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SHEAR STRENGTH, TSF
: o) . % Dmm @ In Situ Vane ® Pocket Penetromet PLASTIC WATER LiQuUID
- o L Y € meter OWwl LIMIT CONTENT,%  LIMIT
4 Z 35 . %
rHr, % " M M./g SOIL DESCRIPTION _AInC %%M A Torvane @® Unconfined Compression WW_ M,
- o =
N s & 2 W BOREHOLE GEOGRAPHICAL COORDINATES mo me $ Miniature vane @ Triaxial Compression 2o e @ ————— -+ e
R LAT. 70°22'14" N ; LONG. 135%0324" W = 557 ¢ Residual vane %S a8
= ]9D (open symbols refer to remolded tests) °
Water Depth: 179 FT. (54.6M)%* 0.2 0.4 0.6 0.8 1.0 1.2 20 40 80 80
0 / VERY SOFT DARK GRAY CLAY
98
/ 1 WOH |- WITH ORGANIC LAMINATIONS 10' TO 13° 98 e Lt @
/ 16 FT.(4.9M) U 8 R s i £ Sl
oo FIF MEDIUM DENSE 7O DENSE SILTY FINE SAND 5
L ~ MEDIUM DENSE TO 75'
~ 40 FLTY
L 15 |
24 ~0.99
80 w.“..... (CPT
SO v ~ CLAYEY 67' TO 70°
,.W.v., | 20 -~
Lt 2 ~ DARK GRAYISH BROWN 70' 7O 71.5° &
TR — DENSE BELOW 75°
80 -~ CLAYEY 81' TD 82.5' AND 83.5' TO 85°
N 86 FT. (26.2M) 25
£ Iy FROZEN SILTY SAND
MRS 439
~ 100 ”.““...,...Ju (cPT o 30 —
5 - CLAYEY 106' TO 108’
3 s 35
— 120 v.w. =16l
] 7
st M
ik 40
evid |l o
— 140 J R3] o
AL 151 FT. (46M) |2.¢0 45—
T * WATER DEPTH MEASURED AT 0445 HOURS [ CPT)
ON AUGUST 2, 1980
— 160
50
— 180 . 55 —
60 —
— 200
65
-~ 220
70
~ 240
75 —
— 260
80 —
— 280 85 —
90
—~ 300
100 -
— 320
105
— 340
110 —
~ 360 115
120
—~ 380
125
400 ] ] ]
Final Penetration: 151 FT. (46M) 40 80 120
Field Engineer. L. S. MARR KILOPASCALS
BORING 1, KOPANOAR M-13
BEAUFORT SEA, Oﬂ_umlomm CANADA
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* SHEAR STRENGTH, KSF PLASTIC WATER LIQUID
* 9 !
e o t , @ 8*3—: & insituvane ® Pocket Penetrometer O w LIMIT  CONTENT, % LIMIT s
gzl SOIL DESCRIPTION B 199=| A Torvane @ Unconfined Compression | Z @ I o + z
L g 12 @ §;§ € Miniature Vane B Triaxial Compression 2 (‘OO =
& 5 s 9 o lprk< a9} (open symbol refers to mois- | u
0 0<) ] s |2Z = 3| ture contents provided by o
N> (open symbols refer to remolded tests) | the University of Alberta)
Water Depth:186' AT 1925 HRS, AUG 3, 1978 0-149 20 30 40 50 60 20 40 60 80
0 T |PUSH|VERY SOF1 OLIVE GRAY CLAY ) 30 -
2 | 1 |- WITH BLACK ORGANIC STREAK TO 18 30 I
3 |PUSH] .. pEDIUM GRAY, 3' TO 12 32 g
