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SUBJECT Exploratory SolI and Permafrost Investigation,
Norman Wells, N.W,T., 1953.

During September 1953, the Permafrost Research Station
of the Division of Building Research carried out a small explora
tory soil and ｰ ･ ｲ ｾ ｡ ｦ ｲ ｯ ｳ ｴ investigation at Norman Wells, N.W.T.
The work was carried out at the request of Mr. K.M. Mackenzie,
Superintendent, Norman Wells Refinery, Imperial Oil Ltd•. to
supply some general information on soil conditions at the sites
of proposed housing expansion at Norman Wells. One continuous
core hole was drilled at each of the three proposed housing
sites as ､ ｩ ｲ ･ ｣ ｴ ｾ ､ by Mr. Mackenzie (Fig. 1). Since only three
holes were drilled, general statements of soil and permafrost
conditions at Norman Wells cannot be made. The results of the
exploratory program are therefore reported in logs of the holes
and test results where samples were obtained -( see Tables 1, 2
and 3).

DRILTdliQ.

The permafrost samples were obtained with a special
drill rig, The Concore Type E5-48 manufactured by the Frank L.
Howard Engineering ComprolY. Basically it is a concrete sampler
that has been modified for permafrost ·by drilling experience
gained by the U.S. Corps of Engineers. The drill head is
powered by an 8 h.p. Briggs and Stratton single-cylinder
air-cooled gasoline engine. Wash water was obtained directly
from the fire hydrant line at Norman Wells. A Longyear L Series,
Double Tube Roller Bearing Core Barrel, size NX, was used to
give a 2-inch diameter undisturbed (and frozen) sample.· Core
recovery ranged from 0 to 100 per cent depending on local condi
tions but averaged about 60 per cent
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SAMPLING AND TESTING

After the various soil strata in the rrozen core were
identified and recorded, samples sufficient to carry out perti
nent classification tests were taken. Moisture content samples
were placed in air-tight containers. Samples for tests in which
a small loss in moisture was unimportant (grain-size distribu
tion, Atterberg limits and specific gravity) were stored in
unsealed glass jars. The soil samples were all tested in the
Soil Mechanics Laboratory of the Permafrost Research Station at
Norman Wells.

SUMMARY OF FINDINGS

The soils at the three borehole locations are predomi
nantly silts with varying amounts of clay, sand, stones and
organic material. The large variability in the depth to perma
frost, i.e. 16 feet, 8 feet, and 2 feet, illustrates well the
changes to permafrost due to construction and occupation of an
area. The site of Borehole 1, where the depth to permafrost is
16 feet, is in a relatively ·'old" cleared and filled-in area.
Borehole 2 is in a "middle-aged" cleared and filled-in area and
the depth to permafrost is less, (8 feet). The depth to perma
frost is even less at Borehole 3 which is also a "middle aged"
fill but at this location, 2 feet of organic material shields or
insulates permafrost.

The water, or more corre ctly tt ice", contents are in
most cases above the liquid limit of the soil, i.e., although the
soil has a solid form when frozen it will be transformed into a
"liquid'! or "sl urry" if the contained ice mel ts. Extremely high
ice contents, four to five times the volume of soil, are most
common within the first 10 feet of frozen soil.

The low values of the Atterberg Limit tests point out
the predominantly silty character of the soil known and referred
to locally as "glacial till", "lean clay" or "clayey silt". At
the three boreholes, the depth to bed-rock of friable greenish
shale is approximately 30 feet.

Details of the three boreholes and test results are
shown in Fig. 1 and Tables 1, 2, and 3.
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TABLE 1

WELLS BORE HOLE No, 1 (NWB 1) POST OFFICE Drilled 14 & 15 Sept. 1953.

Sample
Depth

Spccific(2)

Gravity

%

\7'e (J)

,ent

SOIL TESTING RESULTS
---------....G-ra-i'"ii'"'"Slze D:tstribution(J) Attcrberg Limits Ch)

Clay Srrr--'Sand Gravel Liquid Plastic Plasticity
Size Size Size Size Limit Limit Index
,- '""'% -r % % % '%

t"' ｪｾ_....._, ...._.......

,. ',"!):f ｾ Ill} f S ;',,1 \.'

f'CI ［ ｾ ｻ Ｂ Ｂ Ｎ ﾷ ｲ Ｑ ﾷ Ｚ ｬ Ｚ

.. Ｌｾ ...
r .r :".

: ｾｾ ｾ - 1S i' 2,69
2.73

13
15

50 117
52 28

20

5
12'
13'

Ｉ Ｍ ｦ Ｇ Ｍ Ｍ Ｚ Ｎ ｾ Ｍ Ｎ Ｉ -.}·1. : / [..... {

Jo:... ｾ ｾ ﾷ Ｍ Ｑ -v-.
.r,·.., _....

