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We are pleased to submit this report which summarizes the results of 
laboratory tests undertaken for Projects 12071 and 12093, on frozen 
soils from the Continuous Permafrost Zone of the Northwest Territories, 
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The report presents laboratory data pertaining to the analysis of Thaw­
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LABORATORY TESTING PROGRAM 
FOR THAW-SLOPE STABILITY 
CONTINUOUS PERMAFROST ZONE DATE MAY 1977 

1. SUMMARY 

This report presents the results of the laboratory test program 

for frozen soils from the North Slope in the Continuous Perma­

frost Zone of Alaska, the Yukon Territory and the Northwest 

Territories. Consolidation-permeability tests, direct shear, 

and triaxial tests were performed on representative frozen 

mineral soil samples obtained during the 1975 drilling programs. 

The relationships between the thaw-settlement parameter, 

which is related to the thaw-settlement potential of the 

soil, and bulk density of the soil are found to be in 

good agreement with those published (Watson et al, and Speer 
-et al) for the soils from several sites along the Mackenzie 

Valley, and for those results previously published by Northern 

Engineering Services Company Limited (NESCL). 

The work is a continuation of the studies of thaw-settlement 

and slope stability being carried out by NESCL. 
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LABORATORY TESTING PROGRAM 
FOR THAW-SLOPE STABILITY 
CONTINUOUS PERMAFROST ZONE DATE MAY 1977 

2. INTRODUCTION 

The objective of this report is to present data that may be 

used to assess the thaw-settlement potential of ice-rich 

permafrost in the vicinity of the proposed Arctic Gas pipeline 

in the North Slope region of the Northwest Territories, Yukon 

Territory, and Alaska. It is recognized that the potential 

for thaw-settlement will not pose as great a problem as in the 

Discontinuous Permafrost Zone because in this region the gas 

will be chilled to below the freezing point of water. The 

locations of the Canadian sites considered in this report are 

shown on Figure 2.1. The location of the Katakturuk River 

site, in Alaska, is identified in Section 5.3. The information 

collected in the field in July, and October to November, 1975 

and the drilling and sampling program, is described in the 

NESCL Geotechnical Data Report, cited as Reference 1. Subsequent 

laboratory tests, presented in this report, were conducted in 

Calgary by R.M. Hardy and Associates Limited, the test program 

being under the supervision of NESCL. 

The major part of the laboratory testing program was directed 

towards obtaining thaw-settlement parameters of the samples 

obtained. The frozen initial water content and bulk density 

were determined for each consolidation-permeability test, 

together with a range of tests to verify the soil classification 

for each sample. Where values of specific gravity of the soil 

were not available, a value of 2.67 was assumed. Data for the 

coefficients of consolidation and permeability are presented. 
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The thaw-settlement test data presented in this report were 

derived from consolidation-permeability tests and analyzed 

by the method discussed by Watson et al (Reference 2) which 

expresses thaw-settlement in terms of two thaw-settlement 

parameters, A and a • 
0 0 
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LABORATORY TESTING PROGRAM 
FOR THAW-SLOPE STABILITY 
CONTINUOUS PERMAFROST ZONE DATE MAY 1977 

3. TEST HOLE SITES 

The test hole log information presented in this report is 

drawn from the previously mentioned NESCL Geotechnical Data 

Report (Reference 1). The test hole logs were revised 

subsequent to completion of laboratory tests and are presented 

at the front of the information pertaining to each site. 

Detailed profiles of water content (frozen) and bulk density 

versus depth are presented on the logs. 

Site descriptions, detailed maps of site locations, and air­

photos can be found in the referenced Geotechnical Data 

Report. 
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LABORATORY TESTING PROGRAM 
FOR THAW-SLOPE STABILITY 
CONTINUOUS PERMAFROST ZONE DATE MAY 1977 

4. DETERMINATION OF SOIL PROPERTIES 

4.1 Tests Employed and Parameters Studied 

4.1.1 

The following tests were employed along with the parameters 

directly measured. Listed also are parameters derived from 

the test data. 

Consolidation-Permeability Test 

The purposes of the consolidation-permeability test were: 

1. to determine directly, in the laboratory, the coefficient 

of permeability (K ) of the soil samples, 
m 

2. to determine the consolidation coefficients, C and M , 
v v 

under incremental pressures, and derive the coefficients 

of permeability (K ) by calculation, 
c 

3. to determine the values of the thaw-settlement parameter 

(A), and the average coefficient of compressibility 
0 

(a ) • 
0 

The strain (E ) at a given effective normal stress also may be 
p 

used to express the potential for thaw-settlement. During this 

series of tests, an effective normal stress of 1000 psf was 

chosen. 
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4.1. 2 

4.1. 3 

4.1. 4 

Direct Shear Test 

The objectives of the direct shear test were: 

1. 

2. 

to determine the peak shear strength, the angle of 

internal friction(~'), and the cohesion intercept in 

terms of effective stress. 

to evaluate the residual shear strength (~ ') and cohesion 
r 

(C I). 
r 

3. to verify the difference in the values of shear strength, 

with and without a horizontal plane cut through the 

sample by means of a thin piano wire. 

The soil index tests were correlated with results of the 

direct shear test to ascertain any relationships between soil 

type and shear strength. 

Triaxial Test 

The objective of the triaxial test was to determine shear 

strength parameters, ~'and c', in terms of effective stress. 

Other Tests 

Mineralogical analyses of the clay content of selected samples 

were carried out to investigate the average composition for 

the area studied. 

4.2 Test Procedures 

The apparatus and procedures employed for sample preparation 

and laboratory tests for consolidation-permeability, direct 

shear, and triaxial test are discussed in detail in Section 4 

- 8 -
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of the NESCL report cited as Reference 3. With the exception 

of the reference to the Thaw-Settlement Test, which was not 

done during the program, the methods of test for the series of 

frozen samples from the Continuous Permafrost Zone were the 

same, and carried out concurrently with those for the Dis­

continuous Permafrost Zone. 

The procedures used in determining soil index properties were 

carried out according to the Standards described by the American 

Society for Testing and Materials, Annual Book of ASTM Standards 

(latest designations), (Reference 4): 

ASTM D 422 

ASTM D 423 

Particle-size Analysis of Soils 

Liquid Limit of Soils 

ASTM D 424 Plastic Limit and Plasticity Index of Soils 

ASTM D 2216 Laboratory Determination of Moisture Content 

of Soil 

The general principles used in the direct shear test are 

described by ASTM D 3080-72, but slight modifications were 

employed because initially the samples were frozen (see Section 

4.3 of the report cited as Reference 3). 

Bulk density of the frozen samples was determined by two 

methods, differing only in the method of obtaining of the 

volume of the sample. Samples for consolidation-permeability, 

direct shear, and triaxial tests were measured directly; 

samples not required for the special tests were weighed in 

air, then submerged in a calibrated cylinder containing FAXAM-

40 oil. The volume was derived by reading the oil levels 

before and after total submergence of the sample. The volume, 

and therefore, bulk density of representative large pieces of 

otherwise disturbed samples may be determined by this method 

of displacement. 

- 9 -
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The frozen bulk density volumes thus obtained have been plotted 

with respect to their corresponding natural water contents, as 

shown on Figure 4.2.1. It can be seen that these results com­

pare favourably with the theoretical relationship shown by 

NESCL to exist between these two parameters (Reference 5). 
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PROJECT 12071 CANADIAN ARCTIC GAS STUDY LIMITED 
CALGARY ALBERTA 

LABORATORY TESTING PROGRAM 
FOR THAW-SLOPE STABILITY 
CONTINUOUS PERMAFROST ZONE 

5. TEST RESULTS 

DATE MAY 1977 

5.1 Explanation of Terminology Used in the Test Data Presentation 

The explanation of terminology used in the test data presentation 

is as described in Section 4.1 of the NESCL report, cited as 

Reference 3. For convenience it is repeated here and should 

be referred to when using the summaries of test data appearing 

in Section 5.3. 

Pressure or Consolidation Pressure: effective stress 

applied to the sample and maintained until primary consolidation 

is completed. 

Average Pressure: mean of two applied effective stresses 

for which the average values of C , M and K are calculated. 
v v c 

Water Head: difference in head between the water level on 

the top of sample and water level in the burette. It was 

maintained at 1 foot (30.5 em). 

Cut Plane: a cut failure plane introduced by pulling a 

thin piano wire through the sample in the direct shear 

box. 

Consolidated Undrained Triaxial Test: the soil specimen 

is consolidated (drainage allowed) under an all-round 

pressure, but no drainage is allowed during the application 

of deviator stress. 

- 13 -
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Consolidated Drained Triaxial Test: the soil specimen is 

consolidated under an all-round pressure, and then the 

deviator stress is applied, drainage being permitted 

during both stages. 

Residual Shear Strength Coefficient, ~ : ratio of residual 
r 

shear stress (TR) to effective normal stress (oN'). 

5.2 Parameters 

5.2.1 Consolidation-Permeability Test 

The permeability of soil directly measured in the laboratory 

is expressed as: 

K = .Q_x~ 
m A h 

where K coefficient of permeability, em/sec 
m 3 

Q rate of flow, em /sec 

A cross-sectional area of the sample container 
2 em 

L length of sample, em 

h = head of water, em, acting on the sample. 

The coefficient of consolidation, C , is given by: 
v 

c T H
2 

= v 
v 

tso 

where c is 
v 

given in 
2 

em /sec 

T time factor for 50 per cent consolidat~on. 
v 

H one half of the soil specimen length, em. 

t
50 

time for 50 per cent compression, sees. 

- 14 -
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The coefficient of compressibility or of volume change, M , is v 
defined as: 

M = 
!J.V/V 

v !J.a 

where 
2 

M is given in em /g 
v 3 

!J.V = change in volume of the sample, em 

v = initial volume of the sample, 
3 em 

!J.a = change in effective stress causing the 

volume change !J.V, 
2 

g/cm • 

The permeability of soil calculated from the above parameters 

is given as: 

K Yw X c xM 
c v v 

where K is given in em/sec. 
c 3 

Yw tmit weight of water, g/cm 

Thaw strain, as obtained by consolidation permeability tests, 

is defined as: 

where 

Volumetric Strain 
!J.H 
H 

= cumulative change in height of the soil 

sample 

H = initial height of the soil sample 

The physical meanings of the parameters, A
0 

and a
0

, are illus­

trated graphically in Figure 5.2.1. 
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5.2.2 

Thaw-settlement Parameter, A , is defined as the thaw strain 
0 

at zero pressure, and is obtained by extending back the straight 

portion of the curve to intercept the thaw strain axis at the 

zero pressure ordinate. 

Average Coefficient of Compressibility, a , is defined as the 
0 

slope of the linear portion of the curve. 

Strain at any applied pressure, P, is given by: 

e: =A +Pxa 
p 0 0 

Direct Shear Test 

The drained peak shear strength value obtained from a direct 

shear test is given in terms of effective stress parameters, 

by: 

T c' +a' tan~· 

where T drained shear strength in psi 

c' = cohesion intercept of the Mohr-Coulomb 

relationship, psi 

a' = normal stress on the failure plane, psi 

~I angle of shearing resistance or the slope 

of the Mohr-Coulomb relationship, degrees 

The residual shear strength for effective stresses is given 

by: 

T c ' + a' tan ~ r r r 

where Tr' and c ' and ~ ' are defined same as above but 
r r 

for residual shear stresses. 

- 17 -
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5.3 Presentation of Test Results 

The test results obtained from the laboratory program are 

presented in this section. Subsections 5.3.1 to 5.3.13 

present the data from the sites listed below: 

LOCATIONS 
SUBSECTION NO. SITE NO. LATITUDE LONGITUDE 

5.3.1 Katakturuk R. 69°50' N 145°21' w 
5.3.2 N75-Sl 69°34'26"N 140°32'15"W 

5.3.3 N75-RZ 33 68°53'58"N 137°45'00"W 

5.3.4 N75-RZ 3 68°46'53"N 136°41'46"W 

5.3.5 N75-RZ 42 69°06'54"N 134 ° 53 I 35 "W 

5.3.6 N75-DV 1 69°07 1 58"N 134°58'58"W 

5.3.7 N75-DV 41 69°04'03"N 134°46'25"W 

5.3.8 N75-DV 11 68°59'59"N 133°39'45"W 

5.3.9 N75-DV 3 68°57'42"N 134°16 '14''W 

5.3.10 N75-DV 5 68°41'58"N 133°45'28"W 

5.3.11 N75-DV 51 68°36'36"N 133°32'59"W 

5.3.12 N75-DV 9 68°ll'37"N 132°36'56"W 

5.3.13 N75-DV 10 67°44'20"N 131°39'41"W 

Where available, the order of data presentation under each subsection 

is as follows: 

1. Test Hole Logs - Logs for all test holes previously 

published in a preliminary form in Reference 1 have 

now been finalized. A plot of the frozen bulk density 

and material water content against depth has been added to 

the Laboratory Test Data column. Appendix A contains an 

explanation of the terms and symbols presented on these 

test hole logs. 

2. Summary · of Test Data for Soil Classification- This table 

summarizes the Particle Size Analysis and Atterberg 

Limits Test results used for soil classification 

purposes. 

- 18 -
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3. Summary of Consolidation - Permeability Test Data 

4. A plot of the Log of the Measured Permeability (K ) 
m 

versus the Log of the Effective Stress (P) for the 

Consolidation-Permeability Tests. Superimposed 

on the same drawing is a plot of the Log of the Cal­

culated Permeability (K ) versus the Log of the Effective 
c 

Stress {P). 

5. A plot of the Void ratio (e) versus the Log of the 

Effective Stress {P) for the Consolidation-Permeability 

tests. 

6. A plot of the Log of the Coefficient of Consolidation 

(C ) versus Log of the Effective Stress {P) for the 
v 

Consolidation-Permeability Tests. 

7. Summary of the direct Shear Test Data. 

8. A plot of the Effective Normal Stress (crN') versus 

Shear Stress {T) for the Direct Shear Tests for each 

soil group from a site. 

9. Summary of Triaxial Test Data 

10. A plot of the Effective Normal Stress (cr~') versus 

Shear Stress (T) for the Triaxial Tests. 

- 19 -
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5.3.1 Katakturuk River Site 

A limited series of tests was done on a disturbed bulk soil 

sample obtained from this location during a 1974 reconnaissance 

of the Alaska segment of the proposed pipeline route. These 

consisted of a series of reversible Direct Shear Tests on a 

remoulded unfrozen sample of the soil, Particle Size Analysis 

and Atterberg Limits Tests for soil identification purposes 

and the Mineralogical Analysis presented in Table 5.4.1. 

- 21 -



N 
N 

SAMPLE 

NUMBER 

atakturu~ 

'Sample-B' 

** Unfrc 

t Watet 

Natm 

DEPTH 

FT. 

-
-
-

-----

zen bulk 

content 

al water 

INITIAL 
BULK WATER 

DENSITY CONTENT 
PCF % 

,117. 9*1 4~~ 
117.9*1 43.5t 

-----

117. 8*1 43.5t 
-~-~---~--

-~---1--- --

----·--· 

--

----- - - - -
.. -

·----

density ---
after pre paring s 

content = 24.2% 

--------

-

SUMMARY OF DIRECT 

LIQUID PLASTIC NORMAL 

LIMIT LIMIT SILT CLAY STRESS 

% % % % PSI 

42 20 63 3?_ 1---?_& 
10.0 

----- -~~--
--~- ----1-

15.0 
~--- ---- .. ----- -- --- --

-------- ---- - ---- ----··· ·-------

---- -------- ·--- -------- --------

----- ----
------ .. - ---- ----

---- - - ------- ·---

----- --

------- ------ ------ ---- -- _ _, ____ 

- --- -- ·-f-·- •. -· ·-- -

-- -- - ---- --- ------ 1--· 

-- - -- · ------ -- ---
r-----

- ... - --- --- ------ --
-· --- -- ---- ---------- -

-- --- ------- --·- --------

--- -- -- -- --- --
urry & ccnsolida£ ~g-~1 p si 

·-~----- -

-- - -------

---- -------·--- I-- --

- --

--

-- -

SHEAR TEST DATA 
MAX. RESIDUAL 

SHEAR SHEAR <!>' C' ¢r' Cr ' 
REMARKS 

STRESS STRESS DEG. PSI DEG. PSI 
PSI PSI 

3.0 2.7 28.5 0.0 26.5 0.0 Remoulded samples 

5.1 5.1 tprepared from 
---- - -

8.3 7.5 pmterial passing -- - -- -~- ---

#40 us Standard ---- ------ ----- --

1--· 
Sieve 

--~----- -- .. 

--

·-

--

------ - --
----- r---- ---

----- .. 

-----

•. 

------ ---- -- - - --
) 

--- r----- ------ -- --
- --- .. 

-· 

-- ---
------



....... 
V) 
Cl... 

I 

"' V) 
w V) 

w 
0:: 10 1-
V) 

0:: 
<! 
w 
:r: 
V) 

LEGEND : 

e MAXIMUM SHEAR STRESS 

0 RESIDUAL SHEAR STRESS 

EFFECT-IVE NORMAL STRESS I PSI 

FOR SOl L GROUP C I 

CANADIAN ~.RCTIC GAS STUDY LIMITED 

EFFECTIVE NORMAL STRESS- SHEAR STRESS 
RELATION FOR SITE: KATAKTURUK RIVER 



' 
~ 

' 

--t 
m 
U> 
--t 

I 
~ 

a. 
UJ 
0 

: 

~ 
I 
i ... 
I 

l 

C) CJ 
C!l 0 :;,: ~ 

>-
<n ',! 
CL I 
:J "-
0 <( 
C>: "' CJ CJ 

' ! 
I 

i 

• 

TEST HOLE LOG 

DESCRIPTION 

Refusal (Oedrock) 

REMARKS 

2.3'- 3.0' unretained 

core run 3'-5' di sturoed 
due to downhole drilling 
pressure. Resulted in 
s<111p I e expansion 
crushed ice (snowy) 

8.0'-B. 5' unretained, 
si I t gradient 
increase in si It content 
with depth. 1" silt 
rich ice lenses remain 
in tact 

5 l : 1 ! j 
~~~--~--~----~----------------------~--._~~~~._~ .. ~~~~~~~~~~~~~~~~~~~~~~--~--+-------------__, 
z I LOGG ED BY 0. 0 I F-AC ILIT Y . I PROJECT ' 12193 12071 CONTINUOUS PERMAFROST ZONE 
!' "----- D -- o.s. I L. & LC)NG .. ,- --6--;;-9°3!·4,---''26·--,-1'"=--N,1---:410-;;-03l=:21'' .,.-,11s=, ... :.,---I-EL-EVA~-.TION-1 .: __ __:__ __ --I SLOPE STAB ILl TV STUDY 

~ DRAWN. B~ . N. L. I AIRPHOTO No. : PIPE 
U1 C H •• ----- -~ -~ R-----HIE-LII--OJIR-11 L-L------4-Ad-R-TriEM-\'P-~1°,--C------l 
C:.,l- __ K_D _ ·- --1-_1_· -------------+---'-------1 = RYO: R.H. IMETH I') D . CRREL (4") MAPSHEET: 117C 

START D 27 M 07 y 75 TIME: 15:30 I FINISH' D ·27 M 07 y 75 TIME : 17:00 

~ 
NORTt-JEUN ENGINEERING 5tRVI<.E.~ 

COMPANY LIMIT[D 

• ~ I "t t. o.~.<" "I ftl l<t " 

L/ L.JJ.=· ""'----
tR, ....... ~ ..... , • · •• f '*< ·l "t I I<' I "1. 

CANADIAN ARCTIC GAS STUDY LIMITED 

TEST HOLE No . 

N75-Sl-1 

SHEET 1 O F 1 



' 

0 Cl 
dl 0 - ~ ~ 

>- >-
u.. Vl ':,! - I (L I 

:::> "-
I 0 I <l: 
>- "" "" (L 

i Cl Cl "-' 
D I 

~ ~ 

0 I 6 
.n .n 
p 0. ~ 

DESCRIPTION 

TEST .HOLE LOG 
Cl 
g "-' . 

"- ;;< 
LABORATORY TEST DATA 

':::! ;: LJ.J 6. Bulk dens1ty (pel) 
~ I ':::! 

0 Water content % 

Plastic l1m1t 1----~~--1 L1quid l1m•t 

~ I~~ 
lu :::> 6. 

w :Clr1:: ~ 
:::' lz > o 

30 50 70 100 150 

50 100 500 1000 
I I I I I 

2000 

OTHER 

TEST DATA 

:A - oa Drown. wet 10 rou: 
1 

UF II :

1 
! .. , ! !

11 
1 

CLAY, very silty, 1.0 
trace coarse sand, low plastic, ~~.-._~--Y-r-+--+-,---+-~jj"' 'i. 1-+t-lti='T--1-+-r-t-+-t+H+~-+-t--1 

medium grey, fine rootlets to 3.5', 
15 

18124! 
1 

I Gs =· 2.69 i 

oxidized pockets, rusty hrown rt-f 

! i 
50 1 N~: ... Si It 

Clay 
. 3. 5 

ICE - ~~----,1·_~'-+-k-H--1+r-t-+-~-+-rH--1~-+-+~ 
I I' 

4 ~ 

~ 5. 5 "'"•" ; " ,. ,; "'' ('"I U) •l<h I'"'" •• : 

ICE- mottled si It, )4" thick I enses of 
ice at );!" intervals, horizontally 

l 
6 J 

I 

100 
stratified 

- 1-:-== I · i; 

'-
,_ 7.5 ~·-·..:- I 

~ 8 lhlJICE--=-- 8.0 ICEwithSILT h'orizontallayering r- "' ~ ,_,.rlr·----t'-+---t-+++ttt---1-+-t--t-+-++H+---+---t-t--1 
1 ice and _soH 1 
~---~~~~~-----~ ~ 

' 

1 
ML I SILT- trace fine sand, non plastic, 

medium grey 
10 

12 

-1 14 ! 
~ 1 End of hole 15. 0 

Yr 
35 1----+-----t-+-~H+r-1-+--r+-~H+I~+-+--1--thLf~!~~~ 

I 1_7os Clay 

lp < 4 
NP 

0 z 
z Q 

>-
o6 0 
"-' z 
"-
>- 0 
>- u 
':'::: "-' 
(L (L 

~ ~ 
<l: <l: .n Vl 

C1 
'2. 0 

C2 i 

~I 
C3 

_5,2 

5. 7 
'4 >< 
6.0 

C5 

' 
' loll >- , 

"' ' iz 
.., , 
> 
0 

:rY. u , 
"-' .LU 

"" "" .o 
~ jU 

' 1.0 

100 
; 

3. 0 ' 

' 
100 I 

' 

5' 2 ! 

' 10 0 
I 

8.0 

I 

z 
0 l 
!:: 
0 
z 
0 
u 
"-' 

"' i.) 
v 

I 

I 

r . 

II 

IY 

C6 ~~0~ , 

C7 100 I 

10 6 I r--- ..:..::..:_• ::.__,._ _ __, 

i 
I 

I 

-
>-
u.. -
.I REMARKS 
>-
"-
"-' 
u 

2 

shattered ice core 
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DESCRIPTION 

n 1 PEAT- moss and grass cover, dark ,-
] b rown mo I s t I 
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TEST HOLE LOG 

LABORATORY TEST DATA 

density (pcf) 0 Water content % 

L1quid l1m1t Plastic hm1t 1------1 
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100 500 1000 2000 
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REMARKS 
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SUMMARY OF TEST DATA FOR SOIL CLASSIFICATION I 
Grain Size Distribution ! 

~ Sample Sample Atterberg Limits > 0.074 rmn < 0.074 rmn Soil Remarks ' ~ 
Identification Silt * Group ~ Depth WL wP Gravel Sand Clay 

"' ~-
Ft % % % % % % =i 

~-
~ 

~ 
~· 

N75-Sl-l-l 1. 0-3.0 NP NP 0 4 88 8 ' MI. 

N75-Sl-l-6 10.5-11.5 24 20 11 7 72 10 ML 

N75-Sl-A-2 2.0-4.0 24 18 0 1 85 14 CL-ML 

N75-Sl-A-7 9.0-10.6 NP NP 0 4 86 10 ML 

N75-Sl-B-2 3.5-5.5 NP NP 0 4 90 6 ML 

N75-Sl-B-7 9. 5-11.0 NP NP 0 7 81 12 ML 

* Clay sizes assumed to be less than 0.002 rmn average soil particle diameter 

-~ ;-----] 



SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 
FROZEN INITIAL 

LIQUID PLASTIC 
CONSOL-

SAMPLE DEPTH BULK WATER 
LIMIT LIMIT SILT CLAY 

-I DATION 

NUMBER FT. DENSITY CONTENT 
% % % % 

PRESSURE 
PCF % PSF 

81-1-1 1.0-1.2 77.5 138.1 NP NP 88 8 0.0 

52.9 
·--- - - --- - --- ---- -

-- - --- ---·------·---- ·----- t-- . ------

--e-.---- -- --- ----- ----- 445.0 

-- ------ 1------·-- ------ - ~ ------- ------

1--- --1-----+---·--t--· --- ---- -- ----- r--- - -+-------1-

AVERAGE 
VOID 

PRESSURE 
PSF 

RATIO 

4.312 

2.663 

t---- ---- - ~-668 

2.223 

248.9 

2.205 

WATER 
HEAD 

FT. 

K MEAS. Cv 
X lQ-5 X lQ-2 

CM./ SEC. CM~/SEC. 

1.0 5.15 

3.27 

1.0 n.R1 

62.74 

K CALC. 
)( 10-5 

CM./SEC. 

2.05 

~------4-------·- ---------+-- ---1--------- -+--- ----+----+---- - 1-- 836...91-1----- -1----'"!...-J. ''UU. ""+---+----t-----+---+-----l 
~---~-----+------

·----

1--- --·-1-- - - -- - - -----

- -+------ -- - ----f----- - ----- - ---r----!i40.9 f-------1------1-----+-----+-----+-----l 

- -- -- -

----- r------·---

---t-- ------- -~-09~- __ 1-_· o_·+---'o'-,.~3-"-3 ---+------+- ------+---=------l 

.. 1--

15f!6. ~ -t-- - - _1_._2lL ------1-----1----- --

- --- - . J__211. 8 - - -- 1-- -· --1----- -- 1---~-=------1-----+-___::'------l 

________ ___L__9_0Lt---_ l-..!·o~._-l-------'Ov~·u1.;L3 __ 1--------l-------+-----l 
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__ _ _ _ O,Q _ 1- _ -f--- 2_.,_2_~,',!.6----+------l------l-----J------+-----1 

-+------+---- --t- ---- f- 52._1_ --- - _ 1_~()~5 - ------- ------ 1---------l-- ---l-------1 

---- ---- -·-----+------+---- t--- ______ c:1.,_._.~o1~2=---+ __ l .. _,o'-----+--'1_29. 6 

+------~----- - - - -- . - -----. - ··------+------- 43~,6--+----- 0.814 

--+-- -- -- . ----- 1---- -- -r--....2.44.3 __ ---- ---I-- --'----'7.1'-'--<;-+------=52"-'.'-"4""4-+-"'"'3 • ...,8'-"0----j 

~---+------1----1-----+------ _ ___ ---t-------~--------t--- -·--- ""'o"-.~8o,_,o"--~ _ _,.1".-"o_-+--__,1.,_,.'""5""o--+-----+-----+---~ 
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--- ----- r----- - ---- +----- .. 1-- ___ 0~7_62__e-____l._O_--I-_ln.L.J <;;::L__o+- __ _ 

-+-----+--------1-""'1598. 4 o. 720 

1----1------1------ - ·--· __gn_.;__ ______ -------+- --+-_ _.,_6~. 6.._.0'--+------"6_,_. o~6~t----'o<--'.c::!4_,_o--l 

1------1-----l----- - -. --- - ----·. --t------ - 0. 718 1.0 0.50 
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SAMPLE 

NUMBER 

81-A-2 

81-B-2 

DEPTH 

FT. 

2.0-2.3 

3.5-3.8 

SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 
FROZEN INITIAL LIQUID PLASTIC 

CON SOL-
AVERAGE WATER K MEAS. 

BULK WATER -I DATION VOID 
X 10-5 LIMIT LIMIT SILT CLAY PRESSURE HEAD 

DENSITY CONTENT 
% % % % 

PRESSURE 
PSF 

RATIO 
FT. CM./SEC. 

PCF % PSF 

91.1 82.7 24 18 85 14 0.0 2.366 

51.7 1.022 
··-

0.984 1.0 197.80 

437.2 0.516 -
244.4 -- --

0.501 1.0 1.18 

826.8 0.457 

,;"12.0 

~453 1.0 0.61 ----·--- ·--- --

1607 .6 0.405 -- ------ ----
1217.2 --·- -- -- -

--------------- - 0.402 1.0 0.44 

·-- -- ----

87.6 77.1 NP NP 90 6 o.o 2.281 

53.3 1.538 ·---

1. 433 1.0 9.72 

390.9 1.279 --
222.1 - -- --

1.272 1.0 2.89 

792.7 1 208 

--- -- ......5.2.1.11 --f-----r---
1.191 1.0 2.08 - -

1597.2 1.119 

1194.9 
----'-· 

1.110 1.0 1.60 
·- ---- -

Cv Mv K CALC. 
X JQ-2 ><lo- 5 X 10-5 

CM~/SEC. CM~/ G. CM./SEC. 

3.04 73.46 2.23 

:-- -

-- -

- .... -

---

- - -
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SAMPLE 

NUMBER 

81-B-7 

FROZEN 
DEPTH BULK 

FT. DENSITY 
PCF 

9.5-9.7 79.1 

SUMMARY 
INITIAL LIQUID 
WATER 

LIMIT 
CONTENT 

% 
% 

128.1 NP 

-·-·--

·-

·-

OF CONSOLIDATION- PERMEABILITY TEST DATA 

PLASTIC 
CON SOL-

AVERAGE WATER K MEAS. Cv Mv K CALC. 
VOID 

LIMIT SILT CLAY 
-I DATION 

PRESSURE HEAD X J0-5 x lo-2 xlo-s X J0-5 

''to % % 
PRESSURE 

PSF 
RATIO FT. CM./SEC. CM~/SEC. CM~/G. CM./SEC. 

PSF 

NP 81 12 0.0 3.804 

54.2 1.573 

1.568 1.0 26.03 

380.7 1.185 

217.4 3.14 93.88 2.95 -
1.156 1.0 2.82 

771.5 1.084 

576.1 - - -
1.074 1.0 2.05 

1550.2 0.960 

1160.8 - - -
0.954 1.0 1.25 
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PERMEABILITY VS EFFECTIVE STRESS 
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~ 0.8 1----+---1-----~lo--\-----+--~~::----. --+----+-----+----+-----+---1 

LEGEND : 

0 S1-A-1 -

6 S1 -A -2 

0 S1-B-2 -

Y] S1-B-7 

s 1 -1 at1.0to 1.2 feet -

not plotted because the void 

ratio was 2.6627 at 52 . 9 PSF 

and 1.9060 at 1566.7 PSF 
-

1'0 
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~ 
~ 
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SUMMARY OF DIRECT SHEAR TEST DATA 
FROZEN INITIAL LIQUID PLASTIC NORMAL 

MAX. RESIDUAL 
SAMPLE DEPTH SHEAR SHEAR cp· C' <Pr' C' BULK WATER 

LIMIT LIMIT SILT CLAY STRESS 
r REMARKS 

NUMBER FT. DENSITY CONTENT 
% % % % PSI 

STRESS STRESS DEG. PSI DEG. PSI 

PCF % PSI PSI 

Sl-1-1 1.0-2.3 73,8 142.3 NP NP 88 8 2.4 1.5 1.2 - - 32.0 o.o 
r=-=' -

6.5 4.2 
-·· 

14.5 9.3 
---- -- - -·· .. 

Sl-1-1 1.0-2 . 3 83.9 77.6 NP NP 88 8 2.4 1.5 1.5 - - 32.0 o.o Cut plane 

6.5 4.1 

14.5 7.7 

Sl-A-2 2.0-4.0 81.4 77.6 24 18 85 14 2.4 1.4 1.2 33.0 0.0 32.0 0.0 Cut plane 

6.5 4.1 

14.5 9.2 

Sl-A-2 2.0-4.0 83.7 108.0 24 18 85 14 --f-----2-._~ 1.6 1.5 - - 32.0 o.o 
6.5 4.2 

Sl-A-2 2.0-4.0 75.8 164.4 24 18 85 14 14.5 9.4 9.2 33.0 0.0 27.5 1.5 Cut plane 
--

30.7 17.7 

----- ---- -· 
Sl-B-2 3.5-5.5 91.3 63.0 NP NP 90 6 2.4 1.7 1.5 32.0 0.0 31.5 0.0 Cut plane 

6 .. 5 "' 7 

14.5 8.2 --
Sl-B-2 3.5-5.5 82.7 86.0 NP Nf 90 6 2.4 1.7 1.6 32.0 o.o 31.5 0.0 

6.5 4.3 
-

14.5 9.3 -
Sl-B-2 3.5-5.5 80.1 109.6 NP NP 90 6 14.5 9.4 9.4 32.0 0.0 31.5 o.o Cut plane 

30.7 18.9 

-

-
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LEGEND: 

e MAXI.MUM SHEAR STRESS 

0 RESIDUAL SHEAR STRESS 

FOR SOIL GROUP CL-ML 

"\. r<l>;,. 21.s' 

~~2 = 1.5psi 
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EFFECTIVE NORMAL STRESS- SHEAR STRESS 
RELATION FOR SITE: S 1 
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DESCRIPTION 

IU.LI PEAT- dark brown, moist, willow and sedge! 
roots, moss cover, - I 

CLAY- silty, dark grey, mottling light 
browns, low plastic, rootlets to 
depth 3', (till-like) 

TEST HOLE LOG 

s I~~ LABORATORY TEST DATA 

~ J::= t! A Dry density (pcf) 8 Water content 0/o 

Liquid fimit 
a.... ]IJ..J­
<( l 1..:) 

~ ~ ~ ~ ... 
~ IZ:;: 0 

! UF 
I 

I 

Plastic limit 1------l 

30 50 70 100 150 

50 100 500 1000 

! I 
I , f 

I 

! I 

I 

2000 

1 i 
3' 0 ~=--+---+--+-+-++++++-f--+- +-+-++++4+-+-+-+--l 
~ F ! 

12 

1 D 
i 

~ ~ 
~/ r~ 
V/ ~~ 

m V/ 
tn V/ 

~ 1M 

OTHER 

TEST DATA 

! j 

l 

' 2 

' 4 
I 

i 6 

I D 
I 

I 
; 12 

I 
I 

16 

REMARKS 

-Peat blanket, 
3' - 4' willows, 
sedges. 

- no coring attempted 

- start drilling with 
4J{' Walmac (used), 

I.a., 0' change to new 3 7/8" 
Wa I mac. 

~ 14 ~~L-1--1,14"-'-. 0"---- --0ccasional fine gravel ~~~~ 

~ 16 ~ 
m~_.---u~~----~----------------------~==~~--~--~~~~_._._._.~ .. u_~~~~~~~~~~~~~~--~--~------------~ 
~i?GGED __ ~ __ _ _l.--'--J=.s'------11--FA_._ic_IL.II_Trv_-, _ _ _ _ ------=-___ ------=-__ +-P_ROJE_c:_r_,, _ _ ....:.1=2WI==----:93,1=211D"---'711------I CONTINUOUS PERM,lFRO: T ZIINE TEST HOLE No. 

KD D. s. LAT. & LONG : 68°53'58"N, 137°45'00"W ELEVATION : SLOPE STAB ILl TY STUDY 
z~ -- - ------~-----------~----1------------r-------------------------------------~ 

SHEET 1 OF 3 

;;: BY · J,J,S AIRPHOTO No. : 23838-68, 89 PIPE MILEAGE: 

~ lcKD RIG . HEll-DRILL AIR TEMP: o0 c _ 8oc 
~r--eo_ 0: R.H. .. METH-Ol -ID --W-ail-macb-iit--w/-AIIR-(-4li''"'-&-3-7-/8'')-t-[M-:-:-A\IP-SHIIE-ET:------'-117-=----"--'D:....__--I 

