


e R.M.HARDY & ASSOCIATES LTD. 

APPENDIX B - EXPLANATION OF TERMS AND SYMBOL5 

The terms and symbols used on  the  test hole logs 

to summarize the results of the f i e l d  investigation and of 

subsequent laboratory testing are described in detail below, 

and are illustrated in the appended exhibit t e s t  hole log 

(Plate B-1)  . 

General information, such as test hole number, 

test hole location, and rig type is noted in the upper por- 

tion of the  test hole log, Detailed subsurface information 

observed at each test hole location and  laboratory t e s t  

data are presented  in  columnar form on  the  test hole lag .  

Each column used is described in detail below using the 

reference numbers shown on the appended blank test hole log 

(P la te  B - 2 ) .  

It should be noted that the soil type, strati- 

graphic  boundaries, and  in situ  conditions have been  estab- 

lished  only at the t e s t  hole  location  and t h a t  they are no t  

necessarily representative of subsurface conditions  else- 

where  across the site. 
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Column 1: Test Data: The results of laboratory  deter- 

minations of moisture content,  Atterberg 

limits,  and  frozen  bulk  density  and  the 

results  of in situ  Dynamic  Cone  Penetration 

testing  are  plotted  against  depth on the  grid 

in  this  column. 

Column 2: Depth:  The  depth of test hole  below  existing 

ground  surface is shown  in  feet in  this 

column.  While  the  presentation  in  the  text 

of the  report is in metric units,  the t e s t  

hole  logs  have not been converted from the 

British  units  used in the  field program. 

Column 3: S o i l  Group Symbol: A Soil classification 

symbol  in  accordance  with a modification  of 

the  Unified Soil Calssification System' is 

noted in this  column. A definition of each 

Group Symbol i s  given in Plate B-3 " S o i l  

Classification  System". 

1 References are listed on page B-7. 
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Column 4 :  

Column 5: 

e R.M.HARDY & ASSOCIATES LTD. 

Soi l  Graphic Log: S o i l  strata are depicted 

graphically in accordance with the "Graphic 

Symbol" column of Plate B-3 "Soil Classifi- 

cation System". 

Description: A detailed engineering  descrip- 

tion of each soil  stratum encountered is 

noted in this  column  in  accordance  with  the 

Modified  Unified  Soil  Classification System. 

A description of the  ground  ice  is  included 

according to the NRC procedures.2 The depths 

to interfaces  between  soil strata and depths 

to other  significant  observations are indi- 

cated  in t h i s  column. The  interface  between 

differing  soil  strata is shown as a single 

continuous  line. A short broken l i n e  indi- 

cates a change in the s o i l  type modifiers 

where  the s o i l  type remains  the same. 

The term "current  bedding"  is used in t h i s  

report to describe laminations or strata 

inclined to the  main  stratification, and is 

also known as cross bedding. 
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Column 8 :  Sample  Type and Number: The type  and refer- 

ence  number of each  sample  are recorded i n  

this column at the  appropriate  depth.  Soil 

samples  are  numbered  in  increasing  numerical 

order with  depth,  The  type of sample is 

indicated  by  the  following  prefixes: 

C Core sample 

B-4 



Column 9: 

0 R.M.HARDY & ASSOCIATES LTD. 

U Tube sample (thin-walled  unless 
otherwise  noted) 

W Wash or Air Return  samples 

Where  wash or air return  samples have not 

been  retained for testing, no number has been 

assigned. 

Sample  Condition: The condition of each 

sample,  and  whether  it was recovered  or lost, 

is recorded  against  depth  in  this column with 

the following symbols 

0 m 
undisturbed  disturbed  not  recovered 

Undisturbed  samples  refer to core or tube 

samples  which  have been recovered in a state 

relatively unchanged by sampling. Disturbed 

samples  are  any other samples  recovered from 

the hole. 'Not recovered' refers to samples 

lost down the hole, wash  samples,  and air 

B-5 



return samples which were n o t  retained for 

testing  purposes. 

Column 10: Sample Retained: Samples which were pack- 

aged, labelled and forwarded to the labora- 

tory fo r  testing are noted  in this column at 

the  appropriate depths .  

Column 11: Other  Information:  Test data  and field 

observations  not  incorporated  into  the pre- 

vious columns are presented here,  including 

references  to special testing  with results 

reported elsewhere in the report. P.P. in 

this  column refers to  Pocket  Penetrometer 

readings. 
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1. Waterways Experimental  Station, 1953. Unified Soil 

Classification System. Testing  Memo. 3-357, Vol. I. 
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a field  description of permafrost for engineering 

purposes. N.R.C. Tech.  Mem. 79, NRC 7576, Ottawa. 
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I TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD. 

COHSULTING ENGINEERING a PROFESSIONAL SERVICES 
GEOTECHNICAL DlVlSlON 

Y 

.OGGED BY: RGC IORAWN BY: cm/m !CHECKED: AJH IDATE: 9 March 1 9 7 7  
. . 

?I$: NORTHLAND METHOD: 4" CRREL START: 13:SO FINISH: 16 : 00 

JROJECT NO.: K 3571 

c 
I 

BULK DENSITY (PCf) - $ 

M O ~ T U R E  CONTENT 2 
60 8p '$10 1120 

IELEVAflON: 9 9  .EO m ILOCATION: RX1 Channe l  Cross ing  

DESCRIPTION 

1/4" ice l ens  

1/4" ice l e n s  

Thaw Consol ida t ion  
Test - See Plate 

K-27 

PLATE J3-1 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

1 1 LOCATION: PROJECT NO.: 

Np-• w -  0 w L - A  

ELEVATION: 

DESCRIPTION 

0 

PLATE B-2 



MODIFIED UNIFIED CLASSIFICATION SYSTEM FOR SOILS 

(LITTLE OR NO FINES) 
CLEAN  GRAVELS 

DIRTY  GRAVELS 
(WITH SOME flNES) 

CLEAN  SANDS 
(LITTLE OR NO fines) 

DIRTY SANDS 
(WITH SOME fines) 

15 BASED  UPON 
CLASSIFICATION 

PLASTlClTY CHART 
( S r n  below) 

SOIL COMPONENTS 

FRACTION 

GRAVEL 
coarse 
fine 

SAND 
coarse 
medium 
fine 

SILT (non  plastic) 
or 
CLAY (plastic) 

U S STANDARD 
SIEVE SIZE 

DEFINING RANGES OF 
PERCENTAGE BY WEIGHT OF 

MINOR COMPONENTS 
I 

DESCRIPTOR 

3 inch V4 Inch 
3/4 Inch No 4 

50 35 

35 - 20 some 

No 4 
No 10 No 40 

PLASTICITY  CHART 

S M L S  PASSING  NO. 40 SIEVE 
40 

30 

20 

10 
7 
4 

No 40 No200 
10 - 1 trace 1.  ALL  SIEVE  SIZES  MENTIONED ON THIS CHART  ARE  U.S.  STANDARD,  A.S.T.M. 

E.11. 

No 200 2. BOUNDARY  CLASSIFICATIONS POSSESSING CHAllACTERlSTlCS OF TWO 
GROUPS ARE GIVEN  COMBINED  CUOUP SYMBOLS, E.G. GW-GC IS A WELL 
GRADED  GRAVEL  SAND  MIXTURE  WITH CLAY BINDER  BETWEEN 5% AND 
12%. 

I .  

OVERSIZE MATERIAL 

Rounded or subrounded Not rounded 
COBBLES 3 inch to 8 inch ROCK FRAGMENTS > 3 inch 
BOULDERS > 8 inch ROCKS > 1 cubic yard In volume 

R.M. HARDY 6 ASSOCIATES LTD. 
CONSULTING ENGINEER8 6 PRWbIOHAL MRWCES 

* OEOT%MNICAL DlVlRON 

PLATE B-3 



GROUND ICE CLASSIFICATION 

.. 

Category 

Non-visible Ice 

Visible Ice 
less than 
one inch thick 

Group 
Symbol 

1 
I I 

Subgroup I I 
Symbol 

Description 

Individual ice crystals 

Ice coatings on particles 

Random or irregularly 
oriented ice formations 

ice formations 

inch thick with soil 
Visible Ice 
greater than 
one inch thick 

". 

ICE 

R.M. HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERS & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

I 

PLATE B-4 

Adapted from NRC 7576 



e R.M.HARDY & ASSOCIATES LTD. 

TABLE C - 1  

Test Hole Locations and Elevations 
Plant  S i t e  

U.T.M. CO-ORDINATES ELEVATIONS (m) 
T e s t  Hole Northing Easting Approx. Geodetic' Project3 

PS-1 
PS-2 
PS-3 
PS-4 
PS-5 
PS-6 
PS-7 
PS-8 
PS-9 
PS-10 
PS-11 
PS-12 
PS-13 
PS-14 
PS-15 
PS-16 
PS-17 

7 688 813.65 488  919.35 
7 688  901.47 488 938.84 
7 6 8 9  018.58 4 8 8  9 6 4 . 8 3  

7 689 125.90 488 896.51 

7 6 8 8  9 2 0 i 9 7  488  8 5 1 . 0 2  
7 6 8 8  833. .15 408 831.52 
7 688  8 4 6 . 1 5  488  7 7 2 . 9 7  
7 688 9 3 3 . 9 7  488  7 9 2 . 4 7  
7 688 992.53 488  805.47 
7 689 0 5 1 . 0 8  488  8 1 8 . 4 6  
7 689 138.90 488 8 3 7 . 9 6  
7 6 8 9  151.90 488  7 7 9 . 4 1  
7 6 8 9  0 6 4 . 0 7  4 8 8  7 5 9 . 9 1  
7 6 8 8  9 4 6 . 9 7  488  7 3 3 . 9 2  
7 688  8 5 9 . 1 5  4 8 8  7 1 4 . 4 2  

7 689 1 0 6 . 4 1  488 984.34  

7 689  038.08 488 8 7 7 . 0 1  

1.433 
1.469 
1.475 
1.823 
1.853 
1 . 9 5 4  
1.939 
2.051 
2.076 
1.801 
1 . 8 0 8  
1.811 
1 . 7 7 1  
1 . 5 7 9  
1 . 5 9 4  
1 . 9 4 5  
1 . 8 5 3  

99 .I 177 
99.213 
99.219 
99.567 
9 9 "  597 
99.698 
99.683 
9 9 . 7 9 5  
99.820 
9 9 . 5 4 5  
9 9 . 5 5 2  
99 555 
9 9 . 5 1 5  
99.323 
99" 338 
9 9 . 6 8 9  
99  " 5 9 7  

Notes: 
I_ 

1. Co-ordinates derived from authorized monument C-235 and 

2 .  D a t u m :  Lower flange on "19 Wellhead, E l .  2 . 5 9 0  m 
3 .  Datum: B.M. #1, installed March 1977, El. 100.00 m 

are U.T.M. R.M. 135O (Zone 8 )  



CONSULTINO ENGINEERING a PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

PROJECT NO.: K 3571 

WP'O w -  0 WL-a 

MOISTURE CONTENT 
20 40 60 80 

ELEVATION: 99.18 m 

DESCRIPTION 

SILT - clayey, trace fine sand, 
low plastic, occasional 
organic  laminations, grey 
to brown 

[,7_' - sandier, fine  grained 

.I. 2 ' 
" - trace f i n e  sand 

12.31 
1/4" i c e  lenses 

L 8 '  - sandier, fine grained 

2&2Q 
1/4" ice l ens  

2 4  ' - trace  fine  sand 

ILOCATION: Plant  Site 

OTHER 
INFORMATtON 

Pilot hole to 0.8' 

Chaw Consolidation 
T e s t  - See P l a t e  

(2-52 

'r iaxial  Strength 
'est - see Plate 

c-55 

late c-1 
heet 1 of 2 



I TEST HOLE LOG 

(0 R.M.HARDY & ASSOCIATES LTD. 
' 

SHELL CANADA @ RESOURCES LIMITED 
TEST HOLE  NO 

PS-1 CONSULTING ENGINEERING B PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION GLINTGAK GAS PROJECT 

CANEP - BROWN ROOT 
L 

.OGGED BY: CPWGCD !DRAWN BY: C P M ~  ICHECKED: AJH IDATE: l9 " 1 9 7 7  
'ebruary 

IELEVATION: 99.18 m 

BULK DENSITY (pcf) 
60 8p IF 1120 

MO'ISTURE CONTENT 
20 40 60 80 

w 

DESCRIPTION 

-ne sana, 
non plastic, occasional 
organic  laminations, grey 
to brown 

10 .0 '  

Bottom o f  Hole at 40,O' 

ILOCATION: 

2 0 %  

Vr 
5 %  

- 
Nb 

I 

P 
Plant S i t e  

OTHER 
INFORMATION 

Grain Size AnaLysi 
See P l a t e  C - 3 5  

Grain S i z e  Analysi 
See Plate C-36 

Triaxial Strength 
Test  - See Plate 

'late C-2 
j h e e t 2  o f 2  



TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD. SHELL  CANADA TEST HOLE NO. 

CONSULTING ENGINEERING B PROFESSIONAL  SERVICES @ RESOURCES GAS LIMITED PROJECT PS-2 

1 1  
ELEVATION: 99.21 m 

DESCRIPTION 

SILT - clayey,  trace f i n e  sand, 
little organics to 3 . 0 '  
depth, low plastic, grey- 
brown 

3-5' 
1/4" ice lenses 

1/8" i c e  lenses 
' k c ,  

vs ice lenses 
9 L7- 

13;3_ 
Vs ice lenses 

25.. 0 I 
- wood particles 

.-- 26.5' 1/2" i c e  lens - sandier,  fine grained,  
non plastic, grey 

u, 
X 

U 
a 
ct: 
0 
W 
0 

= 5s 

- 
3 - - = * .  . .  . .  . .  . .  . .  . .  . .  . .  
< .  

. .  . .  

. .  . .  . .  . <  . .  

. ,  . .  . "  . .  . .  . .  . .  . .  . .  . .  . .  * .  . .  . .  

. .  . .  

. .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . <  . .  . .  . .  . .  . .  

. .  . .  

QTHER 
INFORMATION 

?ilot  hale to 1.0' 

;rain S i z e  Analysis 
see Plate c-37 

S,G,=2.700 
T r i a x i a l  s t r e n g t h  
Test - see Plate 

c-55 



R.M.HARDY & ASSOCIATES LYD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

tlG: NORTHLAND 

'ROJECT NO.: K 3571 !ELEVATION: 99.21 m 

DESCRIPTION 

SILT - sandy, low plastic, gre: 

l L 0 '  - trace fine sand 

40.0' 
Bottom of Hole at 40.0' 

ILOCATION: r P l a n t  Site 

late C-4 
h e e t 2  o f L  



-E LOG 
]TEST HOLE NO. 

3IG: NORTHLAND IMETHOD: 4 "  C=L IFINISH: 2: 15 

'ROJECT NO.: K 3573. IELEVATION: 9 9 . 2 2  m 

wp-0 w - 0 wL- a 

- c 
BULK DENSITY(pcf) 0 - $ 
60 8p IF IF0 

20 40 60 80 0 
MOISTURE CONTENT 

DESCRIPTION 

SILT - c layey ,  trace f i n e  Band, 
trace of organics to 5 . 5 '  
depth, low p l a s t i c ,  grey- 
brown 

I - t race  sea shells 

u33 I - t r a c e  o f  organics  

L3,O - sandier,  fine grained 

ad: 
ens e l  

- and fine sand, non plas- 
tic, current bedding to 
1 / 1 6 "  thickness ,  qrey- 
brown 

Z O '  - wood chips .. ::;;I . 
.. . .. . 
.* . 
.. . .. , 

.. . 

OTHER 
INFORMATION 

Pilot hole  to 1.0' 



r I TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTINO ENGINEERING a PROFESSIONAL SERVICES 
GEOTECHNICAL DlVlSlON 

CANEP - BROWN a ROOT 

TEST HOLE NO. 
PS- 3 

IPROJECT NO.: K 3 5 7 1  IELEVATION: 99.22 m ILOCATION: P l a n t  S i t e  

1 "  
0 

0 
1 

DESCRIPTION X 
CL 
U 
CL: 
W 

w 
0 

SILT - some f ine sand ,  t r a c e  :..: 
organic l a m i n a t i o n s ,  low :I:; 
p l a s t i c ,   g r e y - b r o w n  . .  . .  . .  . .  . .  . .  . .  

.. 

L O '  - c l a y e y ,  trace f i n e  s and ,  
t race o r g a n i c  lamina- 
tions, c u r r e n t  bedded, 
grey-brown 

43,O ' - mottled light and d a r k  

$4.5 ' grey 

- l amina ted  

53.6' 
53,9 ,- 1" sand layers,  medium 

S O '  

.-- 
g r a i n e d  

, -  30% medium sand in 1/2" 
25~ 0 l a y e r s  

trace s a n d ,  medium plastic, 
wdourous , b l a c k  

- 
Nb 

VS 
V r  
5% 

- 
V r  

V r  
L u g  

5% 

Nb 
I_ 

- 
vx 
10 % 

Vr 
25% 

d z 

c2.  

c 2 .  

c2: 

c2. 

C2' 

c 2  

c2 

c2 
C2' 

c31 

c3 

C3 

c3 

c3 

k 3 

i Bottom of Hole 
a t  6 1 . 0 '  

J E L L -  Sheet -1, of 2 



DRAWN BY: CPM/PD CHECKED: IL3H (DATE: 22 23 1977 February 

'ROJECT NO.: K 3571 

w p - 0  w -  0 wL-" I I! r 
E 

I I a 1 . 1  I I 

R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SEAVICES 

OEOfECHNlCAL DMSKm 

DESCRIPTION OTHER 
INFORMATION 

- dry, powdery, f r i a b l e  

iL5 
~ 2 '  - rus ty  layer 

- dry, f r i a b l e  layers 

1" layers 70% vs 
with Nb layers 
a l ternat ing  io_. 0 ' 

- current  bedding, brown 
and grey 

Cored down side of 

Vert i ca l  ice Wedge 
from 15.3' to 
23.5 ' depth 

." 2 0 . 0 '  
*nr.41 - sand layer 



R.M.HARDV & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECMNICAL DIVISION 

DROJECT NO.: K 3571 

T 
BULK DENSkY b c f )  
60 8p I F  1120 

MOISTURE CONTENT 

L 

IELEVATION: 99.57 rn 

DESCRIPTION 

.. 

SILT clayey, trace f i n e  sand 
trace organic Laminations 

-?k- 5' low p l a s t i c ,  c u r r e n t  bed- 
\ ded, grey 

- - wood chips to 1/2" size 
I 

3 L . 5  I 
- some fine sand 

-3-8; 0 

40.0' 

ILOCATION: P l a n t  S i t e  

OTHER 
INFORMATION 

h e e t z  o f z  ' I  



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B. PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION , 

I r 
ELEVATION: 99.60 m 

I I 

0 
a DESCRIPTION X 

Q 

c3 
II: 

brown 

2 0 . 0 '  

some organ 

" .  . _" - sandier, current bedded, 
grey 

ILOCATION: 

W l  L, 
i l o t  hole to 0 . 6 '  
haw Consolidation 
T e s t  - See Plate 

c-52 

;rain S i z e  Analys i s  
See Pla t e  c-38 



R.M.HARDY ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

PROJECT NO.: K 3571 IELEVATION: 99.60 rn 

wp-m w -  0 WL-a 

DESCRIPTION BULK DENSITY (pcf) 
60 80 lpo 120 

I 1  

MOISTURE CONTENT 

ded, grey 

Ir 
I 

ded, grey 

2 "  0 

4 . 5 '  

Bottom of Hole a t  4 5  . O '  I 

I Sheet 2 of Z ]I 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING  ENGINEERING 8 PROFESSIOWL SERVICES 

GEOTECHNICAL  DIVISION 

BULK DENSITY (pcf) e 
60 80 l?O 1120 

MOISTURE CONTENT 
I I  

2 

. " . 

ELEVATION: 9 9 . 7 0  m 
I 

DESCRIPTION 

gLo ' 
- sandier, f i n e  gra ined  

_" 2 3 . 5 '  
- cur ren t  bedded 

? C  n l  

cur ren t  bedded, brown 

I 



GEOTECHNICAL DIVISION 

PROJECT NO.: 3 S 7 l  

:I 
L 

DESCRIPTION 

- trace of organics  

I 
I 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING e PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ROJECT NO.: 3571  

w p - 0  w -  0 W L - a  

DESCRIPTION 



R.M.HARDY & ASSOCIATES LYD. 

MOISTURE CONTEN 

IELEVATION: 99.68 rn 
I I 

DESCRIPTION 

Bottom of Bole at 45 .O' 

I L L 

I 

P 
a 
W e > 
I- 

2 
3 
d 

:2: 

W 

:2; 
:2: 

:2L 

:2E 

'2  E 

27 

2 8  

29 

Plate P-14 
Sheet 2 of 2 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNiCAL DIVISION 

PROJECT NO.: K 3 5 7 1  

DESCRIPTION 

Grain S i z e  Analysis 
See Plate C-39 

Thaw Consolidation 
Test - See Plate 

C-52 

. 83  ' 
- current  bedded, occa - 
sional sand lenses 

1/8" Vs i c e  
l e n s  

"_ 15.0' 
- sandy, fine gra ined ,  

cu r ren t  bedded 

22.0' - - organic lamination, 
brown 

lens 

_" 27 * 5 '  - sand layers 
2 8  .O' 
" - - clayey, low p l a s t i c ,  



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ELEVATION: 99.80 m 

DESCRIPTION 

SILT - clayey, trace fine sand ,  
Low  plastic,  current bed- 
ded, grey 

1/16'' vs i c e - "  
37.0' 

lens 

!E. 2 ' 
- trace gravel 

12 - 5 '  

Bottom of Hole at 4 2 . 5 '  

Nb 

P l a n t  Site 

OTHER 
INFORMATION 

;rain Size Analysis 
See P l a t e  c-40 

C-16 
2 o f 2  



I TEST HOLE L O G  
R.M.HARDV & ASSOCIATES LTD. 

CONSULTING ENQINELRINO 8PROFESSlONAL SERVICES 
OEOTECWNICAL DIVISION 

ROJECT NO.: K 35'1 ELEVATION: 9 9 . 8 2  m 

1 

DESCRIPTION 

" 2 5 . 5 '  
I trace fine sand, trace 
of organic laminations, 
grey and brown 

OTHER 
INFORMATION 

Pilot hole to 1.0' 

Specific Gravity = 
2.72 

FriaxiaL Strength 
Test - See P l a t e  

c-55 

:rain S i z e  Analysi! 
See P l a t e  C-41 

Criaxial Strength 
Test - See Plate 

c - 5 4  
.c19 - Triaxial 
strength Test - SE 
P l a t e  C-54 

Plate r - 1 7  
Sheet 2 of 2 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlON 

IELEVATION: 99 8 2  rn ILOCATION: P l a n t  S i t e  

13 
DESCRIPTION 

W u 
SILT - trace of f i n e   s a n d ,  

t r a c e  of organ ic   l amina -  
t i o n s ,  l o w  p l a s t i c ,   g r e y  
and brown 

”_ 36.0’ - l i t t l e  f i n e   s a n d ,  non 
p l a s t i c  

. .. . .. - l i t t l e  o r g a n i c s  . .. . .* . .. 
SAND - f i n e   g r a i n e d ,  silty, 

t r a c e   o f   o r g a n i c   l a m i n a -  

rent bedded,  grey  and . .. 
brown 

- 1/2” roo t  

t i o n s ,  non plastic, cur- 

15% 
c21 

_I 

Nb c2; 

c2: 

c24 

c25 

Z 2 €  

C27 
vx 
V r  C2E 
<5% 

C29 

230 

Nb 231 

232 

z 3 3  

234 

235 

C36 

237  

C38 

10% 
vx 

239  

:5% 
T r  

“ 4 0  

OTHER 
INFORMATION 

Y 
% 

4 
Gra in  Size Analysi 
See Pla t e  C-42 

Triaxial Strength 
Test - S e e   P l a t e  

c-54 

A n a l y s i s  
c-43 

fK” 
S h e e t 2  o f 2  



` & ASSOCIATES LTD. 
CONSULTINO ENGINEERING 8. PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSMN 

DROJECT NO.: K 3571 

7 wp-0 w -  0 w L - A  

LL5 

DESCRIPTION 

plastic, brown 

- organic laminations 

g"* 0 ' - 
grey 

0 - sandier, organic  lamina- 
t ions 

." 5.5' - light brown sand lenses 

Bottom of Hole at 30.0' 



GEOTECHNEAL DIVISION 

 PROJECT NO.: K 3571 

7 w p - 0  w - 0 w - A  

BULK DENSITY (pcf) 

MOISTURE CONTENT 
60 8p IF t?o 

-r 

DESCRIPTION 

o r q a n i c s  t o  4 . 7  I d e p t h ,  
low p l a s t i c ,  g rey  

.. .. .. .. 
. ., . .., . .., *. , 

" 3.5' 
- sand lenses 

1,3 
- 1/4" organic layers 

OTHER 
INFORMATION 

rhaw Consolidation 
T e s t  - See Plate 

c-53 

; p e c i E i c   G r a v i t y  = 
2 . 7 2  

'riaxial S t r e n g t h  
Tes t  - See Plate 

c-55 



I 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING a PROFESSIONAL SERVICES 
GEOTECHNlCAL DIVISION 

LOGGED BY: GCD/CPM 

I RIG: S .  D. S. START: 4 :  15 FINISH: 11:20 

PROJECT NO.: K 3571 [ELEVATION: 9 9 . 5 5  rn ILOCATION: P l a n t  Site 

DESCRIPTION 

n I w z 
w OTHER a INFORMATION 
$ 

Triaxial Strength 
Test - See Plate 

c-54 

Gra in  S i z e  Analysi 
See Plate c-44 

Grain Size Analysi: 
See P l a t e  c-45 

I Sheet 2 of 4 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlON 

60 80 1 0 0  120 

4 + -59 

DESCRIPTION OTHER 
INFORMATION 



R.M.HARDY & ASSOCIATES LTD. 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 IELEVATION: 99.55 m 

DESCRIPTION 

c 

Bottom of Bole at 100.0' 

- L 

ILOCATION: plant  Site 

OTHER 
INFORMATION 



]ELEVATION: 9 9 . 5 6  m 

DESCRIPTION OTHER 
INFORMATION 

I 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ROJECT NO.: K 3571 

DESCRIPTION 

L9 
3 

z 
L9 
=! 
2 

SILT - sandy, low Plastic, 

"- 36.5' 

laminated, grey 

- yellow sand l ayers  

Bottom of Hole at 4 5 . 0 '  

ILOCATION: i 
2 2  

P l a n t  Site 

OTHER 
INFORMATION 



DESCRIPTION 



. .. 

R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

GEOTECHHICAL DlVlSlON 

ELEVATION: 119.32 m 

DESCRIPTION 

SILT - trace fine sand, some 
organics t o  2 . 0  I dep th ,  
low plastic, l amina ted ,  
brown 

_LO ' - g r e y ,  nan l amina ted  

13.0' "- 
1" of 30% Vs ice 

Plant S i t e  

OTHER 
INFORMATION 

Pilot h o l e  t o  0 . 6 '  
Chaw Consolidation 
Test - See Plate  

; ra in  s i z e  Analysis 
See P l a t e  C-47 

c- 3 



IELEVATION: 9 9 , 3 2  m 

I 

DESCRIPTION 

SILT - trace f i n e  sand. low ,. .. 
plastic, grey * .. 