4 lPusH 36 —O/ T
R 5 1 15.5'(4.7M) 44 & =
20 R g %g LIGHT OLIVE GRAY CALCARECUS SILTY FINE
il 8 | 20 | MBhmy caLcareous AT 16 Y.z 5
9 | 28 |- WITH CLAYEY SAND LAYER AND SHELL . .
bl E 10 FRAGMENTS AT 1 ]
3 11 15 10; 5
ok 12 15 |- WITH FINE GRAVEL, 24' TO 26"
FTH 13 | 15 |- WITH ORGANIC STREAK AT 24.5' 7
— 40 [F14H# 14 | 13 |- oLIvE GRAY BELOW 30 18
T4 15 | 13 |- wiTh BLACK SEAMS, 39' TO 48' 150
| 60 [F1H 16 | 13 |- wITH CLAY sEAmS AT s6! ’ 1
%5 - WITH BLACK POCKETS, 56' TO 58'
1PV 17 | 15 |- wITH CLAYEY SILT LAYER, 66' TO 66.5' @+t 203
ot ~ SLIGHTLY SILTY, 66.5' TO 67.5'
rle 18] 17 |- WITH FROZEN SEAMS AT. 77 S i
L 80 It ) 81'(24.7i) 25
:,: FROZEN OLIVE GRAY FINE SAND :__
33 | 34 |- siLTy TO 116" +
L1 I%Fle 20 |~ CALCAREQUS TO 120' so* ]
ejo g o
cistE 22 | 20 |- TRACE OF BLACK ORGANICS BELOW 85' 30
— 100 Fraeidll o3 ~ WITH CLAY AND SILT LAMINATIONS AT 87.5' A
- WITH VISIBLE ICE AT 87.5' i
8 24 | 40 | wiTH cLAY SEAMS AND LAYERS, 91' TO 92' I
g 25 | 60 |~ WITH SMALL wOOD PIECES, 91' TO 92' AND 4
P AT 112! 354
- | 100 |~ WITH SANDY SILT LAYERS, 96' TO 97' I
oo |- WITH CLAY POCKETS AND VISIBLE ICE FRAG-
- Ii‘&n‘w CAEEAFEESUS BELOW 120' 5?:
90 |- WITH CLAY POCKETS AND SHELL FRAGMENTS 407
BELOW 136’ 138" (42.0M) 6797 (@)
— FROZEN LAMINATED SILT, SAND AND CLAY &9y g T
- WITH VISIBLE 1/8'' ICE VEINS TO 147 AND so* et B
151" TO 155" S3* 45z
- WITH SANDY SILT LAYER'142 TO 143" 1y86° N iR
~ LIGHT OLIVE GRAY, 146' TO 193' (47 cu) 52 4— T
FROZEN OLIVE GRAY FINE SAND, SLIGHTLY
~ CALCAREQUS )
— WITH CLAY AND SILT SEAMS, 166' TO 170' i 50
~ WITH ORGANIC POCKETS AND STREAKS, 166' D) 1
TO 170' AND 180' TO 180.5'
WITH-SANDY SILT LAYER, 167" TO 1684 |- - - B O
- 60 |- sILTY, 180" TO. 190" 55=1
- WITH WOOD PIECES BELOW 182"
44 |- WITH COARSE SAND SEAM AT 192.5' g i
120 193'(58.211) C pu ol
3 MINAT T * i N
35 FROZEN OLIVE GRAY LAMINATED SAND, SILT ¢ 58* o) o e
- CLAY 51 -
_ T v 207!
13 WITH 1/8' ICE VEINS, 197" TO 198 207 il
50 J|FROZEN OLIVE GRAY LAMINATED CALCAREQOUS R T
60 SAND -AND SILT 654
— WITH VISIBLE ICE AT 209' AND 226' -+
= ~ CLAYEY, 205' TO 215' AND 235' TO 245°'
20 |_ WITH WOOD AND SHELL FRAGMENTS, 224' TO
150| Lot :
70
48,
50 4G 4