~~~5 T-f, A-Rn _ __ DO-II_M_ O-L-8Y--71!5--T'II-M\IE-,-~-3: 0-o-rl-F' IN..:_IIS;,_H1,.,;..._:_ :..:_D_..:....L.,_D1-MD-8.--e_., Y-7-1!5--T'II..:_M\IE-, -1-3:: 15~0 

• 

NORTI-'ER'N ENGINEERING SERVICES 
COMPANY LIMITED 

l • t.O.Lt,oi,IIY &JI\Ij.jl & 

L..7:,,,':-:",_::::.,,,.?>, ~:"",,':-:: ... ~~ f "l•l'"f II>' 1<11< 

CANADIAN ARCTIC GAS STUDY LIMITED 

N75-RZ33-L 



I ... 
"' I 

TEST HOLE LOG 

8 ~ LABORATORY TEST DATA 
ci z 

oil 

~~,_I§! 
=: !oil "' I ;:: I-

DESCRIPTION 
~ ~~~ ~ • Dry density 'pel) 0 W o;. I u - 1 • a ter content o OTHER 

TEST DATA 

~ \z ~ 1 o 1 ~ 
0 I~ 81 § I -

u I"-' ..... 1 u I ~ 
~ lo:: o:: ! w I ~ 

n. -
<( I ~ .., Plastic lomit 1------1 Loqu1d l1m1t 
"' - <( 

" 1U :::> A 
w to::: ~ 

30 SO 70 100 ISO 
-' 

0 ' 0 ~ IZ > 0 so 
Vl "' 

I I 
16 

, CL 5?co1 CLAY (cont'd , ) 

c~ 
! I 

18 

I 
I 

20 -! 

i 
1 

~~vt 
:....~ 
il'i/ 

~~ 
~~ 
~~ 
~~ 
:.t> 
II'> 

~~ II' 2.'L...D. __ increase In fine gravel sizes. 
:.... 
II' 
i/ 
:,-

\; 
b:.-· ... ! r-

!'.­

.~ 

~ ll_ O _ ____ ________ ----~ 

~~~~ ~\ 

28 

~~ CLAY - trace fine to coarse gravel, dark 
~~ grey, medium plastic. 

v ( till-like) 

~~ 
~~ 
~~ 
~~ llv 

n1 30 I ~~ 
~ L--v 
:I: ~~ 

I l 
I ; 

I I 

I 

~ 32 yv 
z I LOGGED BY J. J.S I FACILITY I PROJECT : 
9 I CH KD o.s I LAT. & LO NG , BB 053'58"N. 137°45'DD"W !ELEVATION : 

~ DRAWN - J.J. S. I AIRPHOTO No. A 23838-68 69 JPIPE MILEAGE : 

I 

100 

12093, 12071 

k~_:_--··---·----~G . ~~ll.nDIII JAIRTEMP : ODC 

~ 1: R.H. !METHOD : Walmac bit (4)4' & 3 7/B,) & AIRIIIAPSHEET: 117 0 

;., START . D 01 M DB Y 75 TIME : .13:00 jFINISH : D OJ M DB Y 75 TIME : 13:50 

sao 1000 2000 

C.. ,0 ~ I a< r ::!: u 0 0 ~ 

~ I U J 

1 i , 16 
I I 

I NTINUOUS PERMJIFROSTZJNE 
SLOPE STABILITY STUDY 

I 

NORTI-IERN ENGINEERING 5ERVICE S 
COMPANY LIMIT~D 

' , l "~ t. ... ~ Y ~ I . I IIT4 

tnl•,."""l ,...,,,,., l"~I'"II U ' 'HI. 

CANADIAN ARCTIC GAS STUDY LIMITED 

' 
l 
I 

' 
I 
I 
I 

I , 

I 

[ 
I 

l 
i 

i 
: 

I 

I 

I 
I 
I 
I 

18 

20 

22 

24 

26 

28_ 

. 30-

32 

REMARKS 

TEST HOLE No . 

N75-RZ33-L 

SHEET 2 OF 3 
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I 
>­
a_ 
w 
0 

a_ 

::::J 
0 
"" 0 
=' 

I 
"-
<! 

"" 0 

0 6 
V) V) 

DESCRIPTION 

JZ Cl m CLAY- (cont'd.) 
33.0 

~--

1 CLAYSTONE? 
34 l we a the red? 

I 35.0 . 

TEST HOLE LOG 

LABORATORY TEST DATA 

A Dry density I pcf) 0 Water content 0/o 

Plastic l•m1t t--------1 

30 50 70 100 150 

100 50 
I I I I 

I I Ill 

I 

500 1000 
I 

I 

2000 

OTHER 

TEST DATA 

I 34 

REMARKS 

;J1 c!. do,nno I e p ro2ress 
still posSible at 
same rate as through 
c I ay. 

intact? ! 
36 ~1 ==~==¥3~s~.o==========================~~===F==~~==~~~ ~~=*~=F~~~==~~F==========F==~~==~==~3~sl~3s.~o==========~ 

Mi.JI d i f fi cuI t y i n 
progressing furtner. 

j REFUSAL: (BEDROCK) 

I 
I 

-< 

j 

~ I i 

~ 1

1 I~ 
~~~--~--~----~----------------------~--~~--~--~~~~~~~~~~~~~~~~~~~~~~~~~--~--~------------~ z LOGGED ~ · __ J_.J_._s ._~F_A_c_IL_IT_v_. __________ ~-~-PR_o_J_Ec_r_, ___ 1~2o~~~·-1~2~~~1 __ ~ CONTINUOUS PERMAFROST ZONE 
p CHKD . D.S. LAT. & LONG ' B8°53'58"N, 137045'00"W ELEVATION ' SLOPE STABILITY STUDY 

~--~--+-------~~~~~~~~1------------r-----------~------------------------~ 

TEST HOLE No. 

.... DRAWN BY J, J. S, AIR PHOTO No. : A 23838-68, 69 PIPE MILEAGE : 
(~-----·---------------+----------------~~~~~-------4----------~--------------4 
~ CHKD RIG : HELl-DRILL AIR TEMP : ooc 

NORTi"'ERN ENGINEERING SERVICE~ 

COMPANY LIMITED 
( ... t~411> 41 &I Ill" 

N75-RZ33-L 

SHEET 3 OF 3 

~ m: - - R,H. - METHOD : Walmac bits w/AIR. MAPSHEET: rn D 
~~------------------~------------------,,------------~--------------------------; 
r- START. D 01 M DB Y 75 TIME: 13:00 FINISH, D 01 M DB Y 75 TIME: 13:50 

t .. ,,.,..,,., -..., • .,., I"'LI'•ttll., H>k 

CANADIAN ARCTIC GAS STUDY LIMITED 
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' 

" 
'" J' 

10 

12 

I 

I 

'" 
... 
,, ,., 

' Ol 

im 

,., 
I) 

I 

" •I 

" .. , 

HOT YER IF I EO BY LABORATORY TESTS 
------

DESCRIPTION 

-'jlni . 1ri1 rrtililwn. 
U.a IDOlS. 

SILT - (DII~~Inlr.) mottled dark medium browns. I. 
oxilllzed !lOckets, 

1,7 roots & lthres. 
sIll - I i ttl e I i ne grave I • 

duk brown, 

G. 0 

oxidized pockets 

- trace medium - coarse sand, 

- infrel)uent %" black, hard, 
~ellb I es. 

6.4 SILT -_(organic} dUk brown/_!J..!.!_ck 

ICE occas •onal lenses, stratilied, %" 
thick, 2"- 3" long, with< I% silt 
suspended. 

z 11 H ,, .II> 1\Y J,J,S, ~1\r lillY 

~ • 111\1' D. S. 
z 
_, 11k/\WN Ill 
c.n 
;, ' H~ II 
....... 

"" 

N. l. 

l/\1 &l'>NG 

AI kPII(JT( 1 No 

kl u HEll-DRILL 

TEST HOLE LOG 
l') ,, 

LABORATORY TEST DATA ' ... ,, 
( A "' Bulk tlr:Moly ( w f) (.) WrJt~r rr..,ntf.~rtl 

I ,, 
a 
-1 

uo 
PlrJ'tfH 

"""' f 1 l1qutd !trrnt 1) 

·~ ,; ,., 
I) l A ,,, ',t, ,., ,, 1'/1 

Ul 

"' "' ') I? () '•'J ,r·l '·''· r/l. 

""~-------------------L---------------------.-------------L--------------------------~ 

''1. 

'• ? 
( 

.... , 
•/, 

., .. 
OTHER U.J ; / .--c. ' ; .... 

' TEST DATA '" J. ., 
uJ .... .... 
<.. " ' '• ::;. ... ., 

I'J'J', -1' -1' .,, .,, 

1.0 

Cl 100 

3 0 

C2 
100 

100 
7, 0 I 

100 

9. 0 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

/ 
( 

( 

,, 

I 
[J 

IJ 

I2' 
I 

[1 

NORT}-<It.~N LNGINf.f.JUNli ~UWit L~ 
COMPANY LIMITt.D 

' 
I .. IO.AIH foiiUIIIA 

L.L -
'"••-•••"1 "''""'' ,,.,,1,.1111\ lftlo 

. 
( 

I 

' 10 
I 

I 12 

I 
16 

REMARKS 

tiered ice core( snowy) 
re run 7 . 0'-9,0' 

shattered, expanded vol 

run 

I, 0' change to 3 7/8" 
· lmac. 

wy cu It i ngs. 

TEST HOLE No. 

N75-RZ33-U 



TEST HOLE LOG 
0 l? 

"' 0 NOT VERIFIED BY LABORATORY TESTS - ::,;: ~ 

!--' >-
u.. "" ~ - "- I 

:::> "- DESCRIPTION I 0 <{ 
>-- "' "' "- l? l? LJ.J 
0 ~ ~ 

l? 
g LJ.J 

~ "-
u >-

~ LJ.J 
I u 
"- LJ.J -
<{ 

~ ~ "' l? <{ 

u :::> 
LJ.J 

"' ~ 

LABORATORY TEST DATA 

A Dry density ( pcf) 

Plastic limit 1-------l 

0 Water content 0
/. 

Liquid limit 

... 30 50 70 100 150 

0 z z z 0 
oil i;;: 0 ;:::: 

t: oil 0 LJ.J 

OTHER LJ.J z z > 0 
0 z "- 0 :::> 

>- "' u 0 
TEST DATA ~ u LJ.J u LJ.J 

~ ~ "' "' 0 
LJ.J 

"- "- ~ "' ::,;: u 
0 6 u z > - 0 50 100 500 1000 2000 

::,;: 0 <{ <{ u 

16 

18 

20 

22 

24 

26 

28 

-t 30 
m 
V> 
-t 

:I: 
0 :n 32 

"" "" 
ICE (con t'd) 

22 .0 
layer approximately 1' ----
with silt traces 23.0 -----

. . . . . - _l5.J)_ 
1ce wtth stlt lncluston~_lS~-

and line gravel (frequent) 

I GE 

100 

ICE 
+ 
IGE 

100 

·,-' 
l~t 
~ 

ICE 

~~~·~ 
"' 

100 

~~~ 

1 ICE 
+ 
95 

~~ 
~,; 

t~~~~~-~~~-~-~-----~---~~~~-+-~-----~~~~--~ 

z ...... 
~~~~~------~----------------+-------~------~ 

"' "' 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

NORTt'ERN ENGINEERING :SERVICES 
COMPANY LIMITED 

CALC.AAY Al.E.RTA 

!."ii">Ut'"l S.r~oru li'IC.II'IllA .. fOr. c-,.. .. , t .... , •• 

!--' 
u.. -
I REMARKS 
~ 

"-
LJ.J 
0 

16 (3 7/8" Walrnac nit) 

10' trips taking 1 
minute only 

18 

20 

22 H' jj~ dirty" ice 
cuttings 

24 

thin I ayer " dirty" ice 

26 

28 

30 

32 

TEST HOLE No. 

N75-RZ33-U 
~~~~-------~------~~~~------+------~~-----~ 
w 
~~~----~----L----------,-------~------------~ 

CANADIAN ARCTIC GAS STUDY LIMITED SHEET 2 OF 4 
c~~~----=-~~~~~~~~~~~~~~~~~--~~~~~~~~~~~-------L----~~~~~~~~~~~~~~~~----~----------------~ 



-,_: ... -
I ..... 
"-w 
0 

32 

34 

36 

38 

I 

f;. 40 
I 

42 

44 

-1 46 
m 
V> 
-1 

::t 

~ 48 

0 " cD 0 :;: ~ 

>-
Vl 1,:! 
"- I 
:::l "-
0 <{ 

"' "" " " = ~ 

0 6 
"' Vl 

" NOT VERIFIED BY LABORATORY TESTS g w 
"- ~ 

~ >-..... w 
I ~ DESCRIPTION "- w 
<{ 

~ "' 
~ 

" 
<{ 
:::l u w 

"' 
\1'1 

u z > -
frequent coarse sand and fine gravel l~t 

+ 

95 
' 

36.0 ---
ICE+ SOIL- traces of fines ICE 

(siltY)- medium grey + 
90 

TEST HOLE LOG 
0 z 

LABORATORY TEST DATA z 0 
>-;::: oil "' oil Ci A Dry density ( pcf) 0 Water content % 
w 

OTHER w z z > 
"- ;::) 0 

Plastic limit Liquid limit >- 0 "' u ,_ u 
TEST DATA w w 

~ ~ "" "' • 30 50 0 70 100 150 "- "- ~ :;: :;: u 
0 50 100 500 1000 2000 <{ 

"' ~ 

m z PROJECT , 12093, 12071 CONTINUOUS PERMAFROST ZONE 

z 
0 
;::: 
Ci 

,_: 
U-z -

0 I u ,_ 
"-w w 

"' 0 
0 
u 

32 

34 

36 

38 

40 

42 

44 

46 

48 

P ~--------+------:::88,..."!5::-::3-::'5:::-8::-::"-::-N,--:-::13c::o7°..-:4::-:5,~00::-;'-::'I:--+-EL-E-VA-T-IO-N-,----'-----; SLOPE STAB I Ll TY STUDY 
z~~~---~~---~------------~------------------+-------------------------~------------------------~----~~--------~ 
_, A 2383B-68, 69 PIPE MILEAGE: 
~~------------------r-------------~------------------+-------------~----------~ 
::c HELl-DRILL AIR TEMP. : 70G 
~~~---------------r--------------AI-R~~------------~M~A~PS-HE_E_T·-.-----~~~-7-D ________ __, 

~~------------------~------------------,-------------~------------------------~ 
c::: 20:15 I FINISH: 

NORTtiERN ENGINEERING .5ERVICE5 
COMPANY LIMITED 

CALGA.Y AL.lRTA 

~....,_ •• ,,., ~uo<n li'IGI,.ti.R:\ ror. 

D 31 M 07 Y 75 TIME: 21:30 CANADIAN ARCTIC GAS STUDY LIMITED 

REMARKS 

J //H" wa1mac 011 

• ' di r ty '•, sleet-like 
cuttings 

TEST HOLE No. 

N75-RZ33-U 

SHEET 3 OF 4 



' ... ..... 
' 

-4 
m 
VI 
-4 

:I: 
0 ..-
m 
z 
? 
:z ..... 
U1 

' ;:o 
N 
w 
w 
' c 

J: 
1-
0-
U.J 
0 

50 

i 
! ..., 

I 

52 ~ 

54 -

~ 
I 

~ 
::E 
>-
Vl 

0-
::> 
0 
0< 

l? 

= ·') ,, 

56 -

I ML 

I 
64 

\!) 
0 
--' 

\.! 
J: 
0-

< 
"' l? 
--' 

6 
"' 

NOT YERIFI EO BY LABORATORY TESTS 

DESCRIPTION 

ICE (cont'd) 

Sl LT - clayey, 

grey . 

\!) 

g w ;;e 0-

\.! >-.... w 
J: \.! 0- w < ~ --' "' \!) < 

u ::> 
w 0< "' u z > -

·-- ICE 

- + 

·-1--

~~-
F 

~ 
25? 

lit<_' I 

TEST HOLE LOG 

LABORATORY TEST DATA 

A Dry density (pel) 0 Water content % 

Liquid limit 

.t. 
0 

Plastic limit 1------1 

30 50 70 100 150 

so 100 500 1000 2000 

0 z 
z 0 

;::: 
oil Ci 

OTHER w z 
0- 0 >-

TEST DATA 1- u 
':1 ':: 
0- 0-
::E ::E < ~ "' 

z 
>- 0 oil "' ;::::: ;::; w Ci z > "" ::> 0 z -

"' u 0 
w u J: 

w .... 
"' "' 0-

0 w w ;;e "' u 0 
0 

REMARKS 

u 

48 

50 

52 

54 

56 drilling progress slower 

l 
T 
84 

~ . 66 
--~==~~F6=6=.o=============SH=A=LE============~~~==~===F=*=Fii~~=f=F=*=Fii~#==F=F*f===========*===F==~==f=~F=~==~==========~ 66 I 

End of hole 

Relu sal (Bedrock) 

LOGGED BY : J.J . s. FACILITY : 

CHKD : 0. s. LAT. & LONG : 

DRAWN BY : K.M. AIRPHOTO No. : A 23838-68, 69 

CHKD . RIG : HEL 1- DRI LL 

RVD: R.H. METHOD : AIR 

START : D 31 M 07 y 75 TIME: 20:15 !FINISH: D 31 

PROJECT: 12093' 12071 

ELEVATION : 

PIPE MILEAGE: 

AIR TEMP : 

IIIAPSHEET: 117 D 

M 07 Y 75 TIME: 21:30 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 
~ NORTI'ERN ENGINEERING :SERVICES 

COMPANY LIMITED 
CALGAll'l' AL.LIITA 

!:..,.,_ • .,,., S.r••n• I.I'IC.Uili!.D!I rCKo 
c._.., L.-... 

CANADIAN ARCTIC GAS STUDY LIMITED 

TEST HOLE No. 

N75-RZ33-U 

SHEET 4 OF 4 



-1 
m 
U> 
-1 

l :I: 
0 
r-
m 

z LOGGED BY. J.l. s. 
? CHKD 0. S. 
:z ~ ..... DRAWN BY . K.M. 
U1 

' CHKD . ::0 
N ---·-· 
w RVO: R.H. w 
' START . D :z 31 M 07 

FACILITY. PROJECT : 12093 12071 
LAT. & LONG, 88°53'58"N, 137°45'00"W ELEVATION : 

AIRPHOTO No. , A 23838-88, 89 PIPE MILEAGE: 

RIG HELI-DR ILL AIR TEMP: 7DC 

METHOD • CAREL (4") MAPSHEET: 117 D 
y 75 TIME: 22:20 !FINISH : D 31 M 07 Y 75 TIME: 23:20 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

. 

NORTI-'ERN ENGINEERING .5ERVICES 
COMPANY LIMITED 

C.J!,LC.IIN'r JloltiiiTII 

L.,,,,...,.,.l !M••·••• lot4.olotlfll\ IIIIo 

c .... _,''"''"" 

CANADIAN ARCTIC GAS STUDY LIMITED 

TEST HOLE No. 

N75-RZ33-N 

SHEET 1 OF 1 



SUMMARY OF TEST DATA FOR SOIL CLASSIFICATION 

Grain Size Distribution (. 
::: ... 

Sample Sample Atterberg Limits 0.074 rmn < 0.074 mm * Soil Remarks 
... 

> ~ 

Identification Depth WL wP Gravel Sand Silt Clay Group z. .. 
;;· ... 

Ft % % % % % % ... 
~· 

~ 
3· 

N75-RZ33-N-2 4.0-5.0 30 18 9 23 46 22 CI 

* Clay sizes assumed to be less than 0.002 rmn average soil particle diameter 



I 

SUMMARY OF CONSOLIDATION -PERMEA BILITY TEST DATA 
FROZEN INITIAL 

LIQUID PLASTIC .. CONSOL-
AVERAGE WATER K MEAS. Cv Mv K CALC. SAMPLE DEPTH BULK WATER -I DATION VOID 

HEAD x lo-s x 1o-2 ><lo-s )( 10-.5 LIMIT LIMIT SILT CLAY PRESSURE 
NUMBER FT. DENSITY CONTENT 

% % 
PRESSURE 

PSF 
RATIO 

FT. CM./SEC. CM~/SEC. CM~/G. CM./SEC. % % 
PCF % PSF 

RZ33-N-2 4.3-4.5 ],09.1 __ __ 3£..6.- _ _ 3Q __ -~--- ___ 46 ... _ --- _ _22_.- - __ Q..j)._ t-·- -- 1 1?"1 

55.0 ----- 0.740 -- .. --·---- .. ------- --~------ ···--- -- t---

0.7?1 - 1 .0 - ?li..QO - --- ·---1------ -· t--

--· --- --- ----- _ ...18.6_._2__ -t-- n ii.?i> --- ------- ---·- - ---- - -
220.6 ---· -·· ---·-- t--· 6.13 _,3_5_._63_ _2_._l8_ 

-· --- --- ·-- ----f.------ -· - . - -·- r- ·---·-· - ---
f---- 0. 621 1.0 1.15 -- ---- ·-- ------ --

f-- _ 78~~ ------ 0.577 - ·· ·--- - ··-

584.5 --t--- 1.98 l'L"U; 0 ?7 -· -·- - -· ---- - ---- ·---1-

- - O.'i7'i ___L_Q 0 .. 22 ------· f-- --- ···--- ---- ---- r------ -- ·--- - --

--------t-- - 1573.1 0.528 1--- . ------- ----

1177.9 1.51 7.58 0.11 1--- .. ·- ---· f-- -----~--- -·-·-·- -- f.---------
---- ---- ----- 1----·--··- 1-- - 0.528 1.0 0.05 ·---·----

·- ------ t---

. -- ·-----

---- ---·- ----- --- f-----· 

-· 

f-

-- f------ t--· 

·-- f----

·-- - ·-··- ---
--- .. 

--- ------ - _ .. 

·• - ·- ---- ------~ ----
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10-3 
-
~ 

-
-

5 

-

-

2 
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\\ 
\ \ 

\ \ 

\ 
~ 

NOilTliERN ENGINEERING SERVICES 
COMPANY LIMITED 

(UC.<UY M .... A 

~ ...... ,.,,. ""''·"' u•r.t~n~• roa 
(•~•••· c.~•·• 

CANADIAN ARCTIC GAS STUDY LIMITED 

PERMEABILITY VS EFFECTIVE STRESS 
RELATIONSHIP FOR SITE: RZ 33 

10-7,___ __ ..._1_1'---....J..I-----'-I_.J........J..II-'1-'I--'---___J,__---'1-...L.I--1--.L.......L..II....J..I--'I....L-_________ ___, 

10 20 50 100 200 500 

EFFECTIVE STRESS, P SF 
-53-

1,000 2,000 5,000 10,000 



I 
.II 
~ 
I 

1.6 

1.4 

1.2 

Q) 

_1.0 
0 
1-
<( 
0:: 

0 
00.8 
> 

0.6 

0.4 

0.2 
10 20 

I~ 
1----
~ 

~ 

~ 

50 100 200 500 1,000 2,000 5,000 10,000 

EFFECTIVE STRESS, PSF 

..... 

I I I 

LEGEND; 
8 RZ33-N-2 -

-

-

-

T~ NOIHHE.RN ENGINEERING SERVICES 

~~ co,~.~~:~ ~.~~~~.ED 
[..,.,...,~••n.t 'V••"n [P'IIt.l""ltu.., fou 

t "'"" .. "'' i ...... ~..~ 

CANADIAN ARCTIC GAS STUDY LIMITED 

VOID RATIO 
vs 

EFFECTIVE STRESS RELATIONSHIP 
FORSITE: RZ33 

50,000 

-



u 
Gl ., ... 
E 
u 

z 
0 

10 1 
~------.----------,-------,-------,----------,--------.-------,----------.-----~ 

5 

2 

10° 

5 

I­
I­
I­

I-

1-

1-

1-
1-
1-
1-

1-

1-

~ 2 
0 
--' 
0 
V) 

z 
0 
u 
u.. 
0 
1-z 
w 
u 
u.. 
u.. 
w 
0 
u 

~ 
NOIITiiEJ:I:N ENGINEUI:ING SERVICES 

COMPANY LIMITED 
CU<.AI>Y Ali.O.,.tA 

ho·-'""' ~...... t~C.I~H~~ to• 

CANAOIAN ARCTIC GAS STUOY LIMITEO 

Cv VERSUS EFFECTIVE STRESS 

RELATIONSHIP FOR SITE: RZ 33 

103~----~I ___ L_,_L_r~I'-~''~'~-----L--~,L_~,-4~'~'-~'LL'--------------------~ 
10 20 50 100 200 500 1,000 2,000 5,000 10,000 

EFFECTIVE STRESS, P SF 
-55-



SUMMARY OF DIRECT SHEAR TEST DATA 
FROZEN INITIAL LIQUID PLASTIC NORMAL 

MAX. RESIDUAL 
SAMPLE DEPTH BULK SHEAR SHEAR ¢' C' ¢r' Cr' WATER 

LIMJT LIMIT SILT CLAY STRESS REMARKS 

NUMBER FT . DENSITY CONTENT 
% % % % PSI 

STRESS STRESS DEG. PSI DEG. PSI 

PCF % PSI PSI 

RZ33-N-2 4.0-5.0 103.1 39.8 - - - - 2.4 1.8 1.5 - - 27.5 o.o Cut plane 

' 6.5 3.9 ---

-- --- ---- --·--- ___ 1_~=~---·---· 7.0 - - - - --- ---·-

RZ33-N-2 4.0-5.0 104.9 34.9 - - - - 2.4 1.8 1.3 - 27.5 0.0 - -- ---- -
6.5 3.8 -- - ·- -

14.5 8.3 -

·-- -

---

--1--------1----- f.-

- 1---··---·-- --. 

~-· ---
- - -- ---- -------

----- - --- --

-- --

--

·-- --- ----· -

---1----· 

- --·-·----

-

- --
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10 

LEGEND: 

e MAXIMUM SHEAR STRESS 

0 RESIDUAL SHEAR STRESS 

I 0 r.= 27.5 

r 1 ; 0 psi 

20 

EFFECTIVE NORMAL STRESS I PSI 

30 

FOR SOl L GROUP : C I 

40 

NORTHERN ENGINEERING SERVICES 
__ _ COMPANY LIMITED 

I CALGII.RY All!oL~TA 

' > 

CANADIAN ARCTIC GAS STUDY LIMITED 

EFFECTIVE NORMAL STRESS- SHEAR STRESS 
RELATION FOR SITE: R Z- 33 
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DESCRIPTION 

_H __ _ 

~ 9.0 

GL t ~I? 
10 ~. t~~ 

~ t~~ fvv 

CLAY- silty, trace fine sand, law 
plastic, grey 

• Yr 

l 

TEST HOLE LOG 

LABORATORY TEST DATA 

8 Bulk density (pel) 0 Water content '/, 

L1quid l1mJt Plastic l1m1t t-------l 

30 50 70 100 150 

50 100 500 1000 

j(:J 

11:\ 
I~ 

ll:\ 

1'-.,;:> 

-~--~ 

..,.,_ 
t--

(.:; 

2000 

' 20 1---t--+--+-+-+++++-t-t-t-t--+-t-H++---+--+-+-i 

12-< ~~~ 

l _ ~81 .UU! L----------------- l:t:-ll-.-:-~-t---+-t-++-t-t++ll-+-t--+--+-+-++1-tt-++-ti 
1 lGE :--=- ICE- clear ~·} ICE 

;:;:: 14 1 ~ ~ i l---t--+--i-t-++1rtt--+-+-t---l-t+t-t+l--+-lf-t-l 

~ ,-::=-
::z: ~ I c:::=:::: 100 t--t--t-+-+-H++t-t-t-t-t-+++1*-+-+-H 

OTHER 

TEST DATA 

ci 2 oO,_!§ I_ z 
oO - ~II-- I 

U-J 0 ' Z ~ 0 I ::;: 
"- 6 I:::J a, z - REMARKS >- U 0:: Ui 0 I 1-

U,.J LLI u I 1--

~ 
~ lo :! ~ I ~ "-

:E :Eu• ! o ! 
<( <( I U , 
V> .,., 

I I 

I 1. 0 

Gl M 100 i 

V\~ 3,0 

£2M 100 

V\J 5.0 

I 
IJ 4 

rreplace carbide teeth 

care breaking up along 
sandy planes and areas 

C3 

-
G4 

'I 5' 5 

100 
7.!1_ 

7, 5 I 

I 

i 
IY 

I 6 

I ' 

replace carbide teeth 

j 
I !rep 1 ace carbide teeth 

B B .5'-9. 0' discarded 

J~~ ' Dj k---+--'I..J"-i 

!Xi~~~~ ill: 10 fend caring at 10.0', 

I lc e method to 3 7/B" 
! ~Walmacbitwithair. 

1 
l'cutt i ng r emaval slow, air 

i 12 IP ressu re reduced due to 

I 
I 

Ia rge area of care section 

fsl eet-li ke cuttings 

1 

14 Hce shattered by drilling 
ac ti an 

16 ~~~6~~~~~----~------------------
z I LOGGED BY . J.J. s. I FACILITY . -·-----=--------=------,.---+1 P-----'ROJ_Ec:r_,_--'1=209l3'-'--...:..: 112:..::.:077'-'--1--; CONTINUOUS PERMAFROST ZONE 
P -HK-D-.---o.s. LAT. &LO-NG : BB 04B'53"N, 136°41'4B"W !ELEVATION : SLOPE STABILITY STUOY 

TEST HOLE No. 

:z; ~-- ---BY - --K, y AJOCUr''.T~,..._ .. _:__,_: _A_:__11_:_:____:_···?~_??----+1 -C,ID-~-..... -,------+-----=-=.=.:....::........::....:.~::..:....:...:.........=...:..=..:c__ __ ---1 
-- l.m. ,.....11\IIIVIV '"V· '""'""'-'' 1rrr~ lVIII • NORTJ-IEAN ENGINf.f.RING SERVICES 
U1 L_ - - COMPANY LIMITED 
~ !(KD- -- ------ .. RIG HELl-ORII.I._ lAIR TEMP: 0°G .. , ,.,.,., """" 
~f- -- - --R:H. - -- METHO .. D-----~-~-J--~-~-,A-IIR---+,M-:---APSHEET-1:; _ _ _ 1117-D-------J 

> I START D 07 M DB y 75 TIM!_: _11_:_30 I FINISH: D 07 M DB y 75 TIME: 19: 15 

~. .... _ ...... ,... ...... c--· '·-••• 
CANADIAN ARCTIC GAS STUDY LIMITED 

N75-RZ3-A 

SHEET 1 OF 2 
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TEST HOLE LOG 
o () ()I i_ ~ ~ zj 
~ I s s I ~ ~ LABORATORY TEST DATA ~ leO ;'; 2 I -
<n ':::i ':::i ~ u.o 6 Bulk density (pel) 0 Water content % OTHER oO ~ iZ ~ 0 I t;: 

- ~ ~ I I u ~~ 0 i :::l 0 I oz ' -
:r 0 DESCRIPTION ~ u.o - Pla st ic I 1m it 1------t L1quid limit _ u · <>: U I I 

~ 'I 0 ~ () : ~ 6 30 50 70100 150 TEST DATA 5:! ' ~ 1: :~ =I~ 1,· ~ 
0 ~ -' L1J ' "' "' ::E ::E u • 0 CJ 

I ~ i ~ ~ I z > 0 500 1000 2000 ~ ~ ' u i 
16 T ICE !-=- ICE (cont'd) ICE 1

1 
! ! 16 

REMARKS 

sl eet-1 ike cuttings 

r.-w:;c-.~-'J.L...U 11nc__~----~~~~~~---~ 1~0 I 
1 

:: t"--~.~19~·~0 ---c-LA_Y_-~:~:~··~:~·:~:~~e~h-ig_h_p_l_as-t-ic------~~=4--15-+--~--+-~-HH+~~+--+~++++H--+-++1------------+---+---~~~-+~-+~~~~---------i I 
! cease exploration as 

i 
I 

cuttings plugging down-

I I I hole - high risk of 

' i 19 j 001ming o it. 

i I 

1 
j 

1 
LOGGED BY . 

CHK D : 

DRAWN BY : 

C HKD . 
~ -- ---

RVO: 

START . D 

J.J. s. 
D. S. 
K.ll. 

R.H. 

07 M 

FACILITY : 

LAT. & LONG : 

AIRPHOTO No. : A 15482-22 

RIG . HELI-DR ILL 

METHOD : CRREL (4"); AIR 

08 y 75 TIME : 17:30 I FINISH : D 07 

_......, 

PROJECT : 12093, 12071 

ELEVATION : 

PIPE MILEAGE : 

AIR TEMP : 

IIAPSHEET: 117D 

M 08 Y 75 TIME : 19:15 

I 
I 

' 

. 

i 
CONTINUOUS PERMAFROST ZONE 

SLOPE STABILITY STUDY 

I 

I 
I 

' 
I 

I 
I 
I 

I 

~ NORTI'U>N ENGINEERING SERVICES 
COMPANY LIMITED 

', . tA,It,A,II 'f .. lllllof A 

L.,ll•-•""11 ,_,.,.,, I"'C..IOOtiW'\ ICIIo 

CANADIAN ARCTIC GAS STUDY LIMITED 

I 

! 
I 

TEST HOLE No. 