." 35.0' - laminated 

3 8 . 5 '  
" - non laminated 

i;. 7 ' 
-and f i n e  sand, non 
p l a s t i c ,  l aye r s  to 3 / 4 "  
t h i c k n e s s  

i 0 . 7 '  - - wood chips to 52.5' 
depth 

.a. 0 ' 



r 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

BULK DENSITY(pcf) 0 
60 8p l?O IF0 

MOISTURE CONTENT 
20 40 60 80 

X 
l- a w 
n 

ELEVATION: 99.32 m 

DESCRIPTION 

low plastic, grey 

72 .7 '  

Bottom o f  Hole at 7 2 . 7 '  

ILOCATION: 



DESCRIPTION 

SILT - clayey,  trace of fine 
sand, low plastic,  grey 

K.-5 ' - sandier,  fine gra ined  

8.0' 
- laminated 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 

BULK DENSITY (pef) a 
60 8p I F y O  IF0 

MOISTURE CONTENT 
20 40 60 80 

13 ELEVATION: 99.69 m 

DESCRIPTION 

depth, low plastic, grey 

OTHER 
INFORMATION 

' i l o t  hole  to 1.0' 

;rain S i z e  Analysis 
See Plate c-50 

late I--31 
heet L of 2 



TEST HOLE L O G  
R M.HARDY a ASSOCIATES IT- Ah SHELL CANADA I TEST HOLE NO. '1 1 3  RESOURCES LIMITED 

.. 

CONSULTING ENGINEERING ~PROFESSIONAL SERVICES 

.-.----- " "". I ""V.V. -* b, y. 

GEOTECHNICAL DIVISION GAK GAS PROJECT PS- 16 
l.... 

CANEP - BROWN & ROOT 

LOGGED BY: IGJ DRAWN BY: CPM/PD CHECKED: AJH DATE: 4 March 1977 
k 

RIG: NORTHLAND METHOD: 4 "  CRREL START: 1:oo FINISH: 5 : 3 0 

PROJECT NO.: K 3571 ILOCATION: P l a n t  Site I 

I 

I 

I 

DESCRIPTION 

SILT - t r a c e  f i n e  sand, low 
p l a s t i c ,  grey 

!_z, 9 ' - 1" sand layer 

I C  n r  

Bottom of Hole a t  4 5 . 0 '  

Nb 

- v 

N b  
15% - 

JxiVr 
15% 

OTHER 
INFORMATION 

L 



~. 

GEOTECHNICAL DiVlSlON 

DESCRIPTION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

GEOTECHNlCAL DIVISION 

ROJECT NO.: K 3571 

up,- w * 0 wL- A 

c * 
a 

BULK DENSITY (pcf) ? 
60 8p I F  IF0 

DESCRIPTION 

" 7 . 0 '  - c u r r e n t  bedded 

Bottom of  Hole a t  4 0 . 5 '  

ILOCATION: P l a n t  S i t e  I 



16.0' 

33 .0 '  

38 .4 '  

I" 
PS-2 - 5 '  F.'. 
PS-2 1.5' 1 12.5' 
PS-5 b.8' 

r 5 '  1 -17.6 

-2.0' 

I 

PS-8 p.21 

t 2 - 0 1  
es-a 132.2' 

-33.0 

-11.5 

I 
PS-9 1 2 4 J '  t -25.5 

ca 

SILT - clayey,  trace  fine sand, 
organic  laminations, grey 
low plastic,  occasional 

- frozen, ~r VS 10% to brown 

organic  laminations, grey 
low plastic,  occasional 

- frozen, w vs. l0%mt0 rown 

organlc farninatzons , grey non p j 2 s  i c  occasional 
- frozen, Vr 5% to brown 

SILT - claye , trace  fine sand, 

SILT - claye  trace  fine  sand, 

I rent bedded, grey - frozen, Nb I 
YL SILT - some fine sand,  trace 

organic  laminations, grey 
and brawn 

- frozen, V x  Vr 15% 
rlL SILT - some fine  sand,  trace org- 

anic  laminations,  grey  and 
brown 

- frozen, Vr 5% non 

I 

TABLE C-2  



I 
SUMMARY OF 

-LcI N i g l i n t g a k  Gas Psojec 

R : M H A m  & AS-IATCS L m  P l a n t   S i t e  
Trn*."LII*.. .I  .,... ",*...-~..,.(~*.L.."~IL.. 

LABORATORY TEST I NG -1 February/March 1977 

S A M P L E  D A T A  

PS-9 128.5' 

t 30.0' 
---" 3 6 . 5 '  

3"p 56.5 '  

PS-11 . 5 '  
1 4 - 3 8  

I 
14.5' 

2 39.8' 

50.0' 

55.0'  

2.2' 
I 

-43.5 

-1.6' 

-2.9' 

I 
PS-17 12.3' 

"- -3.0' 

c 3  

C6 

- 
c11 

- c1: 

- 
C14 

- 
c 1  

IAT 
I 

S O l L  D E S C R I P T I O N  a 

0 
- 
3 

d 

SILT - trace f i n e  sand .  t race 
o r g a n i c   l a m i n a t i o n s ,  grey 
and brown - f r o z e n ,  Nb 

SILT - trace o r g a n i c   l a m i n a t i o n s ,  
low p l a s t i c ,   g r e y   a n d  
brown 

- f r o z e n ,  Nb . 32 
SAND - f i n e   g r a i n e d ,   s i l t y ,   t r a c e  

o r g a n i c   l a m i n a t i o n s ,   n o n  
p l a s t i c ,   c u r r e n t  bedded, - f r o z e n ,  Nb grey  and  brown ra 

o r g a n i c s ,  low p l a s t i c ,   g r e y  
SILT - t race f i n e   s a n d ,  S O R E  

- f r o z e n ,  Vs 60% 

SILT - trace f i n e   s a n d ,  some 
organics, low p l a s t i c ,   g r e y  

- f r o z e n ,  vs ~ 5 %  

I 
C L A S S I F I C A T I O N  

T E S T S  

I 

SILT - trace f i n e  sand, trace 

- f r o z e n ,  V r  Vs <5% 
o r g a n i c s ,  low plastic, g r e y  

SILT - trace f i n e   s a n d ,  t race 
o r g a n i c s ,  l o w  p l a s t i c ,   g r e y  - f r o z e n ,  Nb 

SILT - and f i n e   s a n d ,   l a y e r e d ,  
non p l a s t i c ,  grey - f r o z e n ,  Nb ran 

3RGANIC SILT - c l a y e y ,  trace f i n e  
s a n d ,  h i g h   p l a s t i c  

- f r o z e n ,  Vs 50% 

SILT - trace f i n e   s a n d ,  some 
o r g a n i c s  t o  2 . 0 '  d e p t h ,  
low p l a s t i c ,   l a m i n a t e d ,  - f r o z e n ,  I C E  plus brown . 3 4  I 27 7 2.082.9h5.1 

SILT - a n d   f i n e   s a n d ,  non p l a s t i c ,  
l a y e r s  t o  3/4" t h i c k n e s s  - f r o z e n ,  N b  

~RGANIC SILT - t race f i n e   s a n d ,  
c l a y e y ,  h igh  p l a s t i c  

- f r o z e n .  VX ( 5 %  

S I L T  - trace f i n e  sand , c l a y e y ,  
low p l a s t i c ,   g r e y  - f r o z e n ,  Vx Vr 5 %  

S I L T  - trace f i n e   s a n d ,   c l a y e y ,  
low plastic, grey-brown - f r o z e n ,  V x  Vs 5% 

O T H E R  T E S T S  
I I I "1 

I I klate c-54 I 

S t r e n g t h  

Thaw Con- 
solidatio 
Test 

7 3 . 0  3 1 . 3 & 4 3 . 5  P l a t e  C-5 

S t r e n g t h  

P l a t e  C-5 

TABLE C-2  



I L A B  OIDER NO.  K3571 

T 

E- 

PLATE c-35 

GU202.0373 



I L A E  O R D E R  NO.  IC3571 

NVHl  U l N l d  l N 3 3 U l d  

PLATE C-36 
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L A B  O R D E R  N O .  K3571 
CLIENT C B R '  - SHELL 

R.M.HARDY & ASSOCIATES LTD. A I 1. 
, S o U ~ C f i  P l a n t  Site 

I 
CONSULTING E N G I N E E R I N G  & TESTING 

GRAIN SIZE CURVE H O L E  P S - ~ D E P T M  1.2 ' -2.0 ' 
RECHNICIAN c - DATE TESTED 2 1/4/77 
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l l A 6  O R D E l  N O .  K3571 

R.M.HARDY & ASSOCIATES LTD. 
\I - I/ CONTIJLTING E N G I N E E R I N G  & TESTING 

b!!l!!d 
GRAIN SIZE CURVE 

C L I E N T  CBR - SHELL "" . - 

S A M P L E  PS-9,  C38 



R.M.HARDY & ASSOCIATES LTD. 
C O N S U L T I N G   E N G I N F E R I N G  8. TESTING w 

GRAIN SIZE CURVE 

L A B  O R D E R  NO. K3571 

‘ S A M P L E  PS-11, C13 
S O U R C E  Plant Site 
H O L E  P S - ~ ~ D E P T H  49.0 ’ -50  0 ’ 

C L I E N T  CBR - SHELL 

T E C H N I C I A N  B m c D A T E   T E S T E D  1/5/77 

PLATE 

G U Z O Z - 0 3 7 3  



PLATE 
c-45 

GU202-0375 



- L A B  O R D E R  N O .  K3571 
CBR - SHELL 
PS-17,  C1 

GRAIN SIZE CURVE T E C H N I C I A N  
". R - C .  P A T E  T E S t E D 7 8 / 4 / 7 ]  

PLATE C-4 6 

CSUZO2-0373 



LAB ORDER NO.  K3571 

R.M.HARDY & ASSOCIATES LTD. S A MP L E  

C L I E N T  CBR - SHELL 
PS-14. C1 

CONSULTING E N G I N E E R I N G  & TESTING SOURCE PLANT Site 
HOLE PS-14DEPTH 1 . 5  ' - 2 . 2  
T E C H N I C I A N  B .c, D A T E  T E S T E D  5/5/77 GRAIN SIZE CURVE 



GU202-0373 

N V H l  83NId lN3313d 



GU202*0373 
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PLATE- C-51 



0 25 
EFFECTIVE STRESS (kPa) 

50 75 100 
I 

0 

"" 

I 

I 

I 

"- .- " . 

" .. ! ". .- 

I 1  1 
1 I I 

I 
I 

500 

L 

PS6, C I 

35,CI * 
# 

PS8,C2 

97, c I 

I too0 I500 2000 
EFFECTIVE STRESS(psf) 

2500 

I25 

SHELL CANADA 

A.M HARDV L ASSOCIATES LTD 
. , .  



rr 
EFFECTIVE STRESS (kPa) 

25 50 75 1 0 0  I25 
I 

PSI1 ,c3 

" 

I" 

L 

3 
0 500 IO00  I500 2000 2500 

EFFECTIVE STR ESS(psf) 

@ RESOURCES LIMITED 
SHELL CANADA 

OJECT 

THAW CONSOLIDATION TEST 
RESULTS -PLANT SITE 

j(357l- 151 PLATE C-51 



NOTE: NUMBERS ON CURVES INDICATE SAMPLE NI 
STRAIN RATE IN yr-1. 

JMBER AND 

-200 

FOR TRlAXlAL TESTS 
<3571-151 PLATE C-54 



NOTE: NUMBERS ON CURVES INDICATE  SAMPLE NUMBER AND 
STRAIN RATE IN yr-1. 

t I5O 

I I I I f o  
4 6 0 IO 12 

STRAIN (%I 

I STRESS-STRAIN CURVES 
FOR TRlAXlAL TESTS 

R M H A R W  I A%SOCtATFS LT61  - 





TABLE D - 1  

T e s t  Hale Locations and Elevations 
Staging Area and Barge S l i p  

U.T.M. CO-ORDINATES 1 ELEVATIONS (m) 
Test Hole Northing Easting Approx. Geodetic' Project  3 

SA-1 
SA-2 
SA-3 
SA-4 
SA-5 
SA-6 
SA-7 
SA-8 
sa-9 

BS-L 
BS-2 
BS-3 
BS-4 
BS-5 
BS-6 
BS-7 
BS-8 
BS-9 
BS-10 
BS-11 

7 688 794.16 489 007.17 
7 688 867.34 489 023.41 
7 688 940.52 489 039.66 
7 688 777.91 489 080.36 
7 688 851.09 489 096.60 
7 688 924.28 489 112.84 
7 688 761.99 489 152.08 
7 688 833.48 489 175.93 
7 688 908.03 489 186.03 

7 688 966.48 489 199.52 
7 689 010.28 489 209.76 
7 688 974.71 489 162.44 
7 689 018.62 489 172.,19 
7 688 982.83 489 125.85 
7 689 026.74 489 135.59 
7 688 990.96 489 089.25 
7 689 034.86 489 099.00 
7 688 999.08 489 052.66 
7 689 042.99 489 062.40 
7 689 086.91 489 072.16 

1.759 
1.731 
1.817 
1.786 
1.801 
1.856 
1.865 
1.969 
1.893 

1.978 
1.871 
2.039 
2.051 
1.679 
1.661 
1.530 
1.594 
1.. 838 
1.463 
1.548 

99.503 
99.475 
99.561 
99.530 
99.545 
99.600 
99.637 
99.713 
99.609 

99 I 722 
99.615 
99.783 
99.795 
99.423 
99.405 
99.274 
99 338 
99.582 
99.207 
99.292 

TF-1 7 689 174.73 489 091.65 1.506 99.250 
TF-2 7 689 181.23 489 062.38 1.494 99.238 

FS-1 7 688 647.78 488 974.67 1.896  99.640 

Notes: 

1. Co-ordinates derived from authorized monument C-235 and 

2. Datum: Lower flange on "19 Wellhead, El. 2.590 m 
3 .  Datum: B.M. #1, installed March 1977, El. 100.00 m 

are U.T.M. R.M. 135' (Zone 8) 





R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

DESCRIPTION 

SILT - clayey, trace f i n e  
low plastic, brown 

trace o f  organic  lamina- 
t i o n s  

s a n d i e r ,  grey 

trace fine sand, trace 
of  organic  laminations 

piece o f  root  

. . .  

., 
*. . .. .... .... .... .... .... .... .... .... . . . .  .... .... .... .. .. .... . . . .  .. *. . . . .  
.. .... .. .... 
., .. .... 
.... .... .. ,. .... .. *. .... . . . .  .< .... .. 
. . . .  . . . .  .. *. . . . .  .... .. .. .... .. ,. . . . .  .... . . . .  .... . . . .  . . . .  .. .. .... -. * <  

OTHER 
INFORMATION 

Pi lo t  h o l e  to 1.0' 

Thaw Consol ida t ion  
Test - See Plate 

thaw Consol ida t ion  
D-51 

T e s t  - See P l a t e  
D-s 1 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

? I G  NORTHLAND IMETHOD: 4 "  CRREL ISTART: 17 : 15 IFINISH: 23:30 I 
3ROJECT NO.: K 3 5 7 1  

BULK DENSITY (pcf) 0 

MOISTURE CONTENT 
60 8p p I ~ O  

20 40 60 80 

w 

ILOCATION: Staging  Area (ELEVATION: 99 .50  m 

I 

DESCRIPTION 

L 

-1 . 

OTHER 
INFORMATION 



I TEST HOLE LOG I 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING B PROFESSIONAL SERVICES 
GEOTECWNICAL DIVISION 

1IG; NORTHLAND IMETHOD: 3" CRREL ISTART: 13:30 I FINISH: 16: 2 5  I .~ . . 

'ROJECT NO.: K 3571 

BULK DENSlTY(pcf1 
. 60 80 I F  1,20 

I I  

MOISTURE CONTENT 
60 80 I C 20 40 

DESCRIPTION 



PROJECT NO.: K 3571 

MOISTURE CONTENT 

u 

ELEVATION: 9 0 . 5 6  m 

DESCRIPTION 

S I L T  - clayey, t r a c e  of organ- 
i c  laminations, low plas- 
t i c ,   g r e y  - brown 

I'y - clayey, t r a c e  f i n e  sand, 

;2,0 ' - little f i n e  sand 

. 4 . 4  ' 
" - t r a c e  fine sand,  c l ayey ,  

t r a c e   o r g a n i c  laminations 
grey - brown 

ILOCATION: S t a g i n g  A r e a  

- wood chips 

OTHER 
INFORMATION 

I P i l o t  hole  to 1.0' 

i 
i 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlON 

'ROJECT NO.: K 3571 

w p ' O  w - 0 w - A L 

- 
c 

BULK DENSITY (pcf) - 
MOISTURE CONTENT 

$ 
60 8p I F  l?o 

20 40 60 80 0 

L 

ELEVATION: 99.56 rn 

I 

DESCRIPTION 

trace of organic lamina- 
t i o n s ,  Low plastic, grey- 
brown 

c 3_622'- l i t t l e  grave l ,  rounded 
3 2  ._o ' 

I - grey 
1/8" i c e  l e n e 5  

3 8 . 0  
28-8 

40.0' 1/4" ice Lens 39.6 

Bottom of Hole a t  40,O' 

ILOCATION: Staging Area 

d 

r 
I- 
w 

f 
:2 

:2 

!2  

!2  

:2  

:2  

: 3  

! 3  

:3 
!3  
I 

OTHER 
INFORMATION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 IELEVATION: 9 9 . 5 3  m ILOCATION: Staging Area I 

wp-0 w -  0 W L - a  

BULK DENSITY (pcf) 
60 8p IF IF0 

MOISTURE CONTENT 
20 40 60 ao . .  . . .  . .  

L I 

DESCRIPTION 

L 

OTHER 
lNFORMATlON 

P i l o t  hole  to 1.0' 

C W L  Barrel  stuck 
nn hole. Hole 
abandoned at 17.0' 
depth. Barrel 
removed February 
24. 



I TEST HOLE LOG 
RM-HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

.OGGED BY: CWCPM .. [DRAWN SY: CPMIPD (CHECKED: AJN IDATE:23 February 1977  

'ROJECT NO.: K 3571 IELEVATION: 9 9 . 5 5  rn ILOCATION: 

BULK DENSITY (pcf) a 
69 8p IF 1120 

MOISTURE CONTENT 
20 40 60 80 

DESCRIPTION 

Staging Area 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSION41 SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 

BULK DENSITY (PCD 
60 89 lf>o 1120 

MOiSTURE CONTENT 

ELEVATION: 9 9 . 5 5  m 

DESCRIPTION 

S I L T  - l i t t l e  fine sand, sligh 
p l a s t i c i t y ,  grey 

3.5". 7 ' 
- trace organic lamination 

3 9 . 4 '  

Bottom of Hole at 3 9 . 4 '  

V 

I. 

t: 

ILOCATION: Staging  Area 
"" 

OTHER 
INFOR MATION 

late D-8 
heet 2 of 2 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3 5 7 1  

wp-0  w -  0 W L - a  

I I I I I I I I I  

3 

IELEVATION: 99.60 m ILOCATION: s t a g i n g  Area 

L9-. 0 ' 

DESCRIPTION 

1" ice l e n s  11.3 

3 / 4 1 '  w i d e  ve4-2 2 
tical ice wedge 
from 1 2 . 2 '  to 

1 . 5 "  wide ver- 
tical ice wedqe 
from 15.0' to 
22.0' depth 

- l i t t l e  fine sand,  trace 
of organics 

zz. 0 
&3-. 0 I 

2_4, I) I 

- very sandy layer 

- sand pockets 

OTHER 
INFORMATION 

P i l o t  hole t o  U.3' 
Thaw Consol ida t ion  
Test - See Plate 

D-51 

Thaw Consol ida t ion  
Test  - See P l a t e  

D-5 1 

3 late D- 9 
Sheet 1. of 1 



R.M.HARW & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFEWOWL SERVICES 

GEOTECHNICAL DlVlSlON 

w p - O  w -  0 wL- A 
PENETRATION A 
DYNAMIC CONE 

(blows/foot) 
20 40 60 8,O 

BdLK kNS;TY(pcf )  
60 a? 1 0 0  I?O 

MOISTURE CONTENT 
2 0  40 60 80 

I i i i i i i C i i I  30 

~ELEVATION: 99,Bl  m 

DESCRIPTION 

S I L T  - t r a c e  of organics  and 
r o o t l e t s  to 1.5' d e p t h ,  
low plastic, brown-grey 

i3,. 0 I - t r a c e  fine sand ,  grey 

y, 4 ' 
- 1 / 2 "  organic  l aye r  

.8 .0  " ' - trace f i n e  sand,  low 
plastic, c u r r e n t  bedded, 
grey 

" 1 . 0 '  
- clayey,  l i t t l e  f i n e   s a n d  

" 8.0' 
- 3/8" organic  Layer 

ILOCATION: Stag ing  Area I 
c3 w z s 
W 

w 

OTHER a INFORMATION 

i!i! 

2 
v) 

4" C m L  

Changed t o  Dynamic- 



I R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ELEVATION: 99.61 m 

DESCRIPTION 

SILT - c l a y e y ,  little f i n e  san 
occasional wood chips  and 
organic l a m i n a t i o n s ,  low 
p l a s t i c ,  grey 

3 g._O 
1" of 5 0 %  Vr, Vs 
i c e  

4 0 . 5 '  

Bottom of Hole a t  4 0 . 5 '  

. .  . .  . .  . .  

. .  . .  

. .  

. .  . .  
I 

ILOCATION: 
1 

Staging Area 

' I INFORMATION E 
OTHER 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING El PROFESSIOML SERVICES 

GLOTECHNICAL DMSION 

IELEVATION: - 

T~YNAMIC CONE 
PENETRATION 

29 40 6.0 8.0 
(blows/foot) A 

MOISTURE CONTENT I 20 40 60 80 

l i i i i i i i i i l  

DESCRIPTION 

S I L T  - trace fine sand, trace 
of organics ,  low p l a s t i c  
brown to grey at 2 . 0 '  
depth 

4 . 5 '  

Bottom of Hole at 4 . 5 '  

Staging  Area 

OTHER 
INFORMATION 

4 "  CRREL 

Changed to Dynamic 
Cone 

Located 50 .0 '  w e s t  
Of SA-I. 

i 

hcet 1 of 1 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIOHAL SERVICES 

GEOTLCHNICAL DIVISION 

'ROJECT NO,: K 3571 

W P * m  W -  0 wL- A 
. - ..  .. . - " . . . . . . 

DYNAMIC CONE 
PENETRATION 

20  49 60 00 
(blowdfoot) * 

BULK DENSITY (pc0 
60 8p I F  1120 

M O ~ T U R E  CONTENT 
20 40 60 00 

 ELEVATION: 99.71 m 

DESCRIPTION 

S I L T  - clayey, some organics 
to 3.5' depth, low plas- 
tic, grey-brown 

1 2 . 0 '  

Bottom of Hole at 1 2 . 0 '  

Staging Area 

I C E +  

3 0% 

OTHER 
INFORMATION 

4" CRREL 

Changed to Dynamic 
Cone 

Abandoned h o l e  
because of loss 
of Pit Seal,  



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIOWL SERVICES 

OEOTECHNICAL DlVlSlON 

CANEP - BROWN &ROOT 4 - 
LOGGED BY: AN DRAWN 0 Y :  G D P D  CHECKED: A J H  DATE: 8 March 1. 

RIG: s. a .  s. METHOD: 4 u v  CRREL START: 8200  

PROJECT NO.: K 3571 

DYNAMIC CONE 
L FINISH: 9 :oo  

W p - 0  W -  0 W L - A  

PENETRATION A 
DYNAMIC CONE 

(blow /foot) 
2p 4,8 6,O 8,O 

BULK DENSITY (pcf) 
60 8p IF 1120 

M O ~ T U R E  CONTENT 

l i i i i i i i i i l  

DESCRIPTION 

J 
S I L T  - c layey ,  t r ace  sand, 

organics  - roots, leaves, 
branches, low p l a s t i c ,  
non l a m i n a r ,  dark brown 

- 2.3 ' 
- l aye red ,  no organics, 

.o  I brown -" - grey  

-6.5' 
- o r g a n i c   l a y e r  

13,O' 
Bottom of  Hole a t  1 3 . 0 '  

c 

ILOCATION: Staging  Area  r 
L977 

OTHER 
INFORMATION 

Located 5 0 . 0 '  west 
of S A - 8 .  

late D-14 1 
heet 1 of I_ 

1 I 
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R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

PROJECT NO.: K 3571 IELEVATION: 9 9 . 6 4  m /LOCATION: S t a g i n g  Area I 

DESCRIPTION 

SILT - clayey, trace fine sand 
trace of organics  to 3.0' 
depth, low plastic, grey- 
brown 

t&44, 0 ' - trace fine sand. l o w  
plastic, grey 

0 ' 
- occasional 1" silt and 

sand lenses 

~ 4 . 0  I - some fine organic lamin- 
a t i o n s  

0 
-I 

0 

a 
r 
L 

I2 

W u 

'F 

,. , ,. , 
,. , 

,. , 
,. , 

. .  ,. , .. , .. , .. . 
* ,  

. .  . .  

. .  

. .  . .  

. .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . *  . .  * .  . .  

. -  . .  

. .  . .  . .  
I 

N b  

- 

Cone 

Changed to VTM 

f 

OTHER 
INFORMATION 

4" CRREL 

Changed to Dynamic 

'I& D-16 
;heet 2- of 2 



R.M-HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ROJECT NO.: 3571. IELEVATION: 9 9 . 6 4  m 

MOISTURE CONTENT 
20 40 60 80 1 

DESCRIPTION 
E z 
a : 
c! 
Ls 
L 

s iona l  organic lamination::;:: 
low plastic, grey 

SILT - trace fine sand, occa- 
. .  . .  . .  . .  
* .  . .  
. <  . .  . *  . .  . .  
. .  . .  
. .  . .  . .  
. .  . .  
. .  

Bottom o f  Hole at 39.0’ 

ILOCATION: 
-t 

Staging Area - 1  

OTHER 
INFORMATION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

IRIG: NORTHLAND IMETHOD: 4 "  CRREL ISTART: 16: 30 ~FINISH: 17:  30  
. -. 

