ &5 {j 0.80m - sliaht to low plasticity - >D
1 %% > N - dark brown ’/r/
] Vs 4 CLAY AND SILT <=
¢ -3-#9%/? » - little to some sand p
c L8223 Vx - trace gravel 5o
17 ] - low to medium plasticity ]
c 5 Wi Nbe 1.80m - brownish grey Cald
2 <] - jce lenses 1/Lmm-6mm
[ IcE K< \ spaced ¥ 1mm-10mm
c ¢ | . ‘?‘j 2.30m TCE
1424 -((\ S
¢ 7 i : ICE & SILT & CLAY ’
i | CE+ 1 2.80m
3 ¢ 8 By “—1CE+ (30mm layer) -
c 9 ’,-‘é? Vx CLAY AND SILT -
' $ - trace sand - fine to x4 x
¢ 10 Vr coarse
4 Nbe - trace gravel \
- low to medium plasticity \
- ogrey
C 11 - ice lenses 1mm=12mm ;’D
spaced & I1mm=15mm
5 /
SR
Ty
c | iz 9
6 L
o 13
* \
.
/ C 13777
| = Py :
% \
[CE+
9 p
|| Vx 107"
¢ ]6. vr /ﬂ
Nbe L
10 c (Cont'd.) GY/
JOB No. AL1023
PROJECT Dempster Lateral
= Klohn Leonoff Consultants Ltd. Focrion :
CiIVIL &8 GEOTECHNICAL ENGINEERS |HOLE No. 78-182
DATE Aug. 12/78 PLATE
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TEST HOLE LOG

HAMMER WT. 63.5x] LtOCATION CORESION - Kg. /Sa.cm.
HT. DROP 7 o [PERMAFROST 02 o8 1o s 1
. b6 ¢cm. - - . .
. 2 ELEVATION QFIELD vane Oy 1as vant Gyncowe |
SAMPLE DATA 2 | NRC|NF PLASTIC JATER lguio
. IMLT
e rroe O] © |cass| /| DESCRIPTION OF MATERIAL | :-- - ool o
X . . _ 10 3 50 70 90%
B % NF —\ 0.G03m ORGANIC COVER 1 )
B 2T C,
B 2 Hi ozm
1 C 3 g G 1 CE+ (40mm thick)
c THi Ve R CLAY AND SILT
i '5‘_’._‘2/ Vs :::: - some gravel
o 53777 0:0:: - little sand
C 5 gaad Vr Se%e% -
i K - trace sand & gravel below
2 | ¢ (8 B Ux  KS 3.0m
73 7 X - low to medium plasticity
7;%'4 : - greyish brown with
"é’.,‘ rusty zones
— 5144 - ice lenses 1/4mm-2mm
3 C / b34Aa .
_.__‘i.:i,j. spaced @ 1mm-20mm
C "é"§§’ - longitudinal ice lenses v,
:ii" 4 7mm=-12mm thick from 3.7 \
743 to L4.7m !
4 C g peat layer i \Q
2 4
c [1CPA] ICE+ k—organic inclusions
W lens 20 d @2
- 13 Vr ice lens 20mm spaced @ Z20mm
51 ¢ 11 Vs 5 50m G
END OF HOLE
Notes:
6 1. Hole located on a broad plain
sloping 3-5% easterly. ;
2. Dempster Highway located approx. ‘
250m east. .
3. Vegetation mainly censists of
grasses with occasional low !
bushes and conifers. .
4, Ground surface irregular with
small frost mounds to Im hign. !
5. Drainage is poor.
6. Hole augered to 0.7m, then
cored to 5.0m.
JOB No. AL1023
PROJECT Dempster Lateral
Klohn Leonoff nsul .
£ Kohn _Teonoff Consultants . ocarion
CIVIL &8 GEOTECHNICAL ENGINEERS | HOLE No. 78-181
DATE Aug.i12/78 PLATE

k.L.C. "