N75-RZ3-A 
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Cl 
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li 1.!) 

s 
~ 

0- I 
::l 0-
0 <t 
ex ex 
1.!) 1.!) 
~ ~ 

0 0 
"' "' PT --ru 

I ML I 

DESCRIPTION 

PEAT- dark brown moist fib rous 
SILT - trace sand, fine to coar"se, low 

plastic, light brown with mot! I ing 

1.!) 

s 
~ 
I 
0-
<t 
ex 
1.!) 

u.J 
u -

I 
! 

TEST HOLE LOG 

LABORATORY TEST DATA uu 
~ 0-

6 Bulk density (pel) 0 Water content % 
>-
I- uu 
~ uu 

u ~ 
Plastic l1mit 1------l L1quid lim1t 

- <t 
u ::l 6 
ex "' 

30 50 70 100 150 

z > 0 50 100 500 1000 2000 
I 

UF I 
I 

I 

2. 3 
Vr 

I 
( 

dark brown, occasional gravel 2.0 
D art i c I e s to 3" =.:.=..-~,..;;;.=----I---+-+-+++*Hft-"""*""+---l-+-1f-+I+Hf--+---11-+-i 

Pt ? R 

35 

r----
ICE 
+ 
70 

1---
Yr 

•20 

<:i 
'c.:l 

f--Ll'--+J--.rl..,.+-l~--1 PEAT rlor ~ h r nwn i h r n 110 

ML SILT- trace sand, fine to coarse, low
1
il 

ICE - An plastic, llgnt brown, occasional 
+ - ~......_-~ grave l particles to 3", isolated 

r---- 1 fine sand conglomerate (yellow)" n 

+---1>-=-..,:-=:::;::::.....l I I 0 "" !!.c.!!. ,. ICE U 

l-- soil color changes to medium grey, 
some fine sand, no gravel 

ML 

7.. 

stratified 1/16" I•· ~~ 
thick, Js" I . 9 !'~ 

OTHER 

TEST DATA 

Gs = 2.61 

Si I I ~fi! ... 
rr .: ::·.:., 

~~~~g~·~L_ ______________ Ie_ns_e_s ____ ~9t .. t3t~:~:t~IC~Ei---+-~~~~p~B~~-+~~~~~ 

10 SM ·~~:· •. ~~~.,SANO - finetomediumandsilt, 10.1r..:..""7C IVr20 <; I~ 
·i::y:.': l i trace fine gravel, Nbn h( !Z1 Lf. .• I n~n plastic: grey, ~pj 1'\ 
·l::",,j(:, ~-- f1ne to med1um, jl!'--. L~ ~ 

5S Cl ~y 

ci z 
z 0 

0::: 
oil 0 
UJ z 
0- 0 >-
I- u 
~ ~ 
0- 0-
:!: :!: 
<t 

~ "' 

c 1 X 
4.5 

L>< 
C2 

1--

C3 
1---

C4 

C5 

ca 
1--

z 
oil~ 

0 
0::: 

UJ 0 z > 
::l 0 z 
"'u 0 
u.J LJ.J u 
"' "' 
0 ~~ ~ u . 0 

2. 0 

1~~ 

100 
5. 5 

6. B 
100 

B. 0 

100 

10. 0 

100 
11 ,' 2 

lu 

' 

i 
I 

Il I 

ul 
~~ 
I 

I 

r 
]] 

I 

-,_: 
u.. 

I 
1--
0-
w 
Cl 

REMARKS 

Ia" cobDie at depth 1.0' 
!trace organics to depth 

2 1. 0' 

10 

very slow seep age · 2" 
ooove permafrost 

12 

~~:: ~~: 
C7 

2S Gravel 12. 2 
JiJi(LJL..L_ little clayey silt, • ~ IZS 
tr h2:o! 1 trace fine gravel ~1---
l •-f)i. I L_ occasional coarse sand particles ~" F 

J--!.>.'""+--+-!!:12--l_En_d ~ring _____ _ 

t
: . · '--- fine, little sil t, It'. 11 

jj[·C trace fine grml 

0 

~ 
;;1 wr: 
~ {:~:[ 21.0 21.0 

~ :t ICE I~ 36.0 ICE End of hole ~ 11~~ 
z I LOGGED BY : J.J. s. I FACILITY I PROJECT : 12093 12071 

!' C · O.S. LAT. &LONG : BB 048'53"N, 136°41'48"W !ELEVATION : 

.:5 DRAWN BY : K.M AIRI iOTO No. : 15482 IPIPE MILEAGE : 
~~C-HIIK--D------~R--IG _______ HEL.ii--~II--LL------~~A-IR--TEMP-, ---41l 2~011C----~ 

~ Two: -R~H. METHOD : 4' I.D. CRREL BARREL; AIR 11mnttl 117 D 
I 

0 1START : D 07 M DB Y 75 TIME : 20:20 lFINISH: D 07 M DB Y 75 TIME : 22:30 

)83S Sand 
11S Si I I 
4S Clay r ..... , 
9S Sand 
16~ Si It 
~ Clay 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

NORTI'ERN ENGINEERING !SERVICES 
COMPANY LIMITED 

', ' CAl<.AD' A.lltlltU 

~. ..... - ..... , ""._.... .. .. c. ... tt.lt\ '"" 
(-...... ,,_ ... 

CANADIAN ARCTIC GAS STUDY LIMITED 

jchange to 3 7/8" Walmac 

, :1 with air at 12. 2' 

NOTE DISCONTINUITY IN 
I SCALE 

ice sleet-1 ike cuttings 
from •21.0' - 36.0' 

TEST HOLE No, 

N75-RZ3-D 

SHEET I OF 1 



SUMMARY OF TEST DATA FOR SOIL CLASSIFICATION I 
Grain Size Distribution ~ 

::! ... 
Sample Sample Atterberg Limits > 0.074 mm < 0.074 mm Soil Remarks ~ .. 

Identification Depth * ; WL wP Gravel Sand Silt Clay Group 
"' ;; 

Ft % % % % % % ~ 

~· 

~ 
N75-RZ3-A-3 5.0-7.0 28 18 26 25 27 22 GC-SC 3· 

I 
I 

N75-RZ3-D-4 8.0-9.0 29 25 0 25 69 6 ML . I -

N75-RZ3-D-5 9.0-10.0 NP NP 2 55 38 5 SM 

N75-RZ3-D-6 10.0-11.2 NP NP 2 83 11 4 SM 

N75-RZ3-D-7 11.2-12.2 NP NP 3 79 16 2 SM 

I 

* Clay sizes assumed to be less than 0.002 mm average soil particle diameter 



"' w 

SAMPLE 

NUMBER 

RZ3-A-3 

DEPTH 

FT . 

5.0-5.4 

FROZEN 

BULK 

DENSITY 

PCF 

89.2 

--· 

SUMMARY OF 
INITIAL 

LIQUID PLASTIC 
WATER 

LIMIT LIMIT 
CONTENT 

% % 
% 

72.8 28 18 

--

--r--

CONSOLIDATION- PERMEABILITY TEST DATA 
CON SOL-

AVERAGE WATER K MEAS. Cv Mv K CALC. 
-I DATION VOID x IQ-2 xw-s x w-s SILT CLAY PRESSURE HEAD x w-s 

' 0/a % 
PRESSURE 

PSF 
RATIO 

FT. CM./SEC. CM~/SEC. CM~/ G. CM./SEC. 
PSF 

27 22 0.0 2.276 

54.2 0.936 

0.907 1 .0 "'R'i "10 

397 .5 n "11 

225.8 f..7? Q? 77 F. ?~ --

0.607 1.0 1.41 

806.1 0 542 

f.01 R 1 ~c; 20.20 0.27 

0.540 1.0 0.86 

1624.2 0.463 --

1215.1 2.01 12.18 0 .. 25 

0 t.f.1 1 . n n "'11 
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~10-5 __, 
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<( 1-
w 1-
:::E 1-<:.: 

~5 

1-

1-

2 
LEGEND: 

MEASURED 

---- CALCULATED 
10-6 

1----
1- 0 RZ3-A-3 
I-
I-
I-

5 1----

1-

I-

2 1---

\ 
1\ 
q\ 
\\ 

\ \ 
\~ 

'""-
\~ 
\ 1\ 

\0_ \ 
---0 

~ NORTiiERN ENGINEERING SERVICES 
COMPANY LIMITED 

("~<iMIY •U.f iOTA 

'"''-"'"' ...... , .. ' ,,. .. ,~u • ~ ro• 
··~···· l·~···· 

CANADIAN ARCTIC GAS STUDY LIMITED 

PERMEABILITY VS EFFECTIVE STRESS 
RELATIONSHIP FOR SITE : RZ3 

107L-----~~--~~~~_J~~I~I-ILILL ____ -L __ ~IL-~I~-~~~~~~~~------------------_J 
10 20 50 100 200 500 

EFFECTIVE STRESS, P SF 
-65-

1,000 2,000 5,000 10,000 



1.4~----~----~~--~------~----~~--~~--~~----~~--~~----~--1 

1.2 l---------j--------+------+------+-------+------+-----+-------+-----l------1---l 

CD 
_t.o~----4--------+------~----~------~------+-----~--------~----+------+---l 

0 
...... 

LEGEND: 

0 RZ3-A-3 -

-

-

I<( 
~a:: I~ I 

0 ~ 
-

~ 0.8 1-----+---------+----~~--f----~------t-. -+------+----------+--+-------+:--------1 

Q6~----~------l---------j~----l----~~~,~-----~----~------~-----+-------+---+----+------+--------------+-----~ 

~ 
0.4~----~------~------~----~------~~----+-----~--------~----+-----~---+--~ 

~ NORTHERN ENGINEERING SERVICES 
COMPAI'jY LIMITED 

/ • •. (AIC..ADY •lllfRTA 

( . ... 
[,..,.,..~,,,. ....... '" f.N(,IIIIllll"'o rog 

t ................... .i 

CANADIAN ARCTIC GAS STUDY LIMITED 

VOID RATIO 
vs 

EFFECTIVE STRESS RELATIONSHIP 
FORSITE : RZ3 

0.2L---~--~~~~~~----~--~~~~~~----~~--~~~~~--~~~--~----------------------~ 

10 20 50 100 200 500 1,000 2,000 

EFFECTIVE 
5,000 10,000 

STRESS,PSF 
50,000 



--- ----- - -- --
. ... 

~I 
I:) 

~ · 0 - ::E ' ~ ..... >-
LL Vl ' '::! - (l_ J: 

::J (l_ DESCRIPTION J: 0 <t ..... "' I "' (l_ I:) I I:) w 

i 0 ~ I ~ 

0 B 
Vl Vl 

Pt !~ 10.4 -Pill- dilikbrown, da111J 

' $ 
' 

6j 
I 

~ 

8 ~ 
i 
l 

.... ·:. 
:··· ·.·. ,' 

· .·: 
:. · .. 

i 
i. 101 ... 

1.0 SILT (orga~ic), I ittl e fine sand, 
low plastic, dark brown with 
mottling light brown, moist, {LJ 
rusty oxidized orunics oresent 

. SILTY SAND low pi astic, mot! I ing I ight . 
brown,orlented horizontally, a.:.J 

\ sandstooa, yellow and friable 
\ 
'-few Js'' thick ss nd I anses, at random 

\ to depth 8.5', sandstone, yellow, 
\\ friabl a, -;;::: 1" dlaneter 

\ \0trace fine gravel with coarse sand 
\ '-1" pebble, rounded 
\ 

\'-cobol e '3" +, suo rounded, oxidized 
\ surface, black colored interior 

\.fine to medium sand, 
and clayey slit, 
little gravel to 2", 
1" sizes frequent, 
oxidation 

cobble (+3") 

I i ttle fine- medium sand 

"j ;;<::120 

~ l i ~··._·::.;:::.:,_:~~--
~ 38 l ,··. ·.· 
~ 

39 
f---- ·."'-. ·:::.:::·.,"-1···1-'3::..:9•c::.o __ =::En...:.d...:.o.:..._f .::.:ho...:.le:.__ ______ _ 

:I: 

I:) 

9 
~ ~ 

'::! >-..... w 
J: ~ (l_ w <t 

~ ~ 
"' I:) <t 

u ::J 

~(~ - z > 

UF 

Nb 

IV /VI 

30 

Yr 

30 

I' 40 

I ~ 

tt· 
~-~~ 
'fl!; 

50 

It 

TEST HOLE LOG 

LABORATORY TEST DATA 

8 Bulk dens tty ( pc f) 0 Water content % 

L1quid l•m•l 

8 
0 

14 19 
H 

115 ~ 

Plastic ltm1t f------1 

i 

I 
I 

I 
' 

30 50 70 100 ISO 

so 100 

I I i 

I i 
I 

! 
D 

soo 1000 201YJ 

II -- -1 
"li ' 

!i 
I 

I! 
I 

I 
! 

! 

OTHER 

TEST DATA 

Gs = 2.89 

7S Grave I 
Jn Sand tL. 
J27S Si It 
LJ5s Clay 

Gs = 2.65 

~ 
[141 Gravel 
)50S Sand 
]2 Si I I 
U3s Clay 

I 1. 0 i i I 

" ~ :·: i;' 
[>(! !III j 3 

' 100 I IY 
C2 \I 4.6 I j 

......... u II 5 

1\1~ 751 Ii ! 
ca 1/\ 6.5 
~· 7.0 I y I 7 

N 8.5 y 

! 9 

1 10 
i 

I 

REMARKS 

star I coring 

replace carbide teeth 

rep I ace carbide teeth 

teeth badly damaged 
no replacements available 
therefore, discontinued 
coring at 8.5' 
Change to 3 7/au Wa I mac 
wit IT a i•r comp res so r 

NOTE D I SCONTI NU ITY 
IN SCALE 

0 ,... 
~tiLO~GG7rE:ID~B~Y~J~.J~.s.--II7.~,~·C:il'~LIT~·y--, ----------~~_,I~P'R~OJE:•c~:T~., ~U1120Ul93-~112~0711~~~~~C~O~NT~I~NU~OU~SP~'E~R~AF~:IR~OS~iT~Z~ON~IE~-L~-T-ES_T_H_O-LE_N_o-.--~ 
~ICHKD o.s. ILAT.&LONG: 89°08'54 'N 134°53'35"W !ELEVATION : SLOPE STABILITY STUDY 

~~DRAW BY : K.M. IAIRPHOTO No. : IPIPE MILEAGE: 

;:c I c H KD _ ·- ___ ~--tl-R~ 1_ G _______ HHE_LI-~DRI_II LL:.._ _ _ --l-IA--11 R_..:..:TE::..:..:.:M~.:....:.P' '_........:.7-=--°C...:.: 11 o....:.._oc_ 
~ RYD R.H. !METHOD : CRREL (4 ') & 3 7/8 Walmac MAPSHEET 107 C 

~I START : D 09 M 08 y 75 TIME: 13:00 I FINISH: D 09 M 08 y 75 TIME: 14:50 . 

~ r<ORTt'ERN ENGINEERING 5ERVICE:S 
COMPANY LIMITED 

C.illl.illl\' .. ,.'""" 

t .. ,,.,..,., • ._,,,,. l .. C.I,.t l"'lo POlo 

C.•"'"'""' I "'''"~ 

CANADIAN ARCTIC GAS STUDY LIMITED 

N75-RZ42-B 

SHEET 1 OF 1 
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' 

SUMMARY OF TEST DATA FOR SOIL CLASSIFICATION I 
Grain Size Distribution ~ 

~ Sample Sample Atterberg Limits > 0.074 nun < 0.074 nun Soil Remarks ~ 

Identification Depth WL wP Gravel Sand Silt * Group ;; Clay 
"' ;;· 

Ft % % % % % % ~-

~ 
3• 

N75-RZ42-B-2 3.0-4.6 19 14 7 51 27 15 SM-ML 

N75-RZ42-B-3 5.0-6.5 19 15 14 50 23 13 SM-ML 

-

. 

* Clay sizes assumed to be less than 0.002 nun average soil particle diameter 

----------~----~---



TEST HOLE LOG 

...: e 
>-

0 z 
z 
0 
;:: all~ 

l') l') 

0 s 
~ 

LABORATORY TEST DATA 
U- "" - c.. 

all 

OTHER UJ 
0 UJ 

z z > 
I~~ \:' \:' >- UJ 8 

I I \:' 
Bulk density (pcf) 0 Water content '1. 

::::> 
I 0 
>- "' c.. l') 
u.J 
0 ~ 

c.. 
>-

TEST DATA >-

~ 
c.. 
::ii 

0 ::::> 0 
u "'u 

UJ UJ 

~ "' ""' c.. 

c.. DESCRIPTION c.. w 
<( <( u ~ 
"' ""' - <( 
l') l') 

u ::::> 8 
~ UJ 

""'~ 

Plastic limit 1------1 Liquid I imit 

30 50 70 100 150 

0 6 u z > - <( 
18 ~ ::ii 

:;!; 0 50 100 500 1000 2000 
"" "" 
Pt 11 PEAT, 2" grass, roots, 0•3 ·+ Vx lill ~ 

7 1 fibrous, brown 
0. 6 0. 6 I UF I \ 

OL 
1 

1111

1

1

1 

SILT, (organic) 
111 trace fine sand, 

1-, l-1 brown, 
1
1 11 Vs to~". clear, 

1111 banded ~" to ~" apart 

1111 2.2 
ICE ICE, clear 

2. 7 
GM r~ :· o~ 3 GR!1~VEL, very s i I ty, 

3 1----+~<>-1--lL·.l......, 1 trace fine to medium sand, 

I 
trace organics, brown, 

. 
~ 
' 

-t 
m 
V> 
-t 

~ 

~ 8 

ICE 
+ 

ML 

cobble to 5" noted 

ICE with si It inclusions, 
fine si It layers to 1/8", 
horizontal, about 2" 
apart (finely banded) 

fine vertical silty streaks, 
bubble trains in ice 

silt, vertical, w· thick 

approx. 50% silt in horizontal 
layers to 1/8" thick, cloudy 
ice between the si It layers 

ill 
Vs 

80 
2. 2 

ICE 
2. 7 

ICE 
+ 

4. 0 

5. 2 

_l-3 

~I LOGGED BY G. H I FACILITY: I PROJECT : 

? CHKD: R.H. ILAT.&LONG : ~·'II, 134°53'40"W !ELEVATION : 

:::i DRAWN BY : N. L, I AIR PHOTO No, : BR 74405-282 I PIPE Mil FAr.F: 

II 

12093, 12071 

/ 

~~C_HIIK_:ID ___ ~,~~-41_RIG_: _______ RAIIN_GEo_IR_I~I--~--~~A_<IR_T __ EMP. __ : __ I5° __ C ____ ~ 
< I M E T H 0 D . __G_R_R_E_L_£0_ B A RlfH 

>I START ; D 20 M 10 Y 75 TIME_:_ _l!:lO_ lFINISH: D 21 M 10 Y 75 TIME: 12:10 

U') 

~ 
C1 100 

f--- 0. 8 

C2 100 

1---- 1. 6 

C3 
2. 2 

C4 2. 5 

C5 X 3. 0 

C6 X 
3. 7 

C7 v 
1/\ 4.7 

C8 IX 5.1 

C9 f'v! 
1/\ 5.7 

c10 IX 6.2 

C111V 
1/'\ 6.8 

C121V 

1/\ 7.5 

C
13 

1><](8.3) 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

CANADIAN ARCTIC GAS STUDY LIMITED 

z 
0 
;:: 
0 
z 
0 
u 
UJ 

""' 0 
u 

IV 

I 

Ill 

II 

IV 

IV 

IV 

IV 

IV 

IV 

IV 

IV 

IV 

IV 

-....: 
u.. -
I 
>-
c.. 
u.J 
0 

REMARKS 

4" i.d. CRREL core 
barre I 

3 r--

8 

ice core badly shattered. 
solid ice core not 
retained - photographed 
and subsequently 
discarded. 

TEST HOLE No. 

N75-DV1-A 

SHEET ! OF 2 



' '-l ...., 
I 

-t 
m 
Ul 
-t 

:I: 
0 

-o-
U--
J: 
o-
"-w 
a 

8 

9 

10 

11 

12 

13 

~ "' 0 ..... 
>-
V1 ':,! 
"- J: 
::> "-
0 <( 
0< 0< 

"' "' ..... ..... 
0 i5 
V1 V1 

ICE 
+ 
Ill 

-

I~ (CI) 

I~ 

~ 
1---

Cl 
~ y 
~~ 

~~ 
I--

(OH) 

(OL) 
~I~ 

~11 

"' g 
I§~ ':,! 

w~ J: 
DESCRIPTION "-

<( u ..... 
"" - <( 

"' u ::> 
w 

"" V1 u - z > 

ICE wl th silt inclusions, continued 1;E 
fine silty vertical bubble -
trains in ice. 
occasional horizontal silty 9.0 ---
layers to ~", 
generally clear ice 
but with cloudy areas 

~! _____________ _____ 
CLAY, peaty, silty, fibrous, (Ys) 

dark brown, 30-
organic odour, porous 40 

~~~--- ---------------
CLAY, silty, little fine to medium sand, Vs 

trace gravel to 1)S", grey, 25 
pebb I es sub rounded to rounded, 

112
_
2 

ice to~". spacing Js" to 
~ .. 

CLAY, (organic) fibrous peat, 15 !J.l _!!r..&!nl.£ ~our .._d!.!LJ!r~l!_ _____ 
SILT, (or11anic), peaty, 

woody chunks 5 
wIthIn peat to 

113.8 End of hole %" 
1--

TEST HOLE LOG 
0 z z 

LABORATORY TEST DATA z 0 
oO ;;;; 0 ;::: ;::: 

~ oO 0 & Bulk density (pcf) w 0 0 Water content % z > .... OTHER w z 
"- ::> 0 z -

Plastic limit liquid limit >- 0 0< u 0 REMARKS 
TEST DATA o- u w w u J: 

o-

6 ~ ~ "' 0< w "-
30 so 70 100 ISO "- "- 8 ~ 0< 

w 
::E ::::!: 0 

a 
0 so 100 soo 1000 2000 <( 

~ u V1 

C13 X <u IV B 

[X not retained 
C14 IV 

9. 0 

>< C15 IV 
9.6 

C16 3<: IV 10.0 10 1--

C17 ;;<: 1 D. 4 IV 

CIS -:::.;il 1 D. 7 I 'Y 
~ C1 9 x 11.1 IV 

IGI-- [X 19 13,4 
P200 = 78 - C20 IV 

11.8 
tn 

>< l C21 IV 
12.4 

C22 rx IV '-'. 12.7 

lr. C23 II 

~"·' k/ I--

C24 13.8 II 
13. B 

~~~L~OGG-;E-D~BY: -~G •• --H--~I-~~-CII--UTrv--, ----------~--~~~~PR~--OJJE~CT: ~~1~220~93-112~077~1~~uu~~C~ON~T~IN~U~OU~S~P~E~RM~A~FR-O~ST~ZO-N~E~~--~T-ES-T-H-O-LE--N-o.--~ 

pI CHKD : R.H I LAT. & LONG: 69°04'11 'N 135°46'53"W I ELEVATION: SLOPE STABILITY STUDY 

~ DRAWN BY : N.L. I AIRPHOTO No.: BR 74405-282 I PIPE MILEAGE: 

~ CHKD . ~ !RIG , RANGER 111 lAIR TEMP: -15°c 

I METHOD : CRREL CORE BARREL 
< 

~~START: D 20 M 10 y 75 TIME : 16:30 I FINISH: D 21 M 10 y 75 TIME : 12:10 

~NORTI'ERN ENGINEERING SERVICES 
COMPANY LIMITED 

CALC.AR't' ALiolRTA 

(..,..,_., ... ~n«n t"C.I!'jlLA~ ro• 
c ... .-, L ........ 

CANADIAN ARCTIC GAS STUDY LIMITED 

N75-DV1-A 

SHEET 2 OF 2 



u 
I: 
"-
<! 

"' <.:> 
~ 

0 
<f) 

DESCRIPTION 

TEST HOLE LOG 
<.:> 

g ~ ~ LABORATORY TEST DATA 

~ i:: w & Bulk density ( pcf) 
~ UJ u 

0 Water content % 

Liquid limit 
a:: ~ = 
0 U :3tu, 
w Ck: l.l"'l'+v 

u z >lo 

Plastic limit 

60 
20 

80 
40 

100 
60 

120 
80 

140& 
1000 

OTHER 

TEST DATA 

1"1 Moss, l'oots, grassV'J ~ Yr ,_ w = 118~ Pt 11 PEAT, fibrous, r---• M 

11 coarse t ex tu re, _JlO~. 6~Tij ........ ,....J-II----zLK"c:.I~T--t-t---t-t---t-.::ch A) 
11 occasional woody chunks, 0.8 UF_ & 

a brown ,I Ys s1 ~· f1 ;'' ·--..., 
~1 r-~r-~+-+-+-4-4-~~~ 
1 & /~w= 164% 
11 Y s, appro x. 1" spacing 5 f---+---1-+---.!-- +--+-.J----l-___jf----l-,.:/:..___j 
1'{ crumbly ~ L '-

"{ 1 W ,l.-s il ty I ayers to ;", ~ t---+---1........j,F.>.'*---+-+--+-+--+-I---+--· '"-'>!-·~ w = 13 9% 

11 vertical bubble trains 2.8t 
11 in 1" of clear ice 2.9 Ys 

'1r Vs hairline to 1/16" 
11 ~~+-+-4-~~~-+-+-4~ 

I~ ~ & 
1 ,.? fib r o us 

4
• 
3 
~ 20 t----+---1--+"'"--+-+--+-+--+-1----+---ll-r-- = 16 3% 

l'l 4. 4 . 1-11 4. 7 4. 7 f----+-+-+---+-~--+--+----J-.---l---+--l 
ICE ICE with peat, cloudy; at 4.8 ICE & 1--w: 243% 

5 Pi 
5
• 
3 

woody inc I us ions o !(" 
5
_ 
3 

+ t----+---l--+---+-+--+-+--+-1----1---l 

~ 7 
(II 
--t 

I 

Pt ff 
1' 1 6. 2 

PEAT, amorphous, grey, fewer 
woody inclusions, 
hairline Vs 

ICE 
+ 

ML 

ICE with occasional si It layers, 

r-1·.!-silty 

7.6 silty layers to )>" 

Ys 

10 l-+--t-"4F.>.- +---+-+--+-+--+----4---I--w = 23 7% 6.2 
ICE 
+ 1-+----t-+--+-+--+-+--+-1---1----4 

90 t----+--L'"f'---+-+--+-+--+-1---+---l--1--w = 220% 

7. 6 1--+--'&=t---+--1-+--1--+--+-+--+--1-(w = 575%) 
Ys 

0 z 

"" lU 
"­
>-
1-

~ 
"-
~ 
<l: 

"' 
II 

Cl J 
~11 IV 

I 1.3 IV 

C2 ...... Ill 
~1.9 

C3 1\1 
V\ 2.7 

3. 6 

IV 

IV 

o-: 
u.. 

:z: 
1-
"­
lU 
0 

C4 ~ IV 4 

4. 4 

~ C5 
5
_
0 

IV 4.7 

IV 
5. 7 

C6 ~ 
IX 6.4 

IV 

REMARKS 

4" i.d. CRREL core 
barre I 

core shattered 

core shattered 

vertical bubble trains 
in w· of clear ice 

ice badly disturbed by 
sampling 

shattered, expanded 

Q a_ ML ,Ill SILT Vs to~" ~"-1" apart (6 2' IV R 

~~~~l~G~GED~~~~G~ .. IH--.~~FAC:tt~LI.IT'~-v~~~------~~~=PR1~~~~~1ECT·:~~L-12093~.~12071~~~~~C~O~NT~I~NU~OU~I:S~P~1 IE~RIIM~.A~F:R~IOIS~T~Z~G~NIE~~-L~T-ES-T-H-O-LE-N-o-.--~ 
~I CHKD : R.H I LAT. & LONG : 69°08'50"N, 134°53'40"1 I ELEVATION SLOPE STABILITY STUDY 

;:: I DRWN BY N. L I AIRPHOTO No. 8R 74405-282 I PIPE MILEAGE 

~ICHKD ~-tt- !RIG. RANGERIII IAtRrEMP -1o0c 
~~----~---+~M-\E-TrH--OD----==CRREEL~CO~RiE-BA-RRi--EL---1-~~--~~--~ 

~I-~ ST-AIR_T_ ,--D--23-MlL-0-Y7-5TI-ME:: _ __:: 110::::.::30:.:....:..;::1 f.:._:'IN:::.::IIS::..:.:H::.____ D23L__M--110-Y--75-TIIM-E:-:12-:3---IO 

NORTHERN ENGINEERING SERVICES 
COMPANY LIMITF.D 

CAL~A"Y AL.UHA 

E-Rt•-•""1 !oor~"u I."'GII'IllA,. roA 

CANADIAN ARCTIC GAS STUDY LIMITED 

N75-DV1-B 
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' 
~ 
' 

13 

14 

15 

DESCRIPTION 

some sand, trace gravel, 
t i Il-l ike 

with clay inclusions 

inferred 

with (clay) inclus ons 

Vs to 1/8" 
little fine to medium sand, 
trace gravel, dark gray-brown 

blocky fissured 
occasional cobbles 

scattered Vx to 1/8" 

1.!:_2_black (organic?) specks 
woody Inclusions to .14" 

5-.J_frequent pebbles to 1%" 

C> g 
u 
:E 
0.. 
<( 

"" l? 

TEST HOLE LOG 

LABORATORY TEST DATA 

& Bulk density ( pcf) 0 Water content 

Plastic limit Liquid limit 

60 80 100 120 
20 40 60 80 

% 

140& 
1000 

OTHER 

TEST DATA 

P200 = 72 
w = 120% 

P200: 81 

P200 = 82 

0 z 
oO 
LU 
0.. 
>-
I-

~ 
0.. 

~ 
<( 
V) 

z 
0 

o(l~ i= cs LIJ 

z Z> 
0 ::::>0 a:u u LULU 

"'"" Sao! 

SLOPE STABILITY STUDY 

z 
0 
~ 
Cl z 
0 u 
LU 

"" 0 u 

NORTHE.AN E.NGINEERING SERVICES 
~ _ COMPANY LIMITf.D 

CAI.C.AIIY .ua.LIITA 

l.,,,,.. •• ,,.. !lorn .. •• I.IOI(OI'"lLA" FOA 

CANADIAN ARCTIC GAS STUDY LIMITED 

1-' 
u... 

J: REMARKS 
I-
0.. 
LU 

Cl 

TEST HOLE No. 

