
SAMPLE SOIL CLASS. . CLASSIFICATION TESTS SECONOARY TESTS
DESIGNATION .

~2
1 2 Doy Org. loss 3 4

Thaw ThermalDEPTH Soil Gradation (%J Moist. Anerberg Umits Spec. Elec.
uses ICE Density by F.P.D. TXUU TXCU TXCD O.s. Conso!.

~nsol.
OJem.

Cond
Commentsa 1ft) Gravel -.A~nd Fines Cont. (%) II Pl PI (pe'l Igrj,tlon Grav. Cond~

<0 +4 +200 -200

1 0.0 OL Vx.r 100.3

1.3 ML v. _ 43.3 "'2.7 OL Vxr 301 15 X
3.7 ML V. r 71.5 46
4.2 ML Vx.r 92.6 47 X

8.5 SP v. _ 18.9
Ivvr 19.5 6'

.
10.5 SP
13.5 SP Ivx - 4.6 18.1 75
18.5 SP SM V. 22 70.2 7.8 13.5 2.71 .

23.5 SP-SM v. 11.3 13.0
28.5 SM V. 18 68.4 13.6 12.1

i 33.5 SM v. 13.8 10.6
38.5 SM Vx 17 69.7 13.3 10.4
43.5 SM V. 9.7 .

63.3
.

48.5 SI. V 24 12.7 8.6

2 0.1 SP 23.4 100 2.68 X
0.3 SP 97.7 2.3 22.8 102 2.69 X
0.9 SP 22.0 52.3 2.1
2.2 SM II 75.5 13.5
2.7 SP-SM 45.5 1.9 X
2.8 SP-SM 8.6
3.0 SP SM 23.0 49.7 2.0
3.4 SP 22.8 98 2.65 X
3.5 SP 96.1 3.9

3.9 SP-SM 10.9

8.4 ML 33.4 50.7 2.1

1. uses = Unified Soil Classification System 1_ Harding Lawson Associates .Laboratory Test Summary 1'Vo"
2. Ice = U.S. Army Corps of Engineers Ice Oassification System I =: = = Engineers. GeologislS Pt. Thomson Development Project 0-13. Elec. Cond... Electrical Conductivity in mmhos/crn

.~ & Geophysicisls Winter 1982. Geotechnical Study4. F.P.D.· Freezing Point Depression,·C
EXXON Company, U.S.A.5. NP" Non·Plastic - - .

ORAWN JOB NUI.IBER APPROveD DATE REViSED DATE

JV 9612,031.08 ,;>fB 4/82



SAMPLE
SOIL CLASS. . CLASSIFICATION TESTS SECONDARY TESTS

DESIGNATION .

~S!
2 . . D", O'rg. Loss 3 4

Thermal1 Soil Gradation 1%1 Moist. Anerberg limits Spee. Elec." Th.wDEPTH uses ICE Density by F.P.D. TXUU TXCU TXCD D.S. Conso!". O1em. Comments
Gravel ..A ,Sand Fines Cont. (%) Igr~iion Grav. Cond. Conso!. Cond0 lltl II Pl P' (pcll

'" ... to +200 ·200

2 8.5 ML 26.3 NP NP NP 100 2.68 X
9.9 ML 31.2 90 2.72 X

10.5 ML 30.6 46.4 1.9

10.7 ML 15.2 84.8 29.0 94 2.73 X
11.3 ML 32.5 89 2.69 X
12.9 ML . 38.6 80 X

14.1 ML 38.8 81 2.70 X
14.4 ML 28.7 40.8 1.6

14.5 ML 35.7 83 X

18.5 MH 51.8 29.9 1.2

18.6 MH 48.4 72
- ,."\

19.0 ML 46.2 35.0 1.4

19.2 ML 42.4 76

25.7 ML 55.5 65

ML 7.4 92.6 29.0 86
.