BRETRIC
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TEST HOLE LOG

HAMMER WT. 63.5x¢] LOCATION "COHESION - Kg./Sq.cm.
o |PERMAFROST 02 | 08 10 | 1e s
HT. DROP 76 cm. [ 3 ELEVATION ool conrr % ) s
SAMPLE DATA | 2 | NRC.|NF PLASTIC aTER uguip
|
sy v 1777 o S or | DESCRIPTION OF MATERIAL | xoo--_Z oot ul
15cem. CLASS F. 10 20 50 70 90%
1 8 L f2 0.25m _ ORGANIC COVER '
SRy Vr iz
C 2 iyﬁ v :
r;{jg s ORGANIC SILT
Vx - £
1 Ty B trace fine sand 166
¢ Y - slight plasticity -
Vr - peat layers :
Vs - brownish grey o,
¢ - ice lenses 1/bmm=14mm B2
2 spaced ‘& Tmm=15mm
c ; ¢ XX :90%%/
IR =N
o 9 4 ’.3——/"—;)
3 Shus e | 3-00m C?"’_r——ﬂ4
1 \be CLAY £ND SILT
£77 - little gravel C4
C Vr :kj - little fine to coarse q
A i s sand S«
o 8 ¥ - trace cobbles & boulders o]
C a - low to medium plasticity \\s\f(j
= - laminated S
23 - grey with rusty zones ’/”/"/
5 c 100347 - ice lenses 1/2mm-3mm T X
i spaced @ 3mm-20mm
5 Lgravel layer mostly comprised
¢ 11p% of siltstone
4% peat layer
6 12 7% . &—wood chips <
C 13444
‘ Z4%: 6.45m é
A END OF HOLE
7 Notes:
1. Hole located on an undulating
ground surface sloping 2%
westerly.
2. Vegetation consists of grasses
with occasional stunted conifer
to 5m tall.
3. Surface covered with peat
: tussocks.
4. Moderate to poor drainage.
5. Augered to 0.3m, then cored
to 6.45m.
JOB No. AL1023
» PROJECT Demoster Lateral
=g Klohn Leonoff Consultants Ltd. K560
A R T S R R AT
CIVIL &8 GEOTECHNICAL ENGINEERS | HOLE No. 78-180
DATE Aug.11/78 PLATE
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TEST HOLE LOG

HAMMER WT. 63.5x¢{ LOCATION COHESION - Kg./Sq.cm.
o PERMAFROST T T T ¥ T T T T 1
HT. DROP 76 cm. 8 ELEVATION ’O.OiGAN'g.é CON!E'EC:JT ./lu” .l,:, |
SAMPLE DATA | F | NRC.INF PLASTIC WATER UQUID
oy v 1T o S or | DESCRIPTION OF MATERIAL | x20__ 2000 %0
Scm CLASS) F 10 30 5070 0%
3 gggb I
,-_.‘i§ Vs BRXY SILT AND CLAY !
c Wi $23%2 ’ - trace to little sand
11 1171 vr 1 -~ slicht to low plasticity a{
/ Nbe - laminated
c 1812 ¢ - organic inclusions 33
i ' - grey
i - ice layers 20mm=30mm
12 5743 spaced @ 100mm-150mm
i» <: from 8.5mm=-11.0m
2% - ice layers 50mm thick
B A4 from 11.0-11.3m
,% S -~ samole not recovered
13 Zit ; from 11.5 to 14.7m
i 5
7
14
LPZ ¥ p 1&.70m
15 ISPT | 65 |20 i“f vre d SIiLT-organic laminations (5
67 (1] Vs kXX315.15m - ice lenses Imm-3mm
END OF HOLE
Notes:
16 1. Hole located in centre of a
broad east-west trending flat
bottomed valley.
2. Dempster Highway located approx.
150m east of site.
3. Vegetation consists exclusively |
of grasses.
L, Poor surface drainage.
5. Hole augered to 0.25m, then
cored to 11.5m and then drilled
with air to 15.15m.