N75-DV1-B 

SHEET OF 
PC-9,SK373 



I 

<:;! 
I 

-1 
m 
VI 
-1 

I 
0 

_.J 

16 

--' 

6 
"' 

(.:> 

0 
--' 

u 
J:: 
"-
<t 
"' (.:> 

--' 

6 
"' 

DESCRIPTION 

Tl LL, cant i nued 
Cl CLAY, little coarse sand, 

trace fine gravel, 
~ll.J!- infrequent cobb I es, 

17 +-----l"!LL.L.:J4-
17

-
0
-.Jpebble layers every 2" 

• cobble at depth 17' 

End of hole 

Refusal on cobble 

Vs 1-2" 
apart 

I 

TEST HOLE LOG 
(.:> 

g ~ ~ LABORATORY TEST DATA 

~ i: w {}, Bulk density ( pcf) 
~ w u 

0 Water content % 

f------i Liquid limit 
Cl=: ~ = Plastic limit 
(.:> <t 
lJ.J ~ ~[40 60 
u z >[o 20 

80 
40 

100 

60 
120 

80 
140& 

1000 

vs 
}4" 
15 f---4-~~f---4--+-f---4-~-f---4--4 

OTHER 

TEST DATA 

ci z 
z Q ol!i';; 1-

"" 15 w 
w z Z> 
"- 0 :::lO 
>- "'U 1- u wW 
'=! '=! "'"' "- "- s~ :;!; :;!; 
<t <t 
"' 1(157 

C14 

- 1 B 

17.0 

z 
Q 
1-

15 
z 
0 
u 
w 

"' 0 
u 

Ill 

Ill 

I 
1-
"­w 
0 

17 

REMARKS 

~~~--~~------~------------------~--~--~~_.--~~_.--~~~~~~~~~~~~~~~~~~--._~--------------~ 
z[LOGGED BY G.H. [FACILITY [PROJECT . 12093, 12071 CONTINUOUS PERMAFROST ZONE TEST HOLE No. 
~ CHKD : R. H. I LAT. & LONG : 69°08'50 'N 134°53'40 "W ELE'JATION: SLOPE STAB ILl TY STUDY 
~ DRWN. BY A.M. I AIRPHOTO No. BR 74405-282 PIPE MILEAGE 

o CHKD ~ [RIG RANGER Ill .AIR TEMP. . 

NORTHERN ENGINEERING SERVICES 
COMPANY LJMITf.D 

I:AlCOAA'I' Al&UI:TJl 

N75-DV1-B 

I METHOD CRREL CORE BARREL f."ll',.. .. '"l S.••un 1.1'1<0/Nf.f.A!io ro1.1 

OJ START: D 23 M 10 y 75 TIME: 10:30 I FINISH: D 23 M 10 Y 75 TIME: 12:30 CANADIAN ARCTIC GAS STUDY LIMITED SHEET 3 OF 
PC-9,SK373 



SUMMARY OF TEST DATA FOR SOIL CLASSIFICATION I 
;<!: 

Grain Size Distribution ~ ;:-Sample Sample Atterberg Limits > 0.074 mm < 0.074 mm Soil Remarks ;;; 

* !:' Identification Depth WL wP Gravel I Sand Silt Clay Group .. 
;;· 

Ft % % % % % % ~· 
~ 

! .. 
~· 
~ 

DVl-A-20 11.1-11.8 34 19 3 19 45 33 CI 

DVl-B-9 10.0-10.8 34 19 5 23 46 26 CI ICE + CI 

DVl-B-10 12.0-12.7 38 20 2 17 45 36 CI 

DVl-B-11 12.7-13.9 41 19 2 16 45 37 CI 

* Clay sizes assumed to be less than 0.002 mm average soil particle diameter 



SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 
FROZEN INITIAL 

LIQUID PLASTIC - CONSOL-
AVERAGE WATER K MEAS. Cv Mv K CALC. SAMPLE DEPTH BULK WATER 

LIMIT LIMIT SILT CLAY 
-I DATION 

PRESSURE 
VOID 

HEAD . )( 10-5 )( ]Q-2 xJ0-5 xJ0-5 
NUMBER FT. DENSITY CONTENT 

% % % % 
PRESSURE 

PSF 
RATIO 

FT. CM./SEC. CM~/SEC. CM~/G. CM./SEC. 
PCF % PSF 

DV1-B-10 12.0,-12.2. 96.2 60.8 lit ' "20 :4.5- a~ n .. n 1.784 

52.9 1.353 

1.290 1.0 76.23 

445.0 1.04'i 

0.879 1.0 18.45 

248.9 Hi.l? 71.0'i 1 7'J 

1!37.0 n .A71 

0.816 1.0 2.13 

. 641.0 

1616.0 0.571 
0.414 1.0 0.47 

1226.5 10.91 35.2~ 3.85 

DV1-B-11 ~.0-13.2 121.3 25.3 41 19 45 17 n.n o. 721 

53.6 0.722 

n 71? 1.0 49.79 

443.5 0 •. 636 

0.629 1.0 9.09 

248.5 47.85 23.94 11.46 

836.1 0.604 

0.603 .1.0 11.12 

639.8 49.95 7.78 3.88 

1620.1 0 S69 

---- 0,568 1 .n 1.AQ 

1228.1 42.87 5.33 2.29 

" .. *Accurtcy of this datum pq-int itr"iioubt 
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J"jORTHERN ENGINEERING 5ERVICE5 
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CU(i~U 4L .. IIU 
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CANADIAN ARCTIC GAS STUDY LIMITED 

PERMEABILITY VS EFFECTIVE STRESS 
RELATIONSHIP FOR SITE: DV I 

10-?L,__ __ .J....._I_.J., _ _L__ I.L,_j II_J_I...L i...L..L I __ ___L _ __JI~....L..I__j__L._I...L.....L..Ii....L..I....L..,_ ________ -----J 

10 20 50 100 200 500 

EFFECTIVE STRESS, P SF 
-79-

1,000 2,000 5,000 10,000 
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1.4 

1.2 

Q) 1.0 

6 
1--

1)<{ 
'o=: 

0 
0 0.8 
> 

0.6 

0.4 

0.2 
10 

I I 

20 

~ 
~ 
~ 

~ 

. 
\ 

~ ---- \ ~ ------.r... 
---o 

I I I I 1 I I I I I 

50 100 200 500 1,000 2,000 

EFFECTIVE STRESS, PSF 

I I I 

LEGEND: 

0 DV1-B-10 -

6 DV1-B-11 

-

-

-

I I I I I I 

NORTHERN ENGINEERING SERVICES 
~ COMPANY. LIMITED 

. .' CALGARY AL!.LRTA 

[.,.,,...~,,.,11 ~•••••s EI'IC.II'IEEAS fOR 

c .......... Y L'"''''" 

CANADIAN ARCTIC GAS STUDY LIMITED 

VOID RATIO 
vs 

EFFECTIVE STRESS RELATIONSHIP 
FOR SITE: DV 1 

I I I I I 

5,000 
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CANADIAN ARCTIC GAS STUDY LIMITED 

Cv VERSUS EFFECTIVE STRESS 

RELATIONSHIP FOR SITE: DVl 

10l~----~~---L-I~I~~~~-~II~I~-----L--~1--~I~-~II_ILl~--------------------~ 
10 20 50 100 200 500 1,000 

EFFECTIVE STRESS, P SF 
-81-
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00 
c..> 

I 

SAMPLE 

NUMBER 

DVl-B-11 

DVl-B-11 

FROZEN 
DEPTH BULK 

FT. DENSITY 
PCF 

2.7-13.9 123.1 

2.7-13.9 123.0 

INITIAL LIQUID 
WATER 

LIMIT 
CONTENT 

"lo 
"lo 

19.6 41 

21.4 41 

-

-· . ~ - --

-

--

-

SUMMARY OF DIRECT 

PLASTIC NORMAL 

LIMIT SILT CLAY STRESS 

% % % PSI 

19 45 37 2.4 

6.5 

14.6 
··· -

19 45 37 14.5 

30.6 

··--~---· 

r--- --
.. 

-- ·--·-·-r---

-

SHEAR TEST DATA 
MAX. RESIDUAL 

SHEAR SHEAR ¢>' C' <Pr' Cr' 
REMARKS 

STRESS STRESS DEG. PSI DEG. PSI 
PSI PSI 

2.5 1.7 26.5 1.3 24.5 0.6 Cut plane 

3.7 

6.5 
-. - -

8.5 7.6 26.5 1.3 24.5 0.6 Cut plane 

14.6 

-

-
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LEGEND: 

e MAXIMUM SHEAR STRESS 

0 RESIDUAL SHEAR STRESS 

1.3 psi 

.+.'=243° 't'r I . 

c;{ 0.6 psi 

FOR SOIL GROUP : C I 

OL_ ________ _L __________ L_ ________ _L __________ ~--------~----------~--------~L---------~ 

0 10 20 

EFFECTIVE NORMAL STRESS, PSI 

r::=J 

30 40 

( ..... ~..... l'"'''""' 

CANADIAN ARCTIC GAS STUDY LIMITED 

EFFECTIVE NORMAL STRESS- SHEAR STRESS 
RELATION FOR SITE: DV 1 
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TEST HOLE LOG 
0 \!) 

NOT YER IF I ED BY LABORATORY TESTS 
\!) 0 z z al 0 0 LABORATORY TEST DATA z 0 

;:- ~ 
_, _, 

~~ ;:: ..,1:;: 0 
u >- 0 .., 

0 LJ.J 
;:: 

u.. Vl u A Dry density ( pcf) 0 Water content "'o 15 - c.. J: I: >-w OTHER LJ.J z Z> 
::::l DESCRIPTION c.. wU c.. 0 ::::lO z c.. 

<[ Plastic limit Liquid limit >- ""U 0 I 0 <( 

"" 
~:::; TEST DATA 

,_ u 
LJ.JLJ.J u ,_ 

"' "' u~ c.. \!) \!) \!) 
~ ~ ""'"" LJ.J w 40 60 80 100 120 140.t. s~ a _, _, LJ.J C<Vl c.. c.. "' 6 6 ~ z > 0 20 40 60 80 1000 ::!! ::!! 0 
<[ :Ji u Vl Vl Vl 

PI 71 PEAT, (surface cover moss) + + Yx 
"?? fibrous, brown + D. 5 + + 

~~ ot 1 --GM GRAVEL, silty, peaty, brown, l;, ~' Nf g 0 pebbles subangular to rounded _, ... ~ ? I ~04 ~ Cl IV 

~}~ 
UF 

,J..L_Iittle fine to coarse sand 7 

2 ·h 2.0 End of hole 

Refusal -gravel 

LOGGED BY : G. H. FACILITY : PROJECT: 12093, 12071 
CHKD · R.H. LAT. & LONG : 69°04'11"N, 135°46'53"W ELEVATION: 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

DRWN BY: A.M. AIRPHOTO No. : 

CHKD : · ~ RIG : RANGER Ill 

METHOD : CRREL CORE BARREL 

START: D 20 M 10 y 75 TIME: 13:00 I FINISH, 

PIPE MILEAGE : 

AIR TEMP: 

D 20 M 10 y 75 

-12°C 

TIME: 13:20 

~· J'IIORTHEAN ENGINEERING SERVICES 
COMPANY LIMITf.D 

(AUOARY A~&LIITA 

l."••-•""' :!.r••"n li'OICOifllLR'\ roA 
c ..... _~,._,,.,. 

CANADIAN ARCTIC GAS STUDY LIMITED 

;::? .... -
I REMARKS ,_ 
c.. 
LJ.J 

a 

4" i.d. CRREL core 
barre I 

dry, friable, possible 
unfrozen active layer 

2 

TEST HOLE No. 

N75-DV41-A 

SHEET I OF I 
PC-9,SK373 



' 
~ 
' 

--t m 
V> 
--t 

:I: 
0 ,.... 
m 
z 
? 
:z ..... 
Ul 

' c 
< 
~ . 
o::l 

TEST HOLE LOG 
C) 0 2 2 0 LABORATORY TEST DATA 2 0 ..... ~~ ;::: all~ 0 
u >- all i5 ;::: 
J: 1-LU 6 Bulk density ( pcf) 0 Water content % 2~ i5 OTHER lU 2 
"- LUU "- 0 ::JO 2 
<t 

~= 
Plastic limit liquid limit >- o::u 0 

0:: TEST DATA I- u LULU u 
C) u~ [40 ~ LU o::O:: 

60 80 100 120 1406 ..... 8o-! UJ 
LU "'"' "- "- 0:: 

~ Z5 [o ::!!' ::iE 0 20 40 60 80 1000 <t <t u 
Vl Vl 

i C) 
0 

;:::: ..... 
u.. ~ - "- I 

::l "- DESCRIPTION I 0 <t 
I- 0:: 0:: 
"- " " LJ.J 
0 ..... ..... 

6 6 
Vl Vl 

·<:::: Nb :6 0. 5 ;·-::: /\ 

I y 

w = 182% 
F? 1- 1--1--

Nb? .-1--1--

c;: .- [8 Gl II 

i 

Pt [1'1'_ PEAT, moss, fibrous, woody, 
[1'1 0. 5 green to brown 

ML [[ I SILT, and gravel 

1+-~1~1~1~.0~----------------------~ 
GM ~ >at GRAVEL, silty, some fine to coarse sand, 

~~coP brown, pebbles subangular to 

0 [6 ~'' I y 
lt::,:{ 

2
_
0 

rounded, no peat from 1.5' 

2t--i~~========================~--i-~--t--r-t--~4-~-4--+-~-+--~--------~--~~~~~ 
End of hole 

Refusal -gravel 

• LOGGED BY G. H. I FACILITY [PROJECT 12093. 12071 
I(HKD : R. H. I LAT. & LONG : 69°04'11 'N. 135°46'53"W [ELEVATION 

DRWN. BY . A.M. [ AIRPHOTO No. : I PIPE MILEAGE 

[CHKD . r::r\ jRIG RANGER Ill [AIR TEMP. -12°G 

jMETHOD GRREL GORE BARREL 

jSTART: D 20 M 10 Y 75 TIME: 14:15 I FINISH, D 20 M 10 Y 75 TIME: 14:4 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

NORTHERI"'t El"'tGINEERING SERVICES 
COMPAI"'tY LIMITF.D 

' C-'olG.r.IIY ALaUHA 

'-';:,~'c:',_'=: ... ~ • ._!"'.,':::,.,>....> llNC.INlLII'\ ,OR 

CANADIAN ARCTIC GAS STUDY LIMITED 

-,_, 
u... -
I REMARKS 
I-
"-
LU 
0 

4" i.d. GRREL core 
barre I 

2.0 

TEST HOLE No. 

N75-0V41-B 

SHEET 1 OF 1 
PC-9,SK373 



' 
~ 
' 

--1 
m 
VI 
--1 

::t: 
0 ...... 
m 
z 
~ 

z _, 
U1 . 
c 
< 
""" 
' n 

i t.:> 
0 

~ 
_, 

.... u - ... I :::> ... 
I 0 <t 
I- "' "' ... t.:> t.:> w 
0 _, 

6 6 
"' "' 
Pt 11 

1 
OL ~IJ 

I GM ,i> 

I LOGGED BY : 

ICHKD 

I DRWN BY 

I CHKD 

NOT YER IF I EO BY LABORATORY TESTS 

DESCRIPTION 

PEAT, moss, twigs, (2 ') 

0.6 
brown, fibrous, woody 

SILT, (organic), brown 
j o pebbles to 2" 
GRAVEl si I ty, 
1.2 some I i ne to coarse sand, 

pebbles subangular to 
rounded, 
occasi ona I cobb I es 

End of hole, 1.2' 

Ref usa I - grne I 

G.H I FACILITY : 

t.:> 
9 
u 
I ... 
<t 

"' t.:> 
w 
':d 

... 

... .... ... .... 
[:/:: 

1.2 

TEST HOLE LOG 

~a! 
lABORATORY TEST DATA 

i:: w ~Bulk density ( pcf) 0 Water content % 

liquid limit 
OTHER 

TEST DATA 
wU 

~= 
U ~~AI"\ a:: <ni'+V 

z >io 
Nb 

Plastic limit 

60 
20 

80 
40 

100 
60 

( --1-- 8 

120 
80 

1408 
1000 

_ .--f-- 1----w = 159S 

... .------+.:....:....:..4-.-

I PROJECT: 12093, 12071 

ci z 
z 0 

~;:;;: ;::: 
~ 0 UJ 

UJ z Z> ... :::>0 
~ 

0 a::u u 
UJUJ 

~ w "'"' _, 
s~ ... ... 

~ ~ 
<t <t 
"' "' 
~ 

lA'"' 

R. H. I LAT. & LONG 89°04'11 'N, 135°46'53"W I ELEVATION 
CONTINUOUS PERMAFROST ZONE 

SLOPE STAB ILl TY STUDY 

z 
Q 
I-

0 
z 
0 
u 
UJ 

"' 0 
u 

IY 

I 

N. L. I AIRPHOTO No. I PIPE MILEAGE NORTHERP'4 EP'4GINEEAING SERVICES 

~~ I RIG RANGER Ill lAIR TEMP -12°C 

!METHOD CRREL CORE BARREL 

COMPAP'4Y LIMITF.D 

CALC. .... Y At.Urt,& 

\ 
l."l•-~""' So••"'' lNC.INli.IIO, fa• 
c-.... y L.-,.~ 

I sTART, D 20 M 1 0 Y 7 5 TIME, 15:00 I FINISH I D 20 M 10 Y 75 TIME: 15:20 CANADIAN ARCTIC GAS STUDY LIMITED 

~ .... -
I REMARKS 
I-... 
UJ 
0 

4" i,d, CRREL core 
barre I 

1. 2 

TEST HOlE No. 

N75-DV41-C 

SHEET 1 OF 1 
PC-9,SK373 



;:? 
..... -
I ,__ 
c.. 
UJ 
a 

' 
~ 

' 

1 C) 
0 .... 
u 

"- I 
~ "-
0 <t DESCRIPTION 
C>: C>: 
C) C) 
.... .... 
6 6 
"' "' 

~-.. 1-----J...:!c...L..H"~"!..L_'' 1 b rou s, root~ Dfii\fr1 
0. 1 

ICE ICE with organic silt, approx, 75% 
+ ice, peaty layers in 
OL clear ice 

1.2 
CL- ~~ CLAY, si I ty, and sand, 
ML ~~ trace grave I, 

%~ trace fibrous peat, 
~~ brown, (ti 11-llke) 

~j;; 

~~ 
~~ 
~~ 

trace sand, 
dark brown 

hairline vs to 1/16" 
approx, 1/8" spacing 

1)-j;; 
3. 4 3. 4 

SM .:;'ft: SAND, fine to medium, and s:::ongly bonded 

,. .... . · .... 
y~. 
' . 

·' <)!\\. 
...... ... 

. . . rfine sand, light brown, 
··: ::-' • 1 infrequent pebbles to 1", 

·: .:·;:.:J..a . ..a.J subangular to sub rounded 

:: .' :'_ : r GRAVEL, fIne to coarse, I ·- ... : · 6. 9 some sand, 
;:ri 1 GP. lo·oo 7.2 clean brown 

C) 
g 
u 
I 
"-<t 
0:: 
C) 

UJ 

~ 

+ 

.. .. 

.. .. 
::-

F 

~~ >- 0 

>-w 
wU 

~= 
u~ 140 
<>: "' 
z '>lo 

ICE 
+ 

70 

Vs 
10 

Nb 7 

Nb 

TEST HOLE LOG 

LABORATORY TEST DATA 

6 Bulk density (pcf) 

Plastic limit 

60 
20 

lr 

80 

40 

0 Water content % 

liquid limit 

100 
60 

120 
80 

A 

1406 
1000 

OTHER 

TEST DATA 

0 z 
oO 
UJ 
c.. 
>-,__ 

~ 
c.. 
:::E 
~ 

Cl 

-
C2 

C3 

f--

P200: 56- C4 

P200: 38-

C5 
-a 

C5 
-b 

-
C6 

f--

z z 0 ..,;;;:; Q ;:: 
0 UJ 

,__ 
z Z> 0 
0 :JO z 

<>=u 0 u 
UJUJ u 

~ "''"' UJ 

8~ "- <>: 
:::E 0 
<t u 
"' 

(57) II 

1.4 
II 

I<\:~> Ill 

·~~~ 

12 
100 II 

3.4 

I 

100 

I 

6.0 

100 II 

6. 8 

IV 

~ 

,7 ~ 7.7 I 

CB .tlllllll I~ ( 8. 1-+---'1'---1 

~ SP ~~·::',· SAND, fine, clean, I ight brown, 
...... trace gravel to 1" 

~ 8 . ' 

~rLOGGED BY G.H. 

f:: 

? I CHKD R.H. 

~I DRWN BY A.M. 

b CHKD: -~ 
< 

I FACILITY 

LAT.&LONG : 

AIRPHOTO No. 

RIG : 

. METHOD : 

:J>o I START: D 19 M 10 Y 75 TIME: 

PROJECT 

BBD59'59' 'N. 133°40'30"W ELEVATION : 

A 12854-303 PIPE MILEAGE 

RANGER Ill AIRTEMP: 

CAREL CORE BARREL 

12093 12071 

-100& 

12:15 lFINISH: D 19 M lO Y 75 TIME: 15:00 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

~NORTHERN ENGINEERING SERVICES 
COMPANY LIMJTf.D 

(ALC:..\R'I' oUaliiU 

!...,,_ • .,,. :5oo,,.,.._ INC:.INlLR'\ FDA 

CANADIAN ARCTIC GAS STUDY LIMITED 

;:? 
u... -
I REMARKS 
,__ 
"-
UJ 
a 

4" l.d. CAREL core 
barre I 

- rounded pebb I e to 2' • 

mad i um to coarse sand 
8 laver from L~' tn 7_7' 

TEST HOLE No. 

N75-DV11-A 

SHEET I OF 2 

PC-9,SK373 



0 (:> 
co 0 - ~ --' ,__: >-

u.. V) u - a.. I :::J a.. 
I 0 <( 
>- <>:: <>:: a.. <.:> <.:> LU 
0 --' = 6 0 

V) V) 

~ 

X??.% 
8.1 

SP SAND 
8. 5 

' 
9 

-t 
m 
VI 
-t 
I 
0 ..... 
m 

z LOGGED BY : G. H. 
? 
:z 

CHKD : R. H. 
..... DRWN. BY : A.M. U1 

' CHKD : --;;?-tt-CJ 
< 

' ):> START: D 19 

(:> 

g w 
~ a.. 

u >-

DESCRIPTION 
- >- w I 
a.. w ~ <( 

~ <>:: <t <.:> u :::J 40 w "' V) 

u z >o -

TEST HOLE LOG 

LABORATORY TEST DATA 

6Bulk density (pd) 

Plastic limit 

60 
20 

BO 

40 

0 Water content % 

liquid limit 

100 
60 

120 

BO 

1406 
1000 

OTHER 

TEST DATA 

ci z 
0('5 

w 
a.. 
>-
>-

~ 
a.. 
~ 
<( 
V) 

z 
0 
>= 
15 
z 
0 
u 

~ 
a.. 
~ 
<( 
V) 

z 
0('5~ 0 -

w >-
Z> 15 
:::JO z 
"'U 0 
ww u 
"'"' w 
s~ "' 0 

u 
.. .. .. Nb .. .. LX: 8.1 .. 

line to coarse, .. .. .. ? 
and gravel, (to 3") 
clean, brown, 
skip-graded 

End of hole, 8.5' 

Refusal -gravel 

FACILITY · 

LAT. & LONG : 68°59' 59' 'N, 133°40' 30' •w 
AIRPHOTO No. A 12854-303 

RIG : RANGER Ill 

METHOD : CRREL CORE BARREL 

M 10 y 75 TIME : 12:15 jFINISH: D 

PROJECT : 12093, 12071 

ELEVATION : 

PIPE MILEAGE : 

AIR TEMP. : -1 o0c 

19 M 10 y 75 TIME: 15:10 

P200 : 2 C9 8. 5 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 
~ rtORTHERN ENGINEERING SERVICES 

COMPA~Y LIMITf.D 
(ALi:. .. JIY 4l.UHA . \ 

["foM~""" :ioo•YO<U 

c ..... P .... , L ....... 4 

CANADIAN ARCTIC GAS STUDY LIMITED 

IV 

-,__: 
u.. -
I REMARKS 
>-
a.. 
w 
0 

border I ine sand/gravel 

8.5 

-

TEST HOLE No. 

N75-DV11-A 

SHEET 2 OF 2 

PC-9,SK373 



' ::!! 
' 

...... 
m 
V> ...... 
I 
0 

--' 

6 
"' 

(ML) 

" 0 
--' 

u 
I 
a._ 

<t 
"" " 6 
<f) 

DESCRIPTION 

PEAT, I ibrous, brown, root lets 
0. 5 

SILT, clayey, 
trace line sand, trace coarse sand, 

" 0_, UJ 
CL~ 

u >­
I ...._ w 

~ w u 
0:: ~ = 
" u :31.,, 
W 0::: c.ni'+U 

u z >io 

~ y~ 
0. 6 I1XfE 

UF 

pebbles, 1.3 

(I.B) damp when thawed Ys hairline to 1/B' 
~ -------------------
~~-~ TILL 

Cl ~~ CLAY, some line sand layers, 
t% trace fine gravel, 

Ys 
40 

~ trace coarse sand, 
medium plastic Ys 1/B"-%" apart 
brown 

and sand, trace gravel, 
roccasional cobbles 

Hairline Ys 
1--_J 

~ 1--'-".!_ 4.0 
~ 0 sandy, 

~
1 q, 5 occasion a I thick 4. 5 
t--- fine sand layers .. --

~ frequent pebbles Ys 1/B to~"' 
~ k" apart 

IJ:l_some fine to coarse sand, 
trace line gravel, Nb in sand layers ~ 

10 

TEST HOLE LOG 

LABORATORY TEST DATA 

Ill Bulk density ( pcf) 

Plastic limit 

60 
20 

80 

40 

·-

0 Water content % 

liquid limit 

100 

60 
120 

80 

140 Ill 
1000 

l
~:.!_quartz cobble • 

frequent I i ne sand I ayers 5. B • _ 

6 ~~ ~ 10 ~~~-+~T-r-+-,_-+~~~ 
f---- ~~ ~~-~--------------- 0 0 ~ :~ 

SM- TILL -~"- ~ 1-

7 ? ii, SILT, sandy 1/16'·f--+-+--+-~'--t-+-'=-t-+--t-+--

l/ ~.2-frequent pebbles and cobbles, 10 l 

J:~~; W ,..§_ _ sub a ngu I a r to sub rounded 1---+-t---+.yr-+--+--+-t--rt-"-t---+-t--1 

OTHER 

TEST DATA 

P200 =56 -

C2 

C3 

C5 

P200 = 77 - f--­

C6 

f---

C7 

1.7 

2. 3 

3. 0 

5. 0 

5. B 

6. 6 

:-IX,_. 

II 

Ill 

Ill 

Ill 

Ill 

I y 

....., 
u.. 

I 
>­
a._ 
UJ 
0 

REMARKS 

Sample badly broken 

ML SANO, silty with ~~ to lb 6 

8 j thin si It layers f J B 
~~~--~~~------~-----------------=----~s~--4-~--~~._~~--~~--~~--~~~~--------~~~~~--~--~~~--------------~ 
ziLOGGED BY G.H. !FACILITY !PROJECT 12071 12093 CONTINUOUS PERMAFROST ZONE TEST HOLE No. 
~ICHKD .H. LAT.&LONG 6B 059'59"N, 133°40'30"W !ELEVATION : SLOPE STABILITY STUDY 
;;: DRWN B' . M. AIRPHOTO No. A 12854-303 I PIPE MILEAGE 

b CHKD ·....-.·11 RIG RANGER Ill lAIR TEMP 
< . 

NORTHERN ENGINEERING SERVICES 
COMPANY LIMITED 

CAllOAAT 4ltliiTA 

N75-DV11-B 

METHOD · CRREL CORE BARREL [,..,.,.~,.,._ ~n .. •• [""'"'"'llll'!o roll 

c""'""'"'' t. ....... 

~I START: D 19 M 10 Y 75 TIME : 15:30 jFINISH: D 19 M 10 Y 75 TIME: .!~:45 CANADIAN ARCTIC GAS STUDY LIMITED SHEET 1 OF 
PC-9,SK373 



I 
1--
0.. 
w 
0 

10 

11 

12 

13 

14 

15 

DESCRIPTION 

Tl Ll 
SAND, silty, continued 

I ight brown to dark grey brown. layered, 
scattered pebbles, subangular to rounded, 
coa I specks 

ha i r I i ne Ys in s i I ty 
sand, Ys to )4" in si It 

10..:...4- fine sand and silt, 
non-plastic, dark grey, 
frequent pebbles, 
I ew cobb I es 

-dark brown 

trace grave I, 
coa I specks 

Ys at approximately 
45° to horizontal 

haIrline Ys, 
horizontal 

occasion a I co a I specks, 
trace gravel 

TEST HOLE LOG 
C) 

9 LABORATORY TEST DATA 
u 
J: £:::.Bulk density ( pcf) 0 Water content 
0.. 
<( Plastic limit liquid limit 
"' C) 

w 120 
':::! 

% 

1408 
1000 

OTHER 

TEST DATA 

(P200 : 43) 
NP 

CONTI 

0 z 
all 
w 
0.. 
> 
I-

~ 
0.. 
~ 
<( 

"' 

z 
0 

oei;; ;:::: 
i5 w 
z Z> 
0 ::::>0 

""u u wW 
"'"" 
s~ 

SLOPE STABILITY STUDY 

z 
Q 
I-

i5 
z 
0 u 
w 

"' 0 u 

I y 

Ill 

II 

II 

II 

NORTHERN ENGINEERING SERVICES 
COMPANY LIMITf.D 

(A~C:.A•'I' .. LtLATA 

l-c•-~""111 :!.o•vo<u li'IGII'IllA~ r011 

CANADIAN ARCTIC GAS STUDY LIMITED 

...., 
u... 

J: 
I-
0.. 
w 
0 

REMARKS 

pebbles not indicated in 
grain size analysis 

13 Annular~" thaw due to 
coring action. 

TEST HOLE No. 

N75-DV11-B 

SHEET OF 
PC-9,SK373 



SUMMARY OF TEST DATA FOR SOIL CLASSIFICATION 

? Grain Size Distribution ::t ... 
Sample Remarks 

... Sample Atterberg Limits > 0.074 mm < 0.074 mm * Soil ~ 

Identification Depth WL wP Gravel Sand Silt Clay Group ~ 

"' :;· 
~ 

Ft % % % % % % ~-

~ ... 
~-
~ 

DVll-A-4 2.2-3.4 20 13 2 42 39 17 CL-ML 

DVll-A-5 5.1-5.3 0 62 P200 I= 38 SM No hydrometer analysis . 
DVll-A-9 8.1-8.5 46 52 P200 ~ 2 SP Borderline sand/gravel 

DVll-B-5 3.5-5.0 22 14 9 35 41 15 (CL) Sandy layer 
i 

0 DVll-B-6 5.0-5.8 38 19 5 18 42 35 CI ~ 

DVll-B-7 5.8-5.9 20 15 CL-ML Sandy silty layer 

DVll-B-11 10.3-12.2 NP NP 0 57 32 11 SM-ML 

* Clay sizes assumed to be less than 0.002 mm average soil particle diameter 



, ... 
SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 

FROZEN INITIAL LIQUID PLASTIC 
CONSOL-

AVERAGE WATER K MEAS. Cv Mv K CALC. SAMPLE DEPTH BULK WATER 
LIMIT LIMIT SILT CLAY 

-!DATION 
PRESSURE 

VOID 
HEAD "w-s I( 10-2 xlo-S xlo-S 

NUMBER FT. DENSITY CONTENT 
% % % % 

PRESSURE 
PSF 

RATIO 
FT. CM./SEC. CM~/SEC. CM~/G. CM./SEC. 

PCF % PSF 

lnvn-A-4 2.6-2.9 112.2 32.8 20 13 39 1J o.o 0.972 

53.7 0.854 

0:833 1.0 61.74 

444.3 0.715 

0.713 1.0 14.72 

249.0 32.39 34.96 11.32 

837.7 0.657 

0.655 1.0 7.24 

6[j_!.J) 32.37 16.98 5.50 

1623 8 0.586 ,_ .. 

0.585 1.0 3.07 

1230.7 25.66 10.57 2. 71 
------ - ·--·-- - ----

DV11-A-5 4.9-5.1 117.3 23.5 NP NP (P200 = 38%) o.o 0.755 
·- · 

51.7 0.722 -
0.719 1.0 205.90 

438.9 0.690 
.... - --

-- 0.689 1.0 172.20 

245.3 - - -
828.5 0.678 

0.677 1.0 166.70 ·- - -
__ 63_3.7 - - -

1609,0 0.665 

- 0.663 1.0 129.30 
--1-------- I-- -

1218.7 - .. - --- - ----



-

SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 
FROZEN INITIAL 

LIQUID PLASTIC 
CONSOL-

AVERAGE WATER K MEAS. Cv Mv K CALC. SAMP LE DEPTH BULK - I DATION VOID WATER 
LIMIT LIMIT SILT CLAY PRESSURE HEAD x lo-s )( lQ-2 x]Q-5 )( 10-5 

NUMBER FT. DENSITY CONTENT 
% % % % 

PRESSURE 
PSF 

RATIO 
FT. CM./SEC. CM~/SEC. CM~/ G. CM./SEC. 

PCF % PSF 

DVll-B-5 4.0-4.2 124.0 21.8 22 14 41 15 o.o 0.636 

54.2 0.567 

0.555 1.0 28.70 

380.7 0.517 

0.514 1.0 8.49 

217.4 41.62 15.53 6.46 

771,4 0.490 

0.488 1.0 5.04 

576.0 11.93 8.45 1.01 

--- - f----· 
1540.0 0.460 

0.458 1.0 2.73 

1155.7 21.29 5.10 1.09 -- -

DVll-B-6 4.9-5.2 121.0 25.5 38 - _19 42 35 0.0 0.728 

53.7 0.706 

0.673 1.0 15.56 

378.2 0.630 

o.62.7 1.0 12.15 
- r---

215.9 23.16 16.70 3.87 

771.6 0.591 
0.589 1.0 5.35 

574.9 .- - -
-- - -

1557.7 0.519 
- t------r---

0.519 1.0 1.04 
--f-

1164.6 23.63 11.26 2.66 
- --~-- ---



SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 
FROZEN INITIAL 

LIQUID PLASTIC ·- CON SOL-
AVERAGE WATER K MEAS. Cv Mv K CALC. SAMPLE DEPTH BULK -I DATION VOID WATER 

LIMIT LIMIT SILT CLAY PRESSURE HEAD X 10"5 X lQ-2 x10-5 X 10-5 
NUMBER FT. DENSITY CONTENT 

% % % % 
PRESSURE 

PSF 
RATIO 

FT. CM./SEC. CM~/SEC. CM~/G. CM./SEC. 
PCF % PSF 

DVll-B-1 10. 9-'11.3 119.0 28.8 NP NP "'"' 10 n n 0 .. 804 

~., Q n .. n~ 

n 7"10 1 n 7n/, &on 

445.4 0.662 

0.655 1.0 36.00 ·-- ----

249.1 40.73 28.03 11.42 
837,7 0.611 

0.609 1.0 13.28 

641.5 - - --

---------
1616.7 0.561 -- r-·-- ·----

-- -------r------- 0.559 1.0 9 12 

1227.2 - - --·--- ------;---r--

-

--- ---·- -

-------

---- ---· 

- r---- r-· -· 

·-- -

·---- ---- - - r--- ·-



-

10-2.-------,------,------,.-----r------r----,-----r-------r-------, 

5 

2 

-s 
10 

5 

2 

r--
1-
r­
r-

I-

I-

1--
r-
r-
r-
r-

1--

I-

r-

I--

0 DV11 -A-4 

6 DV11 -A-5 

[] DV11 -8-5 

0 DV11 -8-6 

• DV11 -8 - 11 

I I I I 
20 50 

I I I I 

100 

0-~\ '~~ \---- \\ \ ---- it' . \ -- . . . 
\ 
\ 

\ \ 
\ \..,_ ---- -[] \ 

' ~ 
NORT!iERM EMGINEERIMG .SE.RVICE..S 

COMPANY LIMITED 
• <~L<.A"Y ~~ 81 PTA 

··•-""" ...... . . , ............ ,to;>~ 

t ·~···· !""''" 

CANADIAN ARCTfC GAS STUDY LIMITED 

PERMEABILITY VS EFFECTIVE STRESS 
RELATIONSHIP FOR SITE: DV 11 
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0 DV11-A-4 -

6 DV11-A-5 

Q DV11-8-5 -

(:) DV11-8-6 

• DV11-8-11 -

-

I I I 1 _1_1 

NORTHERN ENGINEERING SERVICES 
COMPANY LIMITED 

CALC.AIIV AlftUlTA 

[.,. ...... ~, .... ~ ....... l .. (..!N( I~~~ POl'! 

Co"'•'""' l""''•OII 

CANADIAN ARCTIC GAS STUDY LIMITED 

VOID RATIO 
vs 

EFFECTIVE STRESS RELATIONSHIP 
FOR SITE: DV 11 

I I I I I 
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CANADIAN ARCTIC GAS STUDY LIMITED 

Cv VERSUS EFFECTIVE STRESS 
RELATIONSHIP FOR SITE: DV II 
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- SUMMARY OF DIRECT SHEAR TEST DATA 
FROZEN INITIAL LIQUID PLASTIC ·~ NORMAL 

MAX. RESIDUAL 
SAMPLE DEPTH BULK WATER SHEAR SHEAR <I>' C' <Pr' C' 

LIMIT LIMIT SILT CLAY STRESS 
r REMARKS 

NUMBER FT. DENSITY CONTENT . 
% % % % PSI 

STRESS STRESS DEG. PSI DEG. PSI 

PCF % PSI PSI 

DV11-A-5 3.4-6.0 111.4 22.1 NP NP (P2C 0=38) 2.4 1.6 1.4 34.0 0.0 10.0 0.0 Nn '"··"-~-~ .. ~-

6.5 3.7 ' analvsis -· 

- ,_ __ ··----~---
_11,1._?_ - ----- .8.4 

DV11-A-5 3.4-6.0 112.7 22.1 NP NP (P20 0=38) 1/i .•. .L 9.7 8.5 3.4 .0 0.0 ?li.O 1 r:; 'IJn • ... 6_ 

' 30.6 16.2 analysis 

.. 