DESCRIPTION 

SILT - c l a y e y ,  medium p l a s t i c ,  
grey-brown 

ice  wedge o f  Q 2 J  

1" w i d t h  from 

- clayey,  trace f i n e  sand, 
tom of hole 

low plastic, grey 

1 .  :5 ' P . 2 '  death to bot- 

17.0' 
Bottom of Hole at 17.0 ' 

JLOCATION: r 

L 

S t a g i n g  Area 

OTHER 
INFORMATION 

P i l o t  h o l e  to 1.0' 





t 

R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING A PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 

W - a  w - 0  W - a  
P~~~~~~~ CONE I 

PENETRATION A 

20 40 60 80 f 
BULK OENSlTY(pcf) E 
60 80 I?Q 1120 E 

(blows/foot) 

1 1 1 1  

I 1  

MOISTURE CONTENT 8 
20  40 60 80 I 0 

ELEVATION: 99.72 m 
I 

DESCRIPTION 

SILT - clayey, trace organics ,  
Low p l a s t i c ,  grey-brown 

! 
> 
) 

1 7 . 5 '  - 
Bottom of Bole at 1 7 . 5 '  

I 

OTHER 
INFORMATION 

r 



CONSULTING ENGINEERING  PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

w p - 0  w - 0 w 
DYNAMIC CONE 
P NETRATI N A 

L" * 
~ ftllows/foo!l 

2p 4p 6p 8p 2 

I 
1 I I 

3 (  

IELEVATION: - 

DESCRIPTION 

SILT - clayey, l i t t l e  peat and 
roots to 2 . 7 '  depth,  grey 
- brown 

"- 16.0' - sandv,  ace of orqanic tr 
lenses to 1/8" thickness 
s l i g h t  p l a s t i c i t y  

?lA 0 ' 
- and sand,  t r ace  of or- 
ganic laminations, non 
p l a s t i c ,  layered, grey 

22.5' 
- wood chips  

7 ' 
- black silt pocket 

1 1' LOCATION: 

vx 

& 
vs 
10% 
- 

UF 

Nf 

Barge S l i p  

OTHER 
INFORMATION 

4 "  CRREL 

hanged to Dynamic 
Cone at 3 . 5 '  

langed t o  VTM a t  
L 6 , O '  



PROJECT NO.: 3 5 7 1  /ELEVATION: - 

J 
n 

S I L T  - and sand, trace of 

3 2 . 0 '  plastic, Layered, grey 
organic laminations, non 

- sandy,  little o r g a n i c  
Laminations and. inclu- 
sions slight  plasticit 

3 7 . 5 '  
- 5"  layer of gravel an8 

39.0' 
sea she l l s  

CLAY silty, law plastic, grey 

Bottom of Hole at 4 0 . 0 '  

Barpe Slip I 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

MOISTURE CONTENT I 20 40 60 80 

ELEVATION: - 

DESCRIPTION 

SILT - c l a y e y ,  low p l a s t i c ,  
brown 

12 .O' 

Bottom of Hole at 12.0' 

ILOCATIQN: Barge S l i p  

OTHER 
INFORMATION 

. .  

? i l o t  ho le  to 1.0' 

!ole sloughing in 
at 6 f o o t  level. 

Located 30.0' west 
Of BS-1A. 

late D-22 
heet 1 of 1 



I R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'RQJECT NO.: K 3571 I ELEVATION: - 
I 1  

DESCRIPTION 

A ' - clayey, trace of organics 
low-piastkc,  grey-brown I 

" 
.O' 

- current bedded t; 
k t  

1 

OTHER 
INFORMATION 

Located 30.0' west  
of BS-1.5. 



R.M.HAROV L ASSOCIATES LTD. 
CONSULflNG ENGINEERING B PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

1 

ELEVATION: 99.62 m 

DESCRIPTION 

.. 

SILT - c l a y e y ,  o rganic  i n c l u -  
s i o n s ,  low p l a s t i c ,  g rey  
- brown 

- 3, I - moist, grey 

7 . 0 '  

]LOCATION: Barge S l i p  

OTHER 
INFORMATION 

Pilot hole to 0.i7 

ole abandoned. Un- 
able to core un- " 

f rozen ground w i t h ,  
Northland Rig. 
drilled w i t h  S.D.S 
Rig as BS-2A. 

1 

EzLzIl eet - of - 

I 
I 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING PROFESSlONAL SERVICES 

GEOTECHNICAL DIVISION 

ROJECT NO.: K 3 5 7 1  I ELEVATION: - 

BULK DENSITY (pcf) 
60 8p 100 I?O E 

MOISTURE CONTENT $ I 20 40 60 80 Q 

DESCRIPTION 

S I L T  -. roots. and wood chips, 
l o w  plastic, brown 

t 5  I - Little f i n e  sand 

k.4 I 

- trace f i n e  sand, dry 

l L 8  ' 
- c layey ,  sensitive to  

uuicking, moist, grey 

?-LB ' - saturated 
LZ.0' 

- medium dense ,  l i t t l e  
fine sand 

8 ' - trace f i n e  sand,  c u r r e n t  

- some fine sand 
L3A I bedding 

;o_. 5 1 

- 3/8" o r g a n i c  layer 

ga.0 I 

- trace fine sand 

.- " 2 7 . 0 '  
-. l i t t l e  a ryanic  i n c l u -  

sions to 30.0' depth 

Nbn 

Nbe 

- 

OTHER 
INFORMATION 

4 "  CRREL 

Changed t o  4" Shel: 
easy to push 



R.M.HARDY L ASSOCIATES LTD. 
CONSULTING ENGINEERING e PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

JELEVATION: - 

DESCRIPTION 

SILT - clayey,  trace fine sand 
low plastic, current bed- 
ding, grey 

0 . 0 '  

Bottom Of Hole at 40.0' 

ILOCATION: Ba ;e S l i p  

OTHER 
INFORMAPtON 



CONSULTING ENGINEERING -3 PROFESSIONAL SERVICES 
GEOTECWNICAL DIVISION 

P - BRDWN 16. RUO 

VOJECT NO.: K 3571 ELEVATlON: - 

DYNAMIC CONE 

SILT - trace f i n e  sand, roots 
and coal chips, low 
p l a s t i c ,  oranqe mottling 
( o x i d i z e d )  

- 
vx 
5% 

i 
E 

!! OTHER 
INFORMATION 

J 
1 



TEST HOLE LOG.". 
RM-HARDV & ASSOCIATES LTD. SHELL CANADA @ RE%OURCES LIMITED 

TEST HOLE N( 
CONSULTING  ENGINEERING 8 PROFESSIONAL SERVICES 

CEOTECHNICAL DIVISION AK GAS PROJECT BS-2C 

PENETRATION A 

20 40 60 80 3 (blows/foot 1 
I I I I  

ELEVATION: - 

(3 

DESCRIPTION 

Bottom of Hole at 9.0' 

L, 

J 

- Vr 

n 5% 

UF 

7" 

OTHER 
INFORMATION 

4 "  CRREL to 2 . 0 '  

Changed to Dynamic 
Cone 

Assumed f r o z e n  at 
8 . 5 '  d e n t h  

I 
I 
I 
1 

1 
I 



I 
TEST HOLE LOG 

, 
R.M.HARDY & ASSOClATES LTD. 

' 
SHELL CANADA TEST HOLE NO. 

CONSULTING ENGINEERING RPAOFESSIONAL SERVICES @ RESOURCES LIMITED 
GEOTECHNICAL DIVISION NTGAK GAS PROJECT BS-ZD 

(@ CANEP - BROWN & ROOT 
1- I 

.OGGED BY: CCD DRAWN BY: GCD/PD CHECKED: 

i lG: s. D. s .  

AJH DATE: 2 8  February 1977 

METHOD: iYNAMIc CONE START: 
" CRREL, 6: 20 FINISH: 6: 40 

'ROJECT NO.: K 3 5 7 1  I ELEVATION: I 

DESCRIPTION 

SILT - trace fine sand,  roo t s  
and organic i n c l u s i o n s ,  
low plastic 

Bottom of Hole at 7 . 5 '  

UF 

- 
F 

OTHER 
INFORMATION 

1'' CRREL to 2.5' 

:hanged to Dynamic 
cone 

issumed f r o z e n  at 
6.5' depth 

'late D-X9 
Sheet L of  1 



I TEST HOLE LOG 
" 

IPROJECT NO.: K 3 5 7 1  

W p - 0  W * O WL- A 
DYNAMIC CONE 
PENETRATION A 

(blows/foot) 
2p 4,O 6,O 8,O 

BULK DENSITY (pcf) I 
60 80 1 0 0  1120 

MOISTURE CONTENT 
I l l  

ELEVATION: - 

DESCRIPTION 

SILT - trace fine sand ,  l i t t l e  
organics, low plastic, 
grey 

i . 0 '  

Bottom of  Hole at 5.0' 

(LOCATION: Barge S l i p  

7 

OTHER 
INFORMATION I 

4" C W L  to 3.0' 

Changed to Dynamic 

Assumed f r o z e n  at 
Con€? 

4.5' depth 



R.M.HARDY & ASSOCIATES LTD 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 



R.M.HARDV & ASSOCJATES LTD. 

GEOTECHNICAL OlVlSlON 

CANEP - BRO 

BULK DENSITY(pcf1 
60 80 100 120 

IELEVATION: 9 9 . 7 8  m 

DESCRIPTION 

SILT - sandy, non plastic, y r e l  

32”’ t race  ”_ of organics 

5 ’ trace of organics 

10.0 ’  

Bottom of Hole at 40.0’ 

S l i p  

OTHER 
INFORMATION 

E S h e e t 2  o f 2  



TES? HOLE LOG 
R.M.HARDV EL ASSOCIATES LTO. SHELL CANADA TEST HOLE NO. 

CONSULTING ENGINEERING a PRwEsslatuL SERVICES RESOURCES LIMITED 
NIGLINTGAK GAS PROJECT GEOTECHNICAL DlVlSlON BS-4 

'ROJECT NO.: K 3571 ELEVATION: 99.80 rn LOCATION: Barge S l i p  



R.M.HARDV & ASSOCIATES LTD. 
CONSULTING ENGINEERING PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3 5 7 1  

BULK DENSITY (pcf) 
60 8,O 100 1120 

MOISTURE CONTENT 

1 
IELEVATION: 9 9 . 4 2  m 

DESCRIPTION 

SILT - clayey, trace f i n e  s and ,  
trace of organics to 6.5' 
depth, Low plastic, grey- 
brown 

fi-5 I 

- slight p l a s t i c i t y  

L3-. 2 I - sand pockets 

, (LOCATION: Barge S l i p  
I 

OTHER 
INFORMATION 

1 / 4 "  thickness 

' -  sandier, non plastic, 

- sand pockets 

- 1/4" root 

-1 P i l o t  hole to 1.0 I i 
I 
8 
D 
I 
1 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

EEOTECHHICAL DlVlSlON 

MOISTURE CONTENT 
20 40 60 80 I 0 

'ROJECT NO.: K 3571 

organics to 2 . 5 '  depth, 
l o w  p l a s t i c ,  qrev 

." 17.0' - sandier ,  f i n e  grained, 
non plastic 

- and sand,  non plastic, 
grey 

." 2 5 . 7 '  - trace of orqanics 

DESCRIPTION 



TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD. SHELL CANADA TEST HOLE NO. - @ RESOURCES LIMITED CONSULTING ENGINEERING PROFESSlONAL SERVICES 

GEOTECHNICAL DIVISION AK GAS PROJECT BS-6 
h A 

CANEP - BROWN &ROOT - I I 
.OGGED BY: CPM DRAWN BY: CPM/PD CHECKED: AJH DATE: 22 February 1977 

l ] G :  NORTHLAND METHOD: 4" CRREL START: 9 : 40 FINISH: 13 : 50 - - 

'ROJECT NO.: K 3 5 7 1  ELEVATION: 99.41 rn 

BULK DENSITY (pcf) 
60 80 l ? O  IF0 

I 1  

MOISTURE CONTENT 1 
20 40 60 80 1 I 

DESCRIPTION 

5% 
VS 

- 

OTHER 
INFORMATION 



CONSULTING ENGINEERING 6 PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

PROJECT NO.: K 3 5 7 1  ELEVATION: 99.27 n\ 

DESCRIPTION 

SILT - c l a y e y ,  low plastic, 
grey-brown 

- c u r r e n t  bedded, t race  of 
organic  l amina t ions  to 
1/4" thickness 

,O, 6 I - trace of f i n e  sand,  
trace of organic lamina- 
t i o n s  

" 'O ' - c u r r e n t  bedded 

" 
2 . 5 '  3 . 0 1  - wood pieces 
" - little f i n e  sand,  non 

plastic 

t 

f 
VX 
20% 

Nb 

Vr 

V r  
vs 
20% 

"-- 
15% 
50% 

x 

"" 

, - ". 
: 5% 

Nb 

vx 
,T% 
vs 
Nb 

L 

C 

C 

C 

C 

C 

c 

c 

C 

c 

C 

C: 

F 

INFORMATION 



I I TEST HOLE LOG 

'@ CONSULTING ENGINEERING PROFESSIONAL SERVICES 

R.M.HARDY & ASSOCIATES LTD. SHELL CANADA TEST HOLE NO. 
BS-7 @ RESOURCES LIMITED 

-AS PROJECT GEOTECHNICAL DIVISION -. " 

(PROJECT NO.: K 3571 

W p - O  w - 0  w - A  L 

BULK DENSITY (pcf) 
60 8p 190 1120 

MOISTURE CONTENT 

ELEVATION: 99.27 m 

DESCRIPTION 

S I L T  - little  fine sand ,  l i t t l e  
organic laminations  and 
inclusions, non plastic, 
current  bedded, grey-brown 

- trace  organic  layers 

20.5' 

Bottom of Hole at 4 0 . 5 '  

Barge Slip 

OTHER 
INFORMATION 

" . " 
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R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlON 

IELEVATION: 9 9 . 5 8  rn 

DESCRIPTION 

"TILT - clayey, trace f i n e  sand, 
trace o f  organics to 4.0' 
depth, l o w  plastic, lamin- 
ated, brown 

SL5 I 
-little sand, non u l a s t i c ,  

c u r r e n t  bedded, q;ey 

L 2  ' - 1" organic layer 
.5 .7  ' 
" 

- l/2" organic layer 

ILOCATIOH: Barge S l i p  

:I c1 

I 
I 
1 



I TEST HOLE LOG 1 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGlNEERlNG a PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 ILOCATION: ELEVATION: 9 9 . 5 8  rn 

i Z  
c 
C 

J". 

Barge S l i p  

OTHER 
INFORMATION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

w p - 0  w -  0 wL- 
"" al 

I; 
MOISTURE CONTENT I 

.. 
0 

~ 30 

-T 
ELEVATION: 99.21 rn 

I 

DESCRIPTION 

trace o f  organic  lamina- 
t i o n s ,  low plastic, brown 
and grey 

;>2 I 
- fine current bedding 

.5.5 I 
" - oxidized silt layers 
.. 
" 

k '  

OTHER 
INFORMATION 

P i l o t  hole  to 2 . 0 '  



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 

BULK DENSITY(pcf1 
60 I 1  80 IF 1120 

I I  I 
1 I t  

DESCRIPTION 

J9,8' SILT - slight plasticity - and f i n e  sand,  non p las -  
tic, grev 

"- 3 3 . 3 ' -  clayey, little f i n e  sand ,  
s l i g h t  plasticity, cur-  
rent bedded, grey 

c37*01 " - trace fine sand 

40.0' 
Bottom of Hole at 40 .O' 

OTHER 
INFORMATION 

t 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ELEVATION: 9 9 . 2 9  m 

DESCRIPTION 

S I L T  - c layey ,  t r ace  f i n e  sand, 
L i t t l e   o r g a n i c s  to 5 . 0 '  
d e p t h ,  low p l a s t i c ,  grey 

I -  l i t t l e  f i n e  sand 

L2'- t r a c e  f i n e  sand, occa- 
sional organic l aye r s ,  
f i n e  c u r r e n t  bedding  

'-' ' -  organ ic  pocket 

Bottom o f  Hole at: 3 0 . 0 '  L 

Barge S l i p  
r 

OTHER 
INFORMATION 

P i l o t  hole t o  0 . 7 '  - 

i 





R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING A PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 

BULK DENSITY (pcf) 
60 80 1 0 0  I20 

ELEVATION: 99.25 m 

DESCRIPTION 

4 LAY - s i l t y ,  low plastic, grey 

ice crystals  to 
2.5' 1/8" dia .  
S-.Q'SILT - low plastic, yellow- 
3.5' brown, powdery, brown 

below 3 . 0  depth  

5 . 0 '  ICE -t SILT 
SILT - low plastic, brown 

1 . 5 '  
8.O'ICE + S I L T  
SILT - c l a y e y ,  low plastic, 

dark brown 

uLo' - c u r r e n t  bedding, occa- 
s i o n a l  1 / 1 6 "  brown or-  
g a n i c  laminations, L i g k  
and dark grey 

12 q occas iona l  1 / 1 6 "  
ice lens 

'L trace fine sand 
o c c a s i o n a l  1/16" 
ice l e n s  

"- 17.0'- occas iona l   o rqan ic  l a i r  
ations to 1/8" thicknes! 
to 2 2 . 5  ' depth 

P ' -  little fine sand 

2325 ' -  some fine sand 

T 
ILOCATION: Tank Farm I 

O w 
I 
;rr 
!d OTHER 

INFORMATION 
Y I  

I P i l o t  hole t o  1 . 5 '  

4 
1 



R.M.HARDY & ASSOCIATES LTD. 

GEOTECHNICAL DlVlSlON 

wp-a w -  0 wL- 0. 

BULK DENSITYlpcfl# 
60 80 I F  170 

MOISTURE CONTENT 
I 1  i 

DESCRIPTlON 

ganic laminations 
occasional l/lf 
ice lenses 

Bottom of Hole at 40.0'. 

I 

1 
1 
I 

J 

I 
I 



I TEST HOLE LOG 
~ ." 

CONSULTING ENGINEERING a PROFESSlONAL SERVICES RESOURCES LIMITED 
GEOTECHNICAL DIVISION 

TF-2 

- - . . . - 

R.M.HARDY & ASSOCIATES LTD. tm --- -,, , SHELL CANADA ITEST HOLE NO. 

BULK DENSITY (pcf) 
60 89 IF IF0 

MOISTURE CONTENT 

c 
c 
(Y 

I 

tuary 197: 

DESCRIPTION 

'-'4 :- sandy dry , light brown 
clear ice 1/8" 
lenses 

L5 

- low plastic, light brown 
1 /32"  i c e  l enses  

ice  i n  1/2" - 1" 
l enses  February 18, 2 4 0 0  

hrs. , barrel Ero- 
zen down h o l e ,  
abandoned at 1 9 ' .  

February 21, 7 . 5 5  
hrs.l blew down t 
18' and con t inued  
LO' n o r t h  of ar i -  



R-M-HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

BULK DENSITY (pcf) 
60 80 IF I?O 

MOISTURE CONTENT 
I 1  

DESCRIPTION 

SILT - trace fine sand. low 
plastic,  grey 

Bottom of Bole at 38.0' 

t : 

" 

r t  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

I TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING B PROFESSIONAL SERVICES 
GEOTECHNICAL DlVlSlON 

R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlON 

IPROJECT NO.: K 3 5 7 1  

wp-0  w -  0 w L - A  

BULK DENSITY (pcf) * 
60 80 1 0 0  120 

ELEVATION: 99.64 m 

DESCRIPTION 

W 
0 

CLAY - s i l t y ,  low p l a s t i c ,  
brown - grey 

.5' 
SILT - clayey, low p l a s t i c  E 

ice lenses to 1/16" 
F9S 

i c e  Lenses to 1/64" 
LQ' 

thickness e - trace clayey  f ines ,  g;ey 
ice lenses to 1/8 

thickness E 

1" lenses 
clear i ce  

9 . 0' 

" 

1,s' 
- t r ace  sand 

3 LO ' 
- t r ace  organ 

sions to 1 7  

6" lens Vr Vs 
!9.0' 
" - decreasing sand 

t r a c e s a n d  . ,  

ILOCATIN: Flare Stack 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING €i PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

PROJECT NO.: K 3 5 7 1  

I WP'O w -  0 wl- a 

TEST HOLE LOG 
SHELL CANADA TEST HOLE NE 

FS-1 

IELEVATION: 9 9 . 6 4  m 
u L 

DESCRIPTION 

d l  0 

- trace sand 

- organic layers, becoming 

1/2" organic layer 

trace sand in layers, 
trace organics 

Bottom o f  Hole at 60.5' 1 

Flare Stack 

OTHER 
INFORMATION 





I 

SA-8B (3.0' 1 
I -3.7" 

rhaw Con- 
sol idat ion 
re S t. 
s l a t e  D-51 
r h a w  Con- 
solidatior 
Test 

Thaw Con- 
so l ida t io r  
Test 
Plate B-52 
T h a w  Con- 
solidatior 
Test: 
Plate  D-51 
Thaw Cun- 
salidatior 
Test 
Pla te  D-51 
haw con- 
s o l i d a t i o l  
Test 
Plate D-51 

" 

TABLE D-2 





0 

o is 

c 
SAI, C2  

I25 150 





Test Hole Locations and Elevations 
Dock S i t e  

U.T.M. CO-ORDINATES 1 ELEVATIONS (m) "_ 
Test Hole Northing Easting Apprax. Geodetic2 Project 3 
" -1" - 

DS-1 7 688 758.41 489 168.19 0.972 98.716 
DS-2 7 688 755.16 4 8 9  1 8 2 . 8 2  1 .122  98.866 
DS-3 7 6 8 8  748.66 489 212 .10  1.021. 98.765 
DS-4* 7 688 742-16 489 241.37 1 - 039 98.783 
DS-5 7 688 831.59 489 184.42 1.064 98.808 
DS-6 7 6 8 8  828.34 4 8 9  199.06 0.936 98 680 
DS-7 7 688 821.84 489 228.34 1.024 98,768 
DS-8* 7 6 0 8  815.34 4 8 9  257.61 1.025 98.769 
DS-9 7 688 904.78 489 200.67 0.957 98.701 
ws-10 7 688 901.53 4 8 9  215.31 0.902 98.646 
DS-11 . 7  688 895.03 4 8 9  244.58  1.009 98.753 
DS-12 7 688 888.53 489 273.86 1.018 98.762 
DS-13 7 688 963.34 4 8 9  213.67  0.847 98.591 
DS-14 7 688 960.09 489 228.31 0.879 9 8 . 6 2 3  
DS-15 7 688 953.59  489 257.58 1 .042  98.786 
DS-16 7 688 947.09 489 286.86 0.939 98,683 
DS-17 7 689 007.24 489 223.42 0.850 98.594 
DS-18 7 689 003.99 489 238.06 0.880 98.624 
DS-19 7 688 997.49 489 267.33 1.030 98 774 
DS-20 7 6 8 8  991.00 489 2 9 6 . 6 1  1.111 98 I 855 

* not  drilled 

Notes: 

1. Co-ordinates derived from authorized  monument, C-235 and 

2. Datum: Lower flange on "19 Wellhead, El, 2.590 m 
3. Datum: I3.M. #1, i n s t a l l e d  March 1977, El. 100.00 M 

are U.T.M. R.M. 135" (Zone 8) 





r I TEST HOLE L O G  
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING B PROFESSIONAL SERVICES 
GEOTECHNICAL DlVISION 

IFINISH: 21: 00 

BULK DENSITY (pcf) 
60 80 100 120 

DESCRIPTION 

I C E  

4 . 0 '  
WATER 

2 1 . 5 '  
S I L T  - very loose, little f i n e  

sand, low plastic, satura- 
ted, grey 

(LOCATION: Dock Site 

UF 

- 

OTHER 
INFORMATION 

U = l  

%te E-1 
Sheet J, o f L  



R.M-HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

PROJECT N3.: K 3571 IELEVATION: 9 8 . 7 2  rn 

DESCRIPTION 

l o w  p l a s t i c ,  grey 

-" 4 3 . 0 '  - clayey,  trace fine sand,  
sensitive t o  q u i c k i n g  

"_ 4 9  I -  trace of gravel 
5 0 . 0 '  

Rottom o f  Hole at 50 .O' 

l" 
Dock Site 

OTHER 
INFORMATION 

N= 7 
Grain Size Ana1ysi: 
See Table E-2 

N= 6 

N= 7 

g1=38, h i t  stone 



i 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING a PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 

DESCRIPTION 

- very stiff, till-like 

ILOCATION: Dock S i t e  

OTHER 
INFORMATION 

R i  .ver Bed 

N= I 

N=19 

alate F - 7  

iheet 1, of L 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSlONAL SERVICES 

GEOTECHNICAL DlVlSlON 

ROJECT NO.: K 3571 

H,-n  w -  0 w, - A I  
'DYNAMIC CONEL -q ELEVATION: 9 8 . 7 7  m 

DESCRIPTION 

ILOCATION: Dock S i t e  

-I 

INFORMATION 

River Bed 
Dynamic Cane n o t  
representative 
due to l e n g t h  of 

great to c o n t i n u e  , testing. 



DESCRIPTION 

ICY 
. o  
SILT - clayey, low p l a s t i c ,  

grey to brown 

. 7 . 5  ' 

ILOCATION: Dock S i t e  

c 

OTHER 
INFORMATION 

CRREL 

:hanged to Dynamic 
Cone 



CONSULTlNG  ENGINEERING & PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

DESCRIPTION 

W 

Grain S i z e  Analysi 
See Table E-2 

G r a i n  Size AnaLysi! 
N= 2 

See Table E-2 

N= 5 

Grain Size Analysis 
See Table E-2 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNlCAL DIVISION 

METHOD: WASH, SPT 

]PROJECT NO.: K 3571 IELEVATION: 98.68 rn 

DESCRIPTION 

SILT - loose, some fine sand ,  
s l i g h t  p l a s t i c i t y ,  grey 

3&Q! 
- loose, c l a y e y ,  trace fin 

sand, low plastic, grey 

5 3 * 4 '  
CLAY (TILL-like) - hard, silt) 

little sand, trace gravel 
medium plastic, grey iz1 - some fine t o  coarse sand, 
trace fine  gravel 

1 
r' 

Dock Site 

OTHER 
INFORMATION 

N=9 

N= 10 

N= 10 
Grain Size Analysi 

See P l a t e  E-43 

N= 9 

N=50 
Grain Size hnalysj 

See Pla t e  E-44 

Grain S i z e  Analys: 
see Plate E-45 



R-M-HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlON 

LOGGED BY: AN/IGJ 

RIG: S. D. S 

Wp-0 W -  0 wL- A 

BULK DENSITY (pcf) a 
60 8p l?O IF0 

MOISTURE CONTENT 

I 
I I  ! I  L 

DESCRIPTION 

some fine to coarse sand, 
trace fine gravel, medium 
plastic, grey 

Bottom of Hole at 78 .0  

Dock Site 

OTHER 
INFORMATION 



'ROJECT NO.: K 3571. 

w - m  w - 0  w - A  

DYNAMIC  CONE 
PENETRATI N 

216 4p 6p 0p 
b lows/f oot ? A  

BULK DENSITY (pcf) * 
60 8p I W  IF0 

MOiSTURE CONTENT 

P L 

2 

l r n  3 

DESCRIPTION 

,S' 
JATER 

0 '  
R I V E R  SEDIMENTS 

OTHER 
INFORMATION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlON 

.. - 

TEST HOLE LOG 

PROJECT NO.: K 3 5 7 1  

'DYNAMIC CONE 

2p 4,O 6p 8p 
BULK DENSITY (pcf) e 
60 B? I F  I20 

JELEVATION: * 

DESCRIPTION 

LAO 1, 
- till-like deposits? 