,
J • .!..:.

, ' .
I

! ' r
,p:v f ｾＮ
,,) .. \,

ｾ Ｎ 7
ｾＮＵ
6.8

2.74
2,73

15
17

75
76

10
7

16'
17'
17'

•
\.A)

I

ＱＧ｜ｴｃＧｾｊ ＨＱｾ

J..fll..ﾷＮﾷｾﾷＺＧﾷ : ｜ｾＮ［Ｍ

ＢＱｾ ", !

i"_.f'j:

Ｎ Ｏ Ｇ ｾ ｾ ［ Ｚ ,:...... r!: ＬＺｾ

..:,r.t- ....i!:" .. Ｎｲｬｻｾ .... J ｾＩｓ

ＮＮＮＮＮＮＭＮＮ｟ﾷﾷﾷＭＭＧＭｾｲｲＧｩＧ｝ｾＮ '"J ".; .. "'\'ff"": \." ': .... ｾｾｪｪＺｾＮＮ f 1
ｾＬ .... \ '.- .- '" '_. L. . •
ＧｾＮＭＢ ....._.- ._-...- content) of a soil is equal to the weight of -water contained in a unit weight of

alculated as the ratio of the weight of watercontafned in a sample to the oven-
lessed in per cent. .
the solid particles to the weight of an equal volume of pure water at 40

C.
diameter

• in diameter
, in diameter
diameter

haviour of soils and is given by the difference in moisture contents betWeen the

•
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m IDLE_ NO. 2 (l-.llVB 2) ｒ ｅ ｾ ｾ ｎ HALL Drilled 16 & 17 Sept. 1953.

｛ｾＭｙＮＺｲ I:

:,nrc(l)

mt
T

,-10I;J 'rESTING RESULTS ｾ

. (--·-GR.4.IN SJ:'ZE ｄｉｓｔｒｉｂｕｔｉｏｎｻｾＩ Id'"TERBEiw LIMITS( )
ｓｰｇｾｩｦｩＨ［ＧＮ 2) ｃ ｊ ｟ ｡ Ｚ Ｍ ｙ Ｍ ﾷ ｾ ｩ ｬ ｦ Ｎ ﾷ Saild Grc-.ver' Liqui.d rfastic Plasticity Sample
Gravity Size 3izG Size Size Limit Limit Index Depth

%--- -"%-- -r -r % % % ｾ

6'191452152.682.4

ｾＧ I

"24
I

10.8 72 4 -- 45.0 31.3 13.7 8' .J::'"'

ｾＧＺＺＭＩ .. 12.6 29 67 4 -- 8'- I

:i '::." --- )8n8 2.72 29 66 5 -- 44.9 27.5 17.4 9'
'.'. t '. J6.6 29 65 6 -- 38.8 25.1 13.7 10'

t-
o ;

., \.. ｾ ＬＮＬｾ t r :: t9•
O 11'

8.5 33 63 4 -- 44.3 27.6 16.. 7 12'

ｾ ｏ Ｎ 7
13'

0.9 21 70 9 -- 14'

I

ｾ ｾｧＬＮＮＴ ｾＺｾｾ I I
22 65 13 -- 34.8 22.2 12.6 19'

2.5 19 63 18 -- 29.8 20.2 9.6 20'
2.9 2.74 25 60 15 -- 31.0 21.1 9.9 22'
5.3 2.74 22 61 11 -- 28.6 20.6 8.6 24'

2.75 23 69 8 -- 32.3 23.1 9·.2 30'

I
ＺＮＺｾＭｾＮ ﾣｾ_. ｾＮＭＮＭＮ｟Ｍ ._ ......--

'r')' n» ; r',-
, \ ". ｾ ｾ ｾ Ｎ ｾ Ｎ 1.. _J.. .'

.. ( ;. ｾ ..



7;'

'"',.,, .
'3

....

>.\..-

,
\ ....... ,
i .,
k.:

f •

I

.'

I.)

.....
, .

,
,.l·...··

",.' -

j

I','_!

.
'.\ .'.'
I
1

... ｲｾｦ ｴＮＭｾ ｾ r:
I!

.t'..1

I
I

;. ｾ

.. ''t

I

,;: .)

. ;...( !

I

,V.i

,.'

- ::=

/-. ,
I

..
'=:... .....,.

.. :

•. "'j

q oF;; t

Ｎ Ｎ Ｍ Ｎ ｾ -. ｾ［ＮＮ［ ｾＧＬ

"

,.'.
,- ,

, ' .