. ·.: 

·--1-"-------- . 

- - _, 

-
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LEGEND: 

• MAXIMUM SHEAR STRESS 

RESIDUAL SHEAR STRESS 0 

FOR SOIL GROUP S M 

-l.' =26° 't'r 2 

c;2 = 1.5 psi 

0~--------L_ ________ L_ ______ ~L_ ________ L_ ________ L_ ________ L---------L-------~ 

0 10 20 30 40 

EFFECTIVE NORMAL STRESS, PSI ~ NORTHERN ENGINEERING SERVICES 
COMPANY LIMITED 

, t CALC.AAY AL&UH.II 

t ....................... , 

l"'"P•"' lo..,,l<o.l 

CANADIAN ARCTIC GAS STUDY LIMITED 

EFFECTIVE NORMAL STRESS- SHEAR STRESS 
RELATION FOR SITE: DV 11 
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DESCRIPTION 

Nb 

TEST HOLE LOG 

LABORATORY TEST DATA 

6 Bulk density ( pd) 0 Water content 0/o 

Plastic limit 1-------1 liquid limit 

30 50 70 100 150 

50 100 500 1000 

~f, 1 Moss grass, 2' 
+-P_t~1~1~P~EA_T_,_f_iib __ rou_s,_r_o_ot_lle __ t:s,_d_a_rk __ br_ow_n ____ ~~-:: ::: 16 

0.5 _=.!.0.7-J::ro'::r'-1--- 1<:: .-
Ml 

2000 

SILT, trace fine to coarse sand, ~ Vr ::, 

f re que n t sub r au n de d (" " ~ -5- 1----+--l--+-+-la-l-++-.:J---1-,1>4---l--+-+-1-+-1++---+-++-l pebbles to 1", .1.o \r., 
dark grey, till-like, ~ Vr/ _

1

}, 

ice layers toW' :fi! Vs -- r'-" 
_2;;..;;._2 ~~....:35 h .... / 

~ Vs f". 6 g 15 ~ +--t'-cc'~AJ---2--'--'J'-'- 2" layer of fine to coarse 

3 (SP) ( ) 3.1 sand, little fine gravel 3.1 g ~.. ~~~-+~~~~~-r++~~r+~ 

i 
' 6 4 

V> 

' 

sc-~-----·-·- -SANO.ti~t;-c;;-;e~------------
Cl _. _• clayey, thin layers 

· of si I ty sand and 
fine gravel, thin peaty 

r~r~ 
layers to 1/8" at 3.3' 
and 3. 7', 

I 
I 
I 

r:;4( 5.0 
5 +---l'"" 5..2 

dark brown, 
( t iII) 5.0 ~ 

clear ice 

-1 7 
m 
(I> 

-1 

ICE 
+ 

C I 

ICE with clay, 
little sand, 
trace gravel 
dark brown, 
(till) 

to 1", 
cloudy, 
breaks 
easi I y 

vert i ca I _Q.. 
silty streaks in 

10 
~.. _/ 
,. .. t------+-----t--7:.)'-t---+--11-t+t-h--/J:,-1-+--t--t--+++-t++--+-+---t--i 

/;6. 13 20 l ~ 
-1 /8. J--+-+---'t'-""k-t-++'+'f+--+-+--+--+--+-+t+t+---t--+---l---1 

80 

~ 
ICE 

· ..... 
I? 

+ ~-+-4-+-~H+~+-+-4-~~H+~+-++1 

I~ 

OTHER 

TEST DATA 

ci z 
«! 
LJ.J 
"­>-
1-

II 

_:_:0 ''-=-9+---l 
c1A~ 
-;- 1.4 II 

-'-----+----1 

C3 l . g II 

C4 l..olllllllllll 2. 3 II 

:: ~_:_:3.'-'-1+--, :-l: 
~ 4.0 

P200 = 46- C7 I ~ II 

_ljl_5,_,_ .. =-+-o____, 

C8 1\1 
V\ 5.7 

IV 

C9 I>< 6.1 IV 

ClO f\1 
V\7.2 

IV 

C11 ~ IV lA 7.7 

,....: 
u.. 

I 
1-
"­
LU 
0 

~ 8 8.0 C12 1\ I (8 . 71 IV 8 

z LOGGED BY , G.H I PROJECT : 12093, 12071 

~ CHKD , R.H I ELEVATION: 

~ DRAWN BY , N.l. I PII 

~ CHKD --~ lAIR TEMP.: 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

NOAT .... ERN ENGINEERING SERVICES 
COMPANY LIMITED 

CAlGARY .Uat.ATA 

L,.ll;•ow•.,n( !!M•v,<n LI'IC.If'lf:LR!o fOr. 

c • ..,~ .. , L•"'•'•tl 

CANADIAN ARCTIC GAS STUDY LIMITED 

REMARKS 

4" i.d. CRREL care 
barre I 

Vs ~" - ~" at sand/ 
clay interfaces 

Vs about 30° to 
horizontal 

core badly shattered 

TEST HOLE No. 

N75-DV3-A 

SHEET 1 OF 2 
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0 o-
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-4 
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VI 
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:I: 
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U--
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0.. 
w 
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10 

11 

12 

13 

i 
>-
"' 0.. 
:::> 
0 
0:: 
() 

-' 

0 
"' 
Cl 

ICE 
+ 

ML 

ML 

ICE 
+ 

ML 

() () 

0 g 
~ ~ -' 

1:::! 1:::! > 
1-W 

J: J: u 
0.. DESCRIPTION 0.. w-
<{ <{ u -' 0:: 0:: - <{ 
() () 

u :::> 
-' w 0::~ 

6 u z > -
"' 

rf1 Tl LL Vs to ~", 1 apart Ys 
CLAY 8. 5 

~ 
--

~~ 
Ice layers to };!" 60 

i;;j 
1~---------------~ 

35 

ICE with silt inclusions, - ICE 
vertical silt to};!", + 
at 10.1 vertical bubble 
trains in clear ice, 
grey 

1 I. 5 11 ' 5 --I SILT clear ice and soi I Ys? 

12. 2 
50 

12.2 --
ICE with silt inclusions, ICE 

trace gravel to 1" + 
95 

13.3 End of hole 

TEST HOLE LOG 
0 z z 

LABORATORY TEST DATA z 0 0 i= oO ~ 
oO i= ;::: 

8. Bulk density ( pcf) 0 Water content % 0 

I~~ 
0 U-OTHER w z 

0.. z -
Plastic limit liquid limit > 0 0 REMARKS 

TEST DATA 
,_ u J: 

LU LU u ,_ 
~ ~ 0::"' w 0.. 

8 30 8 ~ w 50 70 100 150 0.. 0.. 0:: 
~ ~ 

0 
0 50 100 500 1000 2000 <{ 0 

"' ~ u 

!.:.,, A W1 B 
C12 I y 

) _B. 7 
C13 ....... 9.0 I 

i/ C14 9.5 
I y shattered chips of clear 

ice and so i I 
c: .YJ C15 ~ 9. 9 II 

>< \ C16 I y core shattered 
I 0. 6 

\.. C1J I 0. 8 IV 

X r eta I y 
11.5 

X difficult to distinguish C19 I y 
12.0 I aye ring 

IC::: 

~"-' 
·-.., 

C20 II 
b 

13.3 

~~_.--~--~----~--------------------~--~~--~--~~~~~._~ .. ~~~~ .. ------~~._~~~--~-----+--------------~ z I LOGGED BY : G. H. FACILITY : PROJECT: 12093, 12071 CONTINUOUS PERMAFROST ZONE TEST HOLE No. 
p CHKD R.H. LAT.&LONG : 68°57'40"N, 134°1_5~'!_ ELEVATION : SLOPE STABILITY STUDY 

~ DRAWN BY : N, L. AIR I : BR 74405-263 PI 

0
ICHKD . ~ RIG , RANGER Ill AIR TEMP: -t2°C 

NORTI'ERN ENGINEERING SERVICES 
COMPANY LIMITED 

(ALC:.ARY A~aUIITA 

N75-DV3-A 

~ METHOD : CRREL CORE BARREL 
>._1 ST-A.IR_T_D-21--MIL-0-YJ-~TI-ME: --11·4-::35----,-l F-'IIN-~~-H:--D2L--1M--1110-Y--71~5-Tii-IM-_E_c-:_1_!-::2---10 

1. .... •-••"'11 S.••«u t,.c;II'U.I.R:!Io roJo 

c._,.. '"-"•• 

rAII.IANAII.I ARCTIC GAS STUDY LIMITED SHEET 2 OF 



I 

5 
...... 

I 

I 
1-
0.. 
w 
0 

DESCRIPTION 

fibrous, 2" moss 
woody, twigs 
(organic), peaty, 
trace fine to coarse sand, 
gravel to 1", root lets 

I 

, (organic), litt le fine gravel, 
1----tH.:~·--"-""L-t_I!~san!!_ __________ _ 

some fine to coarse sand, 
trace fine gravel, 

with clayey, silty sand, 
cobble at 6.5' 

clayey, some gravel, 
occasional peat inclusions, 
Ice to approx. 1/16" 

~ 
0 

~~ 
_. 
u > 
I: o-w 
"- wU 
<t ~: 0:: 
~ u~ 
w O::<n 

~ 25 

TEST HOLE LOG 
0 2 2 LABORATORY TEST DATA 2 0 

oil~ Q ;::: 
oil 1-0 w 8 Bulk density ( pcf) 0 Water content % OTHER w 2 2> 0 

Plastic limit Liquid limit 

60 80 100 120 
20 40 60 80 

1408 
1000 

"- 0 ::>0 
> o::u 

TEST DATA 1- u ww 
~ w o:;O:: _. 

8~ "- "-
::E ~ 
<t <t 
"' "' 

C1 

w = 1721 

w = 2051 

P200 = 63 

P200 = 39 

P200: 44 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

2 
0 u 
w 
0:: 
0 u 

II 

NORTHERN Er"tG:U'"tEERU'"tG: SERVICES 
COMPANY LJMITF.O 

(AlCio\AY Al.I.ATA 

f.ft,IIIW.,Iftl :5.t•onn I.I'U;.UottA .. rDA 

CANADIAN ARCTIC GAS STUDY LIMITED 

...., 
LL-

I REMARKS 
1-
"-
UJ 

0 

4" i .d. CRREL core 
barre I 

TEST HOLE No. 

N75-DV3-B 

SHEET OF 
PC-9,SK373 



. 
0 

"' I 

--1 m 
VI 
--1 

:::r: 
0 
r-
m 
z 
? 
z .... 
U1 

Cl 
< 
w 

I 

!D 

TEST HOLE LOG 

i (.!) (.!) 0 z z s g LABORATORY TEST DATA z 0 
oil~ Q ~~ <= ;:::: 

oil 0 w 1-u >- 0 u.. u 
I 1-w 8 Bulk density ( pcf) 0 Water content "1. OTHER w z Z> - 0.. I 0.. ::lO z ::l 0.. DESCRIPTION 0.. w~ 

Plastic limit liquid limit >- 0 o::u 0 I 0 <( <( 
~-' TEST DATA 1- u wW u "" 1- "" "" (.!) <( 

~ ~ """' 0.. (.!) (.!) U::l 140 60 80 100 120 1408 s~ 
UJ UJ 

0.. 0.. "' 0 -' -' w "'"' ::E ::E 0 6 6 ~ z >1o 20 40 60 80 1000 <( <( u Vl Vl Vl Vl 

8 Tl LL, vs IP 8 C11 f.ll<~::) 1 y 
C I , sandy, 1----

r-8-:5- occasional woody inclusions, R_ 7 c 
~~p 

!:. I 
~,_Q_ I requent fibres, Yr to Vr L~ 

9 I CObble 1/8" 10 7 P200: 66- C12 Ill 
lcobbl e, pebb I es d ~ 

9. 7 b--f--- 8 9.8 1 --- I--

~ 
Ys to Ys -- 1--- = 112% 10 f----little sand, 
.14" 50 1:> ...---;."' ~ P200 : 79 - C13 I (trace gravel) .;" 10. 5 10.5 P.o. (';) 

1---- 10.5 
ICE ICE with soi I, ICE ',, 

IX 11.3 

+ layers of ICE, with ICE+ soi I + 
A 

, ..... ,_ 
C14 IY w = 262% 11 Cl to Js", approx. 80% 

ice by vo I ume 11.4 

'" [>< w = 255% 11.7 Ys? 1-- >-- C15 IY 
C I 

~ 
CLAY, some fine gravel, b /.0 

l--- 11.9 

IA_,u 12 
12

_
3 

brown, cobble at 12.0' 
~/ CIS Ill cY ML 12.5 SILT, dark brown Ys 10 

lEnd of hole I 

!LOGGED BY : G.H I FACILITY I PROJECT 12093 12071 

ICHKD R.H I LAT. & LONG : seo57'40 'N 134°15'40"W I ELEVATION : 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

I DRWN BY N. L. AIRPHOTO No. BR 7Hn~-?R~ I PIPE MILEAGE 
CHKi:): ·+?I-! RIG : RANGER Ill lAIR TEMP -15°C 

NORTHERN ENGINEERING .SERVICES 
~ _ COMPANY LIMITf.D 

' CALGAitY .. L.LIU"' 

METHOD CAREL CORE BARREL L .. l•-•••"1 !o.n .. n 'IIC.II'ItL•'\ roa 
c .. _ .. L-·••• 

!sTART: D 22 M 10 Y 75 TIME: 11 : 10 T FINISH : D 22 M 10 Y 75 TIME: 18:45 CANADIAN ARCTIC GAS STUDY LIMITED 

-...., ..._ -
I REMARKS 
1-
0.. 
UJ 
0 

H 

11 shattered core 
(broken samples) 

11 • 5- difficult to retrieve 
the CAREL barrel. 

TEST HOLE No. 

N75-DV3-B 

SHEET 2 OF 2 
PC-9,SK373 



...... 
0 
\0 

i 

Sample 
Identification 

DV3-A-7 

DV3-B-6 

DV3-B-8 

DV3-B-9 

DV3-B-12 

DV3-B-13 

* Clay sizes 

Sample 
Depth 

Ft 

4.0-5.0 

3.8-4.6 

5.3-6.2 

6.2-7.5 

8.9-9.1 

9.8-10.5 

assumed to be less 

SUMMARY OF TEST DATA FOR SOIL CLASSIFICATION 

Grain Size Distribution f ... 
Atterberg Limits > 0.074 mm < 0.074 mm Remarks "' Soil ~ 

WL Gravel Sand Silt * Group !;:' wP Clay 
"' s· 
"' % % % % % % ~· 

~ 
:t 
"· ll 

20 13 10 44 29. 17 SC-CL 

30 18 9 28 38 25 CL-CI 

31 16 25 36 25 14 sc 

22 34 25 19 se-er 

10 24 38 28 CI 

40 18 2 19 44 35 CI 

than 0.002 rom average soil particle diameter 



1-' 
1-' 
1-' 

I 

I 

SAMPLE 

NUMBER 

DV3-A-7 

DVJ-A-13 

FROZEN 
DEPTH BULK 

FT. DENSITY 
PCF 

4.3-4.5 109.4 

--

-

8.7-9.0 68.1 

SUMMARY 
-INITIAL LIQUID 
WATER 

LIMIT 
CONTENT 

% 
% 

31.1 20 

283.5 -

--

OF CONSOLIDATION-PERMEABILITY TEST DATA 

PLASTIC 
CON SOL-

AVERAGE WATER K MEAS. Cv Mv K CALC. 
-I DATION VOID 

HEAD )( 10-5 )( lQ-2 ><lo-5 )( lQ-5 LIMIT SILT CLAY PRESSURE 
% % 

PRESSURE 
PSF 

·RATIO 
FT. CM./SEC . CM~/SEC. CM~/G. CM./SEC. % 

PSF 

13 29 17 0.0 0.997 

51.0 o·.782 

0.758 1.0 35.29 

432.9 0.646 

-- f--
0.637 1.0 7.15 

241.9 33.34 35.47 11;;.82. 
817.2 0.592 

0.591 1.0 4.94 

625J) __ 29.13 _li_.!lll A_ ell_ 

l'iR7 .. 1 0,534 

0.532 1.0 0.81 . 
1202.1 6.10 9.38 0.5_1_ 

~--------

.. - .. n.n A '.llHI_ 

53.3 1.357 ----

1.325 1.0 13.55 

-- f-
390.9 1.196 

1.191 1.0 2.10 

222.1 3.08 33.64 1.04 

792.7 1.130 

1.125 1.0 1.12 
... ~ 591.8 - - ---

1597.2 1.027 

1.018 1.0 0.82 ---------

---- 1194.9 1.48 ll._Zit__ _Q_"_ll_ 



SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 
FROZEN INITIAL LIQUID PLASTIC 

CONSOL-
AVERAGE WATER K MEAS. Cv Mv K CALC. SAMPLE DEPTH VOID BULK WATER 

LIMIT LIMIT SILT CLAY 
- I DATION 

PRESSURE HEAD x lo-s X 10-2 xlo-5 x lo-s 
NUMBER FT. DENSITY CONTENT 

% % % % 
PRESSURE 

PSF 
RATIO 

FT. CM./SEC. CM~/SEC. CM~/ G. CM./SEC. 
PCF % PSF 

DV3-B-6 3.8-4.0 99.4 45.4 30 18 38 25 0.0 1.438 

53.1 0.678 

0.597 1.0 26.61 
-

389.4 0.475 

0.463 1.0 9.89 
--· 

221.2 11.19 46.51 5.21 

789.6 0.420 

0.415 1.0 3.95 
-

589.5 11.84 15.14 1. 79 -- -
1597 . 7 0.363 

0.363 1.0 1.56 ,. _ --
1193.6 8.16 9.36 0.76 - -- -----

--

DV3-B-8 5.4-5.6 89.6 69.7 R__ 16 25 14 0.0 2.157 

51.0 0.839 - -- -- - --
o. 770 1.0 4. 72 -- --

432.9 0.620 - - ~-- --· · .. 

0.618 1.0 1.29 ----
241.9 13.53 45.80 6.20 

817.2 0.580 

0.580 1.0 0.70 -- - --
62~.0 - - -

.. r---- 1587.4 0.534 

0.532 1.0 0.24 ------- --
1202.3 - = --- - - - -



1-' 
1-' ...., 
I 

SAMPLE 

NUMBER 

DV3-B-12 

DV3-B-13 

SUMMARY OF 
FROZEN INITIAL 

LIQUID PLASTIC DEPTH BULK WATER 
LIMIT LIMIT 

FT. DENSITY CONTENT 
% % 

PCF % 

8.7-8.9 109.7 36.8 

-

10.0-10.? 80.6 112.7 40 18 

·--· 

·--1-· 

-----
·*Accuracy of this d.atum point in doubt, 

CONSOLIDATION- PERMEABILITY TEST DATA 

. CONSOL-
AVERAGE WATER K MEAS. Cv Mv K CALC. 

SILT CLAY 
-I DATION 

PRESSURE 
VOID 

HEAD X I0-5 X J0-2 xJo-5 X J0-5 

% % 
PRESSURE 

PSF 
·RATIO 

FT. CM./SEC. CM~/SEC. CM?/G. CM./SEC. 
PSF 

38 28 0.0 1.078 

53.3 0.988 

0.982 1.0 520.2* 

390.9 0.723 

0.723 1.0 6.62. 

222.1 14.46 78.25 11..31 

792.7 0.643 

0.639 1.0 5.37 

591.8 12.59 23.95 3.02 

1597.2 0.550 

0.548 1.0 1.:.09 . 
1194.9 11.30 13.81 1.5,6 

44 35 0.0 3.398 

54.2 1.231* 

1.226 1.0 787.4* 

448.4 1.063 

1.062 1.0 68.04 

251.3 7.95 39.03 3.10 

839.3 0.934 

0.930 1.0 2.73 

643.8 4.12 31.28 1.29 

1618.2 0.844 

0.841 1.0 0.72 

1228.7 4.86 11.64 0.57 
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-
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-

5 

-

-
u 
~ ..... 
E 2 
u 

-

-

2 

2 t--

LEGEND: 
MEASURED 
CALCULATED 

e DV3-A-7 

A DV3-A-13 

0 DV3-B-6 

8 DV3-B-8 

0 DV3-B-12 

0 DV3-B-13 

'~"- NOJHHEII:J'( ENGINEERING SERVICES 
~~~~ COMPANY LIMITED 

... 3.-?r. --:::.::.::~:.:" 

CANADIAN ARCTIC GAS STUDY LIMITED 

PERMEABILITY VS EFFECTIVE STRESS 
RELATIONSHIP FOR SITE: DV3 

107~----~~--~L-~I~~-~II~I~Iw_ ____ _L __ ~IL-~1~-~~~~~~~~------------------~ 
10 20 50 100 200 500 

EFFECTIVE STRESS, PSF 
-115-

1,000 2,000 5,000 10,000 



1.4 

1.2 

~ 1.0 
0 
1-

:<( 
· a:: 

0 
0 0.8 
> 

LEGEND: 

• 
• 
0 

6 

0 

() 

OV3-A-7 

OV3-A-13 

OV3-B-6 

OV3-B-8 

DV3-B-12 

OV3-B-13 

• NORTHERN ENGINEERING SERVICES 
~ COMPANY LIMITED 
~ CALGAA' ALUATA 

l."a·-~""111 '!w••••n llloiG!Nf.tA!o FOA 

CANADIAN ARCTIC GAS STUDY LIMITED 

VOID RATIO 
vs 

EFFECTIVE STRESS RELATIONSHIP 
FOR SITE: DV 3 

0.2~----~--~~~~~~~~------~--~--~~~~~~----~--~~~~~~~~----------------------~ 

10 20 50 100 200 500 1,000 2,000 5,000 
EFFECTIVE STRESS, PSF 



10 1 r-------.---------~------~------~--------.-------.-------.----------.------~ 

5 

2 

10° 

I­
I­
I­

I-

1-

1-

1-
1-

1-

1-

~ 5 .. 
~ 1-E 
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SUMMARY OF DIRECT SHEAR TEST DATA 
FROZ EN INITIAL LIQUID PLASTIC - NORMAL 

MAX. RESIDUAL 
SAMPLE DEPTH SHEAR SHEAR (j>' C' <l>r' C' BULK WATER 

LIMIT LIMIT SILT CLAY STRESS 
r REMARKS 

NUf..t.BER FT. DENSITY CONTENT 
% % % % PSI 

STRESS STRESS DEG. PSI DEG. PSI 

PCF % PSI PSI 

DV3-.\-7 4.0-5.0 104.8 39.0 20 13 29 17 2.5 1.8 1.2 25.5 0.8 23.5 0.3 Cut plane 

5.9 3.0 
-·-

14.5 6.6 
--- -- - --- -------- 1-----· --·-

DV3-;\-7 4.6-4.9 105.6 38.5 20 13 29 17 14.5 7.7 6.8 25.5 0.8 23.5 0.3 Cut plane 

30.6 13.6 

DV3-B-6 3.8-4.6 88.9 68.9 30 18 38 25 .2.4 1.6 1.2 31.5 0.3 30.5 o.o Cut plane 

6.5 3.8 

14.5 8.3 
·---- -

DV3-B-6 3.8-4.6 85.6 76.6 30 18 38 25 - ~5 8.7 -~- 31.5 0.3 25.5 0.9 Cut plane ---
30.7 16.4 

--------

---

-- --

------ ------ ---

- --- 1---

-- - ----- ---- r--- --

-

- -------'----
* Ac ::uracy of this datum poin~ in doubt 

-

---- -
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LEGEND: 

e MAXIMUM SHEAR STRESS 

0 RESIDUAL SHEAR STRESS 

EFFECTIVE NORMAL STRESS , PSI 

FOR SOIL GROUP SC-CL 

0.3 psi 

40 

~ NORTHERN ENGINEERING 5ERVICE5 
COMPANY LIMITED 

• (AlC..ARY Al&UllA 

/ . • l 
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CANADIAN ARCTIC GAS STUDY LIMITED 

EFFECTIVE NORMAL STRES S - SHEAR STRESS 
RELATION FOR SITE: DV3 



....!... 
tV 
7 

-V') 
0... 

V') 
V') 

w 

20 

e: 10 
V') 

0! 
<( 
w 
I 
V') 

[ J 

LEGEND: 
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I 
>-­
"­
UJ 
0 

DESCRIPTION 

(organic), black 
we 11-bonded by Ice 

s i I ty 
trace sand, 
trace fine gravel, 
dark brown, 
coal inclusions 

--dark brown 

-layer of pebbles to 2" 

Ref usa I - cobb I e 

scattered Yx 
to 1/8" 

layers of soi I 
and ice with 
soli- easily 
breaks 

Ys 1-2" apart 

layers of soi I 
and ice with 
so i I 

Ys W • apart 

TEST HOLE LOG 
0 z z LABORATORY TEST DATA z 0 

oO~ Q i= 
oO >--0 UJ 

8 Bulk density ( pcf) 0 Water content % OTHER UJ z Z> 0 

Plastic limit Liquid limit 

60 80 100 120 
20 40 60 80 

1408 
1000 

"- 0 ::::>0 
>- cru 
>-- u TEST DATA UJUJ 

~ ~ """" 
s~ "- "-

:::E :::E 
<r <r on "' 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

z 
0 
u 
UJ 

"" 0 
u 

Ill 

II 

Ill 

II 

Ill 

~NORTHERN ENGINEERING SERVICES 
COMPAI'IY LIMITr.D 

CALGoU:IT .\L.liiiA 

l.•l•-•""1 !.on""' ll'"C:.INllA1o fO~ 
c .. _ a.. .. , .. a.• 

CANADIAN ARCTIC GAS STUDY LIMITED 

o-: ... 
I 
>--
"-
UJ 
0 

REMARKS 

4" i.d. CRREL core 
barre I 

TEST HOLE No. 

N75-DV5-A 

SHEET 1 OF 

PC-9,SK373 
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DESCRIPTION 

Pt 'fo/ I Moss, grass. rootlets, peat 

u 
C I TILL 

CLAY, silty, 

ll..,L 

trace fine sand, 
pebbles, subangular 
to rounded 

]I occasion a I 
cobb I es to 

I app rox. 3" 
!pebble layer at 3.2' 

I 
~!_j 

\:> 
0 
....J ~ ~ 

TEST HOLE LOG 

LABORATORY TEST DATA 

~ ~ UJ & Bulk density. ( pcf) 
"- UJ u 

0 Water content % 

liquid limit 

0.5 

1.1 

~ ~::; 

\:> u :!i 1.,, 
UJ a:: IJ) I'+U 

u z >lo 

+ Vx 
++ 

UF 

I Vs 
40 

1.B 

1.9~ Vs 

' ~ !4" ; 
~ 
~ 20 

Plastic limit 

60 
20 

80 

40 

100 

60 
120 

80 

140 6. 
1000 

11/8" 

~ 101-----t--+-l---+--+-l---+--+----1f--+--l 

~ 
~ 

OTHER 

TEST DATA 

<i z 
ol! 
UJ 
"­>­,_ 
UJ 
--' 
"-
~ 
<( 
U') 

1.4 

2. 6 

3. 4 

4. 5 

II 

Ill 

II 

~ 20 
~ 1/8 "1---+--+-t--+--+-1--+--+--lf---+----t 

~- 0 Ill 

~ 
~IR 
~~ 1-"-'.!L-subrounded pebble, 

v::V::~ 3" ~ 
~ :% 

ice jz" 
crumbly 

§ ~·· ~ -'l 1 40 

~ 20 

Ill 

6. 2 

lo 
It 

P200 = 78- C1 II 
--1 7 ~~1---some fine sand, 
~ ~ trace gravel to l)Z", 

~ ~~ grey Vs approx. 
)4" spacing 

10 

1/16 ·1---+---t==t~j'+--l---+!':.,0,+---l-----+_______jf--------j 
-11s· L/ 

7.5 

8.0 

12093, 12071 

Q 8 f£~ 
~I LOGGED BY G.H I FACILITY : I PROJECT 

~ICHKD R.H ILAT.&LONG : 68°12'00"N 133°45'00"W !ELEVATION 

~I DRWN BY. A.M I AIRPHOTO No. BR 74404-95 I PIPE MILEAGE 

~! CHKD : - ~~~ I RIG : RANGER Ill I AIR TEMP. 

c.:' I METHOD CRREL CORE BARREL :I START: D 24 M 10 Y 75 TIME : 12:40 !FINISH: D 24 M 10 Y 75 TIME: 14:15 

P200 = 73--- C2 18 . 5: I 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

NORTHERN ENGINEERING SERVICES 
COMPANY LIMITf.D 

CALGAAY AlllliiTA 

[,.1,,..~""" 5or•v,.u li'IGII'Illll\ roll 

CANADIAN ARCTIC GAS STUDY LIMITED 

,__: 
u... 

I 
>­
"­
UJ 
0 

REMARKS 

approx. 30' south of 
test hole DV5-A 

1-

4" i.d. CRREL 
core barrel 

samples not 
retained 

TEST HOLE No. 

N75-DV5-A-2 

SHEET 1 OF 2 

PC-9SK373 
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5l 
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-1 
m 
VI 
-1 
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0 
r-
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:z: _, 
U1 
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CJ 
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U1 

0 

"" 
"' 

I ,_ 
0.. 
w 
0 

\!) 

0 
--' 

u 
I 
0.. 
<( 

"' \!) 

DESCRIPTION 

TEST HOLE LOG 
\!) 0 ~ z 9 ~ :.e LABORATORY TEST DATA Z ~ .., ~ o 
u >0 oO - U.J ;:::::: 

I ,_ w 8 Bulk density ( pcf) 0 Water content % OTHER w ~ Z > 15 

~ w ~ Plastic limit liquid limit ~ 0u ~ 8 ~ "" ~ __. TEST DATA ,_ w w u 
~ u ~ 140 ~ ~ 01: et:: lU 
w "" "' 60 so 100 120 140 8 0.. 0.. uo ~ "" 

--' --' < "" 0 - - ~ z 51" "" c 

I ,_ 
0.. 
w 
0 

.J 

REMARKS 

~ ~ IV 20 40 60 so 100 0 ~ ~ u 

~s~c~~~~~~~~T~IIL~L------------------~~~~~-Yr~~~~~-l~=-~~~~~~~~~~~~-4--------~~c-2 4-1'1~<(7~.5+-1~~8----------~ ~ ~L_!!,_continued ~~1'- IJ-._ ~ ~ _ _8-'-'-'--'-t--5----1 

~
~ 8.3 pebble layer, ice layer to%" ~ 15 -.....,l--o..., _ 

8 
~ ~ 40 ~ 

~~L--Iayer of pebbles to 2" ~ / C3 II 

~ ~O_,J ebbles to I" 20 ~ 
10 

1---
10.2 

I 0 

~I 
9

-
8 

l'""bles to tJ>", Ice layers to J>" ~~r cl ~ 

~~ 10.5 .... ~asional black organic }.., ~ 

11 +--f~~~~J~~
8-~ii~nitRtl~~:~~s

0
a"~nsd~

1

iT~r:;;~lle~g~~~~~~========~~--r-t-~-+-i--r-t-~~--r-t--r-t----P
2
_
00
_=_

7
_
2 
__ --t-c

4
~ 

11.0 Endofhole 
II . 0 II II 

Refusal - boulder 

I LOGGED BY : G. H I FACILITY : !PROJECT 12093 12071 

CHKD' R. H. I LAT. & LONG _§_B_'lj_2'00 °N 133°45' OO"W ELEVATION 

DRWN. BY A.M. I AIRPHOTO No. BR 7 4404-95 PIPE MILEAGE 

CHKD ~:rt- I RIG RANGER Ill AIR TEMP -I o0c 
!METHOD CRREL CORE BARREL 

START: D 24 M 10 Y 75 TIME : 12:40 !FINISH: D 24 M 10 Y 75 TIME: 14:15 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

. 

NORTHERN ENGINEERING SERVICES 
COMPAr"'tY LIMITF.D 

CALG"IIY .uat&IU . 
~_,..,_,,_ !..,."_. lPIC.II'IlLR~ rOA c-- ~ ... 

CANADIAN ARCTIC GAS STUDY LIMITED 

TEST HOLE No. 

N75-DV5-A-2 

SHEET 2 OF 2 

PC-9,SK373 
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\!) 
0 
-' 

u 
I 
"-
<( 
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DESCRIPTION 

\!) 

g ~ ~ 
u >­
I I- w 
~ w u 
~ ~ = \!) <( 

UJ ~ ~140 
u z >lo 

Pt 17 ?' PEAT, moss, grass, brown + Yx 

TEST HOLE LOG 

LABORATORY TEST DATA 

& Bulk density (pcf) 0 Water content % 

Plastic limit liquid limit 

120 140 ,0, 

80 1000 

.- 0 

ML 
~~~~0.3~------------------~0.~5+ 

S I L T, c I aye y, ----=.:'-"-1"~+-U-F -t-----t--t--+-t-----:,-;;;F--""'-T-+---+-----1-+----1 
trace fine sand, 1.