3.0' 

Bottom o f  Hole at 5 3 . 0 '  I '  



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

c 

DESCRIPTION 

. 5 '  

WATER 

1 4 . 0 '  

Bottom of Bole at 4 4 . 0 '  
(River Bed) 

T r -I 

OTHER 
INFORMATION 

"" 

Soil not drilled 
due to depth. 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING PROFESSIOHCLL SERVICES 

CEOTECHNICAL DlVlSlOH 

OESCAlPTlON 

I 
8 

!hanged to VTM 

sheet Iz, of 2 ' 1  



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ELEVATION: 98.70 rn 
I 

DESCRIPTION 

SILT - sandy, low plastic, 
laminated, qxey 

Q.J ' - clayey, Low plastic 

3 . 0 '  

Bottom of Hole at 4 3 . 0 '  

r 
! 
I 

I 
! 

I 

I 

c 

C 

C 

r 

! 

OTHER 
INFORMATION 



CONSULTING ENGINEERING a PROFESSIONAL SERVICES 
R.M.HARDY ASSOCIATES LTD. 

GEOTECHNICAL DIVISION 

w,-o - w, - h r  
r~~~~~~~ CONE^ 

P NETRAfi N ~ 

7blOWdf008 

DESCRIPTION 

- and s a n d ,  slight plasti- 
c i t y ,  ~ e y  

current bedded 

trace of organic  lamina- 
t i o n s ,  current bedded 

OTHER 
INFORMATION I 



BULK DENSITY (pcf) 
60 BO le0 IF0 

MOISTURE CONTENT 
20 40 60 80 " 

ELEVATION: - 

DESCRIPTION 

S I L T  - fine sand ,  s l i g h t  plas -  
t i c i t y ,  cuxrent  bedded, 

ILOCATION: Dock Sit@ 

- clayey, trace fine sand, 
low plastic 

r OTHER 
INFORMATION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVlCES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3 5 7 1  

w p - 0  w -  0 w - A  L 

# 
1 
a 

BULK DENSITY (pcf) 
60 89 IF 1?0 ;r 

MOISTURE CONTENT 

ELEVATION: * 

DESCRIPTION 

I C E  

1 . 2 '  

SILT - trace f i n e  sand, l.ow 
plastic, grey 

1 2  .o ' 
Bottom of Bole at 12 0 '  

(LOCATION: Dock S i t e  

OTHER 
INFORMATION 

'rozen at 12.0'. 



r I TEST HOLE LOG 

R.M.HARDY & ASSOClATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlOH 

LOCATION: Dock S i t e  1 IPROJECT NO.: K 3571 ELEVATION: 98 .67  m 

I I 1  r 
wp-o w - 0 WL" a 

DYNAMIC CONE 
PENETRATION 

(blowdfaot 1 A 
2p "0 6p 89 

BULK DENSITY (pcf) 9 

I:! 
DESCRIPTION 

c c 

hanged to Dynamic 
Cone 

:hanged to VTM 
F 

i 



R.M.HARDY ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

IELEVATION: 98.67 rn ILOCATION: Dock S i t e  

DESCRIPTION 

SILT - c l a y e y ,  trace f i n e  san 
low p l a s t i c ,  grey 

41.0' 
" 

Bottom of Hole at 4 1 . 0  

OTHER 
INFORMATION 



: 16 March 1977 

‘ROJECT NO.: K 3 5 7 1  

DESCRIPTION I 

I C E  

4.5‘ 
WATER 

3.0’ 
S I L T  - loose, clayey, trace 

f i n e  sand, non plastic, 
grey 

.” 15.0’ - increasing to little fine 
sand 

2Q. 0 1 

- loosel increasinn to some 
f ine  sand ,  non plastic, 
grey 

r r’ 
LOCATION: Dock S i t e  

Grain S i z e  Analysir  
See Table E-2 

N= 3 
Grain  S i z e  Analysi! 
See Table E-2 

N = 3  

N= 6 
Gra in  S i z e  Analysi 
See Table E-2 



t 
t 

PROJECT NO.: 3571 [ELEVATION: - 

DESCRIPTION 

SILT - loose, some f i n e  sand ,  
grey 

32,o * - little fine sand 

L5;O ' 
- loose t o  medium dense,  

and f i n e  sand ,  grey 

0 '  
<LAY (TILL-like) - very s t i f f  

t o  hard ,  s i l t y ,  and f i n e  

Y 

to coaxse sand,  trace 
grave l  to 1 / 2 "  s i z e ,  low 
p l a s t i c ,  grey 

" - - same fine to coarse sand '+- 
6 . 5 '  t i  

Bottom of Hole at 5 6 . 5 '  

!LOCATION: Dock S i t e  

n 
I 
W 

3 w 
p: 

OTHER 
INFORMATION 

See Plate E-56 
Direc t  Shear  T e s t  

Grain S i z e  Analysi: 
See Table E-2 

I N=LO 

1 
Direct Shear Test  
See Plate E-57 

"I 
Gra in  S i z e  Analysis 

See Table E-2 

N=3 3 
G r a i n  Size Analysis. 

See P l a t e  E - 4 7  

Grain S i z e  A n a l y s i s  
See P l a t e  E-48 

I 

1 
I I  1 

S h e e t 2  o f 2  



TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD. SHELL CANADA PEST HOLE NO. 

CONSULTING ENGINEERING a  PROFESSlONAL SERVICES @ RESOURCES LIMITED 
GEOTECHNICAL DIVISION NlGLlNTGAK GAS PROJECT D S - 1 1  

'ROJECT NO.: K 3 5  71 

MOISTURE CONTENT 
20 40 60 80 

ELEVATION: 98.75 m 
r 

DESCRlPTlON 

I C E  
" 

. O '  

WATER 

" 5 . 5 '  
SILT .- very loose ,  t race  f i n e  

sand, low plastic, g r e y  

0 
I a 

I L  

r 
OTHER 

INFORMATION 

SPT penetrated fro 
1 5 . 5 '  to 2 2 . 5 '  by 
its own w e i g h t .  



R.M.HARDY & ASSOCIATES LTD, 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

wp-0 w -  0 wL- A j. DESCRIPTION 

SILT - Loose, trace fine  sand, 
low plastic, grey 

iz. 4 
- increasing to little f i r  

s a n d ,  s e n s i t i v e  to qu ick  
ing 

5 ;o ' - medium dense,  c l ayey ,  
trace fine sand 

9 -0' 
m A Y  - hard, SLLLY,  trace Sand 

medium plastic, grey 

Bottom o f  Hole at 5 0 . 5 '  
9 .5 '  

" 

S 

s 

I 

S 

f 

sa 

OTHER 
INFORMATION 

U= 4 

1 

(=I6 

k 1 7  : r a i n  S i z e  Analysis 

See Plate E-49 

E 

I 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 

DESCRIPTION 

R I V E R  SEDIMENTS 

Bottom of Hole a t  5 1 . 5 '  

1 I 
r' 

1 

LOCATION: Dock Site 

T 

OTHER 
INFORMATION 

NOTE : 
values not repre- 
sentat ive  due to 
Length of unsup- 
ported BW rod. 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL OlvlSlON 

IPROJECT NO.: K 3571  

BULK DENSITY (pcf) a 

MOISTURE CONTENT 
60 8p IF I?O 

I i i i i i i i i M  

~ELEVATION: 98.59 m 

DESCRIPTION 

S I L T  - trace f i n e  sand, low 
p l a s t i c ,  laminated, grey 

LS' 

L.5 ' 
- clavey 
- sandy 

LP ' 
- trace of a r g a n i c  lamina- 

tions t o  1/8" t h i c k n e s s  
1-71 
" - fine s a n d  layers 

. 2  .O' 

Bottom of  Hole at 12 .O ' 

ILOCATION: DO& S i t e  

OTHER 
INFORMATION 

f 

I 
! 

! 

I 

I 
L. 

Plate E-24 
Sheet II of L 



V 

TEST HOLE LOG 

@ RESOURCES LIMITED 
SHELL CANADA TEST HOLE NO. 

...*.I I,," 5AK GA$ PROJECT DS- 1.3A I R.M.HAROV & ASSOCIATES LTD. 
CONSULTING ENGINEERING e PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

Dock Site 

r 
J l  

/ E  OTHER 
INFORMATION 

4 "  CRREL 

OTHER 
INFORMATION DESCRIPTION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

PROJECT NO.: X 3571  

wp-0 w -  0 w "0 

.. 

L 

BULK DENSITY (pcf) 
60 8p IpO IF0 

20 40 60 8 0  
MOISTURE coNrmf 

. . . 

DESCRIPTION 

SILT - trace f i n e  sand, low 
p l a s t i c ,  c u r r e n t  bedded, 

illl L/4" ice l e n s  

- fine sand ,  non p l a s t i c ,  
cu r ren t  bedded, g r e y  

ILOCATION: Dock S i t e  

OTHER 
INFORMATION 

4 "  CRmL 

Changed to VTM 

1 



RM-HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: X 35-71 

a, s 
Y 

ELEVATION: 9 8 . 6 2  In 

DESCRIPTION 

5 
1 

SILT - and f i n e  sand,  fine 
grained,  non plastic, 
current bedded, grey 

\ 
~ : 3 3 . 5 '  
f: S A N D  - and silt, f i n e  g r a i n e d ,  

non plastic, curren t  bed- 
ded, grey 

n ' 
Bottom of Hole at 40 , O '  

8 s 
? w OTHER 

INFORMATION 



TEST HOLE LOG 

IPROJECT NO.: K 3 5 7 1  (ELEVATION: - 

DESCRIPTION 

j,Ol 
- very sandy 

7& 4,' 
- 3 / 2 6 "  organic  layer  

.3.0 ' 
" - sandy 

plas t 

. 6 . 0  " ' 
- trace 

, s l i g h t  to nun 
iC 

s h e l l s  

8 . 5 '  
- organic laminations 

Bottom of Hole at 18.5' 

Dock S i t e  

1 I 
I 

I 
OTHER 

INFORMATION 

4" CRREL 

Changed to VTM 

Changed to Dynamic 
Cone 

Changed to VTM 

Lacated 25.0' east 
of DS-14. 



R.M.HARDY & ASSOCIATES LTD. 
CONSULtlNG ENGINEERING PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSION 

I ELEVATION: 98,79 ,'m 

I C E  

'. 7 ' 
WATER 

1.5 '  
SILT - and fine sand to 15.0' 

d e p t h ,  trace o f  organics, 
non plastic, grey 

15 .0 '  "- - very loose, c l a y e y ,  
trace of organics ,  non 
plastic, grey 

2 0-n: - increas ing  to some f i n e  
sand 

25 * $  ' - loose 

OTHER 
INFORMATION 

I 

Changed to wash 
boring and SPT 

N= 3 

N= I 
Grain Size Analyai 
See Table E-2 

Nf 5 

Plate 6-29 
Sheet 1 of 2 

- 



.- . -. 

CONSUL.TING ENGINEERING B PROFESSIONAL SERVICES 
EEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 

-1 
0 w 
- 

SILT - Loose, some fine sand ,  
uniform,  sensitive t o  
q u i c k i n q  non p l a s t i c ,  
q rey 

- loose, clayey, low plas-  
t i c ,  g r e y  

o h a r d ,  and f i n e  t o  
oarse sand, trace grave l .  
o 3 / 4 "  s i z e ,  low p l a s t i a ,  

"" 

Bottom of Hole at. 5 6 . 3 '  



1 
1 TEST HOLE LOG 

CHECKED: RJn  

J F I N I S H :  
Dock S i t e  IELEVATION: +. 

w p - 0  w - 0 wL- a 
DYNAMIC CONE 
PENETRATION 

(blow~/foot) A I OTHER 
INFORMATION DESCRIPTION 

ICE 

I 
A 

WATER UF' 

Iy 

Changed to Dynamic 
Cone 

"- * o l  " 

RIVER SEDIMENTS 



IPROJECT NO.: ic 3 5 7 1  

w - 0  w - 0  W - I  
'DYNAMIC CONE" 

2p 49 6p 8p 
PENETRATION 

(blows/foot) A 

i31JLK DENSITY (pcf) a 
60 80 100 1,2o 

MOISTURE CONTENT 
I l l  

DESCRIPTION 
INFORMATION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlON 

Dock S i t e  
I '  

DESCRIPTION 

c 
C 

1 

t 
I: 

I 

3 
J 
L 
i 
Ll OTHER 
K INFORMATION 

I 

I 

1 

e 

Plate E - 3 3  
Sheet L of" 

;rain S i z e  Analysi 
See Table E" 

W a i n   S i z e  Analysi 
See Table E-2  



GEOTECHNICAL DIVISION 

IELEVATION: 9 8 . 5 9  rn 
J 

I 

x g  
Z - J  3 

U 
E 
x 
U 

J 
J 
L 

" 
OTHER 

C INFORMATION 
2,O 4,O 60 8p 

BULK DENSITY(pcf1 
60 B? I F  IF0 

DESCRIPTION 

SILT - trace f i n e  s a n d ,  low 
plastic, grey 



" 

R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 

w p  w - 0 wL- b 

DYNAMIC CONE 

DESCRIPTION 

S I L T  - c l a y e y ,  low p1asti .c 

1.01  "" 

~ o t t o m  of ole at 7,c ) '  

T 

OTHER 
INFORMATION 

4 "  CRREL 

hmnged to Dynamic 
Cone 

Rssumed Frozen  at 
7 0 depth 

Plate E-35 
-L 



R.M.HARDY a ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlON 

PROJECT NO.: K 3571 IELEVATION: 9 8 , 6 2  rn 

DESCRIPTION 

- little fine sand, cl.ayey 
to 1 7  . O '  dep th  

organic l a y e r s  to 1 / 4 "  
thickness 

vs 
20% 

vx 
< 5 %  

- 

-E7 
VS 
10% 

1 ! - I 1  i I 

r e t a ined )  

hanged to V T M  



I 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING a PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

T 

I TEST HOLE LOG 
SHELL CANADA ITEST HOLE NO. 

DS-LE 

MOISTURE CONTENT 
20 40 60 80 

ELEVATION: 9 s .  6 2  rn 

DESCRIPTION 

SILT - L i t t l e  sand, low p l a s t i c  
g rev 

S A 0 '  - and medium to coarse 
sand 

4 1 . 5 '  - little sand 
Bottom of Hole at 41.5' 

1 

OTHER 
INFORMATION 



R.M-HARDY ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

IPROJECT NO.: K 3571 

DESCRIPTION 

ICE 

.5' 
WATER 

" 

5 . 0 '  
SILT - trace f i n e  s a n d ,  low 

p l a s t i c ,  sa tu ra t ed ,  yre, 

,5,0 ' 
- l i t t l e  sand 

&6 -5 ' 

- 8  .O ' 
- trace sand  

-- - some fine sand 

Dock S i t e  

OTHER 
llVFORMATlON 

4 "  CRREL ta 4 . 5 '  

Changed to P i s t o n  

s h e l b y  
sampler w i t h  4 ' '  

Gra in  Size Analysi: 
Setl Table E-2 

;rain S i z e  Analysis 
See Table E-2 

i 



TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD. 

- 
SHELL CANADA TEST HOLE NO. 

CONSULTING ENGINEERING B. PROFESSIONAL SERVICES OURCES NTGAK GAS LIMITED PROJECT 
GEOTECHNICAL DIVISION 

DS-19 
I 

I P - O  w - O  L - A  

BULK DENSITY (pcfle 
60 8p 100 iro 

YlOlSTURE CONTENT 
20 40 60 80 

ELEVATION: 9 8 . 7 7  M 

DESCRIPTION 

SILT - l.oose , and fine to 
medium sand, low p l a s t i c ,  

,? .,o grey 
- some fine s a n d ,  low 

p l a s t i c ,  grey 

LOAO 
- mediu ln  dense, sensitive 

4-1; 5 
to yuic!c ing  

- 1/4" organic  Laver 

. 5 3 . 0 '  - I._ - dense, clayey, trace 
fine sand, medium p l a s -  
tic 

rain S i z e  Analysis 
See Table E-2 
hanged to Split- 
spoon 
N~ 1 4  Grain Size AM11 
SIS - See Table E-2 
hanged to 4 "  SheLb 

hanged to S p l i t -  
spoon alternating 
w i t h  wash boring 

N=13 
Grain Size AnaLyei 

See Table E-2 

N=36 

N = 3 6  

N= 36 

N-35  
Grain Size Analys: 



TEST HOLE L O G  

GEOTECHNICAL DlVlSlON 

IELEVATION: - 

2,O 4,O 6p 8,O 
BULK DENSITY (pct) 0 
60 8p I F  t ? Q  

MOISTURE CONTENT 
20 40 60 80 

i 

DESCRIPTION 

I; Q' 
- friable to 11.0 ' d e p t h  

Bottom o f  Hole at 1 7 . 0 '  

ILOCATIQN: j 
c 

C 

C 

OTHER 
INFORMATION 

issumed f r o z e n  a t  i 

1 5 . 0 '  depth.  i 

I 



R.M.HARDY L ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

BULK 
60 

l- 
ELEVATION: 98.86 rn 

I I 

DESCRIPTION 

( 4  

SILT - little f i n e  sand, 
nan plastic, s a t u r a t e d ,  

I 
I 
I 
I 

- t race  fine sand, low 

I 

LOCATION: ~ o c k  site r! 
OTHER 

INFORMATION 

4 “  CRREL 

Changed to P i s t o n  
sampler w i t h  4”  
Shelby alternated 
w i t h  wash boring 
and splitspoons. 

G r a i n  Size Analysi 
See P l a t e  E-53 

s2 I N=4 

Grain S i z e  Analysj 
See Table E-2 

E Sheet L of“ 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

GEOTECHNICAL OlVlSlQN 

PROJECT NO.: :i 3571. 

DESCRIPTION 

"- 5 6 . 0 '  
- some fine to coarse sand  

4 . 5 '  
"" 

Bottom of Hole a t  6 4 . 5 '  





1 
1 

" 

s-6 
2 4 . 5 '  

"" 

CLAY ( T I L ~ - l . i k e )  - silty, trace 
aravel below 49.3' depth, 

"" 

SILT - very loose, little f i n e  
sand, low plastic, g r e y  - unfrozen  

" 

SILT - very ~ o o S e ,  trace fine 
sand, low p l a s t i c ,  grey - unfrozen 

SILT - loose, trace f i n e  sand, 
slight p l a s t i c i t y ,  grey - unfrozen 

SILT - loose,  clayey, trace fine 
sand, low p l a s t i c ,  grey 

- unfrozen 

---I-" 

CLAY (TILL-like) - hard,  s i l t y ,  
little sand ,  
medium plastic, grey  

- u n f r o z e n  
(TIL~-like) - hard, s i l t y  
some sand ,  trace g r a v e l ,  gravel 
rncdium plastic, grey 

" 

se, some f i n c  

TABLE E-2 



I 

I S A M P L E  D A T A  

56.5 '  

36.5' 

56.5 '  

I Q=eY 
- unfrozen 

TABLE E-2 I 



SOIL D E S C R I P T I O N  

" 

low plastic, grey 
- unfrozen 

- uf i f rozen  

TABLE E-2 





I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i 
i 



 LA^ o n m a n  no. K3571 

hRll-&AS80ClA-LtP. u w b n  D56 I S10 CLIIWT CBR - SHELL 

CONSULTING ENGINEERING L TESTING ' 

GRAIN SIZE CURVE 
8oulca Dock S i t e  
HOLE: DS-6 DEPTH: 53.0'-54.5 '  
TrenmlelAn M. L I m A T l  T l l t l D  25/4/fl 

C L A t l  E-44 

GUZ02-0571 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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e R.M.HARW & ASSOCIATES LTD. 

TABLE F-l 

Test Hole Lclcatians and Elevations 
Alternate Flare Stack 

U .'I' M CO-ORDINATES 1 ELEVATIONS (m) 
Test Hole Northing Easting Apprax. Geodetic2 Project 

3 

FSL-1 7 689 652 .07  4 8 8  215 .44  1 , 4 7 5  99.219 
FSL-2 7 6 8 9  741.57  4 8 8  206.33 I. 475 99.213 
FSL-3 7 6 8 9  688 .40  488  297.74 1 . 4 7 5  99 219 
FSL-4 7 689  585.02  488  275.42 1 . 4 7 5  99.219 
FSL-5 7 689 574.30 488 170.21 1.475 99.219 
FSL-6 7 6 8 9  671.06 4 8 8  1 2 7 . 5 0  1.475 99.219 

Notes: 

1. Co-ordinates derived from authorized monument. C-235 and 

2. Datum: Lower flange on "19 Wellhead, El. 2 . 5 9 0  m 
3 .  Datum: B.M. #1, i n s t a l l e d  March 1977, El. 100.00 m 

are U.T.M. R.M. 135' (Zone 8) 





A.M.HARDY & ASSOCIATES LTD. TEST HOLE NO. 

CONSULTING ENGINEERING & PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

OGGEO BY: RGC DRAWN BY: CPM/PD CHECKED: AJH DATE: 16 Narch 1977 

:lG; s. D. s. METHOD: DYNAMIC CONE 17:lO FINISH: 19:20 

ROJECT NO.: K 3571 

N p ' O  w -  0 wL- 
DYNAMIC CONE 
PENETRATION 

(blondfoot) 
20 40 60 80 

1 1 1 1  DESCRIPTION 

I C E  

.O' 
WATER 

.O' 

DL0 
- 

LA,KE SEDIMENTS 

- very loose 

J40 ' 
- verv loose to loose 

ILOCATION: Alterna te  F la re  Stack 

UF 

OTHER 
INFORMATION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISI0N 

. .  

TEST HOLE L O G  

CANEP-PROWNaRUOT 

IROJECT NO.: K 3 5 7 1  

w -n  w - 0  w - a  

PENETRATION A 
(blowdfoot) 

20 40 60  80 
1 1 1 1  2 

P~~~~~~~ CON& 

ELEVATION: 9 9 . 2 2  m 

DESCRIPTION 

LAKE SEDIMENTS 
ut - dense  

0.0' 
B o t t o m  of Hole at 40.0' 

OTHER 
INFORMATION 



1 TEST H )LE LOG 
R.M.HARDY ASSOCIATES LTD. 

CONSULTING ENGINEERING &  PROFESSIONAL SERVICES 
GEOTECHNICAL DlVlSlON 

'ROJECT NO.: K 3 5 7 1  

W , - 8  W -  0 W . -  A I  ,. "DYNAMIC CONE^ 
PENETRATION A 

ELEVATION: 9 9 . 2 2  rn 

DESCRIPTION 

1.5' 
-wiTrTEIK 

1.5' 

Ls' 
LAKE SEDIMENTS 

- very loose 

i5_5 ' - very loose to loose 

?a15 ' 
-medium dense 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHHICAL DIVISION 

ROJECT NO.: K 3 5 7 1  ELEVATION: 99.22 m 
I 

DESCRIPTION 

ILOCATIOH: Alternate Flare Stack 

OTHER 
INFORMATION 

Wash Bore 
Rela t ive  d e n s i t i e  
inferred from 
drilling progrcs 

late F - 4  
heet - 1 . 2  of I_ 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

rc 

IELEVATION: 99 .22  m 

DESCRIPTION 

LAKE SEDIMENTS 

- medium dense 

." 3 s ' 0 '  - loose to medium dense 

_" 4 2 . 5 '  
- medium dense 

4 9 . 0 '  
SILT - some sand ,  slight 

plasticity, fine grained 
c u r r e n t  bedded, gzcy 

5 4 . 0 '  
Bottom of Ho1.e at 5 4  - 0 '  

ILOCATIQN: Afternate Flare  S tack  I 

OTHER 
INFORMATION 

Changed t? VTM 



R.M.HARDY ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

MOISTURE CONTENT I 20 40 60 80 I C 

l i i i i i i t i i l  30 

ELEVATION: 9 9 . 2 2  m 

DESCRIPTION 

ICE 

1.5' 
WATER 

1.0' "- 
SILT - clayey, low plastic, 

" 
5.5' 

layered, grey, grass- 
l i k e  organic  layer from 
9.0' to 9.2' depth 

sensitive to quicking 

T- 

L 

I 
I 
3 

OTHER 
INFORMATION 1 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING  ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHHICRL  DIVISION 

ROJECT NO.: K 3 5 7 1  

X 
I- 

" - . 

ELEVATION: 9 9 . 2 2  m 

DESCRIPTION 

SILT - clayey layers, l o w  
p l a s t i c ,  grey 

5 . 5 '  
" 

Bottom o f  Hole at 3 5 . 5 '  

f 



R.M.HARDY ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ROJECT NO.: K 3571 JELEVATION: 99.22 m ILOCATION: Alternate Flare S t a c k  I 
W p - D  w - 0 wL- a 

DYNAMIC CONE 
PENETRATION 

(blows/foot) 
2 0  4,O 69 8p 

Bu'LK DENSITY (pcf) e ? 
60 8p IF l p  

MOISTURE CONTENT e 
20 40 60 80 C 

r 

DESCRIPTION 

I C E  

4 . 3 '  
WATER 

5 8 '  
LAXE SEDIMENTS 

- very loose 

15 ,O ' 
* very loose to loose 

0 I 
- loose to medium dense 

QTHER 
INFORMATION 



I TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING R PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

"_ . . .. . .. . . . .. . 

PROJECT NO.: K 3 5 7 1  

wp-0 w -  0 wL- 

" 

4L 

" 

I 

IELEVATION: 99.22 m ILOCATIW: Alternate Flare Stack 

DESCRIPTION 

WATER 

3.8' 
LAKE SEDIMENTS 

i i 7 . 5 '  
S I L T  - sandy, slight 

p l a s t i c i t y ,  sensitive 
to quicking, grey 

Bottom of Bole at 7 5 . 5 '  

I C E  

UF 
- 

F 

- 
Nb 

OTHER 
INFORMATION 



i 1-1 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

QEOTECHNICAL DlVlSlON 

LOGGED BY: AJH IDRAWN BY: CPMIPD ICHECKED: AJH IDATE: 18 March 1977 
. . .- . . . 

I R I G !  s. D. s, IMETHOD: WASH BORE ISTART: 15 : 00 IFINISH: 15 : 55 
. . 

IPROJECT NO.: x 3571. IELEVATION: 9 9 . 2 2  rn ILOCATION: Alternate Flare Stack 

DESCRIPTION 

ICE 

.5' 
WATER 

.- ." 

5 '  
LAKE SEDIMENTS 

very loose to loose 

7.0' 
" - verv loose 

." 6 . 5 '  - harder, probable 
permafrost 

4 . 5 '  - h i t  gravel 
Bottom of Hole a t  94.5' 

OTHER 
INFORMATION 

Rela t ive  densities 
inferred from 
drilling progress 



R.M.HARDY d. ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlOH 

'ROJECT NO.: K 3 5 7 1  

3 

ELEVATION: 99.22 m 

DESCRIPTION 

I C E  

3.5' 
WATER 

- _" 

3.0' 

SILT - loose,clayey, trace 
fine sand,  low plastic, 
grey 

20.0' _" 
I' medium dense ,  sandier ,  
slight p l a s t i c i t y ,  grey 

2 7 . 5 '  
" - clayey, low p l a s t i c  

N = P  

j h e e t L O f -  2 1 



R.M.HARDV ah ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

GCOTECHNICAL DlVlSlON 

SHELL CANADA 
RESOURCES LIMIT 

'ROJECT NO.: K 3 5 7 1  

I l l  6 

ELEVATION: 9 0 * 2 2  m 

9 
3 
i! 
i DESCRIPTION 
K 
3 
J '- 

SILT - meQium dense, clayey, 
sandy, l o w  plastic, dark 

JL.2 ' - medium dense, sandy ,  
sliqbt elasticity, grey 

l3j,O I - c l a y e y ,  low p l a s t i c  

I 40.0' "- - and s a n d ,  medium dense,  
c layey ,  s l i g h t  p l a s t i c i t y ,  
grey 

"_ 4 8 * 0 '  organ ic  laminations 
49.0' - 
SAND - silty, non plastic, fine 

to medium grained, lam- 
ina ted ,  grey 

SILT - calyey, slight plasti- 
c i t y ,  sandy 

laminations 

non pTXsTlc, fine 
to medium g r a m e d ,  grey 

Bottom of  ole at 6 0 . 0 '  

E LOG 

. 