JOB No. AL1023
PROJECT D Lat !
e, Klohn Leonoff Consultants Ltd. tocaron— =
R R R e R T
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 78-179
DATE Aug.11/78 PLATE

x.L.C.- WETRIC 429
H
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TEST HOLE LOG
HAMMER WT. 63.5Kg] LOCATION ﬁoo?sm'm : ![9~45n-'c--' —
~d PERMAFROST 0.2 0.6 1.0 1.4 1.8
HY. DROP 76 cm. (o) ELEVATION OPGANIC CONTENT Y% m
[--]
SAmPLE OATA | 2 [NAC|NE T e
= & or | DESCRIPTION OF MATERIAL | x———-—_ 0 mmmm e —
DEPTH TYPE prar i NoS CLASS| F 10 30 50 70 20%
s T
g ,-9]-(--".;; 0.25m PEAT - dark brown 464 /4
c 7 s ORGANIC SILT AND CLAY 80+
C 33 ' - trace fine sand 1%
1 - vr - trace fine gravel .
¢ 5 - Jow plasticity 185 ¥
Vx -~ peat layers
- ice lenses 1/Lmm-3mm //
Vs spaced @ 1mm-15mm
- ice crystals 2mm-8mm 5/1
2‘ I |t 2.00m spaced ® 3mm-15mm J
] I SILT A
REEE IV - some sand - fine to A
‘ if YPE medium ..
L ! v - slight plasticity e
3 C 7 ‘ ; s - organic & peat lamin- %X Cj
— 1y ations
! - greyish brown \\
rmlll - 1ce lenses 1/2mm=-2mm >3
c 8 {illl 3. 60m spaced 2@ 3mm-8mm .
4 :g; Nbe 4.00 SRAVEL G)ﬂ4/
C 9 B 2o - some sand - coarse to
- Nbe fine )
- little silt \\
c 5 Vs - rusty greyish brown Z)
5 - ORGANIC SILT AND PEAT ¢
& 20 SAND
2. 20m - stratified
_ - greyish brown with d
c 116444 Nbn fUStY zones
42733 - ice ienses 1/4mm~1mm
6 s Vs K spaced @ Tmm-15mm
Vx SILT AND CLAY
- trace fine sand
C (12¢g7% vr - slight to low plasticityy @ % X
X - rusty_ laminations
. - organic inclusions
7 C - grey ——
.25m - Jce lenses 1mm=-8mm ~{_ )
7 5 303
c TERE N 7 om . spaced 2@ 10mm -\T\\“\“ED
7 : PEAT |+
8 Ve - dark brown 1//4/’
c 156 Vr SILT & CLAY
- laminated
‘ Nbe - grey |
r- <
3] ¢ 16 —1CE+ (60mm layer) -
¥— ICE+ (4Omm layer) di
c 17 $ X
10 ~310.00m (Cont'd.)
JOB No. AL1023
PROJECT Dempster Lateral
4 Klohn Leonoff Consultants Ltd. fiocarion
CIVIL & GEOTECHNICAL ENGINEERS [ HOLE No. 78']79
DATE Aug.11/78 PLATE

K.L.C. - WETRIC
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TEST HOLE LOG
HAMMER WT. 63.5x] LOCATION COMESION = Kg./Sq. cm.
- PERMAFROST £ ' 0'6 v ITO ! ITA ’ 1Tl
HT.DROP 76 ca. | 3 ELEVATION 9 ocanie. convent v Mpcore |
SAMPLE DATA | 2 [ NRC. PUMITT CONTENT DT
e e 1o | DESCRIPTION OF MATERIAL A m— 0 m e —
PTHTYPE [ica il JCLASS ' o 30 S0 70 90%
i 1
E’/.%
e
21 j,é
Ty ICE As above
B 2307 r
22 __ng
255
B 2‘4?9; i
£¥2%% |
39543 i
23 24 23.00m !
B 2541 |
—d T BEDROCK
71 N - hard driil action
24
1
1
1
25 25.00m
END OF HOLE
Notes:
1. Hole located on a broad piain.
26 Ground sloping (1-2%) socuth-
easterly.
2. Vegetation is exclusively
grasses.
2. Moderately well drained.
4. Peat tussocks cover land surface
15. Hole augered to O.bm, then
cored to 3.1m and then drilled
with air to 25m.
6. Sample Ne. 25 not recovered.
{
L
JOB No. AL1023
F PROJECT Dempster Lateral
g Klohn Leonoff Consultants Ltd. H5cron
CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 78-178
DATE Aug.11/78 PLATE

.L.C. - METRIC
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TEST HOLE LOG

L

D R G

.