55 |- WITH SAND POCKETS, 251' TO 252! 4+ - 75
. 50 255'(77.7M) |
'\ T @t
\\‘I S0 IFROZEN QLIVE GRAY LAMINATED SILTY. CLAY = =
- 260NWNMd s4 | so| AWD SILT WITH INCLINED PARALLEL BEDDING 59% 80—
I 55 70 |- TRACE OF BLACK ORGANICS AT 267' AND + -
oo | 20| 285" TO 305" A
. N l 571 70 |- CLAY LAYER AT 286.5" g
L 280 \\{I 5% 854
\\ 1 58 | 60 |_ saNDY, 277' TO 287' c? e
1 59 gg - WITH FINE GRAVEL AT 287.5' + —f—
60 | 55 |- WITH wOOD FRAGMENTS AT 289 -+ - P
1 - WITH 1/16'" VISIBLE ICE VEIN AT 291°' " 90—
Ny 61 | 13 |- SANDY SLLT, 296" TO 297.5' 59 + 4.
L 300 §\= - SANDY CLAYEY SILT, 306' TO 306.5'
Pl 62 | 60 ‘ ‘ - =
I' 63 | 30 ; Hec 95=¢—
i 6s L 30 317'(56.6M) ot 1
L 300 \ VERY STIFF OLIVE GRAY CLAY '
~ CALCAR T '
CALCAREOUS TO 340 s o ® Ab
65 | 30 |- SILTY WITH NUMEROUS INCLINED SILT PART- 100=4—
l TINGS AND SEAMS TO 367 )
20 ¢
66 | 20 |- EVEN, HORIZONTAL, PARALLEL BEDDING g
— 340 BELOW 336"
67 | 20 |~ WITH ORGANIC STREAKS, 346' TO 348 58 ] 1054
68 | 20 59 Oo®@E A é N
- 360 ]
64 B ‘l 110
69| 20 . -
| % A o=l
; 701 20 |- WITH 1,4 VISIBLE ICE WEDGE AT 377' 547 59" 0 .‘ 115
— 380 ~ WITH BLACK ORGANIC STREAKS, 386' TO . ;
' 398! s8 O B ¢
4 71 | 15 |- GASSY, FLOCCULATED, 396' TO 397.5' k.
I ~ WITH ORGANIC ODOR BELOW 396" 1207
A §— «
| 400 \ 72 1 20 1 SILTY WITH SAND AND SILT SEAMS AND 54 = ¢ 4 g
\ POCKETS BELOW 406' 407" '
N 73 | 30 |~ _WITH SHELL FRAGMENTS_BELOW 406" (124.0M) é B b
125+
¥ SUBMERGED UNIT WEIGHTS PROVIDED | | n ’
L. 420 ‘ BY. THE UNIVERSITY OF ALBERTA.
**NUMBER OF BLOWS OF A 175-LB 130+
WEIGHT DROPPED APPROXIMATELY
5-FT REQUIRED TO PRODUCE A
440 12-IN. PENETRATION, EXCEPT
AS NOTED; OF A 2.25-IN. 0D, 1351
2.125-IN. ID SAMPLER. 2-IN. NOTE
SPLIT-BARREL USED AT 86° :
135' AND 180' PENETRATION THIS BOREHOLE WAS DRILLED BY MCCLELLAND
HEIGHT OF DROP OF 175-LB ENGINEERS IN AUGUST, 1978. DOME REQUESTED
-~ 460 WEIGHT APPROXIMATELY 1' TO FUGRO TO REPRODUCE THE LOG IN THIS REPORT 140~
27 BETWEEN 81' AND 300" IN ORDER TO COMPARE WITH FUGRO CONE
PENETRAT ION PENETROMETER (CPT) DATA. FUGRO CPT DATA
1S PRESENTED ON PLATE 2 AND IN APPENDIX C.
145+
— 480
. 1507
— 500
155
520 { { |
Final Penetration: 407' (124M) 100 200 30
Field Engineer: J. AL WOOLEY KiLOPASCALS