DATE: 16, 17 March 1977 

ILOCAfloN: A l t e r n a t e  Flare Stack 
?- 



R.M.HARDV & ASSOCIATES LTD. 
CONSULTING ENG~NEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL  DIVISION 

R.M.HARDV & ASSOCIATES LTD. 
CONSULTING ENG~NEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL  DIVISION 

WOJECT NO.: K 3 5 7 1  ELEVATION: 99.22 rn 

I 

DESCRIPTION 
u 
I a 
2 
W 

20.0' " -  
SILT - loose; clayey, sar,dy, 

slight p l a s t i c i t y ,  grey 

" 24 ,S ' - sandier 

2 6 . 5 '  
" -_ 

SAND - medium de!Ise, silty, 
non p l a s t i c ,  grey 

(FINISH: 14 : 30 

e r n a t e  Flare S t a c k  



TEST HOLE LOG 
R.M.HARDY br ASSOCIATES LTD. @ RESOURCES LIMITED 

SHELL CANADA TEST HOLE N\ 
CONSULTING ENGINEERING B PROFESSldWl SFRVICF? . ". 

~ GEOTECHNICAL DIVISION 

w p - 0  w - 0 W L - a  

- 

'ROJECT NO.: K 3571 [ELEVATION: 9 9 . 2 2  rn 

DESCRIPTION 

SILT - mediuh dense, non 2las- 
t i c ,  grey 

" 
35.0' - s e n s i t i v e  tg quickinq 

- sandier  

laminations 

OTHER 
INFORMATION 

N =+! 14 
Grainsize 
Analysis - See 
Table P-2 

N = 17 

N 13 

N = LO 
Grainsize 
Analysis - See 
Table F-2 

N = 4 0  



R.M.HARDY & ASSOCIATES LTD. TEST HOLE NO. 

CONSULTING ENGINEERING ~ P R O F E S S I O ~ L  SERVICES 
GLOTECHNICAL olWSlON 

BULK DENSITY (pcf) 
60 BO I F  IF0 

ELEVATION: 9 9 . 2 2  m 

3 
3 
J 

DESCRIPTION 

I 

IlSILT - dense,  some fine sand, 
non plastic, s e n s i t i v e  to 
q u i c k i n g  , grey 

"_ 65.0 '  
- sandier 

I 

UF 

OTHER 
INFORMATION 

N = 3 3  
Grainsize 
Analysis - See 
Table F-2 



I TEST HOLE L O G  - 
ELL CANADA ITEST HOLE NO. 

CONSULTING ENGINEERING -9 PROFESSIONAL SEAVICES 

. .. 

GEOTECHNICAL DlVlSlON FSL-9 

IPROJECT NO.: K 3571 

i 

ELEVATION: 9 9 . 2 2  m 
I 

DESCRIPTION 

I LAKE SEDIMENTS 
I 

1 
4 5 . 0 '  

- compact I c~nye~,"">anny I 

low p l a s t i c ,  g r e y  

i 
~ 

' -65.3 ' - and s a n d ,  dense, non 
p l a s t i c ,  f i n e  g r a i n e d  

I 
" " 

Sottom of Hole at 6 6 . 5 '  

tLOCATlON: Alternate Flare  Stack I 

""1 



I TEST HOLE LOG 1 
R,M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING B PROFESSIONAL SERVICES 
GEOTECHNICAL DlVlSlON 

ROJECT NO.: K 3571 

1 1 1 1 1 1 1 1 1 1 5  

DESCRIPTION 

WATER 

I_ 

LAKE SEDIMENTS 
- very loose 

!5. a 
- loose 

12.5' 
SILT - sandy l aye r s ,  trace of 

organic  laminations, 
Low p l a s t i c ,  grey  

4 7 . 5 '  

Bottom of Hole at 4 7 . 5 '  

vx 
< 5% 

_I 

Nb 

V r  
5% 

I_ 

OTHER 
INFORMATION 



R.lW.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlON 

IPROJECT NO.: K 3571 JELEVATION: JLOCATION: Alternate Flare Stack 
J l  I 

in I d  
DESCRIPTION 

I 

OTHER 
INFORMATION 

Relative densities 
inferred from 
drilling progress 



OLE LOG 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING a PROFESSIONAL SERVICES 
GEOTECHNICAL DlVlSlON 

CANEP- BROW 

ROJECT NO.: K 3 5 7 1  

60 80 1 0 0  I20 

l l l l l l l l l l 6  

IELEVAYION: 99.22 m 

DESCRIPTION 

- medium dense 

- sandy, non p las t i , :  

- sand  and c l a y  l a y e r s  

- wood c h i p s  

Bottom o f  Hole at 6 2 . 0 '  

- 
UF 

I 

2 I INFORMATION 
OTHER 





I 
S A M P L E  D A T A  

C L A S S I F I C A T I O N  
V E S T S  

I I Z  A T T E R B E R G  I T E X T U R E  
c 

,*o,rer Niglintgak Gas Project 

loc . r la r rAl te rna te  Flare Stack ~- ~ebruary/March 1977 
-. ."" 

16.0 

FSL-8 

FSL-8 

I 
I 

Y 
3 c  

i o  2 5011 D E S C R I P Y  ION 9 :  5 2  y ; E  
rl z ;  
U 

Sl ML SILT - loose,  c layey ,  trace fine 
I sand, low p l a s t i c ,  grey 

- unfrozen 

TABLE F-2 





e R.M.HARW & ASSOCIATES LTD. 

TABLE G - 1  

Test Hole  Locations and Elevations 
Well Sites 

U.T,M. CO-ORDINATES - ELEVATIONS (m) 1 

Test Hole Northing Eas t ing  Approx. Geodetic2 Project3 

J-30-1 7 690 579.22 486 1 9 6 . 5 0  
J-30-2 7 690 609.22 486 166.50 
J-30-3 7 690  549.22 4 8 6  226.50 
J-30-4* 7 690 609 .22  4 8 6  226.50 
J-30-5* 7 690 549.22 486 166.50 

H-30-1 7 690 15l.28 486 492.97 
H-30-2 7 690  181.28 486 462.97 
H-30-3 7 6 9 0  121.28 486 522.97 
H-30-4* 7 690 181.28 486 522.97 
H-30-5* 7 690 121.28 486 462.97 

"19-1 7 689 222.33 487 258.88 
"19-2 7 689 252.33 487  228.88 
"19-3 7 689 192.33 487 288.88 
M-19-4* 7 689 252.33 4 8 7  288.88 
M-19-5* 7 6 8 9  1 9 2 . 3 3  487  2 2 8 . 8 8  

K-19-1 7 688 874.12 487 564.48 
K-19-2" 7 6 8 8  081.62 4 8 7  552 .48  
K-19-3* 7 688 821.62 487 612.48 
K-19-4 7 688 881.62 4 8 7  612.48 
K-19-5 7 688 821.62 487 552.48  

'3-19-1 7 688 254.11 487  700.21 

* not drilled 

1.661 
I. 059 

1 707  
1.728 

1.844 

1. I 951 
2 I 0 4 2  
1.951 
2.225 
1.606 

2.225 
2.286 
2 - 158 
2.234 
2.256 

2.009 
2.033 
1" 999 
1.908 
2.246 

2.259 

99.405 
99 603 
99.588 
99.451 
99.472 

99.695 
99 7 8 6  
99.695 
99.969 
99.350 

99.969 

99 902 
139 9'78 

100 I O 3  

1 0 0 . 0 0  

99.755 
99.777 
99,743 
99.652 
99 * 990 

100" 003 

Notes: 

1. Co-ordinates derived from authorized monument C-235 and 

2. Datum: Lower f l ange  on "19 Wellhead, El. 2.590 m 
3 .  Datum: B.M. #1, i n s t a l l e d  March 1977, El. 100.00 m 

are U.T.M. R.M. 135' (Zone 8) 



TABLE G-l 

T e s t  Hole: Locations and Elevations 
Well S i t e s  

U.T.M. CO-ORDINATES 1 ELEVATIONS (m) 
" 

Test Hole Northing Eas t ing  Approx. Geodetic' Project 3 

B-19-1 7 687 841.29 488 003.50 
B-19-2 7 687 871.29 487 973.50  
B-19-3 7 6 8 7  811.29 488 0 3 3 . 5 0  
B-19-4* 7 687 871.29 4 8 8  033.50 
B-19-5* 7 687 811.29 487 973.50 

P-18-1 7 687 585.29 488 244.16 

E-09-1 7 688 132.56 488 542.55 
E-09-2 7 688 162.56 488 512.55 
E-09-3 7 688 102.56 488 5 7 2 . 5 5  
E-09-4 7 688 162.56 488 572.55 
E-09-5 7 688 102.56 488 512.55  

J-08-1 7 687 092.21 489 4 0 4 . 3 5  
J-08-2 7 687 122.21 489 374.35 
5-08-3  7 6 8 7  062.21 489 434.35 
5-08-4 7 687 122.21 489 434.35 
5-08-5 7 687 062.21 489 3 7 4 . 3 5  

J-08(2)-1 7 686 931.25 489 767.84 

E-58-1 - - 

2.073 
2.228 
2 . 2 0 4  
1.807 
2 "  304 

2.091 

1.942 
1.795 
1.533 
1.868 
1.881 

1.881 
1.829 
1.960 
1.747 
1.893 

1.673 

99.817 
99.972 
99.948 
99.551 

100.048 

99.835 

99.686 
99.539 
99.277 
99.612 
99.625 

99.625 
99.573 
99 '704 
99.491 
99 - 6 3 7  

99 417 

* not drilled 

""""- - 

Notes: 

1. Co-ordinates derived from authorized monument C-235 and 

2. Datum: Lower flange on "19 Wellhead, El. 2.590 rn 
3. Datum: B.M. #I, installed March 1977, El. 100.00 m 

are U.T.M. R.M, 135' (Zone 8 )  





R.M.HAR0Y & ASSOCIATES LTD. 
CONSULTINO CNDINEERIHG B PROFESSIONAL SERVICES 

GEOTECWNICAL DIVISION 

wp-" w -  0 W L - m  I [ELEVATION: 99.41 rn LOCATION: Well Site  5-30 

DESCRIPTION 



'ROJECT NO.: K 3 5 7 1  

BULK DENSITY (pcf) 0 
60 89 I? 1120 

MOISTURE CONTENT 
20 40 60 80 

ELEVATION: 99.41 m 
I 

DESCRIPTION 

Bottom of Hole at 60.0' 

Well Site 5-30 

OTHER 
INFORMATION 

: :i 7 

i 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8PROFESSIONAL SERVICES 

GEOTECHNICAL OlVlSlON 

IPROJECT NO.: K 3 5 7 1  

I w p - 0  w -  0 wL-B 

60 80 1 0 0  120 

ELEVATION: 99.60 m 

I 

DESCRIPTION 

SILT - some organics to 2 . 0 '  
depth, low p l a s t i c ,  grey 

Q.4 ' - current bedded 

7,O' - clayey, low plastic, 
grey 

2 "  ice layer 

1 / 2 "  ice Lens 

LOCATION: well Si te  J-30 
Y 

1.0' 



R.M.HARW db ASSOCIATES LTD. 
CONSULTtNQ ENGINEERING I PROFESSIQML SERVICES 

QEOTECHHICAL DIVISION 

BULK DENSlTV(pcf) a 
6? 8p l?O IpO 

MOISTURE CONTENT 
20 40 60 80 

I 

IELEVATION: 99*59 rn Well S i t e  5-30 1 

DESCRIPTION 

SILT - clayey, l o w  p l a s t i c ,  
brown 

" Layered 

" 

- Laminated, grey 

" 

- clayey, LQW plastic, 
grey 

" - sandy, low plastic 

LOCATION: 

c2 

c3 

C4 

C5 

C6 

C7 

C8 

c9 





. ". I 

GEOTECHNICAL DIVISION 

MOlSTUkE CONTENT 

ELEVATION: 9 3 7 0  rn 

DESCRIPTION 

;ILT - highly organic  to 2 .O' 
- 

d e p t h ,  medium plastic, 
grey 

- 5 '  

ICE+ SILT 

1.0' 

SILT - clayc-+1;, low plastic, 
grey 

12-1 ' - sandy,  low plastic 

Well Site H-30 

I 
a w 

w OTHER cr INFORMATION 

d 
w 

2 
ul 

P i l o t  hole to 1.0' 

9 
1 



. .. 

R.M.HARDY & ASSOCIATES LTR. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTLCHWICAL DIVISION 

IELEVATION: 99 .70  m 

DESCRIPTION 

S I L T  - s a n d y ,  low plastic, 
grey 

5.1‘ 
” organic l a m i n a t i o n  

,Q’ - clayey, law plastic 

ILOCATION: Well Si te  H-30 7 
V r  
vs 
10% 

Nb 

vx 
vs 
< 5 %  

c 

C 

c 
C 

. c  

C 

c 

C 

C 

C 

1 

C. 

C: 

c. 

, c: 

Nb 

/ a 1 ,  

i 
1 

4 



R.M.HAROV L ASSOCIATES LTD. 
CONSULTING ENGINEERING 8PROFESSlONAL SERVICES 

OEOECHNICAL DlWSlON 

'ROJECT NO.: K 3 5 7 1  

I: 

ELEVATION: 99.79 m 

I 

DESCRIPTION 

0 
SILT - organic  t o  1.2 I depth, +-' 

Low plastic, greyish brown f 

"" 1.5' + 
- trace o f  organic lamina- + + '  

t i ons  to 1/2" thickness .t 
4- + + 

17.0' -" - low p l a s t i c ,  grey 

. . .  . . .  . . .  .. * . . .  . . .  . . .  . . .  *. * . . .  . . .  . . .  . . .  . . .  . . .  *. . ". I 

.* . . . .  

. . .  . . .  . . .  

.. * 
,. . 
. . .  .. * *. . . . .  *. . 
,. . . .  . .  . .  . .  

VS 
<5% 
". 
3 5 %  

Nb 

LOCATION: Well S i t e  K-30 

Sheet 1 of 1 



R.M.HARW & ASSQCIATES LTD. 
CONSUL'TINQ ENGINEERING A PROFESSIONAL SERVICES 

GEOTECHNICAL OIVISION 

TEST HOLE L O G  
. " 

@ RESOURCES LIMITED 
SHELL CANADA TEST HOLE NO. 

H-30-3 

WOJECT NO.: K 3571 

DESCRIPTION 

grey 

j &5L porous 

j.0' -" 
- very clayey 

SILT - clayey, medium pla 

.LV 
- sandy , low plastic, 
hsown 

brown 

.. .. .*  .. 

.. .. .. .. 

. <  .. .. .. 
" "  .. .. .*  .. .. 
* "  , *  .. *. .. .. :..::., . : : : : : I  .. .. .. .. .. ._ .. *. 
.. .- .. .. 
.. .. 
.. . x  

SILT - clayey, Low plastic, 

.. . / <  . 

.+ . .. . *. . .. . .. . .. .. .. * .  
,. .. .. ., .. !iI * 





W p - m  w -  0 WL- ,A 

BULK DENSITY (pcF10 
60 8p IF 1120 

MO'ISTURE CONTENT 

DESCRIPTION 

SILT - low ?Lastic 

.7.0' 

- trace f i n e  sand, trace 
of oqjanic  laminations, 
low p l a s t i c ,  grey 

. . .  . .  .... *. . . . . .  . .. . . . .  .... . . .  . . .  . . . .  
.. *. . <. 
. . .  . . .  . . .  ,. . *  ,. ,. <. . . . .  . . .  . . .  

INFORMATION 

c2 

c3 
c4 

I c5 

- 

C6 
- 

c7 



I TEST HOLE L O G  
R-M-HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING a PROFESSIONAL SERVICES 
GE0TECHNICAL DIVISION 

TEST HOLE NO. 

t4--19-1 

w p - 0  w -  0 wL-o 

BULK DENSITY (pcf) 
60 8p IF 1120 

MOISTURE CONTENT 4 
20 40 60 80 I a 

DESCRIPTION 

SILT - trace fine sand ,  trace 
of organic  laminations, 
low plastic, grey 

5 4 . 5 '  
" 

- little fine s lnd ,  low 
plastic, l amina ted ,  grey 

OTHER 
INFORMATION 

W I  

I 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTLCHNICAL DIVISION 

PROJECT NO.: K 3571 
. . . . . . . 

t i i i i i i i i i l  30 

DESCRIPTION 

I 9  
X 

a 

I 

- 
d 
X 
6 
k! >- + 
w 

f - 
W 

c1 

c2 

c3 
c4 

c5 
C6 

c7 

C8 

c9 

:11 

:12~ 

:13 

:14 

'15 

1 

w 
d 
I 
4 

P i l o t  hole to 1.0' 

OTHER 
INFORMATION 



I TEST HOLE LOG 1 
R.M.HARDY L ASSOCIATES L'D. 

CONSULTINO ENOINEERING 8 PROFESSIONAL SERVICES 
DLQTECWNICAL 0IvISK)FI 

ROJECT NO.: K 3571 ELEVATION: 99.90 rn 

DESCRIPTION 

S I L T  - clayey,  medium plastic, 
brown 

G' 
- l o w  plastic, laminated, 

grey 

' s h e l l s  
1.5' 
ICE + ORGANIC CLAY - silty, 

low p l a s t i c ,  black 

SILT - sandy, low p l a s t i c ,  
brown 

U4' 
- grey 

" 

24.0' 2 "  sand layer 





IELEVATION: 9 9 . 7 5  m 

MOlSTUkE CONTENT 
20 40 60 80 

- clayey, little fine 
sand, low plastic, 
brown 

. . .  . . .  . .* . . . . . .  . . .  . .- .* . 
.. * 
.* . 
. . .  *. , .. * 

. . .  . . .  . . .  . . .  . . .  
* .. . . .  . . .  . . .  . . .  . . .  

17.0 ' - sandy, c layey ,  low 

brown 

Q.2 ' 
- sandier, grey 

OTHER 
INFORMATION 

?ilot hole to 1.0' 

sheet - of - 1 2  



i 
'ROJECT NO.: K 3571 

20 40 60 80 

IELEVATION: 99.75 rn 

DESCRIPTION 

SILT - sandy, low plastic, 
current bedded, grey 

!cS' 1" medium sand l a y e r  

1/2" ice lenses 02-9 
47.5' 

il.0' 1/41' ice ~ e n 5 e  50,5'_ 
." - occasional sand Layers 

to 1.0'' thickness, Low 
p l a s t i c ,  g r e y  

6.5' 
Bottom of Hole at 5 6 . 5 '  

J 



c 

I TEST HOLE LOG 
R.M.HARW & ASSOCIATES LTD. 

CONSULTlNQ ENGINEERING a PROFESSIQMAL SERVICES 
OEOffCHNlCAL DIVlSlON 

TEST HOLE NO. 

K-19-4 

OGGED BY: IGJ 
, . . .  . . . . . .  

DRAWN BY: CPM/PD ]CHECKED: AJH 

NORTHLAND I METHOD: 4 "  CRREL ISTART: 3 : 20 IFINISH: 6 : O O  

'ROJECT NQ.: K 3571 

BULK DENSITY (pcf) 

MOISTURE CONTENT 
20 40 60 80 

6p ep IF y o  

I t  

DESCRIPTION 

. . . .  . . . .  .... .... .. *. .... .... . . . .  .... .... .... .... .... 

.I .. .... .. *. . . . .  

.I .. 
occasional v5 19,J" .... -::.. 

ice lenses to 1/16" t h i c k -  :::::: 
I:*.:: Less 

Nb 

INFORMATION 

d 



i TEST HOLE LOG 
R.M.HARl3V & ASSOCIATES LTD. 

CONSULTINO ENGINEERING et PAOFES91ONAL SERVICES 
DCMECHNICAL DIVISION 

'ROJECT NO.: x 3571 IELEVATION: 9 9 . 9 9  rn 

MOISTURE CONTENT 
20 40 60 00 " 

5 

15 

-20  

- 2 5  

30 

DESCRIPTION 

SILT - organic to 2 + 0 ' depth, 
Low plastic, mottled 
grey ana brown 

- low plastic, grey 
?A!! 

1/4" ice lenses "- 
23.2' 

25.0' 
1/4" i c e  lenses -I- 

Bottom of Hole at 30.0' 

OTHER 
INFORMATION 

Pilot h o l e  to 1.0' 

"-1"""" Sheet 1 of 1 





R.M.HARW ASSOCIATES BTD. 
CONSULTING ENGINEERING am~msmtw SERVICES 

OLOTECHNICAL DlVlSlON 

DROJECT NO.: K 3571 ELEVATION: 100.00 m 

DESCRIPTION 
u 
LL 
I 

(3 

w 

SILT - clayey, some organics ,  ++-  

8 
u 

low plastic, brown + 
4 -  

-0' 
" layered 

brawn 

19' 
- c u r r e n t  bedded, grey 

.9.5' 
" - sandier  

- clayey 
15.0' - organic  laminations 

. .  

. *  . *  . .  . .  . .  . .  . .  . .  . .  . .  . .  * .  

. .  . .  . .  . .  

. .  . .  . .  . .  

. .  . .  . .  . .  
. .  

I'; . .  

OTHER 
INFORMATION 

P i l o t  ho le  to 1.0' 



" 

R.M.HARLW L AssocmrEs LTD. 
CONSULTINO ENGINEERING R PROFESSIONU SERVICES 

QEOfECHNlCAL OlVlSMN 

'ROJECT NO.: K 3571 

MOISTURE CONTENT 
20 40 60 80 

IELEVATION: 100.00 m ILOCATIW: 

DESCRIPTION 

tions, low plastic, 
current bedded,  grey 

39.0' 
" - clayey, low plastic, 

layered 

33.2' 
" 

- sandier 

16.5' . -- - very sandy, tsace of 
organic  laminations, 
current bedded. grey 

51.7' ." 
- less sand 

js2 5 ' - no current bedding  

Bottom o f  Hole at 60 .O' 

C 

C 

c 

C 

C 

C 

C 

c. 

c. 

C 

c. 

C 

C. 

OTHER 
INFORMATION t- 
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R.M.HARRY ASSOCIATES LTD. 
CONSULTING ENGlNEERlNQ B PROFESSION4L SERVICES 

OEOECHNICAL DlVlSlON 

1 R .nn 

~ELEVATION: 9 9 . 8 2  m 

DESCRlPflON 

SILT - sandy, trace of organ- 
ics, low plastic, grey 

6.0' 
SAND - silty, fine grained, 

non plastic, grey 

1/8" ice lenses 
Bottom of HnLe at 6 0 . 0 '  

well S i t e  8-19 

c35, 
I 

I 

OTHER 
INFORMATION 



P 
I TEST HOLE LOG 

1 4  I 

OGGED BY: AN/IGJ f DRAWN BY: CPM/PD (CHECKED: AJH IDATE: 26 February 1977 

DESCRIPTION 
u 
X 
n. 

P 
2 

i c s  to 3.0' depth, low 
plas t ic ,  greyish brown 

SILT - clayey,  low plastic, 
greyish brown 6 

ICE + SILT 

17.a' ... "_ , .. 
, ." - grey ... -. . 
*. . ... .. " 

1/16'' i c e  lenses --- .. 19 .o ;;::; 
... 
." . . . .  
.* . . . .  

'1.5' . . .  ... 
occasional organic  
laminations, trace of  
sand lenses to 1 / 2 "  
thickness ,  low plastic, 
c u r r e n t  bedded, g r e y  

... . . .  . . .  1:::;: . . .  

Bottom of Hole a t  30.0' 

INFORMATION 



I TEST HOLE LOG 
R.M.HARDV a ASSOCIATES LTD. 

CONSULTINO EMMERING 4 PROFESSIONAL SERVICES 
QEOfECHNlCAL DlVlSlON 

.OGGED OY: IGJ IDRAWN BY: CPM/PD ICHECKED: AJH IDATE: 26 Februarv I977 

'ROJECT NO.: K 3571 IELEVATION: 9 9 . 9 5  m ILOCATION: Well S i t e  B-19 

Wp-0 W - 0 WL- A 

c * 

BULK DENSITY(pcfI* - 3 
60 8p lp 1120 f 

M O ~ T U R E  CONTENT 
20 40 60 80 0 

DESCRIPTION 

remains, trace fine sand 
low Plast ic .  arev 

I- 

4.0 '  
SILT - sandy, trace organics, + 

Low plas t i c ,  

sandier 

L L O '  - l i t t l e  sand lenses, 
occasional organic 
l a m i n a t i o n s ,  low plastic 
cuxrent  bedded, grey 

OTHER 
INFORMATION 

P i l o t  hole to  1 .5  





R.M.HARtW & ASSOCIATES LTD. 

QLOTECHNICAL DMSIBN 

BRQJECT NO.: K 3571 

w p - 0  w - 0 W L - a  

BULK DENSITY (pc0 
60 89 i?O IF0 

MOISTURE CONTENT 

II I 

DESCRIPTION 



MOISTURE CONTENT 

[ELEVATION: 9 9 . 8 4  m 

DESCRIPTION 

SILT - trace fine sand, occa- 
sional t h i n  sand lenses, 
trace af organic lamina- 
tions, Low plastic, grey 

2.0' 
" - current bedded 

Bottom o f  Hole at 60.0' 

, .  
, .  
, .  
, .  
, "  

I 

7 
L 

c 

C 

c 

c 

C 

c 

C 

C 

c: 

23 "4 





'ROJECT NO.:' K 3 5 7 1  

M O ~ S T U ~ E  CONTENT 
20 40 60 80 

ELEVATION: 99.69 m 

DESCRIPTION 

IRGANIC SILT - mottled grey and' 

;ZLT - clayey. low p l a s t i c  , 
-0' brown 

grey 

trace of shells 

1_1,5 ' 
- trace  of o r g a n i c s ,  m o t t l e d  

grey and brown 

X9.0* 
" - t r ace  fine sand, trace of 

organics, greyish brown 

k4 -0 ' 
- l i t t l e  organics 

" 25 .?' - l i t t l e  orlanics. current 
bedded, greyish- brown 



'AOJECT NO.: K 3571 

w p - 0  w -  0 W L " A  

RM-HARCW & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GLOTECHNICAL DIVISION 

IELEVATION: 99.69 m 

' 

I/ ! 
DESCRIPTION 

;ILT - trace organic  lamina- 
tions, Low plastic, cur- 
rent bedded, grey 

3,s' 
- l i t t l e  organic  laminations 

9.G' 
- little fine sand,  txace 

o f  organlc Laminations, 
slight plasticity, grey 

I* 0' 
- c u r r e n t  bedded 

1.0' - - sandier 

5! 

plastic, grey 

59.2' 

1 9 '  
- clayey, some sand. low 

U 
Bottom o f  Hole  at 59.3' t- 

I 

c3 
0 
-J 

r, 
n 
I 
4 
Ip: a 
W 
0 
m . .  . .  
. .  . .  
> .  . .  
* .  . .  . .  . .  . .  
. <  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  * .  
* .. . * ,  
, .. . .. 
, .< 
, ., 
, .. 
, .. 
7? 



r C
 G 



wp-0 w -  0 WL" A 

P i l o t  hole to 1 . 5 '  



IPROJECT NO.: K 3571 

DESCRIPTION 

SILT - trace fine sand, low 
p l a s t i c ,  grey-brown 

14.2' 
- trace of  o r g a n i c  Lamina- 

t i o n s  t o  1/2" thickness 

.- 20 ;o ' 
- trace of organic lamina- 

t i o n s ,  current bedded, 
gres 



PROJECT NO.: K 3571 

DESCRIPTION 

620 I 
- occasional organic  lam 

t i o n s  , currea t  bedded, 





1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I TEST HOLE LOG 

WOJECT NO.: K 3571 IELEVATION: 99.63 m 
.. .. .. 