26.5

27.3 SM· 23.4 . 99

30.0 SM 16.0 36.3 1.4
30.2 SM 15.0 98

35.0 ML 26.3 99

40.2 ML 21.2 106 2.74 X

40.7 ML 8.2 68.9 2.8
40.8 ML 21.1 107 2.72 X
41.6 ML 26.3 96 2.72 X

41.7 ML 2.72

41.9 ML 2.72

46.7 ML 97.3 32.5 89 X
51.2 ML 26.0 97 X

1. uses .. Unified Soil Classification System 1_ Harding Lawson Associates Laboratory Test Summary 'u.£
2. Ice = U.S. Army Corps of Engineers Ice Classification System I =• ==,,:; Engineers. G.eorogists Pt. Thomson Developme~t Project 0-23. Elec. Cond." Electrical Conductivity in mmhos/cm l~ & Geophysicisis Winter 1982, Geotechnical Study4. F.P.D. '" Freezing Point Oepression,·C

EXXON Company, U.S.A. - .,. .5. NP - Non-Plastic .
OAAWN JOB NUMBER APPROvEO DATE REVISED DATE

Jf' 9612,031.08 U'l6 4/82



I
SAMPLE SOIL CLASS. - CLASSIFICATION TESTS SECONDARY TESTS

DESIGNATION -

Org. Loss 3 4 -
lrhermal~S1

1 2 Soil Gradation (%) Moist. Atterberg Ljmits O<y Spec. Elec.- Th,wDEPTH uses ICE DensitY by F.P.D. TXUU TXCU TXCD O.S. ConsoL Olem. Comments
Gravel Sond Fines Cont. (%) 19?.:l!on Gray. Cood; Conso!. Cond0 (ft) II Pl PI (pdlm .... ....i\to +200 -200

2 60.5 SM 10 59.3 30.7 13.0 48.1 2.0

60.7 SM 14.8 120
66.5 GP 1.8 17.7 48.3 2.0

67.5 GP 9.1 2.69

3 0.0 ML 37.9 44.3 1.8

1.5 SP 35 60.4 4.6 10.6 2.69 45.7 1.9
1.7 SP 18.8 117

3.5 SP 18.3 48.2 2.0

4.5 SP 2.2 57.2 2.3

6.0 SP 0.7 9.9 2.69 52.5 2.1

'I 7.5 SP 8.7
9.0 GP-GM 56 36.6 7.4 8.6 54.9 2.2 -

12.• 0 SP 6.5 51.9 2.1 •

15.0 SP 19 78.8 2.2 22.4 50.5 2.1
19.0 GP 8.6· 2.69 51.6 2.1
25.0 GP 4.8
30.0 GP-GM 50 44.3 5.7 5.8 50.8 2.1
30.2 GP-GM 5.3 118
50.0 GP GM Nbn 4.0 30.4 1.2

4 0.0 ML 26.4 96
1.1 SM 21.4
1.7 SP 98.0 2.0
1.8 SP - 22.7 101 X
2.8 SP 24.5 46.3 1.9
3.0 SM 27.1 -- -- NP 97 2.69 X

-
1. uses .. Unified Soil Classification System

I~
Harding Lawson Assoclales Laboratory Test Summary "'-'"2. Ice" U.s. Army Corps of Engineers Ice Oassiflcation System Engineers. Geologisls Pt. Thomson Development Project 0·33. Elee. Cond. - Electrical Conductivity in mmhos/cm & GeophysicislS Winter 1982. Geotechnical Study4. F.P.D." Freezing Point Depression,·C

EXXON Company, U.S.A.5. NP" Non-Plastic
",",WN JOBliUI.IBER I<PPAOYEO DATE REVISED "''''Jf 9612,031.08 -uG 4/82



I

I

[

I
[

I

SAMPLE SOIL CLASS. CLASSIFiCATION TESTS SECONDARY TESTS
DESIGNATION -

~2
2 Anerberg Umits - D<y Org. loss 3 4

:I'hermal1 Soil Gradation 1%) Moist. Spoc. Elec. Th.wDEPTH uses ICE Density by F.P.D. TXUU TXCU TXCD O.S. Consol. Chern. Comments
0 (It) Gravel -4 Sand . Fines Cont. (%) II Pl PI (pel) 'grcrlon Grav. Cond_. Coosa/. Cond
~ +4 to +200 ·200