1 
,0, 

OTHER 

TEST DATA 

I (OL} 1.8 

trace fine gravel, 
brown to dark brown ~ Yr 

1.8 ~ 
·-o~--~ 

1---+---+--h----+-1--+---+-+--t-----=-=t,"-__ -:d.-- w : 120% 
.-j--1--·-

2 ~ ICE with Hgani silt incl si 

Yx to 
ll" 

2.1~3 1 ~ 
2. 3 Nb 

2. 8 
Yx 
30 

OL rm I ~itT (organic) 
~ 2.5 !trace gravel, 

~ to approx 1" vs 1/8"-ll" i Ys 

J Cl ~ j~~ :::::. H .. to """" ..... "I 30 

4 m trace gravel, ~ 20 
W grey ~ 

1;{;: ice coating, 1/8" thick, on pebble ~ 

~ I 
YV I 
~~ 1 1ayer of pebbles ~ 
YV I to 1", ~ 
YV I subangular to ~ 

~~ ~_,_o_j subrounded Ys at 45° ~ 

vy, ~~ 4 6.4 ~ W f--u_,_· __ 1" layer of coarse 
vy sand and fine gravel 
VY 

Yr 

1--r--
- ~~--; f--w = 293% 

l---+---+-+--+7.rl--+---+-+-~~~~ 
.--~--~ 

lo~ ·--~ 
& 

?---t.---

P200: 77-

;:ri 7 ~y 

~ 

pebbles, cobbles ~ 40 

~ 10 

\ 
V> 
-1 

I ~17 6 End of hole h 

ci z 
oO 
w 
a_ 
>-
1-

~ 
"-
:::!; 
<( 
V) 

C3 

f---

C4 

C5 

f---

C6 

C7 

~ 

CB 

z 
0 

oOi;; ;:: 
i5 w 
z Z> 
0 ::>0 

"'U u ........ 
~ "'"' 
s~ "-

:::!; 
<( 
V) 

2.4 

3. 7 

4. 7 

6.3 

7.3 

7. 6 

z 
Q 
1-
i5 
z 
0 
u 
UJ 

"' 0 
u 

II 

II 

II 

Ill 

Ill 

II 

-1-
LL.. -
I 
1-
a_ 
UJ 
0 

2 

3.4 

4. 2 
4.4 

7.6 

REMARKS 

4" i.d. CRREL core 
barre I 

approx. BOl: ice by volume 

2" layer of SM 

peaty layer 1/8" 
occasional black coal-
like inclusion to l(", 
occasional peaty 
inclusions to 1/B" 

0 Refusal Jl 

~~~~~GG-E:-D~BY-~G.--H---riFA--CILL-IIrTY--------------~~--riP~RruE~cT·:--~~112-0~9~31~20771~~~~~~C~O~NT~I~NU~O~US~P~ER~M~AF~R~OS~T~Z~O-N~E~~--~T-E-ST_H_O_l_E_N_o-. --~ 
!=l I CHKD R.H I LAT. & LONG : 68°12'00"N 133°45'00"W I ELEVATION SLOPE STAB ILl TY STUDY 

~I DRWN . BY N. L. I AIRPHOTO No. -~R_7H04-95 I PIPE MILEAGE 

~I CHKD ztt 1 RIG· RANGER 111 I AIR TEMP -1o0c 

~~===========~~M=E:T=HO=D======CR=RE=L~COR=E=BAR=RliEL====~===============: 
CD START: D 24 M 10 y 75 TIME: 15:40 I FINISH: D 24 M 10 y 75 TIME: 17:00 

NORTHERN ENGINEERING SERVICES 
COMPANY LIMITf.D 

("ALGAAY ALaliH.O 

l!.ftt•-~"".t :5ooni<U I.I'IGINllA,_ fOR 

c.,..,..,,.. L"'"'"" 

CANADIAN ARCTIC GAS STUDY LIMITED 

N75-DV5-B 

SHEET 1 OF 1 

PC-9,SK373 

r ..::o 



SUMMARY OF TEST DATA FOR SOIL CLASSIFICATION I 
Grain Size Distribution ~ 

~ ... 
Remarks " Sample Sample Atterberg Limits > 0.074 mm < 0.074 mm Soil ;: 

Identification Depth WL wP Gravel Sand Silt Clay* Group !:" 
"' s· 
"' Ft % % % % % % i· 
~ .. 

DV5-A-3 3.7-5.0 39 17 CI 
:a. 
"-
~ 

DV5-A-2-l 6.2-7.5 40 18 3 19 42 36 CI 

DV5-A-2-2 7.5-8.5 36 18· 7 20 40 33 CI 

DV5-A-2-4 10.2-11.0 39 18 10 18 34 38 CI 
: 

DV5-B-4 2.4-3.7 39 18 7 16 40 37 CI 

DV5-B-5 3.7-4.7 38 20 19 13 35 33 CI 

* Clay sizes assumed to be less than 0.002 mm average soil particle diameter 



SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 

FROZEN INITIAL LIQUID PLASTIC CONSOL-
AVERAGE WATER K MEAS. Cv Mv K CALC. SAMPLE DEPTH BULK WATER LIMIT LIMIT SILT CLAY 

-I DATION 
PRESSURE 

VOID 
HEAD x 10 -s X 1Q-2 xlQ-5 x 10 -s 

NUMBER FT. DENSITY CONTENT 
% % % % 

PRESSURE PSF RATIO 
FT. CM./SEC. CM~/SEC. CM~/G. CM./SEC. 

PCF % PSF 

DV5-A-2-2 7.5-B.5 113.B 32.1 36 1B 40 33 o.o 0.933 

53.7 O.B70 

O.B06 1.0 9.02 
-

37B.2 o. 729 

.. 0.721 1.0 3.26 

215.9 15.13 27.16 4.11 

771.6 0.665 

0.665 1.0 1.09 

574.9 12.91 17.25 2.23 

1557.7 . 0.607 

0.607 1.0 0.29 -
1164.6 5.54 B.92 0.49 

DV5-B-5 4.0-4.2~ 86.5 86.9 38 20 35 33 0.0 2.599 

54.2 1.074 

1.048 1.0 179.40 

380,7 0.775 -
0.759 1.0 3.70 

217.4 11.81 83.82 9.90 

771.4 o.703 

0.704 1.0 0.47 

576.0 - - -
1554.0 0.625 

0.623 1.0 0.06 
,. ~ .. " 

--r-- - . -
1162.7 0.86 11.76 0.10 

-- ~----

*Accuracy of this datum point i~ doubt 
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SUMMARY OF DIRECT SHEAR TEST DATA 
FROZEN INITIAL 

SAMPLE DEPTH LIQUID 
BULK WATER 

LIMIT 
NUMBER FT. DENSITY CONTENT 

PCF % 
% 

DV5-A-2- 7.5-8.5 119.6 -~0~~--r- _)§.. -

----- --
·- 1- ----- ---

DV5-A-2-2 7.5-8.5 117.1 22.0 36 
--4 - ·--. 

--·-- ... 

1----t----+---+ -------r-­
j-:D::...:V:...:5_-=-B-_4.:__f---=-3 :..:'1::...:-:...:3..:... 3=+-=-8 3::...:':...:2~---=6:..:..6c ~L _ 3_?___ .. 

PLASTIC 
LIMIT SILT 

% % 

1~-- . 4Q __ 

18 40 

-- - --- ... 
18 40 

-----4-----

18 40 I-D_V...::.5_-B_--'4-'-t_3_.-'-3-_3~_·...::.5-+--76. 6 
- - -- ---

---- - -- f- ... 

I-D-'V:...:5_-B:...--=5-t...:3:....c'...:...7_-4'-'.-'-7+-~9.:....7 :'..c.. 7 ... ---~~:~ .. 38 20 35 

··-

CLAY 

% 

33 ·--

33 

37 

37 

33 

NORMAL 
MAX. RESIDUAL 

SHEAR SHEAR 
STRESS 

PSI 
STRESS STRESS 

PSI PSI 

¢' C' 

DEG. PSI 

¢r' 
DEG. 

C' r 

PSI 
REMARKS 

2A_ _ :),_,9 1.3 _,3"0,_,.=0-t-~0 ._? ___ ____76. 9-,- _ Q_. _3 _ t---'c~u..,t~.,o:1,an~e, ___ -l 

6.5 3.3 ---------+---------
14.5 7.1 - - .. -·······--·· ------------1 

14.5 8.9 7.4 30.0 0.5 __ 26.0 __ ~1_- Cut plane 

30.7 15.2 --'---+------- ---··t-- .. ---·----------i 

----- .. _ --·------- 1--------- - ------ --·--· -------1--·----+--------l 
2.4 ----~:Z.. _ __ 1~--- 2_6.Q ____ _,o:..:·..::c8_ +-,24.o o.5 

~2._ _}_.?_ - --- ·- ·-- --- ··- ... 
14.6 7.1 

- -------· ---------- -------r-------+------- - -1 
14.5 __ 1.· ?. ___ 7._o ____ 2§.~Q__-:---o ~~-- - 20_ • .'L_I-_ J. &_ 

30.7 13.0 --- --r-- ---- ---- ----+--::.__-------1 

------- ------ ---------+-- --- . - - ·-·- r--· ---- -------~ 

2.4 1.5 1.2 28.0 0.3 25.5 ..... 9 ._Q_-------------i 

1-----1-----+---+---t----+----+-----+-----+-- 6.5 .. - --~~-- - -----+---- -----+-----+----------1 

------1----- ...... . - -- - ~4.!...L ------ - 6.9 __ ~- -----1------t----+----+------------1 

_ ~4._ ~ _ 8.1 6.8 _?8 : 9. _ ... _o~~ _ -- ~~·Q. __ +_ o::...:'_;:_9_ DV5-B-5 3.7-4.7 99.3 44.4 38 20 r=-.::.....c=--r=-"-...:...:...-+-.:....:...=-+---'-'--'-- r----- -------- 35 33 - . - - --- ----------~ 

1----_,----+----- ----+--- -·· ----- ---- --- -- ---- -------··· -

!----_, ______ -+-- ---1---- - --- --- --- --

t-----1----+---+----l----+----t----- -1----- ----+-----+-----+----- -+---1-----l-----+-----------

1-----+---+---_,- --+----+----+-- ---- ------+------ 1-·--------+---

1---- _,----+------r-- -------·· - --------- ... ····---- .. -------- ---·· -

1--- +----/----+----+--- ---------- -- .... .... - . ---·------

1-------~-__ _. ------'------- ------ ------+-·-- -- --- ----
* Accuracy of this datum po~!= in dou=b=t __ 

--·------ . 

- - -· - ----r-------r------t------+-------------------i 

--+-------'1-----+---+----t------- -

----1-----+- ----+----+-----r------+---------t 

------- - ----------- ---·-- -----+---------f 
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V) 
a.. 
V) 
V) 

w 

20 

e: 10 
V) 

c.:: 
<( 
w 
:r: 
V) 

LEGEND: 

e MAXIMUM SHEAR STRESS 

0 RESIDUAL SHEAR STRESS 

EFFECTIVE NORMAL STRESS, PSI 

FOR SOIL GROUP : C I 

l ... o-..rofiiA !..., .. ,,., 
,_.,..., Lo.,..led 

NORTHERN ENGINEERING SERVICES 
COMPANY LIMITED 

[fll<ill'lllUI\ P:OA 

CANADIAN ARCTIC GAS STUDY LIMITED 

EFFECTIVE NORMAL STRESS- SHEAR STRESS 
RELATION FOR SITE: DV 5 



TEST HOLE LOG 
0 " " cj z z co 0 NOT VERIFIED BY LABORATORY TESTS g 

~~ 
LABORATORY TEST DATA z 0 

o~~i:;;: 0 :E _. 
oil 

;:::: ;:::: ;:: ....: >- u >- i5 ll.J <L. <J) u 
I >-w .Gl Bulk density ( pcf) 0 Water content % z Z> i5 <L. OTHER ll.J - a.. I a.. :::JO z -:::l a.. DESCRIPTION a.. ll.J~ 

Plastic limit liquid limit >- 0 o:u 0 REMARKS :X: 0 <( <( '::::!_. ..... u :X: ..... 0:: TEST DATA wW u ..... 0:: 0:: 

" <( 
~ w """" a.. a.. 

" " U:::J 140 60 BO 100 120 1408 
_. 
s~ 

w w w 
a.. a.. "" 0 _. _. w C<Vl 
~ ~ 0 0 

6 6 '::::! z >io 20 40 60 80 1000 <( <( u <J) Vl Vl <J) 

Pt l ~~:T :~:!n gm~~u~~o~~o;~ .. ~reen 

~ 
Ys to 1/IB" 1/B" apart 
we 11-bonded 

GM it' :t GRAVEL, some fine to coarse sand, f;\0 little slit, brown, t-;_'i,' DCC, ~.- ..... II 
I l~d9 pebbles angular to subrounded, 

~-~, ;~ Vx 
_ ..... Cl 4" i.d. CRREL core 

Yx to 1/8", poorly bonded, friable o· 18 barre I 

lflq 
some Vc a round pebb I es 

,, 
1.4 

[oe I.B '-<< IV 
I.B 

End of hole 

Re !usa I - cobb I e 

' 
~ 

I 

-I 
m 
V> 
-I 

:I: 
0 
~~~--~--~----~--------------------~--~~1--cc~~,cr~T--~~~--._~--T-~_.--~~~~~~~~~~~~--~~~~~~~----_, z I LOGGED BY G. H. I FACILITY : r"vM-• 12093, 12071 CONTINUOUS PERMAFROST ZONE TEST HOLE No. 
? ICHKD : R.H. ILAT. &LONG : 68°33'40"N, 133°33'20"W ELEVATION : SLOPE STABILITY STUDY 
~I DRWN BY N. L. I AIR PHOTO No. BR 74404-89 PIPE MILEAGE 

b. CHKD 7-# I RIG RANGER Ill AIR TEMP : 

NORTHERN ENGINEERING .SERVICES 
COMPANY LIMITf.D 

CAI.GAAV AL.LIHA 

N75-DV51-A 

~~--------~~M~E:~THI•O~D--~CR~RE:IL~COT-REBA~RREL __ ~------------~ 
;._!START: D 26 M 10 Y 75 TIME: ~ !FINISH: D 26 M 10 Y 75 TIME: 14:40 

!. .. f.•-•••"1 S.n"n I:"C.I .. I.I.A,_ roA 

CANADIAN ARCTIC GAS STUDY LIMITED SHEET 1 OF 
PC-9,SK373 



' 
i$l 
' 

;:-.... -
I 
>-
0.. 
UJ 
a 

1 

2 

] 
0.. 
;:) 

0 
"" C) 

--' 
6 
"' 

C) 
0 
--' 

u 
I 
0.. 
<[ 

"" C) 

--' 

6 
"' 

DESCRIPTION 

PI 

OL 

1--L!-+-.L,.,..!.,.4-.m.JMn,~ssgrass Yoots , fibres 

I11 SILT, (organic) 

I 

~[}

11111 
trace gravel to 2", 

Cl 

IT trace fine to coarse sand, brown, 
1. 3 Vs to 1/8", well-bonded 

r/"v TILL 
~} CLAY, silty, trace sand, 
~/r '.Y grey-brown, 

/.' frequent cobbles, 
Y frequent layers of pebbles to 1)S", 

Vs to 1/8", 1/8"-%" spacing 

~~-~- %" layer of silty sand 
J-.Uil._ pebbles to 1)S" 

~
~ --- some gravel, little sand, 

Vx to 1 /8" 
~ --- white inclusions to)(" 

~ -- - little gravel, little sand 

-- isolated cobbles, 

6 ICE 
6 0 

~~f ~~q~~~t pebb I es 

ICE, with silt inclusions, clear ice 
with vertical bubble trains, 

l.EJ., vertical si It bands to Js" 
+ 

ML 
L.layers to %", of si It 

~ 7 7. 2 In cloudy ice 

C) 
0 _, ~ ~ 

TEST HOLE LOG 

LABORATORY TEST DATA 

¥ ~ w 8. Bulk density (pcf) 
~ w~ 

0 Water content % 

t--------1 liquid limit 0:: ~ _, 

C) U~lu' 
W 0::: Vli'+V 

u z >io 

+ + Vx 
+ + 10 

+ 
+ 

+ 
1.3 + + 

~---l 
§ Vs 

6. 0 

7.2 

~ 50 ·I--ll 30 

~ 20 

I 
I 
~ 10 

I 
I 

Ill q 40 

ICE 
+ 

1--­
Vr 
40 

Plastic limit 

60 
20 

80 
40 

~ 

100 
60 

(.)-----1--

~/) 6 

(~ 
r--

~' 
~\, 

r\ 
I& l'h 

\ 
I 

I 

C:. Jd 

t'-' 

120 
80 

--P 

1408. 
1000 

V\ 

0 z z z 0 
oil~ 0 

oil 
;:: ;:: 0 UJ 

OTHER UJ z Z> i5 
0.. :::!0 z 
~ 

0 ""U 0 u TEST DATA UJUJ u 
~ UJ """" UJ --' 

s~ 0.. 0.. "" :::!; :::!; 0 
<[ <[ u 
"' "' 

C3 I;< 2.5 IV 

C4 II 

f-- 3. 7 

P200 = 59 - C5 II 
1-

4.3 

~'·' 
I 

P200 : 72 -

C6 

II 

' 1-

I y 
7.0 

C7 J II 

...,: .... -
I 
>-
0.. 
UJ 
a 

6 

REMARKS 

4" i.d. CRREL core 
barre I 

ice core shattered 

c. 
_, .... 

!PROJECT 
jl ~~(~8-~4:~~8~------------~ 

i SC [~~.·. SAND, ;~:/llty clay, 

~ 8 [ff~ (till) Vr to Js" 

~I LOGGED BY : G. H. I FACILITY : 

!> lc HKD R.H !LAT.& LONG 

:::iiDRWNBY : N.L. IAIRPHOTONo. 

: CHKD : ·-~~ I RIG 

68°36'40"N, 133°33'20"1 

OR 74404-89 

RANGER I II 

12093 12071 
I ELEVATION : 

I PIPE MILEAGE 

lAIR TEMP -1 B°C 

~~--------~~M_E:T_HI•O __ D ____ CR~REo'L~C~OREBAR_Rl~IEL __ ~------------~ 
:1START: D 26 M 10 Y 75 TIME: 15:00 !FINISH : D 26 M 10 Y 75 TIME: 17:00 

CONTINUOUS PERMAFROST ZONE TEST HOLE No. 
SLOPE STABILITY STUDY 

NORTHERN ENGINEERING SERVICES 
COMPANY LIMITf.D N75-DV51·B 

CALC:.AA'¥' .tlliUtU 

l.ftc•-or•ftl ~ .. v ... ~ lrtC.II'IllA'II rDA 

c ... -r L-··~~ 

CANADIAN ARCTIC GAS STUDY LIMITED SHEET 1 OF 2 

PC-9,SK373 



' 
w 
'? 

I 
1-
"­
UJ 
0 

\) 

0 
-' 

TEST HOLE LOG 
\) ci 6 z 
g ~ ~ LABORATORY TEST DATA ! >=: o,5 i;: 2 

U ~ ;::: w If::. Bulk density (pcf) 0 Water content % OTHER w ~ Z !!; 0 
it DESCRIPTION ~ w u ~ 0 ~ 8 6 
~ "' ~ :::: Plastic limit Liquid limit TEST DATA ,_ u w w u 
\) \) u ~ IM ~ ~ "' "' lJ.J 

UJ "'<lli'+V 60 80 100 120 1406 "- ~ 8 ~ 0 
c 6 u z > lo 20 40 60 80 100 o ~ <~: u 

~.+~~~-~~<ll~~~~~~~~~~.---------tn~--~_,--,--,--,-,--.--.--r-,.-,--+------------~<ll~<ll 
B sc ~?;:: SAND ano si 1 ty clay, cont1nuea vr " r."l a trace gravel to~ ... subangular <..:..> '-"·r, 

(?; to rounded, '· 
~·~ (till), grey, 60 ~ ,.../P 

9 ~~ ~ occasional cobbles 30 
~~ ~ vr ~" to 1" 1 ~£p 

\ 

6b clear Vr to).;!" 60 10 

6 ): 

11 

1\ 

12 30 
; 

13 

14 

C7 
I--

P200 = 37 -... C8 

I--

C9 

1---

C1 0 
-1 

P200 = 82 - C10 

-2 

1---

C11 
P200 = 85 -... 

I--

C12 

II 

9. 7 

II 

10.8 

II 

II 

3. 2 

4. 0 II 

II 

,_; 
u.. 

I 
1-
"­
lJ.J 

0 

REMARKS 

~ 4" i.d. CRREL core 
barre I 

14.B 
--'-'-"-+---+ 14. 8 

-I 
m 
VI 
-I 

I 
0 

Ref usa I - cobb I e 

~~~--~--~----~--------------------~--~~--~~--~~~--~~--T-~~~~~~~~~~~~~~~--~~~~----------_, z LOGGED BY · G. H. FACILITY PROJECT 12093. 12071 CONTINUOUS PERMAFROST ZONE TEST HOLE No. 
9 CHKD R.H. I LAT. & LONG 68°36'40"N. 133°33'20"'11 !ELEVATION SLOPE STAB ILl TY STUDY 
~ DRWN BY N. L. I AIRPHOTO No. . 8R 74404-89 PIPE MILEAGE 

~ CHKD ·,::-.>+- I RIG . RANGER Ill AIR TEMP 

~~--------~IM_E:T_HI•O __ D ____ CR_R~I_C~OIIRE_BA_IIRR __ EL __ ~------------~ 
,;, START: D 26 M 10 Y 75 TIME: 15:00 !FINISH: D 26 M 10 Y 75 TIME: 17:00 

~NORTHERN ENGINEERING SERVICES 
COMPANY liMITf.D 

(ALGAIIY <!laLAHI 

!."t',..~""' :5orrwO<n f_NC.IHI_I_R .. fOil 

CANADIAN ARCTIC GAS STUDY LIMITED 

N75-DV51-B 

SHEET 2 OF 
PC-9,SK373 



TEST HOLE LOG 
0 ~ ~ 0 z z co 0 s ~~ LABORATORY TEST DATA z Q 

oil~ 0 ::E --' >-->-' >- oil 15 UJ >--.._ <f) u '=! >-
8 Bulk density (pcf) 0 Water content % 0 >-w Z> - Cl. I: I OTHER UJ z 

~0 z ~ DESCRIPTION Cl. wU Cl. 0 Cl. 
liquid limit >- "'U 0 I 0 <( <( 

~= Plastic limit >-- u >- "' "' "' TEST DATA wW u 
Cl. 

~ ~ ~ 
<( 

140 ~ ~ "'"' w LJ.J u~ 60 80 100 120 1408 Cl. Cl. s~ "' 0 --' --' w "'"' ::E ::E 6 0 u z:;: lo 20 40 60 80 1000 0 - <( <( u <f) <f) 

"' "' 
11 Moss, grass, roots for 2 inches 

I 
Yr 

1-'> I-- w = 350% Pt 
11 1 

PEAT, fibrous, roots, twigs, 40 
brown 

2 Cl I 
1 1 we 11-bond ed 1-- w = 756% 

1 
111 16 1--- w = 385% 1.4 1.4 1.4 

1----

~t;: Tl LL, ~ 8 -t-- w = 117% C I 
~~ 

CLAY, silty, brown, 
~ 

II 
2 occasional layers of silty sand, 20 1\ ....-_ 

t~ to approx. 1 inch thickness, 
~ d ]/[/ infrequent pebbles to 1.5 inches s C2 

jjY I/ 
3 ~ Yr to }>" ~ 8 r.( 

/i II 

::{ -, 3.5 

', 1---
/i 

' 

~~ ~'LQ_ 
~ 6 0.. 

~ 4 I ittle fine to medium sand, 

Iii 
~ 

-,~,~ 
P200 = 83-

C3 Ill 
~ trace fine to coarse gravel, Ys 

~~ 
dark brown 20 ~ 

Ys to 1/16", 8 (.:) 
I--

4. 7 

5 ~ spacing 1/B" I 
j/ I Ill 

t~ ~ 
5. B End of hoi e :§ 5. B 

-t 
m 
Ul 
-t 

::r:: 
0 .-
m 

I LOGGED BY z G.H. I FACILITY . I PROJECT : 12093 , 12071 
? ICHKD R. H z I LAT. & LONG : 68°36'40 'N. 133°33'20"W I ELEVATION : 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

..... I DRWN. Bi N. L. I AIRPHOTO No. · U'l 

' ICHKD ·.:::-<~-- I RIG CJ 
< 
U'l I METHOD . 

C') I START: D 27 M 10 Y 75 TIME: 

-

~9 

RANGER Ill 

CRREL CORE BARREL 

11:40 j FINISH: 

I PIPE MILEAGE 

lAIR TEMP : -2o0c 

D 27 M 10 Y 75 TIME: 12:10 

r-

~NORTHERN ENGINEERING SERVICES 
COMPANY LIMITF.D 

C"LGAAY AliU.RlA 

[.,.,_.,.,.. :k•~«•• !.I'I'GII'IllA'"> fOA 

CANADIAN ARCTIC GAS STUDY LIMITED 

->-u... -
I REMARKS 
>--
Cl. 
UJ 
0 

4" i .d. CRREL core 
barre I 

1(2 we 11-bonded by ice, 
except in sandy and 
gravelly layers 

5. B 

TEST HOLE No. 

N75-DV51-C 

SHEET 1 OF 1 

PC-9,SK373 



SUMMARY OF TEST DATA FOR SOIL CLASSIFICATION 

Grain Size Distribution ~ 
~ ... 

Sample Sample Atterberg Limits > 0.074 mm < 0.074 rnm * .. 
Soil Remarks .. 

~ 

Identification Depth WL wP "' Gravel Sand Silt Clay Group .. .. 
;;;· .. 

Ft % % % % % % ~ 
;;· 

~ .. 
~-

DV51-B-5 3.9-4.3 36 19 27 14 32 27 CI 

DV51-B-6 4.3-6.1 41 19 15 13 39 33 CI 

DV51-B-8 8.4-9.7 37 17 8 55 27 10 sc 

DV51-B-10 10.8-13.2 41 18 2 16 47 35 CJ: 

: DV51-B-11 13.2-14.0 45 21 2 13 51 34 CI 

DV51-C-3 3.5-4.7 39 20 5 12 44 39 CI 

I 

* Clay sizes assumed to be less than 0.002 mm average soil particle diameter 



SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 
FROZEN INITIAL 

LIQUID PLASTIC 
CON SOL-

AVERAGE WATER K MEAS. Cv Mv K CALC. SAMPLE DEPTH BULK VOID WATER 
LIMIT LIMIT SILT CLAY 

-I DATION 
PRESSURE HEAD "10-5 "JQ-2 xlQ-5 "lQ-5 

NUMB ER FT. DENSITY CONTENT 
% % % % 

PRESSURE 
PSF 

RATIO 
FT. CM./SEC. CM~/SEC. CM?tG. CM./SEC. 

PCF % PS F 

DV51-B-10 10.8-11.0 98. 1 52.9 41 18 47 35 o.o 1.598 

54.2 1.348 

0.934 1.0 4.91 

380.7 0.717 

0.714 1.0 0.02 

217.4 0. 82 72.55 0.59 

771.4 0.655 

0.653 1.0 0.01 

576.0 0.05 18.21 0.01 
- --------

1554.0 0.586 --
0.585 1.0 0.004 

1162.7 0.05 10.21 0.005 

-
DV51-c-3 4.0-4.3 81.3 99.7 39 20 44 39 o.o 3.091 

53.3 1.379 

1.238 1.0 21.54 

391.6 0.974 
---

0.952 1.0 1.64 

222.4 7.91 71.31 5.64 

793.4 0.852 

0.846 1.0 0.51 
---· 

592.5 2.75 19.90 0.55 
----

1604.6 0.736 

0.733 1.0 0.06 
- - f-

1199.0 2.06 14.88 0.31 -- --- -
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-7 
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I-

1-

5 r----
1-

r-

2 1---

LEGEND: 

0 

D 

MEASURED 
CALCULATED 

DV51-B -1D 

DV51-C-3 

\ 

~ 
MORTiit:RN ENGINEERING SERVICES 

<..OMPAN't UMITLD 
• <Al(.'l.Y ~lOtAU 

ho·-••··• ........ ~~~~~HR' ro• ··-··-- \,~ .. ~ 
CANADIAN ARCTIC GAS STUDY LIMITED 

PERMEABILITY VS EFFECTIVE STRESS 
RELATIONSHIP FOR SITE : DVSI 

10 8~----L-~~I __ L_I~II_LILILLI ____ _L __ ~I--~1~1-~11~ ~------------------~ 
10 20 50 100 200 500 1,000 2,000 5,000 10,000 

EFFECTIVE STRESS, P SF 
-145-
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LEGEND: 

0 DV51-B-10 -

G DV51 -C-3 

-

-

-

I I I I I I 

~NORTHERN ENGINEERING .SERVICES 
COMPANY LIMITED 

CALGAR Y ALIH .. RTA 

["1&•-•""ll ~,.,._. l.I'IGII'OEtRS fOR 

Co"'"""~ L,..•Hrol 

CANADIAN ARCTIC GAS STUDY LIMITED 

VOID RATIO 
vs 

EFFECTIVE STRESS RELATIONSHIP 
FOR SITE : DV51 

J I I I I 
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CANADIAN ARCTIC GAS STUDY LIMITED 

Cv VERSUS EFFECTIVE STRESS 

RELATIONSHIP FOR SITE: DV51 

10-s.._ __ ..__l~l_..__l.___,_ll_.~-1-'-1 -L..l..-1 __ ___,__--'I_.J.__ 1 _.____.1_-'--'-II...J..._I_,___ ________ _____. 

10 20 50 100 200 500 1,000 2,000 5,000 10,000 

EFFECTIVE STRESS, P SF 
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SAMPLE 

NUMBER 

DEPTH 

FT. 

FROZEN INITIAL 
BULK WATER 

DENSITY CONTENT 
PCF % 

LIQUID 
LIMIT 

% 

SUMMARY OF DIRECT SHEAR TEST DATA 

PLASTIC 
LIMIT 

% 

SILT 

% 

CLAY 

% 

NORMAL 

STRESS 

PSI 

MAX. RESIDUAL 
SHEAR SHEAR ¢' 
STRESS STRESS · DEG. 

PSI PSI 

c· ¢r' c· r REMARKS 
PSI DEG. PSI 

1.2 0.0 22.5 0.0 Cut plane t-pV_5_1_-_B-_1_0-t-1_0_.8_-_1_3_.+-1_1_1 _.8_-+-3_7:.!..__r-__ -: __ -+---+-----t----=--r--2~---+----+--­

l-----l-----+-----+-----l-------+-----l----+---+------"6..:..:.5::___t-- - - . ~--+----+-----1----+---+------------l 
14.6 6.0 1-----1-----+-------r------- - -----1-- - -- ---- --- ·- --· ---- - ---·--

V51-B-10 10.8-13. 101.0 40.0 ----+----1- .. ::-_ --------+-1 __ 4_._5_+-----+-6_.5_---l- - -~_9-~- -=2:::::2..:..:.5=---I____::O:..:·-=-O--+_c=.:u=.:t:......<:.p=la=n=e:..___ __ -l 
30.7 12.7 

---+- -----+--------r- -- ---------+-----11-----+----11----+---+-----t------+-------~ 

-----1--·------ ---· -···---------+------+ -----+----+---------1 

1------+---- ... ------ -· ----··· t-----·-- ---- --· . --. -· ------ --- - ----+---·-- ·- -----+----+-----------1 

--- - - -----t-------+----t-- ·-r--------· ·-· ----+------+---+----ll---- --+----+----'-----------1 

-----· ... --+------

··-··---r------ ----- --- ---- ---r------ -------- ---+-----+----+-----1---1---~--------1 

1----1----+--------r------··-- ---- -------·-

t-----1-----+----+----t-----+---~ ---+------ --- ~--·-t-----+-----+----t------+----t----------l 

- ---- ·-·---+--- ---t----+------ ------ - --1-- -- ----------1----

1------t--·-+-- -----.-- ·--· --·-- ----- --· -------- ------+--- -·-+---+--·- --- -·- - ----1--- ---·---11------+----------t 

-+-----+------+----+----1-~--- ----~-----+---+--------~ 

t-----1-----+----+-------- · ----j----+---t-----+----+----- ~-----+---

t-----1-----+---- - ···--t-- -------+------t ----1-----+----+---- r---- --+---+-- ----+----+----+-----------1 

------ ---+-·--·- - -·- 1--------+------1----+---+-----1---------
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I V) 
~ 

U'l 
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0 V) 
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w 
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1-
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<( 
w 
:::r:: 
V) 

-

LEGEND: 

e MAXIMUM SHEAR STRESS 

0 RESIDUAL SHEAR STRESS 

EFFECTIVE NORMAL STRESS, PSI 

c 

FOR SOl L GROUP C I 

~ NORTHERN ENGINEERING SERVICES 
COMPANY LIMITED 

~ • • tALI .. I\R' "lflflofl" 

t ......... ,,.. ..... •• ". ~ l "'<..l"f f .., ., t llll 

( ''"'""'"' I ""''~g 

CANADIAN ARCTIC GAS STUDY LIMITED 

EFFECTIVE NORMAL STRESS- SHEAR STRESS 
RELATION FOR SITE: DV 51 



Sill~1ARY OF TRIAXIAL TEST DATA 

:.,. 
I ~ Sample Sample Atterberg Grain Strain Pore 

~ ' ' . 
Number Details Limits Size Rate cr3 ( cr -cr ) ~Pressure at c' <P' Remarks ,.. 

• 1 3 max .. 
' ' ;;· 

& yf w WL wP Distribution (cr -cr ) l 1 3 max .. 
in/hr 

... Depth, ft pcf % % % % psi psi psi psi deg .. 
~ 

DV51-:B-10 111 37.4 41 18 Gravel = 3 0.036 5 9.2 - Consolidated -
(12.0-13.2) Sand = 14 Drained 

Silt = 49 
Clay = 34 

DV51-B-10 109 39.8 41 18 Gravel = 3 0.036 15 23.5 - 0.8 23.5 
(12.0-13.2) Sand = 14 

Silt = 49 
Clay = 34 

DV51-B-10 104 43.1 41 18 Gravel = 3 0.036 30 42.7 -
(12.0-13.2) Sand = 14 

Silt = 49 
Clay = 34 
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40 

V") 
Q.. 

30 
V") 
V") 

UJ 
0::: 
1-
V") 

0::: 
<( 
UJ 

I 20 
V") 

EFFECTIVE STRESS I 

USC - C I 

DV51-B-10 (12.0-13 .2) 
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TEST HOLE LOG 

- i ,__: .._ 

(.) 

0 
-' 

u 

(.) 

g ~ ~ LABORATORY TEST DATA 

~ t w 6. Bulk density ( pcf) 0 Water content % 

I .... 
0.. 
lU 
0 

2-

0.. 
::J 
0 
"' (.) 

-' 

6 
V) 

I 
0.. 
<( 

"' (.) 

0 
V) 

DESCRIPTION 0.. lU u 
~ '::' :::; Plastic limit liquid limit 

(.) u :31Af'l 
lU "' "' J<+V 60 80 100 120 1406. 
u z > lo 20 40 60 ao 100 o 

Pt Tr PEAT moss grass (3 ') + vx 

t---h-,--rt-;;-;;-0.3----------=-vx--:=:; moo-=-=eer=ate!"'ly---1 + + 1/8' f---t--+.,..:0"4-----1-+--+--'lr;::,:..L-+--+---1----j 
ML SILT, clayey, well - bonded + + 10 r.J'' 8 

trace sand, + _Y 

trace fine gravel, + + 19 £? 
occasional cobbles, 1.5 + K & 
brown, 
(till) 

f-- - occasional peaty 
fragments, thin 

? 
1 

peat layers 
~_,_,_grey 

3
_
6 

peaty inclusion, 4" 

ICE-i ICE with si It inclusions, 

Ys, hairline to)<" , Ys 

~ 15 1--1---+-+--+-l---!--+-+--+--l~ 

~ 
I 
~ 
~ 
~ 3.6 ~ 

OTHER 

TEST DATA 

0 z 
oO 
lU 
0.. 
>­.... 
~ 
0.. 

~ 
V) 

C2 

-

~ z 
>= oO~ g 
i5 z~ i5 
z ::J 0 z 
0 ""u 0 
u UJ w u 
w 0:: Q:' w 

~ 8 ~ 0 
<( u 
V) 

2.0 

II 

3.4 

II 
;::;; IY~ 3_9 approx 6or. ice by volume r 3_9 

~liCE+ C3 
f--

4.0 
w 
' 

~
V, TILL Ys 1/16"-1/B" 

Cl ~ CLAY, trace gravel, apart 0 pebbles to %", 
W dark brown 
V'Y 
~~ 
VY 

6- ~~ 
~~ 

. I 6. 0 1ce ayer )<" ---

~ 1 ~ 
~ rt 
~ 8 ~ 
~ 1nr.r.Fn BY G.H. 

· CHKD R.H. 

~DRWNBY . N.L. 

b CHKD · · ~ - t1 

I FACILITY 

hairline Ys 

Ys 1/ 8" 
ap.a rt 
hairline Ys, 
strongly bonded 

7.0 

I LAT. & LONG ~'4_0_'_'1i,_ 132°33'20"W 

I AIR PHOTO No. · BR 74404-26 

I RIG RANGER _1_1_1_ 

PROJECT 12093, 12071 

ELEVATION 

PIPE MILEAGE 

AIR TEMP. 

< I METHOD CRREL CORE BARREL 
:1-1 ST-ARTr ,--0--21:8--M1L-0-Y7-5TI-ME::_ _ _1_.:.;.;;)5:;;:.:.0JID_....:..:..;:;:.j f...:.;;'IN~IIISH:..._: __ D0..___4M--111_Y __ 75-T"IIM-E:-,1-6: 1----i 5 

Ill 

4.9 

C4 II 

6. 0 
1--

C5 Ill 
6. 8 

:-~1(8.8 Ill 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

NORTHERN ENGINEERING SERVICES 
COMPANY LIMITF.D 

(ALC.AIIY 1\l.liHA 

(.,&•-•••.,t ~ •• ,... (I'IC.IIOII.lCI) roA 
c .. .,..,..,, Lnftllo4 

CANADIAN ARCTIC GAS STUDY LIMITED 

I .... 
0.. 
lU 

0 

REMARKS 

4" i. d. CRREL core 
barre I 

7 core damaged by 
extrusion 

TEST HOLE No. 

N75-0V9-A 

SHEET 1 OF 2 

PC -9,SK373 



I 

;; 
j>. 

I 

10 

11 

12 

13 

r"'"' 

DESCRIPTION 

cant i nued 
trace gravel, subangular to roundad, 
trace sand, grey, 
occasional peaty inclusions, 
ha I r I i ne Ys 

! - trace coarse sand (as white 
inclusions), 
trace grave I to 1", 
dark grey 

occasional pebble layers 

white inc I us ions ha I r II ne Ys 

---little fine to medium sand, 
trace grave I to Js", 
dark brown, 
Ys to ~", approx. 2" spacing 

clear ice 

0 
g 

8 

TEST HOLE LOG 
0 z z LABORATORY TEST DATA z 0 

-oi;;: 0 
GO 

;:: ;:: 
Bulk density ( pcf) 0 Water content % 0 UJ 0 OTHER UJ z Z> 

2 
Plastic limit liquid limit 

60 100 120 
40 60 60 

1408 
1000 

a_ 
0 ::::>0 

>- e<u 
TEST DATA 1- u wW 

':'::! "'"' 
s~ a_ 

~ 
<l: 
"' 

P200 = 78 

P200 = 86 

P200 = 86 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

0 
u 
UJ 

"' 0 
u 

NORTHERN ENGINEERING SERVICES 
COMPANY LlMITf.D 

~. .......... ft~ ~ ...... 

c--"• L·-•"'• 

CANADIAN ARCTIC GAS STUDY LIMITED 

....., 
LL. 

I 
1-
a_ 
UJ 
0 

REMARKS 

core breaks along ice 
layers 

shattered ice 

TEST HOLE No. 

N75-DV9-A 

SHEET OF 
PC-9,SK373 



J 

TEST HOLE LOG 

i \!) \!) 0 z z 0 NOT VERI FlED BY LABORATORY TESTS g 
~~ 

LABORATORY TEST DATA z 0 
oOi;< 0 

;:? .... 
"" 

>= >= ;::? u >- 15 u.J 15 .... u 
I ..... ..., • Dry density ( pcf) 0 Water content % OTHER u.J z Z> .... - "- I ::>0 z -DESCRIPTION "- u.J~ "- 0 REMARKS ::> "- <[ Plastic limit liquid limit >- "'U 0 I I 0 <[ ~ .... TEST DATA ..... u ...,w u "' ..... ..... "' "' \!) u~ ~ ~ "'"' "-"- \!) \!) 

140 80 100 120 140. 8;;-! u.J u.J LU 
UJ "'"' 

60 "- "- "' 0 0 .... .... 
~ ~ 0 6 6 ~ z >io 20 40 60 80 1000 <[ <[ u 

"' "' "' "' Pt 7_1' PEAT, light brown, Ys to )(" ~ Vs poor qua I i ty core, no 
11 fibrous, I 30 samples retained 

~f 
occasional roots, twigs Ill 

1.0 
§::: 

1 ~ 1.0 
ICE ICE with occasional (clay) inclusions ICE 1.2 

+ + 
(CL) Ill 

1.9 
2 

2. 5 2.5 IV 

(CL) ~ (CLAY, silty) Vs to )(" I Vs 2. 8 
little fine to 20 

3 x coarse sand, ~ 

~ 
trace grave I, ~ IV 

v subangular to subrounded, 

4 ~~ 
grey, 

4.l 
.!.. 

~ 
(ti Il-l ike) 

"' "' I 

~ IV 
5 

~· 5.5 

~ 5. 9 End of hoi e 5. 9 5.9 IV 
5. 9 

Refusal - gravel? 
. 

- cobbles? 

-I 
m 
Ul 
-I 

I 
0 
~~~--~--~----~--------------------~--~~~~~--~~~--~~--T-~~--~~~~~~~~~~~~--.__,~~~~~-----1 
ziLOGGED BY : G.H ! FACILITY !PRC)ECT : 12093, 12071 CONTINUOUS PERMAFROST ZONE TEST HOLE No. 
° CHKD R.H ILAT.&LONG: 68°11'40"N, 132°33'20"W !ELEVATION· SLOPE STABILITY STUDY 
~ DRWN BY N. L. I AIRPHOTO No. · BR 74404-26 I PIPE MILEAGE 