I i 

MOISTURE CONTENT I e 

DESCRIPTION 

6 "  dry, friable l aye r  

ice lenses to 1/4" 5dy 
thickness 

organic laminations 

clayey.  low plastic 

sandy, slight p l a s t i c i t y ,  
gray 

Lenses 

OTHER 
INFORMATION 

' i l o t  hole to 1.0 



R.M,HARW ASSOCIATES LTD. 
CONSULTING ENCJNEERING aPROFESSlONAL SERVICES 

OEOTECHNCAL D I W W  

BULK DENSITY (pcf) 
60 80 l o o  120 

T 

DESCRIPTION 

15 ._O' 
- sandier ,  non plastic 

i8 3 ' 
;9 ._5 I - clayey, low plastic 

- sandy,  non p l a s t i c  

" 6.0' 

Nf 

Nb 

- 
Nf 



T 
I 
I 

! 

I 

 EVAT TI ON: 9 9 . 5 7  m 

DESCRIPTION 

?EAT - fibrous, woody 
L.2' 
SILT - clayey, some sand, trace 

.. 

of organics, s l i g h t  
p l a s t i c i t y ,  grey 

I &7: 
- sandy, non plastic 

Z,Zl i - and, fine sar?d, non p l a s t i c ,  
current bedded,  grey 

OTHER 
INFORMATION 

Pilot hole to 1.0' 



R.M.HARDV & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

OEOfECHNlCAL DlVlSlON 

WOJECT NO.: K 3571 ~ELEVATION: 99.70 m c 
(9 s 

DESCRIPTION 
0 

a 

0 

X 

-x Q 

(3 

w 

." , _. . .* . 

.* . .. . .. . .. < - 

SILT - clayey, low plastic, 
grey 

1.5' 
" - current bedded 

IL 5' - and f i n e  sand, nwn plast 
current bedded, grey 



R,M.HARW & ASSOClATES LTD. 
CONSULTING ENBINEERINR a PROFESSIONAL SERVICES 

QEOTECHNICAL IJWlSDN 

.OGGED BY: RGC DRAWN BY: CPM/PI) ICHECKED: AJB 

WOJECT NO.: K 3 5 7 3  

w p  w -  0 wL- 
ELEVATION: 99.49 rn 

OESCRIPTION 

SILT - clayey, medium plastic, 
grey-brown 

A' - low plastic, grey 

g.2 ' - trace fine sand, Low 
plastic 

ILOCATIW: 

s 
s z OTHER @ INFORMATION 
u 

U J  
Pi lo t  hole to 1.0' 



R.M.HARDY & ASSOCIATES LTD. 

GEOTECHNICAL. DIVISION 

DESCRIPTION 

SILT - some organics to 3 . 0 '  
depth, low plastic, grey- 
brown 

24 ' 
- grey 

d 1  - clayey, low plastic 

La-, o I 

- trace f i n e  sand.  low 
p l a s t i c ,  ccrrent  bedded 

2 2 . 0 '  
" - some f i n e  sand,  slight 

p l a s t i c i t y ,  laminated, 
grey 

OTHER 
INFORMATION 

PiLat hole to 1.0' 





TEST HOLE LOG 

CONSULTING ENGINEERING a PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

PROJECT NO.: K 3 5 7 1  IELEVATION: 9 9 . 4 2  rn 

I 20 40 60 80 I MOISTURE CONTENT 

DESCRIPTION 

SILT - clayey, sandy, low 
plast ic ,  grey 

39-0 I - trace fine sand, slight 
p l a s t i c i t y ,  current bed- 
ded, gray 

INFORMATION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNlCAL DlVlSlON 

ROJECT NO.: K 3571 

BULK DENSITY (pcf) 0 
6p 6p l?O 1120 

MOISTURE CONTENT 
20 40 60 80 " 

I i 

DESCRIPTION 

SILT - trace fine  sand, trace 
o f  organic  laminations, 

bedded. grey 
low plastic, current 

8.5' 
" - non  plastic 

3.0' 
" - clayey, low p l a s t i c  

s_ .,s ' - clayey, trace fine  sand, 
low p l a s t i c  

0.5' 
RLT (TILL-like? - trace gra- 

vel t o  1.0 s i z e ,  cl.ay- 
ey, l o w  plastic 

Bottom of Hole at 51 . 0 '  

Plot0 G-38 
Sheet 2 of 2 





I TEST HOLE LOG 

MOISTURE CONTENT 
20 40 60 80 

8 
0 
X 
(L 

3- 

ELEVATION: - 

DESCRIPTION 

SILT - clayey, slight 
p l a s t i c i t y ,  grey 

. - -  trace of organics 5.0' 

- grey-brown 

ILOCATION: 

OTHER 
INFORMATION 

F 

"lata G-39 
w5 1 3  Sheet - of - 



I TEST HOLE LOG 
TEST HOLE NO. 

E-58-1 

" .. 

-0GGED BY: F ~ H  DRAWN BY: CPM/PD CHECKED: AJH DATE: 26 January 1977 

NORTHLAND START; 15 :aa  FINISH: 15 : 2 0 

BULK DENSITY (pcf) a 
60 ep lF>o 1120 I 

MOISTURE CONTENT 

DESCRIPTION 

;# ics, slight p l a s t i c i t y ,  & 
greyish brown 

42 .,o' 
- some fine sand .  , clavev.  

F 

Y 

9 
2 
t; 

2 
OTHER 

K INFORMATION 

r 
2 

.. 

- I  
I 
i 
" 2 

F-40 

Sheet - of - 3 



'ROJECT NO.: K 3571 IELEVATION: I ILOCATION: 

MOISTURE CONTENT 
20 40 60 80 

DESCRIPTION 

CLAY - very s i l t y ,  low 
plastic, grey 

77.0' 
SAND 

grained, grey 
- very s i l t y ,  fine 

Bottom of Hole at 8 0 . 0 '  

OTHER 
INFORMATION 





I 

TABLE 8-1 

T e s t  Hole Locations and Elevations 
Artificial Island 

U T . M . CO-ORDINATES 1 ELEVATIONS (m) 
Test Bole Northing Easting Approx. Geodetic' Project' 

AI-1 7 687 4 8 2 . 9 3   4 8 8  1 8 1 . 6 2  2.204 9 9 . 9 4 8  
AI-2 7 687 329.40 4 8 8  087.81 0.930 98.674 
A I - 3  7 687 073,SO 4 8 7  9 3 1 . 4 6  0 . 9 3 9  98  * 683 
AI-4 7 686 817.61 487 775.11 0.939 98.683 
AT-5 - - 0.939 98.683 

1. Co-ordinates  derived from authorized monument C-235 and 

2. Datum: Lower flange on "19 Wellhead, El. 2 . 5 9 0  rn 
3 .  D a t u :  B.M. #1, installed March 1977, El. 100.00 m 

are U.T.M. R.M.  135' (Zone 8 )  





I TEST HOLE LOG 

BULK DENSITY (pcf) 6p 8p I F  IF0 
MOISTURE CONTENT 
20 40 60 80 

-1 0 

-I 5 

- 20 

-25 

30 

DESCRIPTION 

low  plastic, grey 

A: - slight plasticity, brown 

2A ' 
- slight p l a s t i c i t y ,  grey 

0.0' 
" - little sand, trace of 

organic laminations, low 
p l a s t i c ,  current bedded, 
grey 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

CANEP - BROWN a ROOT 

MOISTURE CONTENT 

- 

DESCRIPTION 

- trace fine sand, low 
p l a s t i c ,  grey 

- C u r r e n t  bedded, organic 
laminations 

Bottom of Hole at 40 .O' 

OTHER 
INFORMATION 

I iheet 2, of _2 



5.8 '  

L SILT - clayey,  LOW plastic, 
grey 

l0.OS 
SAND - s i l t y ,  clayey, non 
" 

plastic, fine grained, 
grey 

e of Grganic larnina- 



IPROJECT NO.: K 3571. 

DESCRIPTION 

- grey-brown 

1/8” ice  lens 2L9 

l/4‘# ice l e n s  _ _  

- sandy, current bedded 

:hanged to ’JTM 



R.M.HARDY & ASSOCIATES LTD. 

GEOTECHNICAL DIVISION 

ROJECT NO.: K 3 5 7 1  

wp-0 w -  0 wL- a 

BULK DENSITY (pcf) 
60 8p IF0 

MOISTURE CONTENT 

ELEVATION: 9 8 . 6 8  m 

DESCRIPTION 

SAND - silty, f i n e  grained, 
non ~ i l a s t i c ,  current bed- 
ded, grey 

i9.0' 
*" - silty 
11.0' ." - some organics 

s1.5'-"-"""" 
SILT - clayey, trace fine sand, 

low p l a s t i c ,  grey 

OTHER 
~ INFORMATION 



IPROJECT NO.: K 3571 IELEVATION: 98.68 m 

DESCRIPTION 

I 

OTHER 
INFORMATION 

ssumed f r o z e n  at 
14.5' depth 



1 

NOlldiM3S38 

7 
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I 
I I 1 TEST HOLE LOG 

R.M.HARW 6 ASSOCIATES LTD. 
CONSULTING ENGINEERING ~ P R O F E ~ O ~ L  SERVICES 

OEOTECHNICAL DIVISION 

ELEVATION: 98.68 m 

I 

DESCRIPTION 

SILT - and f i r i e  sand , non f 
p l a s t i c ,  grey + 

f 

f 

J*-2' organic lamination f 

a.9 ' - i n t e rbedded  silt and 
sand Layers 

OTHER 
INFORMATlON 

" CRREL 

:hanged to VTM 

Change 
Cone 

d to Dynamic 



R.M.HARDV L ASSOCIATES LTD. 
CONSULTING ENQlNELRlNG 0 PROFESSIONAL SERVICES 

DEOTECHNICAL DlVlSKSN 

' DYNAMIC CONE 
1 

I 

wn-o w - 0 w,- 
'DYNAMIC CONE 

PENETRATIQN 
(blows/fmi) 

20 4.0 6P 8.0 

MOlSTURE CONTENT I 20 40 60 80 

ELEVATION: 98.68 m 

0 
X 

% s 
DESCRIPTION 

" 

SILT - and f i n e   s a n d ,  i n t e r -  
bedded silt and sand 
Layers, non plastic, grey 

35.0' 
B o t t o m  of Hole at 35.0' 

ILOCATION: 

OTHER 
INFORMATION 





TABLE 1-1 

Test Hole Locations and Elevations 
Gathering  System 

U.T.M.' CO-ORDINATES I 

1 ELEVATIONS (m) 
Northing Test Hole Easting  Approx. Geodetic Project 2 3 

G S - 1  
GS-2 
GS-3 
GS-4 
GS-5 
GS-6 
GS-7 
GS-8 
GS-9 
GS-10 
G S - 1 1  
GS-12 
G S - 1 3  
GS-14 
GS-15 
GS-16 
GS-17 
GS-18 
GS-19 
GS-20 
GS-21 

7 6 9 0  4 4 2 . 5 9  4 8 6  3 8 3 . 8 6  
7 6 9 0  0 0 1 . 9 3  4 8 6  7 2 9 . 1 9  
7 6 8 9  7 6 5 . 1 4  4 8 6  9 2 2 . 5 4  
7 6 8 9  5 2 8 . 3 5  4 8 7  1 1 5 . 8 8  
7 6 8 9  0 8 7 . 8 4  4 8 7  4 7 5 . 5 5  
7 6 8 8  9 1 1 . 1 9  4 8 7  9 3 2 . 4 3  
7 6 8 8  9 3 8 . 3 1  4 8 8  2 2 3 . 4 4  
7 6 8 8  9 6 5 . 4 2  4 8 8  5 1 4 . 4 6  
7 6 8 8  6 8 7 . 8 3  4 8 7  6 8 3 . 0 9  
7 6 8 8  4 9 1 . 5 2  4 8 7  7 2 4 . 2 9  
7 6 8 8  0 6 9 . 3 6  4 8 7  8 5 4 . 1 6  
7 6 8 8  4 5 2 . 2 4  4 8 8  5 7 3 . 9 7  
7 6 8 8  7 2 2 . 3 8  4 8 8  6 8 9 . 7 0  
7 6 8 8  8 2 5 . 3 6  4 8 9  9 7 2 . 3 8  
7 6 8 8  5 6 2 . 0 9  4 8 9  9 7 4 . 0 1  
7 688 2 9 8 . 8 3  4 8 9  9 7 5 . 6 4  
7 6 8 8  0 3 5 . 5 6  4 8 9  9 7 7 . 2 8  
7 6 8 7  7 7 2 . 2 9  4 8 9  9 7 8 . 9 1  
7 6 8 7  5 0 9 . 0 2  4 0 9  9 8 0 . 5 4  
7 6 8 7  1 9 5 . 7 7  4 8 9  9 8 2 . 4 8  
7 6 8 6  9 5 2 . 2 6  4 9 0  0 8 0 . 5 6  

1 . 6 0 0  
2 . 0 7 3  
2 . 0 7 0  
2 . 2 5 2  
2 - 0 1 5  
1.518 
1 . 7 8 6  
1 . 8 2 6  
1 . 8 7 1  
1 . 8 9 3  
2.230 
1 . 8 7 1  
1 . 8 4 7  
9 . 5 7 4  
1 . 2 3 1  
1 . 4 7 8  
1 . 7 6 2  
1 . 6 9 2  
1 . 4 6 0  
1 . 9 6 3  
1 . 8 7 8  

9 9 . 3 4 4  
9 9 . 8 1 7  
9 9 . 8 1 4  
9 9 . 9 9 6  
9 9  * 7 5 9  
9 9 . 2 6 2  
9 9 . 5 3 0  
9 9 . 5 7 0  
9 9 . 6 1 5  
9 9 . 6 3 7  
9 9 . 9 7 4  
9 9 . 6 1 5  
9 9  - 5 9 1  

1 0 7  318 
9 8 . 9 7 5  
9 9 . 2 2 2  
9 9 . 5 0 6  

, 9 9 . 4 3 6  
9 9 . 2 0 4  
9 9 . 7 0 7  
9 9  622 

Lx1-1 7 6 8 9   0 9 0 . 9 7   4 8 7   9 4 0 . 6 1   1 . 6 7 3   9 9 . 4 1 7  
LX1-2 - - 1 . 6 7 3  9 9 . 4 1 7  
LX1-3 - - 1 . 6 7 3  9 9 . 4 1 7  

LX2-1 7 6 8 8   7 7 7 . 7 4   4 8 7   8 5 4 . 1 4   1 . 7 9 2   9 9 . 5 3 6  
LX2-2 - - 1 . 7 9 2  9 9 . 5 3 6  
LX2-3 - - 1 . 7 9 2   9 9 . 5 3 6  
LX2-4 7 6 8 8  815.35 4 8 7  8 0 1 . 2 8  1 . 6 3 7   9 9 . 3 8 1  

Notes: 

1. Co-ordinates derived  from authorized monument C-235 and 

2 .  Datum:  Lower  flange on "19 Wellhead, E l .  2 . 5 9 0  m 
3. Datum: B.M. #1, installed March 1 9 7 7 ,  E l .  1 0 0 . 0 0  m 

are U.T .M.  R.M. 135' (Zone 8) 





I TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING B PROFESSIONAL SERVICES 
GEOTECHNICAL DlVlSlON 

ROJECY NO.: EC 3571 

BULK DENSITY (pco 
60 8? lp 1120 

MOISTURE CONTENT 
20 40 60 80 

c 
c 

. I  

'1 

-1 

- 2  

2 

ELEVATION: 9 9 . 3 4  m 

I 

DESCRIPTION 

poor layers 

11.5' 
" - sandy, current bedded 

17.0' 
" 

- non-laminar 



R.M.HARDY ASSOCIATES LTD, 

GEOTECHNICAL DIVISION 

ROJECT NO.: K 3571 

I-  
I "- 

BULK DENSITY ( p c f )  a 
60 8p IF IF0 

MOISTURE CONTENT 3 
20 40 60 80 I 0 

I 

$I I I  

DESCRIPTION 

?,,' 
- some organics ,  friable 
to 3.0' depth 

1 / 4 "  ice lenses 
every 2 "  to 3 "  
of care 



I TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD, 

CONSULTING EHGINEERING & PROFESSIONAL SERVICES 
GEOTCCHNICAL DlVlSlON 

ROJECT NO.: K 3 5 7 1  

MOISTURE CONTENT 

ELEVATION: 99.81 rn 

DESCRIPTION 

IRC;ANIC SILT - medium plastic, 

. E ’  
,ILT - c l a y e y ,  low plastic, 

brown 

grey 

1/2” ice l e n s e  15 *2 
L7 .0 ’  
” - more clayey 

becoming more 
222 9 

friable 

VS IO%, 2 ”  t h i c k  - 2 4  .C 

Bottam of Hole at 30.5’ 

ILOCATION: r Gathering System 

P 
W z 2 OTHER 
a INFORMATION 

Pilot hole to 1.0’ 

Sheet 1, of 3 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DlVSlON 

MOISTURE CONTENT 
20 40 60 80 

DESCRIPTION 

SILT - clayey, organic, medium 
plastic,  non-laminar, 
brown 

3.0' 
SILT - highly  organic, 

SILT - clayey, low p l a s t i c ,  . - I  srev-brown 

\ brown I 

CCE +b SILT 

7 . 0 '  

;ILT - clayey, low plastic, 
qrey-brown 

" 
7 . 0 '  

- grey 

Bottom of Hole at 2 0 . 0 '  

1 c3 

W g -. .. 
.. ." .. ., .. ., .. ., .. .. 

l" '7 1 
OTHER 

INFORMATION 

Skidded over 3.0' 
north due to 
broken CRREL 
teeth down hole. 

1 



CONSULTING ENGINEERING PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

TEST HOLE LOG 
SHELL CANADA TEST HOLE NO. 

GS-5 

'ROJECT NO.: K 3571 

BULK DENSITY (pcf) a 
60 8$l IF IF0 

MOISTURE CONTENT 
20 40 60 80 

I ELEVATION: 99.76 m 

DESCRIPTION 
0 

a 
I 
Q. 

SILT - low plastic, non- . f.  
laminar, brown , .. ... . .I 

Bottom of Hole at 20.3' 

L 

OTHER 
INFORMATION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGtNEERlNG B PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

I ELEVATION: 9 9 . 6 2  m 

DESCRIPTION 

remains, brown 

organic  layer, low 
plastic, grey-brown 

occasional 1/2" i c e  
lenses 

A - 

-7.0' - clayey, grey 
. 8 . 5  ' - -  occas iona l  t h i n  organic  

" 

l a y e r  

11.0' 
" 

. .. . .. . .* . .. ,. .. *. .. 
,. .. 
,. .. ,. .. 
.. .. ,. .. 
,. .. . .* . .. .. , , .. .. .. *. *. .. . ,. .. ,. .. .. , . .. . .. -. . 

C 
C 

C 

c 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

I 

0 z 
m 
w 
> a. + 
W 
-I a 

3 - 
W 
:1 
:2 

:3 

:4 

:5 

:6 

' 7  

'8 

9 

11 
12 

1 3  

1 4  

15 

- c u r r e n t  bedding, . .. 16 
occasional 1 / 4 "  organlc layer ::::: 

. .. . .. . .. . .. 
occasional Vx to 1/16" . .. 

z n  o w  

OTHER 
u a  INFORMATION 

. .. . .* . .. z20 

- ..  .. .. <. 

Bottom of Hole at 28.0' 
Plate 1-6 
S h e e t 1  of& 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 
EP - BROWN & ROO 

'ROJECT NO.: K 3571 

BULK DENSIYY (pcf) 
60 80 l f > o  lp0 

MOISTURE CONTEti I' 
I I  

20 40 60 80 

ELEVATION: 9 9 . 6 4  m 

DESCRIPTION 

lILT - clayey, trace organics, 
low p l a s t i c ,  grey , 5 '  

'CE + SILT 

i . 0 '  
;ILT - clayey,  trace prgan ic s ,  

low p l a s t i c ,  grey 

Bottom o f  Hole at 20.0 '  

LOCATION: Gathering system 

T- 

' x  V r  
50% 
vx 
VS 
60% 

- 

a 
"* - 
10% 

2% - 
Nb 

OTHER 
INFORMATION 

Plate r-7 
Sheet 1 of 1, 



'ROJECT NO.: K 3 5 7 1  

I: 
7 

DESCRIPTION 

SILT - orqanic ,  plant remains, 
Low plastic, light  grey 

2.0' 

SILT - clayey, o r g a n i c  inclu- 
sions, low plastic, grey 

4-,0 I w i t h  grey-yellow  mottled 
*, bands - -  grey 

L9i 0 ' 
- t h i n  o r j a n i c  layers, cur- 

r e n t  be dlnq 
Bottom of Hole at 2 0 . 0 '  

- 
vx 
vr  
15% 

"_ 
35% 
"" 

50% 

vs 
- 
30% 

Z E  

Y Vr 
ILe8 
Nb 

Plate 1 - 8  
S h e e t 1  of- 1 L 



R.M.HARDY a ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL. SERVICES 

GEOTECHNICAL DIVISION 

ROJECT NO.: K 3 5 1 1  

wp-0  w -  0 w p  
ELEVATION: 99.26 rn 

I 

IFINISH: 21:oo 

ILOCATION: Gathering System 

Of HER 
INFORMATION 

split spoon sample! 
alternated w i t h  
wash b o r i n g  

N= 5 

Plate T-9 
Sheet 1 of ,l 



R.M.HARDY & ASSOCIATES LTD. 

GEOTECHNICAL DIVISION 

w p - 0  w -  0 w L - A  

c 

I 6 5  

DESCRIPTION 

IELEVATION: 99.26 m 
I 

SILT - loose,  and fine sand,  
sensitive to quicking, 
l o w  plastic, grey 

- medium dense, very sens i t iv l  
to quicking 

SAND - dense, silty,  fine 
grained, grey 

5 5 . 0 '  
SILT - Loose, s a n d y .  c l a v e v .  

60.0' 
S I L T  and S A N D  - dense, f i n e  to 

rned i urn 

Bottom ok Hole at 6 1 . 5 '  

ILOCATION: Gathering System 

OTHER 
INFORMATION 

N=2 6 

N=37 

v= 9 

1322 

1 
i 



R.M.HARDY & ASSOCIATES L.D.  
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 
ANEP .. BROWN 

ROJECT NO.: K 3571 

BULK DENSITY (pcf) 
60 e? I F  IPO 

MOISTURE CONTENT 
20 40 60 80 

ELEVATION: 9 9 . 4 2  m 

DESCRIPTION 

ICE 

SILT - some organics to 4 .O ' 
depth, Low plastic, grey 

I.! ' 
- curren t  bedded 

!&. Q ' - sandy 

5 . 0 '  
R A Y  - s l l t y ,  Iow plastlc, 

!6,5' 
grey 

SILT - trace fine sand, low 
plastic, grey 

Bot tom o f  Bole at 30.0' 

ILOCATION: 
I 

LX1 Lake Crossing 

OTHER 
INFORMATION , 



r 

'ROJECT NO.: K 3571 

I, 
BULK DENSITY (pcf) 
60 8p 1 5 > 0  1120 

MO~STURE CONTENT 

1 

L 

[ELEVATION: 99.42 m 

(3 

J 
0 

Y 
Q DESCRIPTION 

ILOCATION: L X 1  Lake Crossing 

OTHER I INFORMATION 



I TEST HOLE LOG 
R.M.HARDV & ASSOCIATES LTD. 

CONSULTING ENQINEERING Ei PROFESSIONAL SERVICES 
QEOTLCHNICAL DIVISION 

w p - 0  w -  0 w L - A  

ELEVATION: 9 9 . 4 2  rn 

u 
I DESCRIPTION 

Bottom of Bole at 16.0' 

JLOCATION: I 

25' East of Lxl-l 

. Lake Crossing 
I 

i 
! OTHER 

INFORMATION 
J 
1 

i 

1 

" 



I MOISTURE CONTENT 

L 

DESCRIPTION 

plas t i c ,  grey 

u - 0  ' - some f i n e  sand, slight 
p l a s t i c i t y ,  laminated,  
V @ Y  

Rottorn of Hole at 2 9  - 0  ' 

t 

OTHER 
INFORMATION 

Pilot hole  to 1.5'. 

1 

I* 1-14 
heat It, of I 



h 

IP.M.HARW & ASSOCIATES LTD. 
CONSULTING ENGINEERING  PROFESSIONAL SERVICES 

GLOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 

MOISTURE CONTENT 
20 40 60 

l i i i i i i i i i l  

[ELEVATION: 99.54 rn 

DESCRIPTION 

SILT - ice  rich 

Bottom of Hole at 14.0' 

ILOCATION: 

F 

LX2 Lake Crossing 

OTHER 
INFORMATION 

lute T - I T  

hcet 1, of J- 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNCAL DlVlSlON 

TEST HOLE LOG 
" 

ES LIMITED SHELL CANADA TEST HOLE N( 

GAS PROJEC LX2-3 

IPROJECT NO.: K 3571 

I BULK DENSITY (pcfl 
60 8p I F  IF0 

M ~ S T U R E  CONTENT 

1 

ELEVATION: 9 9 . 5 4  m 

1 

I LOCATION: L X ~  Lake Crossins 

OTHER 
INFORMATION 



'ROJECT NO.: h: 3571 JELEVATION: 9 9 . 3 8  rn 

DESCRIPTION 

I C E  + SILT 

7.5"" 
SILT - lcrw plastic, ice paor: 

." 

brown and grey, porous 

l i t t l e  fine sand, s l i g h t  
p l a s t i c i t y ,  porous 

~-2*2 - non porous 

L4L5'- Little fine sand ,  trace 
of organic laminations, 
g r e y  

U L  
SAND - s i l t y ,  layered, occa- 

sional oxidized l a y e r s ,  
grey 

+ $ & k ~ ~ ~ e e  tine sar.d, trace 
o f  organic laminat ions , 
to 1/8" thickness, s l i g h t  
p l a s t i c i t y ,  grey 

INFORMATION 



ELEVATION: 9 9 . 3 8  rn 

DESCRIPTION 

7 -1 



IELEVATION: 4 1 r . 5 3  m 

T 
.L " 

-"L"- T 0 w z 
w OTHER 
lx INFORMATION 
z 
U 



"" """-"-.+"" .""." "._.. "__. _"_ 

'ROJECT NO : K 3571 , !ELEVATION: 9 9 . 5 7  m 

DESCRIPTION 

occasional 

ck 

I 

Bottom o f  Hole at 2 0 . 0 '  

ILOCATION: 
"I+ 

I T 

I 

G a t h e r i n g  Sys tem 

I"- - 

I OTHER ' 
INFORMATION 



ROJECT NO.: F: 3 5 7 1  

BULK DENSITY (pcf) e 
6? 8p l?O I?O 

MOISTURE CONTENT 
20 40 60 80 

DESCRIPTION 

I .  5 ' PEAT - n:oss and roots 
SILT - c l a y e y ,  occasional wood 

chips; low p l a s t i c ,  
o r q a n l c ,  b r o w n - q r e y  

- no organ ic s ,  rlrcy 

- o r g a n i c s  and wood chips, 
current bedding  

s p o t s  
- mottled w i t h  o x i d i z e d  

- some orqanics  in l / 2 "  
layers 

Nb 

QTHER 
INFORMATION 

. 3 . 8  ' - 1 6 . 0  
:ore not recovered 
)y  core bar re l ,  
mle reamed out by 
iir blasting 



DESCRIPTION 

vs s c z  

.2 * 0 ' 
" - current bedding, grey w i t h  

brown layers 

3 L3 ' - clayey, trace organics 

_s .,o ' 
- L i t t l e  organics in 1/2" 

layers 

Bottom of Hole a t  2 0 . 7 '  
,- 

-I" 

h 

!'  