LOG OF BORING AND TEST RESULTS

BEAUFDORT SEA,

KOPANGAR M-13

OFFSHORE CANADA
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SUMMARY OF LABORATORY TESTING RESULTS — PERMAFROST

PROJECT NUMBER

SAMPLE DEPTH  |MOIST.| BULK | GROUND ice | ATIRRBERG piaINSIZE,  |oreanic
~~Trome INTERVAL | CONT.| DENS. | DESCRIPTION e T pL T i TGLAYTSiLT [5ANG GRAay |CONTENT[SOIL DESCRIPTION
(metres) (%) {(Mg/m3) (%) (%) (%) (%) (%) (%) (%) (%) {%)

1Al L | 3.15-3.30 92 1.52 | NOT FROZEN | 64 |33 |31 | 59(39 |2 |oO (MH) SILT & CLAY

18] L | 3.30-3.45 86 1.53 | NOT FROZEN | 68 |29 |39 | 51 {47 |2 |oO (CH) CLAY & SILT

1IC [ L | 3.45-3.60 81 1.52 | NOT FROZEN | 64 | 14 | 50 [ 51|47 |7 | O (CH) CLAY & SILT

ID| v | 3.60-3.75 L -..%meﬁmz

1E] v | 3.75-3.90 89 NOT FROZEN

1F | v | 3.90-4.00 85 NOT FROZEN | 62 | 28 | 34 (CH) CLAY

2a | B | 21.30-21.35 | 28 NOT FROZEN - 11090 }| o0 SAND

28] ¢ | 21.55-21.70 _NOT FROZEN | Nonglast{c 1|8 fo [ (SP-SM) SAND

2 | B | 21.70-21.75 | 26 NOT FROZEN - 120 | 80 | 0 (SM/SC) SAND

3a | PF | 30.50-30.65 FROZEN Nonglast {c 0 {13 {87 |0 (SM) SAND

38 B | 30.65-30.70 | 33 FROZEN 4 J20 | 76 (SM/SC) SAND
101-2941 siTE NUmBeR __KOPANOAR — CPT HOLE PAGE 9 OF 9
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TRIAXIAL TEST RESULTS - CURVE HOPPING TECHNIQUE

TABLE D-7
KOPANOAR CPT BOREHOLE
) : MOISTURE INITIAL EFFECTIVE CONDITIONS AT FAILURE EFFECTIVE EFFECT IVE
SAMPLE DEPTH usc SAMPLE BACK STRAIN CONTENT DRY CONFINING of +o3 .0y -~03 AXIAL COHES |ON FRICTION
NUMBER INTERVAL HEIGHT DIAMETER PRESSURE RATE INITIAL - FINAL DENSITY PRESSURE P 2 STRAIN INTERCEPT ANGLE
(m) (mm) (mm) (kPa) (¢/min) %) %) (Mg/m) (kPa) (kPa)  (kPa) %) (kPa) (degrees)
Ooszr_D>amDJDm>_sz (RECONSTITUTED)
2B 21.55-21.7 SP/SM 70 . 38 552 0.1 9 24 1.46 100 238 138 12
200 428 228 11 28 28
CONSOL {DATED-UNDRAINED (PERMAFROST)
3A 30.5 -30.65 SM 123 61 276 0.1 30 31 1.42 124 413 239 7
248 500 286 8 20 35
NOTES:

1. The reconstituted sand sample formed in a split mould and the sand placed at a moisture content of 9%.

obtained for Sample 2B. The permafrost sample 3A was at a relative density of 47% when thawed.

2. zm:m?ca porewater pressure response of 0.95 for both samples obtained by back pressure saturation.

3. Samples consolidated isotropically.

4. Cell pressure alternated and equilibrated at intervals of 1% axial strain.

A relative density of 56% was

5. Peak stress ratio failure was considered in CD triaxial test on Sample 2B. Sitress conditions at peak obliquity agreed with shear strength
envelopes defined by failure at maximum deviatoric stress.

6. Samples 2B and 3A were texturally similar.
Friction Angle:

parameters as fol lows:

33 degrees

6 kPa.

Considering all four failure points on the same envelope results in effective shear strength
Cohesion Intercept:
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