4 9.5 ML 43.8 44.4 1.8

9.6 ML 41.6 77

12.0 ML 41.0 43.8 1.8

- 12.4 ML 38.8 78 X

13.0 OL 36.3 80 15.9 2.67 X

13.3 OL 43.7 33 26 6 75 2.67 X

13.8 ML 9.9 90.1 47.5 72 2.67 X
-

48.7 72 2.714.4 ML 33 26 6 X

15.0 ML 45.5

18.3 MH 70.8 57 2.68 X

18.8 CL 74.7 56 2.66 X X,

" 19.0 CL 68.4 58 2.66

19.5 CL 74.7 44 26 18 .

19.6 CL 71.1 57 2.66 X

20.2 ML 69.0 47.4 1.9

25.0 OL 25.9 12.0
-

44.325.5 SM 9.8 1.8
-

25.6 SP-SM I - 9.7 133

SM 7 52.8 40.2 12.9 120 .
26.0

30.0 ML 65.6 22.3

31.0 ML 22.8 100

40.0 ML 24.4 27 22 5

40.2 ML 23.1 105

I 44.5 ML 1 24.1 74.9 22.5 107

49.5 SP 21.9 53.1 2.2 .

I 50.0 SP 2.8 13.7 121 2.69

!
I

1. uses:= Unified Soil Classification System . Laboratory Test Summary """1_ Harding Lawson Associate",
2. Ice - U.S. Army Corps of Engineers Ice Classification System i = i 5'.= Engineers, GeologislS Pt. Thomson Development Project 0-4, 3. Elee. Cond. ,. Electrical Conductivity in mmhos/cm Winter 1982 ~ Geotechnical Studyi I~ & Geophysicists

I 4. F.P.D. = Freezing Point Depression,·C
EXXON Company, U.S.A.5. NP - Non-Plastic

ORAWN JOB NUMBER APPROVED DATE REVISED DATE

.:R 9612,031.08 ""P€B 4/82
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SAMPLE
SOIL CLASS. CLASSI FICATION TESTS SECONDARY TESTS

DESIGNATION -

~2
I 2 Anerberg Limits D'Y Org. Loss 3 4

iTnermalDEPTH Soil Gradation (%) Moist. Spec. Elec.- Th.w
uses ICE DensitY by F.P.D. TXUU TXCU TXCD O.S. Consol. Chern. Comments

0 lftl Gravel '--"Sand Fines Cont.I%) LL PL PI (pef) Igr~jon Grav. Cond .. Consol. Cond
m ->4 to +200 -200

5 0.1 SP-Sfl Ivy 14 76.4 9.6 27.1 2.71 61.5 2.5

0.5 SP-SM Ivx c 16.2 54.3 2.2

2.0 SP-SM ¥y 14.0 90.9 4.0 X
4.0 SP ¥y 3.5

4.5 SM f.bn 36.4 26.3 1.0

6.0 SM f,hn 18.0 lIO •

6.5 SM ibn 22.0 18.3 107.9 4.0

6.7 SM ibn 18.9 108

8.0 SM ibn 13.5 122 108.7 5.0 X
10.0 SP 1.1 6.9 21.2 0.8

10.1 SP 6.2 102

\ 16.0 ML 33.0 83.7 3.4

16.1 ML 34.8 85

16.5 ML 52.0 17.6 0.7

16.7 ML 38.4 80

19.0 ML 35.5- 61 X

19.2 CL 39.5 79 X
19.5 CL 36.6 31 21 10 87 2.72 X

20.3 Cl 42.3 78.1 3.2

25.5 ML 52.4 66

31.1 ML Vr 43.6 42.9 1.7

31.2 ML Vr 46.3 72

45.5 Cl Vr 1.6 98.4 41.9 28.1 1.1

45.7 CL Vr 33.6 86 X -
46.0 CL Vr 1.0 99.0 36.2 67 X
51.0 CL Vr 27.0 37.9 1.5

51.2 CL Vr 28.8 92

-

1. uses - Unified Soil Classification System

I~
Harding Lawson Associates Laboratory Test Summary """2. Ice" u.s. Annv Corps of Engineers Ice Oassification System

3. Elec. Cond. '" Electrical Conductivity in mmhos/cm
Engineers. GeologislS Pt. Thomson Development Project 0·54. F.P.D. = Freezing Point Depression,·C I~
& Geophysicists Winter 1982. Geotechnical Study

5. NP - Non·Plastic EXXON Company, U.S.A. --
ORA"" JOBNU.... SEA APPROVED QAlE REVISEO QA1E

.Y 9612,031.08 :v$ 4{82



I.