OTHER 
INFORMATION 



'ROJECT NO.: IC 3 5 7 1  

w p - 0  w -  0 W L " A  

- 
c 
w 

BULK DENSITY (pcf )  a 2 
50 8p 100 IFO . J 

M0;STURE dONTENT 
20 40 60 80 0 

DESCRIPTION 

CE 4- S I L T  ( T I L L - l i k < ~ ~ -  Sandy,  
",-ace gravel, g r a v e l  Layer 
at 2 . 5 ' ,  low p l a a t i c ,  brown 

Bottom o f  Hole at 2 . 5 '  

FINISH: 9 : 30 

Gat.hering System r 
OTHER 

INFORMATION 

P i l o t  hole to 0 . 5 '  

" 

unab le  to Tene- 
f,r;lte gravel layer  
w i t h  CRREL tech- 
niques  



'ROJECT NO.: K 3 5 7 1  

L 

ELEVATION: 1117.32 m 

0 
0 
A 

DESCRIPTION 
2 

a 
z e 

ICE+ + SILT (TILL-like) 

1.0' ~. - 

SILT ( T I L L - l i k e ? )  - claye 
sand, t r a c e  grave l  
s i z e ,  lov plastic 

N 

OTHER 
INFORMATION 



----I" 
-*- 

TEST HOLE LOG 

'ROJECT NO.: K 3571 

BULK DENSITY (pcf) 0 
SO 8p 100 I20 

20 40 60 80 

DESCRIPTION OTHER 
INFORMATION 



'ROJECT NO.: ": 3 5 7 1  

BULK DENSITY (pcf) 
60 8p 100 IF0 

MOISTURE CONTENT 
20 40 60 80 

DESCRIPTION 

ZILT - c l a y e y ,  low p:35tic 

5::' 
( T I L L - L i k e )  - c l . ayey ,  trace 
gravel, low plas t.ic 

3.21 
:LAY (TILL-~G) - s i l t y ,  gravel 

to 1 / 2 "  s i z e ,  loa p l a s t i c  

.6.0 
:LAY (TILL-like) - low to medium 

plastic 

Bottom o f  Hole at 30.0' 

V 
3 0 %  

OTHER 
INFORMATION I "---i' 

- I  
:I 
- I  
:I 



'ROJECT NO.: K 3 5 7 1  

20 40 GO RQ 

ELEVATION: 9 9 . 2 2  m 

"---T- 

DESCRIPTION a a INFORMATION 

hit gravel a t  2 0  .: 
d r i L l c d  to 2 2 , O '  

. w i t h  rock bit 



I, 
BULK DENSlTY(pcf)@ 
60 Bp IF0 1?0 

r 

DESCRIPTION 

I 
I 

INFORMATION 



ROJECT NO.: I: 3 5 7 !  

I 

OTHER 
INFORMATION 

Pilot hole to 1.0' 
Microscopic 

examin;it;ion 

core not coming 

reamed o u t  hole  
up i 1 l  Larrc.l, 

'late 7 - 7 9  
iheet I of 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DlVlSlON 

PROJECT NO.: K 3 5 7 1  

DESCRIPTION 

. . .  ...... t. . ." . 

. <. *. . . . .  . . .  . . .  
. . .  . . .  . . .  - . . . .  .. c16/ 
. . . .  . . .  *. . ,  

h0 
to 



TEST HOLE L O G  
R.M.HARDY & ASSOCIATES L,TD. 

CONSULTING  ENGINEERING a PROFESSIONAL SERVICES URCES LIMITED 
GEOTECHNICAL  DIVISION 

"" 

IROJECT NO.: K 3 5 7 1  

BULK DENSITY(pcf) 
63 8p I?O I20 

MOISTURE CONTENT 
20 40 60 ao 

DESCRIPTION 

7 - 0 '  ~ 

/ CLAY - s i l t y ,  f o s s i l  a:> wmd 
'I 

chips ,  low to medium 
p l a s t i c  

' 1.0.5' 

CLAY - v e r y  silty, low plastic, 
dark g r e y  

dark grey 
- clayey, low p l a s t l c ,  

- some sand 

Cathcriny System 

o T n m  
INFORMATION 



IELEVATION: 9 9 . 6 2  rn JLOCATIQN: Gathering System 

MOISTURE CONTENT 

I I I I I I I I I  

DESCRIPTION 

PEAT - f i b r o u s ,  woody, brown 

..;I 

1.5 green 
S1:T - sandy, low plastic,  dark 

- organic inclusions, wood 
chips 

. "  

8.2' 
" 

- organics - branches  
v e r t i c a l  ice to 

1/10'' thick 

vertical and hori- 
zon ta l  i ce  l e n s e s  

ice  lenses to 1 / 4 "  t h i c k  

924' 2" diameter pocket of peat 

3,3" - p e a t  inclusion, woody 

IS, 8' 
5, - and sand 

- peat Layers to 1/4" t h i c k ,  
woody 

Bottom o f  Hole a t  2 9 . 7 '  

OTHER 
INFORMATION 

'ilot hole to 1.0' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 





U ., T I M CO-ORDINATES 1 ELEVATIONS (m) _. . . - ." 3- Test Hole Northing Eas t ing  Approx. Geodetic2 Project 

KXW-1 
KXW-2 

KXC-1 
KXC-2 
KXC-3 
KXC-4 
KXC-5 
KXC-6 
KXC-7 
KXC-8 
KXC-9 
KXC-10 
KXC-11 
KXC-12 
KXC-13 
KXC-14 
RXC-15 
KXC-16 

KXE-1 
KXE-2 
KXE-3 
KXE-4 
KXE-5 

7 6 8 9  (454.45 4 8 9  2 1 8 . 5 7  
7 6 8 9  070.66 4 8 9  1 4 5 . 3 5  

7 6 8 9  050.05 4 8 9  232.89 
7 6 8 9  045.69 4 8 9  247.23 
7 689 036.97 4 8 9  275.92  

7 6 8 9  004.08 4 8 9  384.31 
7 688 979.87 489  463.98  
7 6 8 8  9 5 5 . 6 6  4 8 9  543.65 
7 688 931.45 489 623.32 
7 6 8 8  907.23 4 8 9  702.99 
7 688 883.02 489 782 .66  
7 6 8 8  874 .30  4 8 9  811.35 
7 6 8 8  8 6 5 . 5 8  4 5 9  840.04 
7 68% 945.12 4 8 9  826 .16  
7 688 938.93  489 855.50 
7 688 7 9 8 , 4 1  4 8 9  795.22 
7 688 792.22 489 824.57 

7 6 8 9  0 2 8 . 2 9  4 8 9  3 0 4 . 6 4  

7 6.88 8 5 6 , 8 6  4 8 9  8 6 8 . 7 3  
7 6 8 8  848.14 4 8 9  897.42  
7 688 842.33 4 8 9  916.55  
7 688 932.74 4 8 9  8 8 4 . 8 5  
7 6 8 8  739.72 489 782.85 

2 . 1 0 9  
I .  7 9 2  

:1. . 2 6 2 
13 ,860  
1. li 6 7 
? , 1 4 9  
.i. J. 2 8 
3 . 1 5 8  
I * 1 6 4  
I .* I 3 4 
1 1 7 7  
0 I 7 6 5  
0 .869 
1 m 039  
0 1951 
0 930  
0 * 799  
0 * 954  

0.988 
1 256  
1 . 6 2 2  
x. 0:12 
0.994 

99.853 
99 * 536 

99 .006 
9 8  - 604  
98 I 8 1 1  
9 8  893  
98 I 8 7 2  
98.902 
98 .I 908 
98 .878 
9 8  921. 
98 509 
98.613 
98 7 8 3  
98  (. 6 9 5  
98.674 
98.543 
98.698 

98.732 
99.000 
99.366 
98.756 
98.738 

Notes: 

1. Co-ordinates der ived from authorized monument C-235 and 

2, D a t u m :  Lower f lange  on M-19 Wellhead, E l .  2 .590  rn 
3.  Datum: B.M. #I, inst.al1ed March 1977, El. 100.00 m 

are. U.T.M. R.M. 135O (Zone 8 )  





DESCRIPTION 

"- 



----"- TEST t "" . .  

CONSULTING ENGINEERING & PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

w,-a w -  0 W , - a  
'DYNAMIC CONE- 

(blows/foot) 
PENETRATION * 
20 4.0 6p 8.0 

ELEVATION: - 

! I  

DESCRIPTION 

SILT - clayey, some orgafiics,  
low plastic,  rust specks , 
porous , grey 

5 '  

OTHER 
INFORMATION 

4'' CRREL to 3.1' 

:hanged to Dynamic 
Cone 

ssumed f r o z e n  at 
5 . 5 '  depth 

,ocated 2 5 . 0  ' west 
o f  K x w - 1 .  



DESCRIPTION 

I 



PROJECT NO.: R 3571 

DESCRIPTION 

West Kumak Crossing 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL, SERVICES 

GEOTECHNICAL DIVISION 

'DYNAMIC CONE 
PENETRATION 

blows/foot) A 

BULK DENSITY (pcf) a 

MOISTURE CONTENT 
20 40 60 80 

60 ap I" I?O 

.. . 
" 

SILT - clayey,  low ; > l a s t . i c ,  
grey-brown, r1;st s t a i n s  

?-. Q ' 
- less clay 

Bottom o f  Bo1.e at 14.0' 

4 "  CRHEL to 3.0' 
Thaw Conso l ida t ion  

Test  - See P l a t e  
5-39 

Cha.nged to Dynamic 
Cone 

Located 2 5 . 0 '  e a s t  
of E : x w - 1 .  



GEOTLCHNICAL DlVlSION 

PROJECT NO.: K 3 5 7 1  

.-% 
v *--- 

i .  
30 

DESCRIPTION 

. -  6 . 7 '  



IELEVATION: 9Y.54 El 

DESCRIPTION 

S I L T  - sandy,  t r ac t?  0 r y a n l . c  
laminations, L o w  plastic, 
c u r r e n t  bedded, grey 

t 



ROJECT NO.: K 3 5 7 1  

29 40 6,O 89 

60 8p I F  1120 

T 
~ELEVATION: 99.01 rn ]LOCATION: 

.!LO'- and .sand , non p l a s t i c ,  

'_9L7' - wood inclusion 
!'*-' ' - sandy, trace organj  c 

l . amina t ions  to 1/16" 

grev 

: . 5 '  , , ._ ". clayey, slight p l a s t i c i t y  

t h i c k n e s s ,  s l i g h t  p l a s -  
ticity, grey-brown 

' 7 . 0 '  " 

- clavev, low piastic 

Bottom o f  Hole at 30 .r3' 

Kumak Crossins I 



TEST HOLE LOG 

CONSULTlNG ENGlNEERING & PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

MOISTURE CONTENT 
20 40 60 80 . . .  

ELEVATION: 

I 

low p l a s t i c ,  grey I::::: 
- *. 

. . .  . . .  . . .  . . .  . . .  . " .  . . .  

. .* , *. .. , .. , . . .  

. .* 
* .. 
. ,. .. , 

- o r g a n i c  lens  1/16" t h i c k  .::..' 
brown . . .  . . .  

. . .  . . .  . . .  * .. . .* 
* *. .. , * .  , .. , . . .  

- o r g a n i c  l ens ,  brown 

OTHER 
INFORMATION 

r i l o t  h o l e  to 1 . 0 '  
." 

4" CRREL 

Changed to V'I" 

" 

'late J-9 



JLOCATION: Kumak Crossing 

DESCRIPTION 

W 

- 52 
:..:: 

organic: laminations, non .::.. 
to low p l a s t i c ,  grey . ,. 

1 SYLT - and fir,e sand, trace of 
I 

~ 

~ 

. . .  
f a t  . . .  
* .. . ". . . .  . . .  i . . .  

i 
I 

*.." 
. . .  

3 8 . 0 '  
SAND - and s i l t ,  fine grained, -:!!:: 

trace organics, current I..:: 
bedded, grey 

*. , 
42,3"::!1: 

.. , 

2"  unfrozen .. , .. , 

4 4 . 0 '  
.. , .. , 

I - 
CL,AY (TILL-like) - firm, s i l t y ,  

trace o f  gravel and sand,  
l o w  p l a s t i c ,  grey 

51.5' 

UF 

L 

OTHER 
INFORMATION 

:hanged to Xash 
Boring 

!hanged to S p l i t -  

Nr? 1 
spoon 

Located 50.0' e a s t  
O f  KXC-2.  



F IELEVATION: 98.81 rn 

BULK DENSITY (pcf) a 
60 8p roo l?O 

MOISTURE CONTENT 
20 40 60 80 

DESCRIPTION 

ICE 

2 . 5 '  

SILT - c l a y e y ,  sandy, low p las  
tic, grey 

i 0' 
- very loose, clayey, some 

sand, low p l a s t i c ,  grey 

10.0 '  " 
- and f z n e  sand, very 

loose, q u i c k  d i l a t a r ~ c y ,  
non  p l a s t i c ,  grey 

OTHER 
INFORMATION 

hanged to was!? 
bor i .ny  and SPT 

N= 3 

J =  3 



SROJECT NO.: K 3571 IELEVATION: 98.81 rn LOCATION: Rurnak Crossing 

MOISTURE CONTENT 
20 40 60 80 

DESCRIPTION 

SILT - and f i n e  sand, very 
loose, fine grained, nag 
plastic, qaick dialkaancy, 
grey 

CLAY (TILL-like) - f i r m ,  silt.v, 
trace fine g r a v e l  and 
sand, low plastic, grey 

OTHER 
INFORMATION 

N= 4 

N- 5 

N = 2 3  



"" 

R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

111 

GEOTECHNICAL DIVISION 

ELEVATION: 9 8 . 8 9  m 
I 

DESCRIPTION 

Kumak Crossing 

UF 

Changed to wash 
bor ing  and SPT 

N=l 



R.M.HARDY L ASSOCIATES 170. TEST HOLE NC 

GEOTECHNICAL DIVl$lON 

MOISTURE CONTENT 
20 40 60 80 

IELEVATION: 9 8 . 8 9  m 

DESCRIPTION 

1 Bottom of Hole at 56.5' 

I 
." 



"- .+ -1 

TEST HOLE LOG 

OGGED BY:  ICJ 

w p - 0  w - a WL" b 

c 
c 
QJ 

BULK DENSITY (pcf) 0 5 
60 8p l?O 1?0 E 

MOISTURE CONTENT 4 
20 40 60 80 a 

ELEVATION: 9 8 . 8 7  m 
I 

DESCRIPTION 

- trace o f  

CF 

_I 

OTHER 
INFORMATION 



R.M.HARDY ASSOCIATES L:;TD. 
CONSL'LTING ENGINEERING Y PROFESSIONAL SERViCES 

."\" 
GEOTECWNICAL DIVISION 

EP - B A D  

LOGGED BY: AN !DRAWN B Y :  C P W U D  ICHECKED: A J H  IDATE: 9 March 1 9 7 7  I . .. 

t. " I I 
(RIG: s. D. s .  (METHOD: SPT,  WASH ISTART: 8:OO IFINISH: 1 0 :  25 I 
PROJECT NO.: X 3571 

wp-0  w -  0 wL- h I 

! 

I - + a , !  
BULK DENSlfY(pcfl0 E ~ 

60 8p l?O l p  I 
MOISTURE  CONTENT 8 j 

]ELEVATION: 9 8 . 9 0  in 1 L-OCATION: 

3 3 6 . 5 '  
CLAY (TILL-like) - stiff to 

very s t i f f ,  trace f i n e  t( 
coarse sand ,  trace grave 
t o  1 . 5 "  size, medium 
p l a s t i c ,  grey 

Kumak C r o s s i n g  I 

INFORMATION 



R.M.HARDY & ASSOCIATES LYD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

'ROJECT NO.: X 3571 ILOCATION: Kumak Crossing 

BULK DENSITY(pcf) 
60 8p 1 0 0  1120 

M O ~ U R E  CONTENT 
20 40 60 80 

DESCRIPTION 

Bottom of Hole at 4 5 . 5 '  

OTHER 
INFORMATION 

?,P.=1.7 TSI" 

:banged to wash 
boring and SPT 

vote J-17 
i h e e t l  o f 2  



I TEST HOLE LOG.. a 

>ROJECT NO.: K 3 5 7 1  

BULK DENSITY (pcf) e 
6,O 8,O IpO l,20 

MOISTURE CONTENT 

C "  

c 3 

ELEVATION: 9 8 . 8 8  rn 

DESCRIPTION 

ICE 

WATER 
- ." 

UF 

I 

Kumak Crossiqg I 

-1 INFORMATION OTHER 

Piston sampler 
pushed between 
Shelby  tube 
samples 

Changed to wash 
boring betwee11 
Shelby  t u b e  
sanp l e  s 



I TEST HOLE LOG 
FZ.M.HARDV & ASSOCIATES LTD. SHELL CANADA TEST HOLE NO. 

CONSULTING ENGINEERING a PROFESSIOY.4L SEi(VICELi 
""" RESOURCES LIMITED 

GEOTECHNICAL DlVlSlON K X C - 8  

BULK DENSITY (pcf) 
60 8p l5)O IF0 

M0;STURE CONTENT 
20 40 60 80 

IELEVATION: 9 8 . 8 8  rn 

DESCRIPTION 

i 

Bottom of Hole at 6 0 . 0 '  

OTHER 
INFORMATION 

P . P . = I . .  0 TSF 

?.P.=1.0 TSF 



IELEVATION: 9 8 . 9 2  m ILOCATION: Kumak Ccoss ing 

BULK DENSITY (pcf) 8 
60 8p 1 0 0  1120 

MOISTURE CONTENT 
2 0  40 60 80 

DESCRIPTION 

ICE 

4,5' 
WATER 

5 . 5 '  - 
SILT - c l a y e y ,  some organics  

to 10.0' depth, low plas- 
tic, grey 

2 j  .,D ' - trace f i n e  sand 

2-5 -0 ' - clayey, low plastic, 

OTHER 
INFORMATION 

P i s t o a  sampler 
pushed between 
She lby  tube 
samples 

Changed to wash 
boring between 
S h e l b y  tube 
samples 

'late J-20 
; h e e t A  o f 2  



R.M.HARDY & ASSOCIATES LTD. 

GEOTECHNICAL DIVISION 

ROJECT NO.: K 3571 

.+. 
c 

ELEVATION: 9 8 . 9 2  m LOCATION: Kwmak Crossing 

DESCRIPTION 

CLAY ( T I L L - l i k e )  - hard ,  little 
s a n d ,  little g r a v e l ,  low 
p l a s t i c ,  grey 

3 3 . 5 '  

Bottom of Hole at 3 3 . 5 '  

OTHER 
INFORMATION 

V = 5 0  



CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 
GEOTECHNICAL DlVlSlON 

ELEVATION: 98.51 m 
. 3  

PESCRIPTION 

SILT - clayey, low p l a s t i c ,  
g rey  

ZL 2' - sandy 

j2 6 ' 
- s l i g h t  current bedding 

CLAY (TILL-like) - very dense, 
trace fine to coarse san; 
occasional g r a v e l  to 1.0 
size, low p l a s t i c ,  Trey 

ILOCATIQN: Kumak Cross ing 

OTHER 
INFORMATION 

4" CRREL 

At 3.1' , lost teetk 
moved hole  5 . O '  
W e s t  Of KXC-1OA. 

:hanged to VTM at 
7 . 5 '  

A t  8 . 3 ' ,  l o s t  P i t  
Seal, moved east 
10.0 ' KXC-108 - 

'late 5-23 
;heel 1 of 



 PROJECT NO.: K 3 5 7 1  IELEVATION: 98.51 m 

I I r  
-c 
a 

BULK DENStTY (pcf) P 
MOISTURE CONTENT 
60 8p I?O 1120 

20 40 60 80 t 

DESCRIPTION 

"" 

(:I,AY ( ~ I L 1 , - 1 j , X e )  - ./pry dense, 
trace fine to coarse sand  
occas iona l  g r a v e l .  to 1.0" 
size, %ow plastic, g r e y  

I 

ILOCATION: Kumak Crossing I 

INFORMATION 



'ROJECT NO.: K 3571 

BULK DENSITY (pcf) 
60 89 l f>o  IF0 

MOISTURE CONTENT 
20 40 60 80 

Kumak Crossing 

OTHER 
INFORMATION 

i 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



. .  . .. . (a R.M.HARDV L ASSOCIATES LTO, 
CONSULTING ENGINEERING B PROFESSIONAL  SERVICES 

" 

GEOTECHNICAL DIVISION 

WOJECT NO.: K 3571 

BULK DENSITY (pcf) 
60 8p I F  IF0 

MOISTURE CONTENT 
20 40 60 80 

Y 

ELEVATION: 98.61 rn 
P 

0 

DESCRIPTION 

CLAY (TILL-like) - t r a c e  gravel 
to 1" s i z e ,  t r ace  t ine to 
coarse s a n d ,  medium plas- 
t i c ,  yrcy 

3 6, L'. 
Lis" c:e let1ses 

39.0' 

Bottom o l i . > l c  at 33 . O '  

I 

]LOCATION: Kurnak C r o s s i n g  I 

OTHER 
INFORMATION 

i 



IELEVATION: 98.78 m 'ROJECT NO.: K 3571 

DESCRIPTION 

plastic , grey 

" 

- s i l t y ,  non p l a s t i c ,  
brown 

6.0' 
trace' fine sand, low 

plastic, grey 

- fAne y r a i n e d ,  rust col- 
- trace fine sand ,  low 

15.3' o l a s v i c .  arev 
;P *.',I GRAVEL - sandy 

.A I 

B grey 
gravel ,  medium plastic, 

gravel, medium p l a s t i c ,  

I 

" 

rt 
c 

-. 
C 

n 
.+ 

n 
u 

C 

C 

C 

C 

C 

C - 
u 

C 

c 

C 

C 

C 

C 

C 



I TEST HOLE LOG 1 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING & PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

WP'O w -  0 w - A  L 

ELEVATION: 9 8 . 7 8  KI 

DESCRIPTION 

CL,AY ( T I I , L - l i k e )  - silty, trace 
grave l ,  medium p l a s t i c ,  
grey 

+3"L 0 ' 
- trace f i n e  to coarse 

sand 

40.3' 

Bottom of H o l e  at 40.3' 

I- 

* 

;?, 

Plate 5-2' '  

Sheet of 2 



IPROJECT NO.: K 3 5 7 1  

BULK DENSITY (pcf) 0 
60 89 IF 1120 

MOISTURE CONTENT 

l i i i i i i i l t l  

DESCRIPTION 

SILT - clayey,  low p l a s t i c ,  

.- 2 . j t  - 
- c u r r e n t  bedded, some sand 

l e n s e s  
" 4.Q' - non p l a s t i c ,  brown 
S ,Ol - c l a y e y ,  l o w  plastic, greq 

L 7 . 5 '  
GRAVEL - sandy 

L 8 . 5 '  
CLAY (TILL-like) - s i l t y ,  sandy 

vel,to 1.0" size, 
? ? t i r .  nrrv 

Bottom of Hole at 2 0 . 0 '  

L 

4 

1 

4 "  CRREL 

hanged to VTM 



I I TEST HOLE LOG 
i R.M.HARDY & ASSOCIATES LTD. 

TEST HOLE NO. 
KXC-14 CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

CANEP - BROWN &  ROOT 

ELEVATION: 9 8 . 6 7  m LOCATION: Kumak Crossing r OTHER 
INFORMATION 

+ 
al 

BULK DENSITY (pcf) 9 
6p 8p 100 l , 2 Q  

MOISTURE CONTENT 3 
20 40 60 80 0 

DESCRIPTION 

- 
VS 
1 0 %  

- "_ 
2 0 4  

10% 
.."_ 

2 0 %  

1 0 %  
." - " 

SILT - low plastic, c u r r p n t  
bedded, grey  

P i l o t  h o l e  to 1.0' 
4" CRREL 

7, L' 
1/4" i c e  lenses 

9~ Q' 
L / 4 "  ice Lenses la. O! 
1/4" ice lenses 

LJ;5 I 

- c l a y e y ,  medium plastic, 
g r e y  

CLAY (TILL-like) at 1 6 . 5 '  death I" 



'ROJECT NO.: K 3571 ELEVATION: 9 8 . 5 4  m 

DESCRIPTION 

2.0' 
- sandy 

." 15.0' 

low plastic 

1" i c e  lens 

- organic l a m i n a t i o n s  

2 0 . 5 '  

CLAY (TILL-li 

plastic, grey 

Kmak Crossing 

OTHER 
INFORMA7 'ION 

4" CRREL 

ChaRged ta VTM 



7 TEST HOLE L O G  
R.M.HARDY & ASSOCIATES LTD. "_." 

CONSULTING ENGINEERING PROFESSIONAL. SERVICES 
GEOTECHNICAL DIVISION 

ROJECT NO.: K 3 5 7 1  

c 
r 
m 

BULK DENSITY (pcf) * ?- 
E 

MOISTURE CONTENT 

60 8p l o 0  1?0 

20 40 60 80 0 

ELEVATION: 9 8 . 5 4  m 
I 

DESCRIPTION 

- - 
CL?\Y ( Y L L L - ~ L ~ ~ )  - s i l t y ,  t race 

of g r a v e l  t o  1.0" size, 
medium plastic, dark grey 

-3; 2 ' - sea s h e l l .  

~ o t t o m  of Hole at 4 0 . 0 '  

"L 

OTHER 
INFORMATION 



TEST HOLE LOG 
. . .- . . . .. . . 