L

HAMMER WT. 63.5x¢{ LOCATION COHESION - Kg./$q.cm.
HT. DROP 3 [T T e evaro o1 0s 10 14 8
. 76 ca. | O LEVATION : : : : -
P-4 AN NT ®, »
SAMPLE DATA - NRC.INF PLASTIC WATER LIQuid
Se LIMIT CONTENT LMty
sy e T I o'| DESCRIPTION OF MATERIAL | xon___% oo i
15cm, . CLASS| F. 10 30 30 70 90%,
: ‘[2;52:; NF § 0.35m PEAT = dark brown ol
il Vr R ORGANIC SILT AND CLAY |
& Vs = - little to some sand ]
C 2 B < - trace gravel ™ ~
1 A ICE ¢ 3 M
i N - low plasticity
/17 Nbe - peat inclusions
A piy Vr - greyish brown
¢ -é—y'”',"’ “Ux peed 1. 70m T/i
, f§ Vs o CLAY AND SILT o
ity ”Lf‘ ’52 ‘3 - little sand, coarse =
c L4} % n ;\x,«g to fine /O/
. - 872444 Noe s - 13
B ma 73458 s qecobbles little gravel od
1 vk K - medium plasticity N
3 c ?F{ ,5/\ 3.10m organic pockets ‘_\:)
<, S - greyish brown
B 7 ’1%72'” e - ice crystals Imm=3mm q
,.‘/’%i; spaced @ 3mm=7mm
z
4
i
B 8 ??/
v‘ ICE+
s | B S [CE + SILT & CLAY
£27% - trace cobbles below
B 10;- 14, 0m
7%2%%
o
6 i
B H 23
%%%%
%%
]
7 7
%%%%2
i
B ;/fgfg
?%é’ %8,
i s
?2 4 .0.0’
8 %% KEKS
?é’ Sogese!
9 XS
B 13,, R
i S
i Sy
é; : R
9 f/ 205
%%% XX
%% K0
B 147 0
;i? SEX
] 374 0:0’0
%5 10
10 i ”’ (Cont'd.)
JOB No. AL1023
PROJECT Dempster Lateral
£ Klohn Leonoff Consultants Ltd. F5=55q
R S T S T

CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 78-178

DATE Aug.11/78  PLATE
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TEST HOLE LOG

HAMMER WT. 63514 LOCATION COHESION - Kg./Sq.cm.
_, {PERMAFROST fi 010 T 1 T 1T‘ T
T. DROP cm.
nT oRo e S ELEVATION Qntmym_{ ALAJYAMM‘
SAMPLE DATA E I NRC.INF PLASTIC waTet uauio
M
spety vy FTCcr ot S o | DESCRIPTION OF MATERIAL | x---__= . X
15cm. _ CLASS| F. 10 30 50 70 90%,
8 jz NE N0 10m ORGANIC COVER {
B il CLAY & SILT
$ 235 o7m - some sand
£2437 o - little gravel
1 1272 Nbe - lJow to medium plasticity
#1743 - dark grey
C 2 Wit vr ; gravel, some sand }
114 1. 70 - ice lenses 1/2mm-3mm F
2 i 2 i spaced @ 3mm-12mm
.T-. 9 VX 2 ‘
B 3EEH vr K
3 -—-.‘..'- ’\‘ '>
T < SILTSTONE
B 5 }éf- - sandstone interbeds
—d ] - - fractured
. 1ExS - brown
B 6 b=
I..
;l«
S _].“i
I ..
B 7S
TR 5.50m
END OF HOLE
6 Notes:
1. Hole located on a sloping hill-
side. Terrain slopes 5%
easterly.
7 2. Dempster Highway located approx.
200m east of site.
3. Vegetation consists of
grasses with occasional clump
of bushes.
L. Drainage is good.
5. Hole augered to 0.7m, then
cored to 2.0m and then drilled
with air to 5.5m.
6. Thermistors installed to depths
of 0.2, 0.5, 1.0, 1.5, 2.0,
2.5 and 3.0 m.
JOB No. AL1023
PROJECT Dempster Lateral
A= Klohn Leonoff Consuitants Ltd. H5c5ro8
@ CIVIL & GEOTECHNICAL ENGINEERS | HOLE No. 78-177