CJ CHKD -.::"~ I RIG R!IIGER Ill lAIR TEMP 

~~--------~IM_IIE_THi~10)1D ____ ~CR~RELCrOR!IE~B~ARR!=IEoiL __ ~~------------~ 
'f'lsTART: D 06 M 11 Y 75 TIME: 11:45 !FINISH: D 06 M 11 Y 75 TIME: 13:45 

~NORTHERN ENGINEERING SERVICES 
COMPANY LIMITf.D 

C"lLC..\RT oU.LUtA 

~:,..,.,.~.,.,. ~·-.. •s I. .. C:.IPolllll'\ fOR c:;...,..,....,. L,,..,, •• 

CANADIAN ARCTIC GAS STUDY LIMITED 

N75-0V9-B-1 

SHEET 1 OF 1 

PC-9,SK373 



TEST HOLE LOG 

i ~ ~ ci z z 0 NOT VERIFIED BY LABORATORY TESTS g LABORATORY TEST DATA z 0 
cO~ 0 ~~ ;:: 

~ 
..... 

cO 0 UJ 
;:: ;: u u >-

A Dry density ( pcf) 0 Water content % Z> Ci ... ... 
I 1-w OTHER UJ z ::>0 z -- ... I 

UJ~ 
... 0 REMARKS ::> DESCRIPTION ... 
>- o::u 0 ... 

<[ Plastic limit liquid limit I- u J: I 0 <[ 

"" ~ ..... TEST DATA UJUJ u I-1-

"' "' ~ u~ ~ ~ "'"" UJ 
... ... 

~ ~ 140 100 120 140A s~ 
UJ UJ 60 80 ... ... "" 0 0 ..... ~ UJ "'"' ::E ::E 0 6 6 ~ z >io 20 40 60 80 1000 <[ <[ u 

"' "' "' 1/l • 

PI u PEAT tw[gs, Vs Samp I es not retained 
-- fibrous, roots, brown 30 0.3 

Ys to ~" 
1.0 1.0 1 1 

ICE ICE with soil inclusions, ICE 
+ little fine to coarse sand, + 

core shattered, expanded I<CL) frequent subangular to subrounded 

12.0 pebbles, sui I In cloudy ice 2.0 2 2 
(\CL) ~ ~ 

(CLAY), trace coarse sand, vs 

~ 
from 2' to 3' frequent pebbles 

- core partially melted in 
CRREL barrel due to heat 

~ ~ strati fled ice to Js" 
3 generated by coring. 3 

~ ~ 
1"-3" apart, with 20 

~:t,Q_ Vs to 1/B" between 

~ ~ pebb 1 e, 2" • the Js" layers 
I 

~ ~ 
p~a, angular 

4 4 L.pebble, Js", 
I ~ 

~ subangular 
~ :,; Ys 1/8", 1/8"-J(" 25 '/ 1/ apart 

1/ i/ 
1/ [/ 5 5 
~ 

1/ Ys ~", 1/B"-~" 
i/ apart 

~ 
v 

v ~ 5.9 End of hoi e 5.9 5. 9 
Refusal - gravel? 

- cobb I as? 

..... 
m 
VI ..... 
::r: 
0 .-
m 

!LOGGED BY G.H I FACILITY I PROJECT 12093 12071 CONTINUOUS PERMAFROST ZONE TEST HOLE No. 

~ ICHKD - R.H I LAT. & LONG: 68°11'40"N, 132°33'20"1 I ELEVATION ' SLOPE STABILITY STUDY 

'7' I DRWN BY N.L. I AIRPHOTO No. BR 74404-26 I PIPE MILEAGE NORTHERN ENGINEERING SERVICES 
N75-DV9-B-2 ~ COMMI<Y LIMITf.D 

~I CHKD ±_:rl_ I RIG : RANGER Ill lAIR TEMP : -aaoc . ~ 

CALGAA'¥ ALiliiTA 

co 
METHOD CRREL CORE BARREL ~. ..... - ... ~. s. ...... UOIGINli.R:Io rOA 

I c ..... _~. ........ 
al 

~I START: D 06 M 11 Y 75 TIME : 15:00 I FINISH: 0 06 M 11 Y 75 TIME: 1B:OO CANADIAN ARCTIC GAS STUDY LIMITED SHEET 1 OF 1 

PC-9,SK373 



SUMMARY OF TEST DATA FOR SOIL CLASSIFICATION 

Grain Size Distribution ~ 
::). ... 
" Sample Sample Atterberg Limits > 0.074 unn < 0.074 mm * Soil Remarks ~ 

Identification Depth Gravel !::' WL wP Sand Silt Clay Group .. 
;;· 

Ft % % % % % % ~· 

~ 

DV9-A-8 9.2-10.1 40 20 5 17 35 43 CI 
s· 

DV9-A-9 10.1-11.0 40 19 5 9 49 37 CI 

DV9-A-11 12.2-13.2 42 18 2 12 44 42 CI 

* Clay sizes assumed to be less than 0.002 mm average soil particle diameter 



SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 
FROZEN INITIAL 

LIQUID PLASTIC 
CONSOL-

AVERAGE WATER ' K MEAS. Cv Mv K CALC. SAMPLE DEPTH BULK WATER -I DATION VOID xJQ-5 LIMIT LIMIT SILT CLAY PRESSURE HEAD X J0-5 X ]Q-2 X JQ-5 

NUMBER FT. DENSITY CONTENT 
% % % % 

PRESSURE 
PSF 

RATIO 
FT. CM./SEC. CM~/SEC. CM~/ G. CM./SEC. 

PCF % PSF 

DV9-A-8 9.2-9.4 122.5 23.9 40 20 35 43 o.o 0.685 

53.6 0.697 
--

0.690 1.0 58.43 

387.2 0.649 

0.645 1.0 10.82 
--

220.4 56.47 14.90 8.42 

815.6 0.608 

0.607 1.0 

601.4 - - -
1604.9 0.558 --

0.555 1.0 0.22 

1210.2 18.99 7.66 1.45 -- --

DV9-A-9 10.7-11.0 122.2 22.2 40 19 49 37 0.0 0.666 

53.4 0.664 

0.658 1.0 28.52 

391.6 0.585 

0.582 1.0 3.85 

222.5 23.65 27.11 6.41 

794.1 0.543 · - -
0.540 1.0 o. 77 

592.9 10.34 12.36 1.28 

1607.1 0.497 

-- f--- 0.495 1.0 0.15 

-- ---r- 1200.6 10.43 7.05 0.74 



1-' 

"' 0 

SAMPLE 

NUMBER 

DV9-A-11 

FROZEN 
DEPTH BULK 

FT. DENSITY 
PCF 

12.8-13. 122.9 

-+ ------·--

-

SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 
INITIAL LIQUID PLASTIC 

CONSOL-
AVERAGE WATER K MEAS. 

WATER -I DATION VOID 
LIMIT LIMIT SILT CLAY PRESSURE HEAD oc lo-5 

CONTENT 
% % % % 

PRESSURE 
PSF 

RATIO FT. CM./SEC. 
% PSF 

23.6 42 18 44 42 0.0 0 .1\H 

54.2 0 .. 1\R'i 

0 .. 1\1'17 1 .0 l"'?.AO 

380.7 0.614 

0.611 1.0 19.34 

217.4 

771.4 0.592 

0.571 1.0 0.70 

f-- -· 
576.0 

-----1-·--· --- ----------- 1------- 1554,0 0.527 

0.526 1.0 0.09 ---· 

---f---- -- ·-J_162.7 

---· 

--- -·- ----- ---· 

-------: t- ·- - --~· · t-

1-----

---- -

-

·- --

-- -----

Cv Mv K CALC. 
>C lQ-2 >elQ-5 oc 10-5 

CM~/SEC. CM~/G. CM./SEC. 

-

44.56 27.32 12~17 

16.98 13.03 2.21 

2 28 7 .. 23 a.16 
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~. r"'OJ:~TiiEJ:IN ENGII'IEERING SERVICES 
COM.PAN'I' LIMITED 

<AU:.UH _.!~IAIA 

L•l·,.'""l ........ , ~~(,I~IUI .. FPA 

CANADIAN ARCTIC GAS STUDY LIMITED 

PERMEABILITY VS EFFECTIVE STRESS 
RELATIONSHIP FOR SITE : DV 9 

7 I I I I I I I I I I I I I I 10 ~----~--~--~~~~-LL-----~--~--~_L-L~~~--------------------~ 
10 20 50 100 200 500 1,000 2,000 5,000 10,000 

EFFECTIVE STRESS, P SF 
-161-
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1.4 

1.2 

0: 1.0 
0 
~ 

· <( 
, Ck: 

0 
0 0.8 
> 

0.6 

0.4 

0.2 
10 

I I 

20 

~--

======= 
7:"\... -- - ---0-_ --- ~ -----=:: :----F.t 

~ 
~ ~ 

I I I I I I I I I I I 

50 100 200 500 1,000 2,000 

EFFECTIVE STRESS, PSF 

I I I 

LEGEND: 

0 DV9-A -B -

& DV9-A -9 

[J DV9-A -11 -

-

-

I I I I I I 

NORTHERN ENGINEERING SERVICES 
COM""NY LIMITED 

CALC.AAY Alllol.ATA 

~. ....... ~ ..... ~ ...... li'IC.IN[LAS fOA 

c .... , ... , l•"'·"· 

CANADIAN ARCTIC GAS STUDY LIMITED 

VOID RATIO 
vs 

EFFECTIVE STRESS RELATIONSHIP 
FOR SITE : DV 9 

I I I I 

5,000 
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r--

10 

LEGEND: 

0 DV9-A-B 

8 DV9-A-9 

0 DV9 -A -11 

I I I I 
20 50 

I I I I 

100 

I~ 

I~ . ~ 
~ t\ 

~ 

~ 

\ 
\ 
I~ 

:I~ /'IORTH£R~O~~~YEEL~:l~E~ERVICE5 

~ ............... 
'"'. ... ..... ... '~ .. ,~ .. ~' '"" 

I ,.., ••• I~ .. o 

CANADIAN ARCTIC GAS STUDY LIMITED 

Cv VERSUS EFFECTIVE STRESS 

RELATIONSHIP FOR SITE: DV9 

j I I I I I 
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EFFECTIVE STRESS, P SF 
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SUMMARY OF DIRECT SHEAR TEST DATA 
FROZEN INITIAL LIQUID PLASTIC NORMAL 

MAX. RESIDUAL 
SAMPLE DEPTH SHEAR SHEAR <!>' C' ¢r' Cr'. BULK WATER 

LIMIT LIMIT SILT CLAY STRESS REMARKS 
NUMBER FT. DENSITY CONTENT 

% % % % PSI 
STRESS STRESS DEG. PSI DEG. PSI 

PCF % PSI PSI 

DV9-A-8 9.2-10.1 122.7 20.5 40 20 35 43 2.4 1.9 1.3 25.0 o.8 22.0 0.5 

6.5 3.1 
-

14.6 6.3 .. ·---·-f---- -------~··-- -· 
DV9-A-8 9.2-10.1 123.2 18.3 40 20 35 43 14.5 7.5 6.5 25.0 0.8 21.0 1.0 

30.7 12.6 

-- - ------

-· 

-~-- ---· -·--·-

---- .. ----- ·- ----

·------· ---·---- -· 

- - -· 

------- - ---- ·--·--- - --··-· ·-
.... 

---- ------ ........ -- -

-- ---·- -- --· 

-
-



I -~ 
V) 

o- a.. 
o- V) 

V) 

w 
0! 
1-
V) 

0! 
<! 
w 
:::c 
V) 

FOR SOl L GROUP : C I 

LEGEND: 

e MAXIMUM SHEAR STRESS 

0 RESIDUAL SHEAR STRESS 

20 

10 

OL_ ________ L_ ________ L_ ______ ~L_ ________ L_ ________ L_ ________ L---------L-------~ 

0 10 20 30 40 

EFFECTIVE NORMAL STRESS I PSI 

t"''""'''""l \or, .. ,.,, t "'IC..II'IIt t R' fUW 

'''11\Jio*'" l'"'' .. " 

CANADIAN ARCTIC GAS STUDY LIMITED 

EFFECTIVE NORMAL STRESS -SHEAR STRESS 
RELATION FOR SITE: DV 9 



TEST HOLE LOG 

LABORATORY TEST DATA 

2 ~ ~I ~I ~,_w~ _ ~ 8 Bulk density ( pcf) 0 Water content % 

1--------l liquid limit I 6 ~ DESCRIPTION ~ ~ = Plastic limit 

~ 0 0 t:l u~"' 
0 ....J UJ 0::: I./) "+V 

6 6 u Z>o 
V> V> 

80 60 
20 40 

Pt '11' PEAT, twigs, roots, fibrous, brown, :::<::: Nb 
"(1 strongly bonded by ice, .. ·::: 
'11 trace coarse sand, :··::·· 

1 
11 1 0 occasional pebbles to)}" :::::: 11 

Cl ~~ CLAY, silty, 1.2 .·· .. · ..o---1--

grey, (till-like) ~ h,... 

100 

60 
120 

80 
1408 

1000 

~~ 
trace I i ne to coarse sand, 111 Yr 0:: 

2.0 ~ I\;;-......_,, ~ 
2 +-C-H-I~~~Ti-~~:v.- ~~:~~ san(t race gravel~---- -~1. I ti"'·ol--t---+-f---'~-=-...._~+-..--+_:;>=-+--+-t--+---l 

~
%a -lirregular layers to 1", ~" "t::"- 8 
~ !(possibly varves) "·. 

3 ~ _ 3....1 _ja pp r ox i rna te I y 1 0° 3• 2 15 t----+---1--+---t""-/t=t---,_ ,:;"~-, _-_-+---f.l-+---+---1f---l 
to horizontal, -y;- ,-
1 ayers - I i gh t grey + + 

4 5 
1---+---t-++--+ C::.-+-+-+--d--+--t---+---t--1 

- dark grey + + \ 

4 •• + __
1 
I 

Ys to }4" Ys f---+---t-+---+---tA'st---+-€!--+---1f--+---l 
4.8 30 8 ~ I ..... ~... :: (;, -~ 

G ~ o~" " I!> 

~ lc-'"-"•"' "" ,,,,,.,, '"''"''""' ~ 15 ,- ,, 

~ 1 I Yo to lAB" ::: ; Yo / 
~ -- _]_d_irregular clay ~ y l 
0 Cl- lams to 2.. 1/16' ,.,1 5r 
;::;:; B CH moitied ' .(} .·"' 
z LOGGED BY .H FACILITY I PROJECT 12093, 12071 

~ CHKD · R.H LAT. & LONG 67°44'40"N, 131°40'30"W ELEVATION 

~ DRWN BY A.M AIRPHOTO No. BR 74404-58 PIPE MILEAGE 

~ CHKD --:::-.;.\- I RIG RANGER Ill AIR TEMP.: 

OTHER 

TEST DATA 

ci 
z 
oil 

w 
0.. 
>-
1-

co I j Ill 

_ll.B 
c
1 X 2.5 

P200: 92- ~~ 

C2 
-2 

f---

~ 

I y 

II 

4.4 

7.5 

P200: 92- C5 :9.0) I 

CONTINUOUS PERMAFROST ZONE 
SLOPE STABILITY STUDY 

NORTHERN ENGINEERING SERVICES 
COMPANY LIMITf.D 

(~lGAQV AlaliiTA 

~~----------~IM_E:TH __ OD _____ c=:IRR=Eoll~CO~REBA=RIIR=-EL __ ~--------------~ 
[,..&•-•""1 ~tYo<•> £1"1C.I .. ItJI- .. rUR 

;,. START: D 05 M 11 Y 75 TIME: jFINISH: D 05 M 11 Y 75 TIME: CANADIAN ARCTIC GAS STUDY LIMITED 

1-
u... 

I 
1-
0.. 
w 
Q 

REMARKS 

4" i.d. CRREL core 
barre I 

very poor core 

subsequent to di reel 
shear test, white 
corrosive deposit I eft 
by evaporation 

TEST HOLE No. 

N75-DV10-A 

SHEET 1 OF 2 

PC -9,SK373 



I 
~ 
' 

-1 
m 
~ 
:J: 
0 

...: 
"--
J: 
o-
"-
IJ.J 

0 

T 

9 

10 

11 

12 

13 

14 

i C) 

g 
u 

<>. I :::::> "-
0 <{ 

"' "' C) " -' -' 

6 0 
Vl Vl 

I (C I) 

~ 
~II' 

I 1-
CH 

1<.) 
1--

I 
CH 

~ I ~ 

DESCRIPTION 

CLAY little to some fine sand, 
highly variable plasticity, 
laminated- light grey 

- dark grey 
Yr to 1/8", infrequently to )S" 

----------------CLAY, trace fine sand, 
high plastic, 
grey 

11.0 
~-;lsilty, grey, 
_..._.Jposslbly lower 

plasticity 

at 11.5', pebble 
rounded to 1" 

14.5 End of hole 

Yr to )S" 

Yr to 1" 

13.0 
soi I with 
cloudy ice 

1" I I 13.7 c ear ce 
13

_
9 

clear ice with 
soi I inclusions 14.3 

at 14.5' clear ice 
with soli inclusions 

TEST HOLE LOG 
0 ci z z g 

~c;-e 
LABORATORY TEST DATA z 0 

..,i:; 0 ;:: 
u > "" 0 UJ 

;:: ;::: 
o-w .fl::, Bulk density ( pcf) 0 Water content % Z> 0 u. I OTHER w z :::::>0 z -"- wU <>. 0 > "'U 0 REMARKS <{ 
~= 

Plastic limit liquid limit o- u J: 
"' <{ TEST DATA ..,w u o-C) 

140 
~ UJ "'"' "-U::::> 60 80 100 120 140/l::, -' 8a-! UJ w 

UJ "'"' <>. "- "' 0 
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SUMMARY OF TEST DATA FOR SOIL CLASSIFICATION 

Grain Size Distribution 
Sample Sample Atterberg Limits > 0.074 mm < 0.074 mm * 

Identification Depth WL wP Gravel Sand Silt Clay 

Ft % % % % % % 

DVlO-A-1 2.1-2.2 60 24 

DVlO-A-2 2.5-4.4 54 25 2 6 40 52 

DVlO-A-3 5.3-5.6 63 24 0 4 34 62 

DVlO-A-4 6.0-6.3 50 24 0 4 41 55 

DVlO-A-4 6.3-6.6 56 24 

DVlO-A-4 6.8-7.2 53 25 0 4 33 63 

DVlO-A-5 7.5-80 48 24 0 8 37 55 

DVlO-A-5 8.0-8.3 28 16 0 13 44 43 

DVlO-A-5 8.3-8.6 32 18 0 15 40 45 

DVlO-A-5 8.6-9.0 31 16 0 23 48 29 

DVlO-A-6 9.5-10.0 62 22 0 5 33 - 62 

DVlO-A-8 12.0-12.7 58 23 

* Clay sizes assumed to be less than 0.002 mm average. soil particle diameter 

~ 

~ ... 
" Soil Remarks ~ 
~ 

Group ~ 

"" ;;· 
" 
~-

~ 
::;. 
" ~ 

CH 

CH 

CH 

CH 

CH 

CH 

CI-CH 

CI 

CI 

CI 

CH 

CH 
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SUMMARY OF CONSOLIDATION- PERMEABILITY TEST DATA 
FROZEN INITIAL 

LIQUID PLASTIC : CONSOL-
AVERAGE WATER K MEAS. Cv Mv K CALC. SAMPLE DEPTH BULK WATER -I DATION VOID 

LIMIT LIMIT SILT CLAY PRESSURE HEAD X 10-5 X ]Q-2 x10-5 )( 10-5 
NUMBER FT. DENSITY CONTENT 

% % % % 
PRESSURE 

PSF 
RATIO 

FT. CM./SEC. CM~/SEC. CM2/ G. CM./SEC.. 
PCF % PSF 

DV10-A-2 2.5-2.8 115.3 28.6 54 25 40 52 0.0 0.859 

54.2 0.853 

0.831 1.0 32.57 
- f-----

396.2 0.744 

0.739 1.0 9.03 
--~ ~-~-

225.2 47.62 29.03 13.82 

804.8 0.691 

0.681 1.0 1.97 

-~ ---f-- - -----~ r-~ 
600.~~ 32.83 13.24 4.35 

1633.0 0.633 
·--- -

0.632 1.0 0.49 
- - r------ ·---- -~-

----- ~- ----
1218.9 10.91 7.03 o. 77 r-----

--r--- -~- -

DV10-A-2 3 •. 0-3.3 99.4 47.1 54 25 40 52 0.0 1.467 

51.0 1.210 
- r-- - ---- -

1.175 1.0 336.20 
~-

432.9 0.907 
---~ ----- -· 

0.895 1.0 20.76 
-·- -- ··-

241.9 40.69 65.52 26.67 

817.2 0.826 

0.821 1.0 3.42 
---- - -.- - ---· 

625.0 8.96 19.36 1. 73 
--- ··-

1589.1 0.765 

0.763 1.0 0.44 ------ - -----

1203.1 4.03 8.07 0.33 -- -----



..... 

...... 
N 

SAMPLE 

NUMBER 

DV10-A-3 

~-

DV10-A-3 

DEPTH 

FT. 

4.4-4.7 

-·~-

-

-·. 

4.7-5.0 

FROZEN 
BULK 

DENSITY 
PCF 

88.3 . 

f-· 

85.9 

SUMMARY 
INITIAL LIQUID 
WATER 

LIMIT 
CONTENT 

% 
% 

68.4 63 

·-

69.0 63 __ 

I----

·-

OF CONSOLIDATION- PERMEABILITY TEST DATA 

PLASTIC 
CON SOL-

AVERAGE WATER K MEAS. Cv Mv K CALC. 
VOID 

LIMIT SILT CLAY 
- !DATION 

PRESSURE HEAD X 10-5 X JQ-2 x10-5 X 10-5 

% % % 
PRESSURE 

PSF 
RATIO 

FT. CM./SEC. CM~/SEC. CM~/ G. CM./SEC. 
PSF 

24 34 62 0.0 2.179 

51.7 1.376 

1.371 1.0 274.10 

438.9 0.973 

0.951 1.0 3.85 
--

245.3 24.09 88.78 21.39 

828.5 0.853 

0.852 1.0 0.51 

633.7 4.65 25.93 1.21 

1609.7 0.761 
~-----

0.759 1.0 0.07 

1219.1 3.82 12.86 0~49 
~----·- ---

-- - --

r----24 34 62 0.0 2.280 

54.6 1.382 
---

1.380 1.0 571.70 
- ----

r------ 383.8 1.059 

1.016 1.0 6.37 
r----- ·- --

219.2 15.02 82.15 12.34 

772.9 0.926 

0.915 1.0 0.81 

578.3 5.01 23.65 1.19 

1570.7 0.828 

0.825 1.0 0.15 
r---

1171.8 3.16 11.62 0.37 
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SAMPLE 

NUMBER 

DV10-A-2 

DV-10-A-2 

DEPTH 

FT. 

2.5-4.4 

2.5-4.4 

FROZEN 
BULK 

DENSITY 
PCF 

78.6 

76.9 

INITIAL LIQUID 
WATER 

LIMIT 
CONTENT 

% 
% 

62.6 54 

68.4 54 

·-

----1--- - -

. .. 

-

SUMMARY OF DIRECT 

PLASTIC . NORMAL 

LIMIT SILT CLAY STRESS 

% % % PSI 

25 40 52 2.4 
-

6.5 

14.5 
-- ·--·- -·- ·-·-·-· -

25 40 52 14.5 
·-· - f-

30.6 ·---· 

·--· 

-·--

·--·---- -·-- · 

· - 1--- --- .. --· 

-- --- ----- f---

- -- -- 1-- ---- ··--··- --- ... ----

--- --- --~--- ~-~-

·- -

- -- ·---· 

---- - · - --

·--- --

----

--

SHEAR TEST DATA 
MAX. RESIDUAL 

SHEAR SHEAR 4>' c· <Pr' c· r REMARKS 
STRESS STRESS DEG. PSI DEG. PSI 

PSI PSI 

1..:4 1.0 24.5 0.4 15.0 0.4 

2.1 .. 

4.1 
e----- - - - ---~---

6.9 4.3 24.5 0.4 9.3 1.8 

6.9 

1- ··- --

·---- .. 

------

- ----· 

·-- -

- -
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Stn-!HARY OF TRIAXIAL TEST DATA l 
~ Sample Sample 

I 

Atterberg Grain Strain Pore f ' ' ~ 

Rate Pressure at c' ¢I Remarks ,.. Number Details Limits Size 0"3 ( cr -cr ) 
~ 1 3 max .. I I ;;· 

WL wP Distribution (crl-cr3)max ~ & yf w 
;;· .. 
... in/hr psi psi psi psi deg ~ Depth, ft pcf % % % % ;. 

DVlO-A-4 123.6 37 50 24 Sand = 4 0.03~ 5 10.4 - 1.3 23.5 Consolidated -(6.0-6.2) Silt = 41 Drained 
Clay = 55 

DVlO-A-5 120.0 27 48 24 Sand = 8 . 0. 036 30 42.9 -(7.5-8.0) Silt = 37 
Clay = 55 

DVlO-A-5 118.4 24 32 18 Sand = 15 0.036 5 14.8 - 1.5 30.5 Consolidated -(8.0-9.0) Silt = 40 Drained 
Clay = 45 

DVlO-A-5 118.7 29 31 16 Sand = 23 0.036 15 35.0 -(8.0-9.0) Silt = 49 
Clay = 28 

DVlO-A-5 127.3 21 28 16 Sand = 13 0.036 15 35.6 -(8.0-9.0) Silt = 44 
Clay = 43 

DVlO-A-6 111.4 34 62 22 Sand = 5 0.036 30 40.0 - - - Consolidated -(9.2-9. 7) Silt = 34 Drained 
Clay = 61 (Data Not 

Plotted) 
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5.4 Discussion 

5.4.1 General 

All the test results have been presented and grouped on site­

by-site basis. 

As can be seen from the combined liquid limit versus plasticity 

index standard plot (see Figure 5.4.1), also known as plasticity 

chart, almost all the points plot above the A-line and fall 

mainly in the CI category of the modified Unified Soil Class­

ification System. 

The combined plot of single average values of clay sizes by 

weight (less than 0.002 mm) in per cent and plasticity index 

(Figure 5.4.2), for all sites shows that most of the points 

lie within the boundaries established for illitic and kaolinitic 

soils. 

This observation is further verified by the mineralogical 

composition analysis performed on certain samples (Reference 

6). Table 5.4.1 summarizes the values obtained. It can be 

seen from this table that for CI soils, illite content ranges 

from 60 to 70 per cent and that of kaolinite from 10 to 25 per 

cent, while for CL soil sample illite content is 55 per cent 

and kaolinite is 25 per cent. 

TABLE 5.4.1 

MINERALOGICAL ANALYSIS OF CLAY CONTENT 

Sample Nos. 

Katakturuk Katakturuk 
Clay Mineral Sample "A" Sample "B II DV 51-B-2 DV 3-A-7* 

1. Montmorillonite % 5 15 10 

2. Chlorite % 5 15 10 5 

3. Illite % 70 60 65 55 

4. Kaolinite % 20 10 25 25 

Soil Type (USC) CI CI CI CL 

* Note: 5 per cent of this sample consisted of quartz 
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5.4.2 

5.4.3 

Consolidation - Permeability Tests 

A plot of the log of K , the measured Coefficient of Perm­
m 

eability, versus the log of the Effective Stress, along with 

the log of K , the calculated Coefficient of Permeability 
c 

versus the lot of the Effective Stress is presented where 

Consolidation-Permeability Tests have been carried out on 

samples from a given site. 

It can be said that the measured permeability coefficient 

values fall within a certain broad range and that, as a general 

rule, the calculated permeability coefficient values fall 

within the same range as for the measured ones. 