CONSULTING ENGINEERING 8. PROFESSIONAL SERVICES 
GEOTECHNICAL OlVlSlON 

60 80 100 120 

'ROJECT NO.: K 3571 ELEVATION: 9 8 . 7 0  m 
I I 

ILOCATION: 

C 

C 

C 

C 

C 

C 

C 

C 

C 

c 
C 

c 
C 

KuInak Crossing 

OTHER 
INFORMATION 

P i l o t  h o l e  to 1.0' 
4 "  CRREL 

1 

'late J-32 
iheet 2 of __ I 

L 



CONSULTING ENGINEERING a PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

ROJECT NO.: K 3 5 7 1  

BULK DENSITY Ipcf) @ 
6? 8p lQ0 IpO 

MOISTURE CONTENT 
20 40 60 80 " 

I 

DESCRIPTION 

SILT - trace f i n e  s a n d ,  low :,+ ,* 1: Nb 
plastic, grey-brown -. .. .. .. 

.. . .. . 

OTHER 
INFORMATIGN 

Pilot hole  to 1 , 5 '  

Plate J-77 
Sheet 1 of 2 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING &  PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

b 1 PROJECT NO.: K 3571 IELEVATION: 9 8 . 7 3  rn 

DESCRIPTION 

CLAY (TILL-like) - s i l t y ,  tract 
fine sand, trace g r a v e l  k' 
1.5" size, medium p l a s t i c  
grey 

?.5 L O ,  
ice lenses to 
l/Z" thickness 

3 9 . 5 '  
Bottom o f  Hole at 3 9 . 3 '  

ILOCATION: 
c 

C 
2 
a 
LL 

> a 
I- 
CI, 

a 
I 
4 cr 

22 
I 

w 

:2 

:2 

: 2  

:2 

!2 

:2  

East  Kumak Crossins I 



R.M.HARDY & ASSOCIATES LTD. 

GEOTECHNICAL DIVISION 

PROJECT NO.: E: 3571 

BULK DENSITY ( p c f )  0 
6? 8p I W  1120 

MOISTURE CONTENT 
20 40 60 80 

Y 

ELEVATION: 99 .00  m 

DESCRIPTION 

/ i ~  

/ i / ~  

SILT - clayey, low plastic, 
current beaded, brown- 

l i i  
/ i ; ,  I I I " "  2 . 8 '  
; ! I  - f r i a b l e  

; i l  
$,I 5 , 4  ' 
f;;-6.0 GRAVEL - sandy 

CLAY (TILL-like) - sandy,  
little gravel to 3 "  s i z e ,  
medium p l a s t i c ,  grey 

Bottom of  Hole at 1 7 . 0 '  

I 

OTHER 
INFORMATION 



R.M.HARDY & ASSOCIATES LTD. ELL CANADA 

GEOTECHNICAL DIVISION 

ROJECT NO.: K 3 5 7 1  IELEVATION: 99.37 m 

BULK DENSITY (pcf) 
60 8p IF IF0 

MOISTURE CONTENT 
20 40 60 80 

10 

15 

20 

DESCRIPTION 

S I L T  - c l a y e y ,  some organics 
to 3.0' depth, l o w  plas- 
t i c ,  mottled grey and 

medium Dlastic, grey 

16 -0. 
from 16.0 ' - 2 0 . 0  
ice lenses from 
1 / 4 "  to 1/2" 
t h i c k n e s s  

3ottom of Hole a t  2 5 . 0 '  

/ILOCATIQN: East Kumak Crossing 

vx 
Vr 

( 5 %  

- 

h I INFORMATION 
OTHER y 

4 "  CRREL 

Bi 



I 

TEST HOLE LOG 
R.M.HARDY & ASSOCIATES L J D .  

CONSIJLTING ENG,tIEERING &PROFESSIONAL SERVICFS 
GElITECHNICIL DIVISION 

W P ' "  w -  0 w - A  L 

BULK DENSITY (pcf) 9 
60 80 I F  IF3 

MOISTURE CONTENT 
I 1  

20 40 60 80 

w 

ELEVATION: 9 8 . 7 6  m 

I 

DESCRIPTION 

1 

ILOCATION: E a s t  Kumak Crossing 

6 z 

:1 

12 

! 3  

: 4  

15 

:7  

:8 
:9 
:1 

:1 
:1 

Y 

A 
A 

OTHER 
INFORMATION 

P i l o t  h o l e  to 1.0' 



R.M.HARI3Y & ASSOCIATES L i D .  
CONSULTING ENGINEERING 8 PRGFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

IELEVATION: 9 8 . 7 4  m ILOCATION: 

DESCRIPTION 

gravel to 1.0" s i z e ,  
medium plastic, g r e y  

!A .-a ' - t race  gravel 

East Kumak Crossing 

OTHER 
INFORMATION 

P i l o t  hole to 1.0 ' 

'late Y-39  
heet -1 of 1 





S A M P L E   D A T A  

- 
KXW-IC 

. O '  
4 . 8 '  

" 

3.0'  
3 4 . 0  

KXC- 3 

" 

KXC - 7 

24.4  - 

18.2 

-01.8 
KXC-8 

" 

KXC-8 

0 .0 '  
41.5 

~ 

5.0' 
4 6 . 5  45.7 

" i I 

" 

i 





0
 

0
 

0
-
 

In
 

0
 -- 

i 

r4" 
0
 

0
 

P 

0
 

a 

w
 

f 



... 'I . 



T e s t  Hole Tocation:; and E:] ev, 1 t- i o n s  
R X 1  and R X 2  Crossings 

RX1-1 
RX1-lA 
RX1-3A 
RX1-4 

RX2-1 
RX2-1A 
RX2-2 
RX2-3 
RX2-4 
RX2-5 

7 6 8 7  0 4 4 . 9 2  4 8 9  6 0 4 . 4 9  
7 687 051.15 489 584.73 
7 687 059.23 489 559.15 
7 687 063.82 489 544.63 

7 687  1 2 3 . 5 9  489 8 9 6 . 9 0  
7 6 8 7  1 3 3 . 4 1  4 8 9  9 0 8 - 5 5  
7 6 8 7  1 0 9 . 4 1  489 880.09  
7 6 8 7  095.23 4 8 9  863.28 
7 687 081.05 489 846.47 
7 6 8 7  060.98  489 822.68 

0 . 8 1 1  
2,012 
0 *. 9 .j '7 
0 . 9 6 3  
0 .780  
1 , 5 6 7  

99  e 8 0 4  
9 8 . 0 0 6  
9 8  622 
9 9 . 5 5 1  

9 9 . 7 5 6  
98.555 
98  661 
98.707 
9 8  - 524  
98  .I 3 1 1  

Notes : 

I. Co-ordinates derived from authorized monument C-235 and 

2. Datum: Lower flange on "19 Wellhead, El. .  2 . 5 9 0  m 
3 .  Datum: B.M. #1, i n s t a l l e d  March 1977, El. 100.00 m 

are U.T .M,  R.M. 1-35' (Zone 8 )  





I TEST HOLE LOG 
% 

R.M.HARDY & ASSOCIATES LTD. SHELL CANADA @ RESOURCES LIMITED 
TEST HOLE NO 

CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION NIGLINTGAK GAS PROJECT RX1-  1 

CANEP - BROWN ROOT 

PROJECT NO.: K 3 5 7 2  

w p - O  w -  0 w - A L 

BULK DENSITY (pcfl 
6? 8p IF 1120 

MOISTURE CONTENT 
20 40 60 80 

DESCRIPTION 

cur ren t  be dde a 

1/4" ice 

1/4" ice 

INFORMATION 

Thaw Consolidation 
Test - See Plate 

K-27 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

OGGED BY: IGJ DRAWN BY: CPM/PD CHECKED: AJH DATE 12,13 March 1977 I 

ELEVATION: 98.01 m 

- 
c 
aJ 

BULK DENSITY (pcf) @ 
60 89 I F  1120 E 

DESCRlP7lON 

I C E  

3.2' 
SILT - c l a y e y ,  low p las t l - c ,  

grey - brown 
c layey ,  trace f i n e  sand, 
a l i g h t  plasticity, very 
loose, grey 



ELEVATION: 98.01 m 1 
1 

1 
SILT - c layey ,  l o w  p l a s t i c ,  

loose, grey 

35A0'-  sandy, slight p l a s t i c i t y ,  

I -  medium dense 

P S A N D e v e r y d c n s e ,  silty, acca 
5 0  0 '  

sional silt l amina t ions ,  
non plastic, grey 

t- 53.8' 
SILT - c layev ,  trace f i n e  sand 

trace of organics, low 
I p l a s t i c ,  laminated, grey 

SILT - trace f i n e  to caarse 
sand, trace of organics 
and s h e l l s ,  low plastic, 

DESCRIPTION 

I 

LOCATION: M I  Channel  C r o s s i n g  



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PflOFESSION4L SERVICE 5 

GEOTECHNICAL  DIVISION 

IPROJECT NO.: K 3571 ELEVATION: 98.01 m 

DESCRIPTION 

SILT .- trace fire to coarse 
 and, trace o f  organics  
and sea she1l3, low 
p l a s t i c ,  grey 

5 7 . 5 '  

Bottom of Hole at 6 7 . 5 '  

4 



R.M.H.ARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES RESOURCES LIMITED 

GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 ELEVATION: - 

DESCRIPTION 

I C E  

4.0' 

S I L T  - clayey,  low p l a s - t i c ,  
brown to grey 

ILOCATION: RXI C h a n n e l  Crossing 

T- 

"-& 
i. C:F Located 95.0' west 

o f  RX1-1  

Changed to Dynamic 
Cone 



ROJECT NO.: K 3 5 7 1  

- a  w - 0  w - A  

PENETRATION A 
'DYNAMIC CONE 

(blows/foot) 
2,O 4,O 6,O 8 9  

BULK DENSITY(pcf) * 
60 8? l f > o  1120 

MOISTURE CONTENT 

R.M.HARDY br ASSOCIATES L . 0 .  
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ELEVATION: - 

OESCElPTlON 

SILT - clayey,  low plastic, 
grey 

" trace of organics 

5 5 . 5 '  
GRAVEL - (from drllllng) 

SILT - l i t t l e  organics,  trace 
o f  grave l ,  low p l a s t i c ,  

Bottom of Hole at 5 8 . 5 '  

Changed to VTM 

Plate K - d  
Sheet 2 of 2 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ROJECT NO,: K 3571 

W p - 0  W -  0 WL- a 

BULK DENSITY (pcf) 
60 8p 1 0 0  I?O 

ELEVATION: - 

DESCRIPTION 

3.5' 
SILT - c l a y e y ,  some o r g a n i c s  

to 5.0' depth ,  low plas- 
t i c ,  g r e y  

"_ 6 * 5 ' -  loose, clayey, low plas- 
t i c ,  sa tu ra t ed ,  grey 

Id-0'  - loose, laminated 

L5-*0 ' - very l.oose, s a tu ra t ed ,  
¶reY 

ILOCATION: RX1 Charme1 Crossing 

OTHER 
INFORMATION 

4'' CRREL 
Located 3 3 . 0 '  west 
of Rx1-2. 

Changed to SPT 

=6 

=1 

=4 

=5  

".c 



'ROJECT NO.: K 3571 

MOISTURE CONTENT 
20 40 60 80 

DESCRIPTION 

S I L T  - loose, c l a y e y ,  Low 
p las t ic ,  grey 

"_ 4 4 . 0 ' -  medium dense,  s l i g h t  
laminations 

I 51*0'- " sandy,  slight. plasticity 
laminated, grey to brown 

56.0' 

Bottom of Hole at 56 - 0  ' 

W 

N= 3 

N= 4 

:i= :I 1 

N=43 

Changed to VTM 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNlCAL DIVISION 

ROJECT NO.: K 3 5 7 1  

BULK DENSITY (pcf) e 
60 80 I? 1120 

MOISTURE CONTENT 
1 1  

20 40 60 80 

ELEVATION: 98.62 rn 

I 

DESCRIPTION 
1 
! 
i 
1 

w 

C 

C 

C 

C 

C 

" 



R.M.HAROY d. ASSOCSATES LTD. 
CONSULTING ENGINEESING 6 PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

WOJECT NO.: K 3 5 7 1  IELEVATION: 9 8 . 6 2  m 

w p - 0  w -  0 wL- A 

c 

I 

BULK DENSITY (pcf) @ f 
60 8p I W  IF0 

MOISTURE CONTENT E 

DESCRIPTION 

grey 

Ed ' - medium dense, sandy 

!3.0' 
SAND - dense, s i l t y ,  non .. .. 

plastic, grey .. . *  

SILT - sandy, trace of organics;::::: 

.* <. 

.. .. 
T5.0' .. .. .. .. 

law plastic, grey .. * .  4 .  .. 
*. ." .. .. 
*I .* ,. .* . .. 

f" 

OTHER 
INFORMATION 

4 "  CRREL 
Located 8.0 ' n o r t h  
of RXI-3. 

Changed to SPT 

N=4 

N=46 

Changed to VTM 



I TEST HOLE L O G  
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING ENGINEERING B PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

H p " O  w - 0  w - A  L 

BULK DENSITY(pcf)@ 

MOISTURE CONTENT 
60 80 IF 170 

I I  

+ 
aJ e 
1 

X 
I- 

a B 
c 

3 c  

- 4 c  

-45 

ELEVATION: 9 8 , 6 2  m 

DESCRIPTION 

Bottom of Hole at 4 5 . 0 '  

ILOCATION: RXI. Channel Crossing 

Nh 

INFORMATION 



I TEST HOLE L O G  

CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 
GEOTECHNICAL DIVISION 

'ROJECT NO.: K 3571 I ELEVATION: 9 9 . 5 5  m 

I 

DESCRIPTION 

plastic, brown - grey 

I 

Bottom of H c l l e  at 9 . 5 '  

OTHER 
INFORMATION 

4"  CRREL 

Changed to Dynamic 
Cone 

Located 50.0 I w e s t  
of RX1."3, 



I TEST HOLE LOG 
R.M.HARDY dl ASSOCIATES LTR. 

CONSULTING ENGINEERING &PROFESSIONAL SERVICES 
GEOTECHNICAL DlVlSlON 

JROJECT NO.: K 3571 

W P ' O  w - 0 wL- a 

I Z  

MOISTURE CONTENT 
20 40 60 80 I a 

I I I I I I I I I  

7- 

ELEVATION: 99 .55  m 

DESCRIPTION 

SILT - c l a y e y ,  trace of orqan- 
ics, l o w  p l a s t i c ,  grey 

I -  organic  layer  

U'  - brown 

_" 15'0'- sandy,  clayey, s l i g h t  
p l a s t i c i t y ,  da rk  grey 

--- 2 8 . 0 ' -  some organic laminations 
to 1/4" t h i c k n e s s  

ILOCATION: 

Nb 

- 

OTHER 
INFORMATION 

4"--- 4 "  CRREL 



R.M.HARDY & ASSOCIATES LTD. 

GEOTECHHICAL DIVISION 

BULK DENSITY (pcf) 9 
60 8p I F  IFO 

MOISTURE CONTENT 
20 40 60 80 I 

ELEVATION: 9 9 , 5 5  m 
I 

DESCRIPTION 

Bottom o f  Hole at 4 5 . 0 '  

L 

(LOCATION: 

E 

OTHER 
INFORMATION 

I 
tocated 5 . 0 '  west  
and 6.0  ' south o f  
m1-4. i 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

PROJECT NO.: K 3 5 7 1  

MOISTURE CONTENT E 
2 0  40 60 80 I C 

ELEVATION: 79. S 5 m 

DESCRIPTION 

SILT - clayey, low p l a s t i c ,  
grey 

' - sandy 

u " o ' -  current bedded 

! 
I 

I 

I 
I 

! 

I 

C 

c 

C 

C 

c 

c 

c 

C 

C 

C 

OTHER 
INFORMATION 

iiole is  10.0' w e s t  
of RX1-4 ,  





I TEST HOLE LOG I 

ILOCATION: 

0 
X e 
.Q 

DESCRIPTION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL  DIVISION 

NORTHLAND I METHOD: 4 "  CRREL ISTART: II :oa I FINISH: 1 6  : 2 0 - -  - "1 

I %  

MOISTURE  CONTENT 

DESCRIPTION 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PAOFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

I ELEVATION: 99.76 m 

w p - 0  w -  El wl- D. 

BULK DENSITY (pcfl 
60 80 I F  1120 

I 1  

MOISTURE CONT~M 
20 40 60 80 .. . . .  

DESCRIPTION 

Nb 

- 
P 



R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ILOGGED BY: RGC DRAWN BY: CPM/5PD ICHECKED: AJH IDATI313 March 1977 

!PROJECT NO.: K 3571. 

I w p - 0  w -  0 WL-a 

40 
I 

ELEVATION: 9 8 . 6 6  m 

DESCRIPTION 

! I  

ILOCATION: RX2 Channel Crossing 

INFORMATION 

Changed to wash 
boring and SP% 



'F;I.M.HARDV a ASSOCIATES LTD. 
CONSULTING ENGINEERING B PROFESSIONAL SERVICES 

OEOTECHNEAL OMSION 

I 

! 

I 

! 
I 
I 
I 

I 
I 
" 

3 1  

5 -  

3 

5 

IELEVATION: 9 8 . 6 6  m 

I 

DESCRIPTION 

Bottom of Hole a t  5b. 5 '  

' I INFORMATION 
OTHER 

[I 



R.M.HARDY & ASSOCIATES LYD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

OEOTECHHICAL DIWSK)N 

DESCRIPTION 



I TEST HOLE LOG 

CONSULTING ENGINEERING a PROFESSIONAL SERVICES 
GEOECHNICAL DIVISION 

IPROJECT NO.: K 3571 ELEVATION: 98.71 m 

DESCRIPTION 

SAND - medium dense, silty, 
fine grained, non plastic, 
grey-brown 

35.0' 
" - loose,  sensitive to 

quicking 

45,O'  
SILT - verv dense. little fine 

sand ,* trace rounded and 
subangular grave l  to 1/2" 
size, non- to low plastic, 
grey-brown 

50.0' 
SAND - very  dense, s i l t y ,  fine 

grained, occasional small 
s h e l l  fragments,  non 
plastic, dry to damp, 
mottled  olive brown 

E E  n r  
22 .V 

SILT - little  fine sand , trace 
subrounded to , ,subangular  
gravel to 1/2 s i z e ,  
clavey,  occasional  small 
shell  fragments, non tw 
l o w  plastic, grey-brown 
Bottom of Hole at 5 6 . 5 '  

w2 Channel Crossing 

N = 1 4  

N = 6  

N = 57 

N = 69 

N = 4 0  



R.M.HARDY & ASSOCIATES LTD. SHELL CANADA TEST HOLE NO. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNlCAL DIVISION 

1 BY: P D M  /on IC1 

I"" 
.. . . 

IPROJECT NO.: K 3 5 7 1  ILOCATION: ELEVATION: 98.71 m 
I 

I :  
DESCRIPTION 

ICE 

VS 
65% 

Changed to Dynamic 
UF 

- 

J 

l . 0 '  " - medium dense 

I 

I ! 
1 23.0' 

Bottom o f  Hole at 23.0' 

Plde K-23 
Sheet - of - 1 1  
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R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING & PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

ROJECT NO.: K3571 IELEVATION: 9 8 . 5 2  m 
I 

ILOCATION: Rx2 Channel Crossing 

OTHER 
INFORMATION DESCRIPTION 

BULK DENSITY (pc0 
60 8p l?O 1120 

MOISTURE CONTENT 

SILT - some sand, c layey ,  
. -~ 

slight  plasticity, grey  

:hanged to wash 
boring and SPT 
1 x 9  

35.0' 
SAND - loose, s i l t y ,  fine 

grained,  occasional wood 
chips, non-plastic, brown 

43.0' 
CLAY - hard,  silty,  trace  sand, 

trace  gravel to 3 /8"  size, 
occasional f i n e  shell 
fragments, low to medium 
plastic, grey-brown 

= 3 3  

/ 

/ 
/ 

5 0 . 0 '  
SILT - and sand, very dense, non 

plastic, brown, occas iona l  
s h e l l  fragments 

= 8 6  

Bottom of Bole at 56.5' 



I TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD 

CONSULTING ENGINEERING & PROFESSIONAL SERVICES 
GEOTECHNICAL DlVlSlON 

CANEP - BROWN & ROOT 

I 
h 

RIG: NORTHLAND METHOD: 4 "  C R ~ L  START: 17  : 5 0  FINISH: 2 o : 5 5 

PROJECT NO.: K 3 5 7 1  98,31 m ILOCATION: R X 2  Channel. Crossing 

"s 





SUMMARY OF 

LABORATORY TESTING 
R . M m  A ASSOClAfu  L m  RXl Channel Crossin 
~...Y*"l*..".l".11l11~.-~.~,.l~*.L..""1I.. 

-: 
: 0  
- x  

5 . 5 '  
6 . 5 '  

haw Con- 
olidation 

late K-27 

E TABLE K-2 









TABLE L-1 

Test Hole Location and Elevation 
Deep Hole 

U,T.M. CO-ORDINATES" ELEVATIONS (m) 
Test Hole Northing Easting Approx. Geodetic' Project 

3 

DH-1 7 687 6 5 0 . 2 2  488 113.37 2 . 0 7 6  99.820 

Notes: 

1. Co-ordinates derived from authorized monument C-235 and 

2. Datum: Lower flange on "19 Wellhead, El. 2 . 5 9 0  m 
3 .  Datum: B.M. #1, installed March 1977, El. 100.00 m 

are U.T.M. R.M. 135O (Zone 8) 





R.M.HARDY & ASSOCIATES LTD. 
CONSULTING ENGINEERING a PROFESSIONAL SERVICES 

GEOTECHNICAL DIVSlON 

PROJECT NO.: K 3571 

w p - 0  w -  0 wL-o 

MOISTURE CONTENT 
20 40 60 80 I 

~ELEVATION: 9 9 . 8 2  m 

DESCRIPTION 

SILT - trace fine sand, l i t t l e  
organics to 4 . 0 '  depth, 
law plastic, brown 

"- waad p a r t i c l e s  

17,0 I -  l i t t l e  sand, laminated 

1 1/2" of 50% ice 
19-11 

?~2+~'- organic laminations to 
1/4" th ickness ,  brown 

ILOCATION: Deep Hole 

a 
W 2 
3 
w x 

OTHER 
INFORMATION 

I 
2 



w p - 0  w -  0 W L - A  

20 40 60 80 

DESCRIPTION 

SILT. - little fine sand, low 
plastic, laminated, grey 

I - sandier,  clayey 

3 y , o  "* I -  trace f i n e  3and, occa- 
sional organic  lamina- 
tions to LJR" thickness 

"- no more gland, cuirent 
bedded, organic Lamina- 
tions 

(LOCATION: Deep Ho1.e  



I TEST HOLE LOG 
R.M.HARDY ASSOCIATES LTD. 

CONSULTING ENGINEERING a PROFESSIONAL SERVICES 
GEOTECHNICAL DlVlSlON 

wp-0 w -  0 wL-& 

BULK DENSITY (pcfl e 
60 8p 1 1 3 0  IFQ 

MOISTURE CONTENT 
20 40 60 80 

c 

L 
v 

X 
l- a w a 
w 

65 

-7 t 

-7 1 

-8 

-8 

k 

~ELEVATION: 9 9 . 8 2  m 

DESCRIPTION 

SILT - trace fine s a n d ,   l i t t l e  
organic   Laminat ions  to  
1 / 2 "  t h i ckness ,  low plas-  
t i c ,  grey and brown 

2 . 6 '  
" 3 . 2 ' S w ~  - f i n e  g r a i n e d ,   s i l t y  
CLAY - s i l t y ,  low p l a s t i c  

6.5' 
SILT - occas iona l   o rgan ic  

lamina t ions ,  low p l a s t i c ,  
c u r r e n t  bedded, grey 

'5.0' 
CLAY - occasional organ ic  

Laminations, low p l a s t i c ,  
grey  and brown 

INFORMATION 



L 
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R.M.HARDY L ASSOCIATES LTD. 
CONSULTING  ENGINEERING 8 PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISDN 

JROJECT NO.: K 3571 ELEVATION: 99.82 m 

DESCRIPTION 

ILOCATION: 
I- 

! 
I 
I 

I 
I 
i 

! 

c 

n 
c 

C 

C 

c 

C 

C 

c 



R.M.HARDV & ASSOCIATES LTO. 
CONSULTING ENGINEERING &PROFESSIONAL SERVICES 

GEOTECHNICAL DIVISION 

TEST HOE .. 

;OURCES 

CANEP - W R C g W  

I ..a" . .< * .* 

; I c 

DH-1 

MOISTURE CONTENT 

I - 
181 

IETHOD: 4"CRREL, VTM ISTART' FINISH: 4 : 00 
I I I ELEVATION: 99 .82  rn 

DESCRIPTION 

SAND - tlne gra ined ,  s i l t y ,  
occas iona l  organic lamina- 
t i o n s  and wood chips, 
trace mica specks,  lamina- 
t e d  ,grey 

SILT - 'and f i n e  sand, little 
organic  laminations, trace 
mica specks, laminated, 
grey 

L53.0' 
" 

1 5 8 . 5 '  
SAND - fine gra ined ,  silty, 

l i t t l e  organic  lamina- 
tions to 1/4" t h i ckness ,  
t r a c e  mica specks, lamina- 
ted, grey  

LOCATION: 

1 4  ,, 0 
C X Y  - s i l t y ,  t r a c e  m i  

stals, medium plastic, 
f r i a b l e ,   o c c a s i o n a l  silt 
lenses, brown - grey 

Deep Hole I 



I TEST HOLE LOG 
R.M.HARDY & ASSOCIATES LTD. 

CONSULTING  ENGINEERING 8 PROFESSlONAL SERVICES 
GEOTECHNICAL  DIVISION 

PROJECT NO.: K 3571. ELEVATION: 9 9 . 8 2  m 

DESCRIPTION 

C M Y  - l i t t l e  s i l t ,  trace mica 
c r y s t a l s ,  medium p l a s t i c ,  
f r i a b l e ,   o c c a s i o n a l  silt 
lenses, brown - grey 

8 9 . 0 '  
SILT - clayey,  little organics  

wood ch ips ,  shells, trace 
mica specks, l o w  p l a s t i c ,  
grey 

;9-3* 3 '  - f i n e  o rgan ic   l aye r s  

W. '-  t r a c e  of organ ic  layers 
t r a c e  f i n e  sand 

204 .O ' 

Bottom of Hole a t  2 0 4 . 0 '  

I 

1 

OTHER 
INFORMATION 

Plate L-7 
Sheet 7 of 7 
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TEMPERATURE (OC) 
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Q” R M HARDY & ASSOCIATES LTD 

30 40 50 

0 5 IO 

@ RESOURCES LIMITED 
SHELL CANADA 

NlGLlNTGAK GAS PROJECT 

CANEP- BROWN6ROOT 

NlGLlNTGAK GROUND TEMPERATURES 
THERMISTOR PS-3 

(3571 -151 PLATE M * 1 
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TEMPERATURE (OF) 
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-25 - 20 - I5 -10 0 
TEMPERATURE ("C) 
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SHELL CANADA 
RESOURCES LIMITED 

NIG~INTGAK GROUND TEMPERATURES 
R M HARDV & ASSOCIATES LfO 
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K3571-151 PLATE M-2 
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TEMPERATURE ("C) 
SHELL CANADA '@ RESOURCES LIMITED 

I NIGLINTGAK GAS PROJECT 

NIGLINTGAK GROUND TEMPERATURES 
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K3571-151 PLATE "12 
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