DATE Aug.10/78 PLATE

I A - mEvYEia



M
1)
. TEST HOLE LOG
‘.j\MMER WT. 63.5x¢d LOCATION COHESION - Kg./Saq.cm.
SROP = |PERMAFROST 02 | os 1o | 1a s
B;ﬁ{. 76 ¢m. g ELEVATION ,F.IELD VAP.QE ALA.! YANE.!M‘
JAMPLE DATA | | NRC.|NF. PLASTIC atee uguio
» or DESCRIPTION OF MATERIAL | x— -0 m—mm e
e rvoe [BOnel ” fcuass)| ATERIAL | e
" B _...41 NF 0.10m ORGANIC COVER 1
o p B . 2454 0.35M SILT AND CLAY ¢
13 BTN - little coarse to fine
B sand
| C ERE - little gravel Q
4 3337 1.15m - low plasticity ’ //47
E Yol - ic & peat inc'usions
L F00dNF, Vx 1.40m organic & p i
&l C 3 e WA : - greyish brown with rusty OQ;LL_____
! ”_‘%ﬁ |CE+ 1.60m laminations h::jb
LZ_J c = ”oooQ - ice crystal Téme-3mm Q_,——-—r""‘
Z L?O’ Nbe spaced @ 3mm-Smm \ l
M D56 2.30m| | GRAVEL ]
7437 . - some coarse to fine sand
. “i‘m% [CE+ Pxd230mi 1) - Jittle silt and clay
C ~,—}}'//’)/ <3 - brown] 4 of
> Yy o - gravel comprised o %X
{ja ::j/%% vr % 3xidized s?]tstone
’ iy
B ° (\\\‘«‘{\ Vs ICE + SILT & CLAY f
, ‘\\ GRAVEL
B 7 /‘ - little sand-coarse to (é
A J fine
f - little silt and clay
, l - brown
[} \\ - gravel comprised mostly |
: 5 8 )‘ Nbn of oxidized siltstone P
2] 1) b
‘ /,/!,« | ICE + SILT & CLAY
| B s (g SHALE - SILTSTONE t)
- \ - low to medium plasticity
- )\% - fractured
i - /////} - grey
Aft
RIEREE 6.50m @
IJ END OF HOLE
/ Notes:
L] otes:
B! 1. Hole iocated on toe of a broad
[; pediment slope. Terrain slopes
2% easterly.
. 2. Vegetation is exclusively grass.
‘{; 3. Peat tussocks cover land surface
4, Hole augered to 0.35m, then
cored to 3.3m and then drilled
J; with air to 6.5m.
)
i
L JOB No. AL1023
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TEST HOLE LOG

to 5.0m.

HAMMER WT. 63.5x¢/ LOCATION COMESION - Kg./Sa.cm.
— _, |permarrOST LALLM B
: 76 c=- 1O ELEVATION ORGANIC _CONTENT % B ‘
SAMPLE DATA 2 | NRC.INF PLASTIC WATER LIQuUID

> LimiT CONTENT LMIT
ey vy o1 or | DESCRIPTION OF MATERIAL | x————_= PR e
. E Fsem. N CLASS| F 10 306 S0 70 90%
258 T =
: :¥§g SS,'"\\ 0.05m  CORGANTC COVER )
ey Us XX ORGANIC SILT
c ?:;f,t-{: T+ - trace fine sand .
A s 3 - trace gravel-greenish
1 17 Nbe brown
c 3 I TOET - ice lenses lmg-émm -
2F398 mary . spaced @ 3mm-Smm O=unil
o Lﬂikég Lt 1.50m ~some sand \\?DNP
%&§ e
2 e~ Vr /‘
c e =
B “é~§5§ S - little to some sand
”"39? Vx ; - sand, fine to coarse
EC?E Ve ' - little silt
3 ﬂiy& ] - gravel mostly comprised |
%gg of quartzite and sand-
B 2> P37 stone ]
PA_E%gﬁ - brown 5
4 oSS
220
L0
‘i-’%f"c
o ®
5 | B 8 &EH 5.00m
END OF HOLE
Notes:
6 1. Hole located on a broad rounded
saddle between twc mountains.
2. Dempster Highway is located
apcrox. 100m east of the site.
3. Vegetation is exclusively
grasses.
L, Land surface is moderately well
drained.
§. Peat tussocks cover the surface.
6. Hole augered to 0.3m, then cored