", ＢＮｾＧ

ＬＮＮｾｾ .....
»' .. y ;.

ｾ Ｎ 1

ｾ

.,... I' ,':1
ｾ Ｇ Ｍ Ｉ ｖ ｾ V}

; ,. , L.

&of t" i Ｇｾ

I
. ｾＧＭＧ ｾ
-" ...... '71

,; t

• ｾ I',

.',

, I

£,). )

""J

.'
...'1
ｾ ....

.... "

\ " I
I;.

:; r.:
,If'

Ｇ Ｍ ｾ!.f,

1

{1
ｉｾ, .

f •

.
, J

.. '

I
I""

">

:i.' ｾ ｾＮ
I ..' •

ｾ ...

-,
"o

, .....

. ,
1"'"1

Ｎ ｾ Ｇ

'.:.' -.

I". ｾ ｾｾ !_'_I

,
()

ｌ ｾ ﾷ -t
U - ...

,
",,'

'-!

...

Ｚｾ ｾ 'I
.j' I':':) j

r" •

r ,.,

,..

,...,

£'..,
ｾ ｾＧｊ

:l:

ｴ Ｚ ｾ I ｾ
r-'" .:

J 4

ｾ
ｾＮＬ ｾＺＧＭ

I

ｾＮｾ ,",>

9- 1-#1'

: ,

•.) .',
.ＮＮＺＮｾ -'i

...-.

"i
:.)' ｾＮ

I.J.. .....

. .
\1.

ｾＮＬＮ

..
［ｾ

.- -
? -.• J

."'J t';

. )

.....

;,r'"' , !

>1

f-,•.•ｾＮ ｾＺＢＱＮ '.
ｾｾｩ

,";-

•• ,. J ｾｾ

I 1;:·· f·;
./

,.
I

"ｩＭｾ

to'

,.



e e
TABLE 3

e

LLS BORE HOLB NO.3 .(NWB 3), CURT.. ｴｾｭ RINK Drilled 21 Sept. 1953.

["',j" " "
-.;,-..,-:. Ｎ Ｎ Ｎ Ｍ ［ ｾ

Ｚ ｩ Ｇ Ｈ ｩ ｾ Ｎ ｩ ｾ ｊ t ｾ［Ｎ ｾ r I

.!.) ｾＩ •.t ｾ

0GIL T}t:.raN"G RESULTS (
_, -'---arain ｓ ｩ ｺ ･ Ｍ ｄ Ｑ ｳ ｴ Ａ Ｇ ｩ ｢ ｵ ｴ ｩ ｯ ｮ ｃ ｾ Ｉ Atterberg Limits,h)

istur3 (.L) S'8ci fic (2) ClaySll-E-'Sm:d Gravel Liquid Plastic PlasticRy
Content Gravity Si:<:;:; Size Size Size Lirn:t:c Limit Ind3x

% -..-r-- --w. -,- -,- % % % %

Sample
Dept!:....

r', .
...l•••.".

Ｎ Ｌ Ｚ ｾ .. I.

\ '''r:t.i"
ｪ Ｂ ｾ (':' -....

.. IL 1\

ｾ ［ • t Ｇ［ｾＢ｣ＮｾＮＭＺＺＺ ;-\' . 17Z. 7 ,..
ＱＶＲｾＰ

133.0

4'
4'
5'

ｾｖＧﾣ J ＬｾＮＺＺＺＭＺＮｾｾ

, ｯＮｾ［［ＢｦＮＺ｜

ij '70

.. Ｍ［ｾｾ .

'-

; ＮＧＮＩｲｾ '.

··r-"\",!t:.

ｾｪ［ＡｮＧＱ B'y .... (I<S
..._."'--_._ ........--._- .

'f"··(") -'\
\ '/ "... ..\ ｾ t...,l

48.9 29 66 5 -- 43.0 27.9 15..1 11' I

2.73 12' V1.

34¢3 23 68 9 42.2 30.5 11.7 13 1 I

360 8 21 69 10 37.8 27.3 10.5 16'
29 64 7 35.6 21.8 13.8 191

49.0 201

45.9 21 64 15 29.8 21.4 8.4 21'

18 68 14 27.9 20.5 7.4 22 1
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MOLOTOV SUITE.

I/OL£ #2

ｃ ｏ ｍ ｍ ｉ ｓ ｓ ａ ｾ ｙ

'pOST OFFICE

J./0T TO SCALE.

BORE..

ｰＧｅＮｃｾﾣａｔｉｏｎ HALL

HOLE. #'1
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'\ -- ------------p-I-r-C-H

HOLE #3
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NOT TO 5 C-AL£
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