Graphical presentations of the log of the Effective Stress 

versus Void Ratio and the log of the Effective Stress versus 

the log of the Coefficient of Consolidation also have been 

presented. 

The Thaw Settlement Parameter, A , the average coefficient of 
0 

compressibility a , 
0 

and the strain (£ ) at an Effective Normal 
p 

Stress of 1000 psf as derived from the Consolidation-Permeability 

Tests are summarized on Table 5.4.2. The corresponding Frozen 

Bulk Density (yf) and Natural Water Content values have been 

included. The plots of A versus yf, a versus yf and £ 
0 0 p 

versus yf appear in Figures 5.4.3, 5.4.4, and 5.4.5 respectively. 

Direct Shear Tests 

Direct Shear Test data have been graphically presented in the 

form of Effective Normal Stress versus Shear Stress plots on 

the basis of individual site location and Unified Soil Clas­

sification soil type. The results are summarized in Table 

5.4.3. 
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TABLE 5.4.2 

THAW-SETTLEMENT PARAMETERS DERIVED 
FROM CONSOLIDATION-PERMEABILITY TESTS 

AV. COEFF. OF 
COMPRESSIBILITY 

FROZEN NATURAL THAW-
X 10-5 BULK WATER SETTLEMENT a STRAIN AT 

SAMPLE DEPTH DENSITY CONTENT PARAMETER 0 1000 psf 
2 NO. ft. pcf % A em /gm E:p 0 

S-1-1-1 1.0- 1.2 77.5 138.1 . 0.381 8.55 0.423 
S 1-A-1 1.0- 1.2 92.0 76.8 0.438 3. 72 0.456 

l S 1-A-2 2.0 - 2.3 91.1 82.7 0.551 4.03 0.571 
S 1-B-2 3.5 - 3.8 87.6 77.1 0.300 6.94 0.334 
S 1-B-7 9.5 - 9.7 79.1 128.1 0.541 6. 77 0.574 

RZ 33-N-2 4.3 - 4.5 109.1 32.6 0.234 5.96 0.263 

RZ 3-A-3 5.0 - 5.4 89.2 72.8 0.506 6.02 0.535 

DV 1-B-10* 12.0 - 12.2 96.2 60.8 0.249 23.60 0.365 
DV 1-B-11 13.0 - 13.2 121.3 25.3 0.046 5.31 0.072 

DV 11-A-4 2.6 - 2.9 112.2 32.8 0.122 9.29 0.167 
DV 11-A-5 4.9 - 5.1 117.3 23.5 0.036 1.96 0.045 
DV 11-B-5 4.0 - 4.2 124.0 21.8 0.072 4.84 0.095 
DV 11-B-6 4.9 - 5.2 121.0 25.5 0.038 10.87 0.091 
DV 11-B-11 10.9 - 11.3 119.0 28.8 0.078 7.25 0.113 

DV 3-A-7 4.3 - 4.5 109.4 31.1 0.172 7.78 0.210 
DV 3-A-13 8.7- 9.0 68.1 283.5 0.762 2.80 0. 776 
DV 3-B-6 3;8 - 4.0 99.4 45.4 0.394 5.99 0.424 
DV 3-B-8 5.4 - 5.6 89.6 69.7 0.484 3.83 0.503 
DV 3-B-12 8.7- 8.9 109.7 36.8 0.166 11.36 0.221 
DV 3-B-13* 10.0 - 10.2 80.6 112.7 0.538 5.36 0.565 

DV 5-A2-2 7.5 - 8.5 113.8 32.1 0.110 7.78 0.148 
DV 5-B-5 4.0 - 4.3 86.5 86.9 0.506 5.61 0.533 

DV 51-B-10 10.8 - 11.1 98.1 52.9 0.377 6.93 0.371 
DV 51-C-3 4.0 - 4.3 81.3 99.7 0.520 7.13 0.555 

DV 9-A-8 9.2 - 9.4 122.5 23.9 0.014 7.83 0.052 
DV 9-A-9 10.7- 11.0 122.2 22.2 0.046 7.09 0.081 
DV 9-A-11 12.8 - 13.2 122.9 23.6 0.035 7.01 0.069 

DV 10-A-2 2.5 - 2.8 .. 115. 3 28.6 0.060 7.71 0.098 
DV 10-A-2 3.0 - 3.3 99.4 47.1 0.234 6.53 0.266 
DV 10-A-3 4.4 - 4.7 88.3 68.4 0.386 7.64 0.423 
DV 10-A-3 4.7- 5.0 85.9 69.0 0.384 7.64 0.421 

* Data not reliable 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

TABLE 5.4.3 

SUMMARY OF AVERAGE SHEAR STRENGTH PARAMETERS 

cp I c' cp'rl c' 
rl cp'r2 c' r2 

Site No. de g. :esi deg. :esi deg. :esi usc 
Katakturuk 28.5 o.o 26.5 0.0 26.5 0.0 

Sl 

RZ 33 

RZ 3 

DV 1 

DV 11 

DV 3 

DV 5 

DV 51 

DV 9 

DV 10 

33.0 o.o 32.0 o.o 27.5 1.5 

32.5 o.o 31.0 0.0 31.0 0.0 

27.5 0.0 

26.5 1.3 24.5 1.3 24.5 1.3 

34.0 o.o 30.0 0.0 26.0 o.o 
25.5 0.8 23.5 0.3 23.5 0.3 

31.5 0.3 30.5 0.0 25.5 0.9 

28.0 0.5 26.0 0.0 23.0 0.8 

22.5 o.o 22.5 0.0 

25.0 0.8 22.0 0.5 21.0 1.0 

24.5 0.4 15.0 0.4 9.5 1.8 

cp' and c' are peak shear strength parameters 

cp'rl and c'rl are residual shear strength parameters for 

normal effective stresses less than 14.5 psi. 

<P'r2 and c'r2 are residual shear strength parameters for 

normal effective stresses greater than 14.5 psi. 

CL-ML 

ML 

CI 

CI 

SM 

SC-CL 

CL-CI 

CI 

CI 

CI 

CH 

The plots for individual tests have not been shown in this 

report, but only the values of parameters cp', c', cp' , and 
r 

c' are given in the test data summary tables. 
r 

It should be mentioned that a linear relationship between 

effective normal stress and shear stress is assumed, even at 

low stresses. No attempt is made to draw a smooth curvilinear 

Mohr-Coulomb envelope, but rather, where there is a change in 

slope, two distinct intersecting lines are drawn through 

average values of oN' and T for each particular site. 
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5.4.4 

By artificially introducing a cut plane in the direct shear 

test specimen, no appreciable change in the values of the 

shear strength parameters is observed for the soils tested 

when these values are compared to those obtained without a cut 

plane. 

A plot of the Residual Shear Strength Coefficient (~ ) 
r 

versus the Plasticity Index, (I ) for individual tests 
p 

has been presented on Figure 5.4.6. A relationship 

developed by Voight (1973) (see reference 7) has also 

been superimposed. 

Triaxial Tests 

Where available, data from triaxial tests have been compiled 

in summary tables and presented by individual site locations. 

Mohr stress circles for Effective Normal Stresses have been 

presented. The Mohr-Coulomb shear strength envelope was 

assumed to be linear. 

The results have been grouped so that only data obtained from 

similar soil type appear on one plot. 
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PROJECT 12071 CANADIAN ARCTIC GAS STUDY LIMITED 
CALGARY ALBERTA 

LABORATORY TESTING PROGRAM 
FOR THAW-SLOPE STABILITY 
CONTINUOUS PERMAFROST ZONE 

6. CONCLUSION 

DATE 

Laboratory test data for soil samples from the Continuous 

Permafrost Zone have been presented in this report. 

Satisfactory agreements have been obtained with data 

available in the published literature. 

Prepared by: 

-
R. Hunt, C.E.T. 

S. Law, Ph.D., P. Eng. 

Approved by:. -~~~~;i~~~~~~~~~~----
- Eng. 

Manager, Geotechnical Design 
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1. 

APPENDIX A - EXPLANATION OF TERMS AND SYMBOLS 

General 

The terms and symbols used on the test hole logs to summarize 

the results of the field investigation and of subsequent 

laboratory testing are described in detail below and are 

illustrated in the appended exhibit test hole log (Plate 1). 

General information, such as test hole number, test hole 

location, and rig type is noted in the lower portion of the 

test hole log. Detailed sub-surface information observed at 

each test hole location and laboratory test data, are presented 

in columnar form on the test hole log. Each column used is 

described in detail below using the reference numbers shown on 

the appended blank test hole log (Plate 2). 

It should be noted that the soil type, stratigraphic boun­

daries, and in situ conditions have been established only at 

the test hole location and that they are not necessarily 

representative of subsurface conditions elsewhere across the 

site. 

Columns 1 

and 13: 

Column 2: 

Column 3: 

Depth: The depth of test hole below existing 

ground surface is shown in these columns. 

Soil Group Symbol: A soil classification 

symbol in accordance with a modification of the 
1 Unified Soil Classification System is noted in 

this column. A definition of each Group Symbol 

is given in Table 1 "Soil Classification System". 

Soil Graphic Log: Soil strata are depicted 

graphically in accordance with the "Graphic 

Symbol" column of Table 1 "Soil Classification 

System". 

(1) References are listed on page A-16. 

A - 1 
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Column 4: 

Column 5: 

Column 6: 

Column 7: 

Description: A detailed engineering description 

of each soil stratum encountered is noted in 

this column. This description is given in 

accordance with the criteria outlined in 

Section 2.3 "Soil Description". A description 

of the ground ice is included in this column 
2 according to the NRC procedures which are 

explained in Section 2.4 "NRC Ice Type". The 

depths to ground water level, seepage, and the 

interface between different soil strata are 

indicated in this column. The interface 

between soil strata is shown as a single 

continuous line. A broken line indicates a 

change in soil type where the location of the 

interface between the strata is uncertain or 

inferred. A double line at the bottom of the 

test hole log indicates "Refusal" which may be 

defined as "further penetration was not possible 

with the equipment used". 

Ice Graphic Log: The various types of ground 

ice are depicted graphically according to Table 

2 "Ground Ice Classification". 

NRC Ice Type: (Visual Ice%): Abbreviated 

symbols for the forms of ground ice are noted 

in this column. A description of the NRC 

classification
2 

is contained in Section 2.4 

"NRC Ice Type", and in Table 2 "Ground Ice 

Classification". The volume of ground ice is 

estimated visually and expressed as a percentage 

of the total volume of soil and ice. 

Laboratory Test Data: The results of laboratory 

determinations of water content, Atterberg 

limits and density are plotted against depth. 

These are described in Section 2.5 "Test Data 

Summary". 
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Column 8: 

Column 9: 

Column 10: 

Column 11: 

Column 12: 

Column 14: 

Other Test Data: Test data additional to 

those represented in Column 7 are noted in this 

column at the appropriate depth. The symbols 

used to represent the more common engineering 

laboratory tests are given in Section 2.5 "Test 

Data Summary". The results of specialized 

testing are also indicated in this column using 

an abbreviated written form. 

Sample Type and Number: The type and reference 

number of each sample attempted, whether it was 

recovered or lost, are recorded at the appropriate 

depth. The system used is described in Section 

2.1 "Soil Sample Data". 

Sample Condition: The condition of each 

sample whether it was recovered or lost, is 

recorded against depth. A description of the 

graphic representation and abbreviations used 

is given in Section 2.1 "Soil Sample Data". 

Core Run and % Recovery: The length of core 

recovered is expressed as a percentage of the 

total length attempted. The depths to the top 

and bottom of the core run are recorded as 

described in Section 2.2 "Core Data". 

Core Condition: The condition of the core, 

or segments of the core, is assessed visually 

and assigned a rating of I to V. The ratings 

and nomenclature used are given in Section 2.2 

"Core Data". 

Remarks: Additional pertinent information 

and comments such as in situ drilling conditions, 

sampling criteria, and instruments installed 

are noted in this column. 

A - 3 
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2. 

2.1 

Description Details 

The various terms, symbols, and abbreviations are discussed in 

detail to facilitate interpretation and understanding of the 

data presented on the test hole logs. 

Soil Sample Data 

(a) Sample Type and Number (Column 9) 

Each sample attempted, whether it is recovered or lost, 

is assigned a reference number. The series of soil 

samples from each test hole is numbered in a sequentially 

increasing numerical order with increasing depth below 

ground surface. 

The type of sample attempted is indicated using one of 

the following letters: 

I 

A Auger sample 

B Bulk sample 

C Core sample 

D Drive sample (thick-walled tube, unless otherwise 
noted) 

P Pitcher tube sample 

R Block sample 

S Split spoon standard penetrometer sample 

U Tube sample (thin-walled unless otherwise 
noted) 

W Wash or Air Return sample 

X Other samples 

The sample type and number are recorded at the appropriate 

depth on the test hole log. 

Example: Sample A2: 

A - 4 

designates the second 
sample attempted in the 
test hole. This sample 
was taken off an auger. 
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(b) Sample Condition (Column 10) 

The condition of each sample attempted is designated by 

one of the following symbols at the appropriate depth 

interval: 

undisturbed disturbed not recovered 

2.2 Core Data 

The details relating to length of core attempted and the 

percentage of core recovered are presented as follows: 

(a) Core Run and % Recovery (Column 11) 

(b) 

The length of core attempted is shown by recording the 

top and bottom depth measurements for each core run. The 

recovered core length is expressed as a percentage of the 

total core run attempted. 

Core Condition (Column 12) 

The condition of each core, or segments of core recovered, 

together with any unrecovered portions of the core, is 

recorded. The nomenclature in the following table is 

used to describe the conditions of the core: 

Condition of Soil Cores 

Recovered Disturbance Suitability 
Rating Condition or Remolding for Testing 

I Excellent Negligible Representative 
II Good Slight Repres'entative 

III Fair Considerable Use Judgment 
IV Poor Complete Equivalent to 

Disturbed Samples 
v No recovery 

A - 5 
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2.3 Soil Description (Column 4) 

2.3.1 

Soils are classified and described ac~or~~ng to their engineer­

ing properties and behaviour. 

Soil Description System ' ·• 

The following properties are described for a comprehensive 

soil classification system: 

Grain size distribution or plasticity, colour, moisture, 

sensitivity, structure, foreign materials, and consistency 

or strength. 

The soil in each stratum is described on the test hole logs 

using the Unified Soil Classification System1 modified slightly 

so that an inorganic clay of "medium plasticity" is recognized. 

Selected adjectives are used to define the actual or estimated 

percentage range by weight of the various components. The use 

of the modifying adjectives is similar to a system developed 

by D.M. Burmister3 . 

The identification of soil components and fractions is defined 

by the Modified Unified Soil Classification System which 

classifies soils into three major divisions: 

Coarse-grained soils - gravel and sand 

Fine-grained soils - silt and clay 

Highly organic soils - peat 

Classification of soils is based on the grain size distribution 

of that portion of the soil smaller than the 3-inch U.S. 

Standard sieve size. 

Soils with more than half by weight of the components coarser 

than the No. 200 U.S. Standard sieve size ,(0.074 mm) are 

described as COARSE-GRAINED (or granular) soils. Coarse-
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grained soils (gravel and sand) are classified by grain size 

distribution and are subdivided into coarse and fine gravel, 

and coarse, medium, and fine sand. 

Soils with more than half by weight of the components finer 

than the No. 200 sieve size are described as FINE-GRAINED 

soils. These may be cohesive or non-cohesive. Note that for 

visual classification the No. 200 sieve size is about the 

smallest size of particle that can be distinguished individually 

by the unaided eye. 

Fine-grained soils (silt and clay) are classified by behaviour 

on the basis of the liquid limit and plasticity index of the 

fraction finer than the No. 40 U.S. Standard sieve size. The 

boundaries defining the fine-grained soil groups are shown in 

the Plasticity Chart in Table 1 "Soil Classification System". 

The Plasticity Chart is also used to determine the behaviour 

of the fines content of coarse-grained soils. 

Particle size and shape are usually described for coarse-

grained soils, and plasticity is usually described for fine­

grained soils. An exception to this rule applies when describing 

glacial till; then plasticity, particle size, and shape are 

all included in the description. 

The principal component of the fraction of the soil passing 

the 3-inch U.S. Standard sieve size is shown capitalized on 

the test hole logs. 

The proportions by weight of the minor components are defined 

according to the following descriptors: 

DescriEtor ProEortion 

"and" 50 to 35 per cent 

"some" 35 to 20 per cent 

"little" 20 to 10 per cent 

"trace" 10 to 1 per cent 

A - 7 
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2.3.2 

The descriptors used must not contradict the classification by 

the Modified Unified Soil Classification System. 

The terms given above are used to define proportions by 

weight of granular components, but they may also be used to 

define the proportion of minor components of fine-grained 

material, according to the subdivisions of the Plasticity 

Chart, Table 1 "Soil Classification System". The adj ectives 

are not used to subdivide a principal fine-grained component. 

The modifier "y" or "ey" (e.g., SILT, clayey) is used when t he 

liquid limit and plasticity index plot close to the "A-line" 

on the Plasticity Chart. 

Peat and other highly organic soils are classified under the 

Group Symbol "Pt". Peat may be categorized and described 

using the Radforth Classification System4 

The soil is described first by identifying the principal 

component, followed by the minor components in order of 

decreasing proportion by weight. This is followed by other 

significant identifying features such as plasticity, colour, 

moisture, structure, and strength. 

Typical Example of a Complete Soil Description 

"CLAY, silty, little medium sand, trace coarse gravel, medium 

plasticity, yellow-brown", describes a yellow-brown, fine­

grained, silty clay soil containing 50 per cent or more of 

components finer than the No. 200 U.S. Standard sieve size 

with minor components of sand and gravel. The fraction 

passing the No. 40 U.S. Standard sieve size plots above, and 

close to the "A-line" on the Plasticity Chart. The soil 

contains between 10 per cent and 20 per cent of sand particles 

generally in the size range No. 10 to No. 40 (i.e. finer than 

the No. 10 Standard sieve size and larger than the No. 40 

Standard sieve size) and between 1 per cent and 10 per cent of 

gravel in the size range 3/4-inch to 3-inch. The identifying 

A- 8 

f 
r 

f 

0 

l 
r 

t 

l 



[ 

[ 

Nortlrerlf Elfgi,.eerllfg Ser•ic .. ----------------------------------~ 

2.3.3 

feature "medium plasticity" indicates that the liquid limit 

plots between 30 and 50 on the Plasticity Chart. Such a soil 

is classified as CI by the Modified Unified Soil Classification 

System. 

Typical Examples of the Use of Modifiers and Descriptors 

(a) Fine-grained soil with a minor coarse-grained component: 

"CLAY, silty, some fine sand", describes a fine-grained 

soil having a fines content in excess of 50 per cent 

(i.e., 50% of material finer than the No. 200 U.S. 

Standard sieve size), which plots above the "A-line", on 

the Plasticity Chart, with a liquid limit less than 50 on 

the Plasticity Chart, and has a minor component of fine 

sand. 

"CLAY, some silt, some fine sand", would not be used as 

the fines are classified by behaviour (plasticity) and 

not by particle size. Such a soil would be classified as 

CI or CL according to the Unified Soil Classification 

System. 

(b) Coarse-grained soil with minor fine-grained component: 

"GRAVEL, fine, some silty clay", describes a coarse­

grained soil with a minor component of fines, which has 

a liquid limit and plasticity index that plot above and 

close to the "A-line" on the Plasticity Chart. Such a 

soil is classified as GC by the Unified Soil Classifi­

cation System. 

"SAND, some silt", is correct in that "silt" in this case 

is a minor component of non-plastic fines which plot 

below the A-line on the Plasticity Chart. 

A- 9 
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2.3.4 

2.3.5 

Glacial Till 

The term "glacial till" is in widespread use in present 

engineering practice, however, because it is a mode of deposition, 

there is no provision in the Unified Soil Classification 

System for this term. 

The term "till" is used on the test hole logs in its most 

general form, which has been defined by ASTM Designation D 653 

as: 

"A material deposited by glaciation, usually composed of 

a wide range of particle sizes, which has not been 

subjected to the sorting action of water."
5 

Glacial till is described on the test hole logs as "TILL", 

followed by the principal soil component also capitalized. 

Example: "TILL, CLAY, silty, little fine gravel, low 
plastic, rust-brown--". 

A loose, soft, or slightly stratified deposit believed to be 

transported or reworked material of glacial deposition, or of 

uncertain glacial origin, is described as "till-like" at the 

end of the soil description. 

Fill 

Example: "CLAY, silty, little fine gravel, low plastic, 
rust-brown, till-like." 

"Fill" is material placed by artificial means, whether or not 

its placement was controlled. 

It is described on the test hole logs as "FILL", followed by 

the principal soil component also capitalized. 

Example: "FILL, SILT, clayey, some fine gravel". 
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2.4 

2.4.1 

Well-compacted fill, placed some considerable time before the 

test hole investigation, may be difficult to distinguish from 

natural material unless the history of the site is known. 

Such material is indicated as "FILL?" on the test hole logs. 

NRC Ice Type and Estimated Visual Ice (Column 6) 

Ground ice is divided by the NRC system on the basis of 

examination by the unaided eye into the three major categories 

shown below. A complete description of this system is contained 

in the NRC "Guide to a Field Description of Permafrost for 
2 Engineering Purposes". 

Ground Ice Classification Categories 

Non-visible ice 

Visible ice less than one inch thick 

Visible ice greater than one inch thick 

N 

v 
ICE or 
ICE + soil type 

Table 2, "Ground Ice Classification", shows the various types 

of ground ice recognized by the NRC Classification System. 

Graphic symbols for ground ice have been devised to complement 

the graphic soil log. 

Frozen soils in the N group may, on close examination, indicate 

presence of ice within the voids of the material by crystalline 

reflections or by a sheen on fractured or trimmed surfaces. 

The impression received by the unaided eye, however, is that 

the ice does not occupy space in excess of the original voids 

in the soil. Excess ice in the N group can be identified by 

use of a hand magnifying lens, or by placing some frozen soil 

in a small jar, allowing it to melt and observing the supernatant 

water. To the unaided eye, ice in frozen soils in the V group 

appears to occupy space in excess of the original voids in the 

soils. 

A - 11 
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2.4.2 

The volume of ground ice can be described quantitatively in 

two ways. "Excess ice" is the volume of supernatant water 

expressed as a percentage of the total volume of the thawed 

soil and water. This quantity is often referred to as "excess 

moisture". "Visual ice" is the estimated volume of segregated 

ice discernible by eye in the frozen sample and is expressed 

as a percentage of the total volume of the frozen soil. By 

these definitions the quantity "excess ice" and "visual ice" 

are not necessarily the same for a given frozen soil. Care is 

taken when estimating the volume of ice coatings on granular 

material (Vc). The ice is usually obvious, giving the impres­

sion of "excess ice", which may not necessarily be the case. 

Ice Description Terminology 

The following terminology used in Column 4 "Description" has 

been generally taken from Table II of the NRC Guide
2

. 

"Ice Coatings on Particles" are discernible layers of ice 

found on or below the larger soil particles in a frozen soil 

mass. They are associated sometimes with hoarfrost crystals 

that have grown into voids produced by the freezing action . 

"Ice Crystal" is a very small individual ice particle visible 

in the face of a soil mass. Crystals may be present alone or 

in combination with other ice formations. 

"Clear Ice" is transparent and contains only a moderate 

number of air bubbles. 

"Cloudy Ice" is relatively opaque due to entrained air bubbles 

or other reasons, but is essentially sound and non-pervious. 

"Porous Ice" contains numerous voids, usually interconnected, 

and generally results from melting at air bubbles or along 

crystal interfaces, from presence of salt or other materials 

in the water, or from the freezing of saturated snow; though 

porous, the mass retains its structural unity. 
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"Candled Ice" is ice that has rotted or otherwise formed into 

long columnar crystals very loosely bonded together. 

"Granular Ice" is composed of coarse, more or less equidi­

mensional ice crystals weakly bonded together. 

"Ice Lenses" are lenticular ice formations in soil occurring 

essentially parallel to each other, generally normal to the 

direction of heat loss and commonly in repeated layers. 

"Ice Segregation" is the growth of ice as distinct lenses, 

layers, veins, and masses in soils, commonly but not always 

oriented normally to direction of heat loss. 

"Well-bonded" signifies that the soil particles are strongly 

held together by the ice and that the frozen soil possesses 

relatively high resistance to chipping or breaking. 

"Poorly-bonded" signifies that the soil particles are weakly 

held together by the ice that the frozen soil possesses poor 

resistance to chipping or breaking. 

"Friable" denotes extremely weak bonds between soil particles. 

The material is easily broken up. 

The symbols "UF" or "F" may be used in Column 6. "UF" is 

added to indicate unfrozen zones in areas of generally frozen 

ground and also to avoid possible errors of omission. "F" is 

used in certain cases along with the corresponding graphic 

representation for "Undifferentiated" permafrost or frozen 

active layer soils. It may be used: 

(1) Where temperature sensors (thermistors) have been installed 

which indicate that the formation temperature is below 
0 0 C, but the material in the field has the texture of 

unfrozen material. 

A- 13 
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(2) Where temperature sensors have not been installed, but 

the soil temperature is suspected to be below 0°C. The 

soil is deformable because of the high unfrozen water 

content, but is neither "friable" nor "bonded". 

(3) Where the soil is known to be frozen, but due to circum­

stances beyond field control, the ice type cannot be 

determined because of grinding or temporary thawing of 

the material by the drilling operation. 

(4) Where, for reasons of economy or expediency, the hole was 

neither logged nor sampled, e.g., where instrumentation 

is installed adjacent to a previous test hole and soil 

stratigraphy is known to an acceptable degree. 

2.5 Test Data Summary 

(a) Test Data (Column 7) 

The results of laboratory determinations of water content, 

together with Atterberg limits, and density (unit weight) 

are plotted symbolically against depth in this column. 

Water content is determined in accordance with ASTM 

Designation D 2216, "Standard Method of Laboratory 

Determination of Moisture Content of Soil"5 • The water 

content of highly organic material is determined by 

similar procedure, except that the material is oven-dried 

to constant weight at 85°C instead of 105°c6 . 

Liquid limit and plastic limit are determined in accordance 
5 

with ASTM Designations D 423 and D 424, respectively . 

In situ density is determined from the weights and 

volumes of intact samples and is reported as either "dry 

density" which is the weight of soil solids per unit 

volume, or as "bulk density" which is the total weight 

per unit volume. 
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(b) Other Test Data (Column 8) 

Tests and test data other than, or additional to, those 

shown in Column 7 are indicated in Column 8. 

The more common engineering tests are denoted using the 

following symbols: 

Cc 

Cu 

Gs 

H 

k 

MA 

N 

NP 

oc 
pp 

P200 

Q 

q 

s 
so4 
SPT 

TC 

w 

grain size at 10% passing 

grain size at 30% passing 

grain size at 60% passing 

consolidation 
2 coefficient of curvature (D

30
) /D

10 
x D

60 
coefficient of uniformity D60 /D10 
specific gravity of soil solids 

hydrometer analysis 

permeability 

mechanical analysis (sieve analysis) 

the penetration resistance, i.e., the 
number of blows required for the second 
and third 6-inches of penetration during 
a Standard Penetration Test (SPT) in 
accordance with ASTM Designation D 1586 
(see also SPT) 

non-plastic 

organic content 

pocket penetrometer 

per cent passing the No. 200 sieve size 

triaxial test 

unconfined compressive strength 

shear test 

water soluble sulphate 

standard penetration test (blow counts 
for 6-inches, 12-inches, 18-inches 
penetration are shown sequentially) 

thaw consolidation 

water content 

liquid limit, plastic limit, and 
plasticity index, respectively 
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oo o oo oo a coJal2 WELL GRADED GRAVELS, AND GRAVEL- SAND MIXTURES, Cu--~>4 C t 
CLEAN GRAVELS GW 0 0 o c' ·· I o 3 LITTLE OR NO FINES o10 Dto X 060 

(NO APPRECIABLE FINES) t----+-'n"-,.,n..._
0_o'4------'--------------+---------------l 

DIRTY GRAVELS 

(WITH FINES) 

CLEAN SANDS 

(NO APPRECIABLE FINES) 

0 I RTY SANDS 

(WITH FINES) 

30 < WL < 50 

GP 

GM 

GC 

sw 

SP 

SM 

0
0 

~ 
0
° 0

0 
POORLY GRADED GRAVELS , AND GRAVEL - SAND MIX ­

> 0 0 o TURES , LITTLE OR NO FINES 
) 0 

\ : 
:_:: __ -.:. ,-. .- .. ::···· :·: 

SILTY GRAVELS, GRAVEL'- SAND - SILT MIXTURES 

CLAYEY GRAVELS , GRAVEL - SAND - (SI-LT) CLAY 
MIXTURES 

WELL GRADED SANDS , GRAVELLY SANDS , LITTLE OR 
NO FINES 

POORLY GRADED SANDS, LITTLE OR NO FINES 

CONTENT 
OF FINES 
EXCEEDS 

12% 

NOT MEETING 
ABOVE REQUIREMENTS 

ATTERBERG LIMITS BELOW 
'A' Ll NE A NO 
P. l . LESS THAN 4 

A TTERBERG Ll M ITS ABOVE 
'A' LINE OR 
P. I . MORE THAN 7 

1 to 3 

NOT MEETING 
ABOVE REQUIREMENTS 

'f'i'J'J'J' CONTENT 
.;_'f_J,j_,I> .. --J\_Ij·_I_·_.Ji!: SILTY SANDS, SAND- SILT MIXTURES 

ATTERBERG LIMITS BELOW 
' A' LINE AND 
P. I LESS THAN 4 .·.i::l:.-1 l..J OF FINES 

!----t,"i-':·."~<:.·,.L;/!-'/,.,_._i/-'o.-_.~/.;1--------------------i EXCEEDS 
-/._!;/// 12% 

ATTERBERG LIMITS ABOVE 
· A' LINE OR sc 

ML 

MH 

CL 

Cl 

CH 

OL 

OH 

j-j';//().~ CLAYEY SANDS , SAND - (SILT) CLAY MIXTURES 

INORGANIC SILTS ANO VERY FINE SANDS, ROCK FLOUR, 
SILTY SANDS OF SLIGHT PLASTICITY 

INORGANIC SILTS , MICACEOUS OR DIATOMACEOUS, FINE 
SANOY , OR SILTY SOILS 

INORGANIC CLAYS OF LOW PLASTICITY, GRAVELLY 
SANOY, OR SILTY CLAYS, LEAN CLAYS 

INORGANIC CLAYS OF MEDIUM PLASTICITY, SILTY 
CLAYS 

INORGANIC CLAYS OF HIGH PLASTICITY , FAT CLAYS 

ORGANIC SILTS AND ORGANIC SILTY CLAYS OF LOW 
PLASTICITY 

ORGANIC CLAYS OF HIG~ PLASTICITY 

P _I • MORE THAN 7 

CLASSIFICATION IS 

ACCORDING TO 

PLASTICITY CHART 

(SEE BELOW) 

HIGHLY ORGANIC SOILS Pt PEAT ANO OTHER HIGHLY ORGANIC SOILS 
STRONG COLOR OR ODOR , ANO OFTEN 
FIBROUS TEXTURE 

FRACTION 

GRAVEL 
coarse 
fine 

SAND 
coarse 
medium 
fine 

SILT (non plastic) 

SO I L COMPONENTS 

U. S_ STANDARD 
SIEVE SIZE 

PASSING RETAINED 

3 inch 
3f4inch 

No 4 
No . 10 
No . 40 

3f4inch 

No . 4 

No. 10 

No 40 
No . 200 

or No . 200 
CLAY (plastic) 

DVCnSIZE MAT~RIAL 

DEFINING RANGES OF 
PERCENTAGE BY WEIGHT OF 

MINOR COMPONENTS 

PERCENT OE:SCRIPTOR 

50 . 35 and 

35 - 20 some 

20 10 I itt I e 

10 1 trace 

Rounded or subrounded 

COBBLES 3 inch to 8 inch 

BOULDERS > 8 inch 

Not rounded 

ROCK FRAGMENTS> 3 inch 

ROCKS> 1 cubic yard in volume 

>­
>---

50 .---.,----.---.----.----.---.----.---,~,-~ 

PLASTICITY CHART CH / 
FOR 

SOIL CO~PONENTS 
40 r-

~' --;?"' 
PASSING NO 40 SIEVE 7 

30~==+===+===~=-~--~--~~~--~--~ /v 
20 !--~--~-~--~~~--+---+--+--~ 

/v 
to 1-_----~~~-~---~1m~~-"-~-+~v~-~-~--r---r--1---1 
7 ~CL - MLY.P' ML or OL 4 - - --1"'-:;.;;_--f-::..y-

/ 

CL 

C I MH or OH 

10 20 30 40 50 60 70 80 90 
Ll QUI 0 LIMIT (Wl) 

1. ALL SIEVE SIZES MENTIONED ON THIS CHART ARE U. S. STANDARD A S. T.M E 11 . 

2 . BOUNDARY CLASSIFICATIONS POSSESSING CHARACTERISTICS OF TWO GROUPS ARE 
GIVEN COMBINED GROUP SYMBOLS, e.g . GW · GC IS A WELL-GRADED GRAVEL SAND 
MIXTURE WITH CLAY BINDER BETWEEN 5% AND 12% . 

3. TOUGHNESS AND DRY STRENGTH INCREASE WITH INCREAS ING PLASTICITY INDEX 
WHEN COMPARING SOILS AT EQUAL LIQUID LIMIT 
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Category 

Non-visible Ice 

Visible Ice 
less than 
one inch thick 

Visible Ice 
greater than 
one inch thick 

Adapted trom NRC 7576 

Group 
Symbol 

N 

v 

ICE 

TABLE 2 

GROUND ICE CLASSIFICATION 

Subgroup 
Symbol 

F 

Nf 

Nbn 

Nbe 

Vx 

Vc 

Vr 

Vs 

ICE + 
so i I type 

ICE 

Graphic 
Symbol 

Description 

Undifferentiated 

Poorly bonded or friable 
frozen soi I 

............ .. .. .. .. .. 
:-.;: .. :: .. ::--::·-:: We II bonded frozen so i I .......... · .. ·· .. ·· .. ·· .. ·· .. ·· 
···::-·::-·:: .. ::-.:: with no excess ice .......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 

We II bonded frozen so i I 
with excess ice Free 
water present when sample 
thawed 

Individual ice crystals 
or inclusions 

Ice coatings on particles 

Random or irregularly 
oriented ice formations 

Stratified or distinctly 

Ice greater than one 
inch thick with soi I 
inclusions 

Ice greater than one 
inch thick w~thout 
sci I inclusions 
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