Thermistors installed to depths
of 0.2, 0.5, 1.0, 1.5, 2.0, 2.5/
and 3.0m.
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GEOCON I NC,
HNICA OR
GENERAL CONDITIONS AND LIMITATIONS

USE OF THE REPORT

The factual data, interpretations and recommendations contained in this
report pertain to a specific project as described in the report and are
not applicable to any other project or site location. If the project

is modified in concept, location or elevation or if the project is not
initiated within eighteen months of the date of the report Geocon shoulcd
be given an opportunity to confirm that the recommendations are still
valid.

The comments given in this report are intended only for the guidance of
the design engineer. The number of test holes to determine all the rele-
vant underground conditions which may affect construction costs, tech-
nigues ancd equipment choice, scheduling and sequence of operations would
normally be greater than has been carried out for design purposes. Con-
tractors bidding on, or undertaking the work, should rely on their own
investigations, as well as their own interpretations of the factual test
hole data, as to how subsurface conditions may affect their work.

FOLLOW-UP

A1l details of the design and proposed construction may not be known at
the time of submission of Geocon's report. It is recommended that Geocon
be retained during the final design stage to review the design drawings
and specifications related to foundations, earthworks, retaining systems
and drainage, to determine that they are consistent with the intent of
Geocon's report.

Retention of Geocon during construction is recommended to confirm and
document that the subsurface conditions throughout the site do not
materially differ from those given in Geocon's report and to confirm and
document that construction activities did not adversely affect the design
intent of Geocon's recommendations.

SOIL AND ROCK CONDITIONS

Scils and rock descriptions in this report are based on commonly accepted
methods of classification and identification employed in professional
geotechnical practice. Classification and identification of soil and rock
involves judgment and Geocon does not guarantee descriptions as exact, but
infers accuracy only to the extent that is common in current geotechnical
practice.

The soils and rock conditions described in this report are those observed
at the time of the study. Unless otherwise noted, those conditions form
the basis of the recommendations in the report. The condition of the soil
and rock may be significantly altered by construction activities (traffic,
excavation, pile driving, blasting, etc.) on the site or on adjacent sites.
Excavation may expose the soils to changes due to wetting, drying or frost.
Unless otherwise indicated the soil and rock must be protected from these
changes or disturbances during construction,
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LOGS OF TEST HOLES AND SUBSURFACE INTERPRETATIONS

Soil and rock formations are variable to a greater or lesser extent. The
test hole logs indicate the approximate subsurface conditions only at the
locations of the test holes. Boundaries between zones on the logs are
often not distinct, but rather are transitional and have been interpreted.
The precision with which subsurface conditions are indicated depends on
the method of boring, the frequency of sampling, the method of sampling
and the uniformity of subsurface conditions. The spacing of test holes,
frequency of sampling and type of boring also reflect budget and schedule
considerations.

Subsurface conditions between test holes are inferred and may vary signi-
ficantly from conditions encountered at the test holes.

Groundwater conditions described in this report refer only to those
observed at the place and time of observation noted in the report. These
conditions may vary seasonally or as a consequence of construction acti-
vities on the site or adjacent sites.

CHANGED CONDITIONS

Where conditions encountered at the site differ significantly from those
anticipated in this report, either due to natural variability of subsurface
conditions or construction activities, it is a condition of the use or
reliance by the client of this report that Geocon is notified of the
changes and provided with an opportunity to review the recommendations of
this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that an experienced geotechnical engineer
be employed to visit the site with sufficient frequency to detect if
conditions have changed significantly.

DRAINAGE

Drainage of subsurface water is commonly required either for temporary or
permanent installations for the project. Improper design or construction
of drainage can have serious consequences. Geocon can take no responsi-
bility for the effects of drainage unless Geocon is specifically involved
in the detailed design and follow-up site services during construction of
the system.