I
SAMPLE SOiL CLASS. . CLASSIFICATiON TESTS SECONDARY TESTS

I DESIGNATION .

Drg. Loss 3 4
[Thermal

.
~2

1 2 Soil Gradation (%) Moist. Atterberg limits D'Y Spec. Elec.- Th.wDEPTH Density by F.P.D. TXUU TXCU TXCD O.S. Consol. Olem. Commentsuses 'CE Conso!. Cond0 lltl Gravel Sond Fines Cont. (%) II Pl PI (pef) Ig~Jlton Grav. Cood,.
m +4 -410 +200 -200

6 0.1 . SM 49.3 50.7 31.6 48.6 2.0

0.5 SM 22.5 47.3 1.9 I

1.0 SM 22.5 48.1 2.0

3.5 ML 29.2 47.3 1.9

3.6 ML 30.4 92 2.69 X

4.0 ML 34.7 52.1 2.1

4.1 ML 84.9 33.4 88 2.68 X

4.6 ML 32.3 NP NP NP 90 2.69 X

5.2 ML 21.3 48.4 2.0 .

,5•.3 . ,SP·SM 22 685 9.5 14.1 121 2.69
. 6.5 .SP·SM .... 18.7 . . .50.1 2.0

'\ 6.7 ML
.

52.7 11.4 114

7.2 ·SP-SM 7.4 95.9 3.8

9.2 SM 11.4 49.4 2.0

9.3 SM 9.3 120

12.0 GM 19.1 . 111

12.5 ML 24.1 48.7 2.0

12.6 ML 22.5 87

13.5 ML 2.71

14.1 ML 25.1 34.1 1.3

I
14.3 ML 1.8 98.2

14.7 ML 23.3 99 2.71 37.1 1.5 X

I
15.4 ML 26.2 100 X
16.5 ML 23.0 104 2.71

21.4 ML 26.4 47.7 1.9
I

23.1 29 24 5i 21.5 ML
21.7 ML 4.2 95.8 23.1 107 2.73 X

I .
1. uses· Unified Soil Classification System

l~
Harding Law50n Associates Laboratory Test Summary ""'E

2. Ice = u~s. Anny Corps of Engineers Ice Classification System Engineers. Geologists Pt. Thomson Development Project 0-6I
3. Elee. Cond." Electrical Conductivity in mmhos/cm

i~
& GeophysicislS Winter 1982, Geotechnical Study

4. F.P.D. = Freezing Point Depression.·C EXXON Company, U.S.A.5. NP" Non-Plastic
DRAWN JQBrruMBEJ'l: APPROVED DATE REVISED OA1E

! . J/ 9612,031.08 -:I:>I?B 4/82
;
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I
SAMPLE

SOIL CLASS. CLASSIFICATION TESTS SECONDARY TESTS

I DESIGNATION .

!1 1 2 0", Org. Loss 3 4
ThermalDEPTH Soil Gradation (%) Moist.. Atterberg limits Spec. Elec. Th,w

g;2 uses ICE Density by F.P.D. TXUU TXCU TXCD D.S. Consot Chern. Comments

I 1ft) Gravel Sa'l~r Fines Cont..!%) LL PL PI (pcl) 'gr~lon Grav. Cond" Consol. Cond

'" +4 -4to + 0 -200

6 22.1 r~L ' 20.4 106

I 25.0 ML , 25.5 101
24.3 10230.0 ML "

I 35.5 GP-GM 56 38.7 5.3 6.7 2.68 52.5 2.2 ,

35.6 GP-GM, 6.0 141

40.5 GP 2.8 3.4 123
I ,

7 0.5 OL Ivx, r 108 34 X

I 1.0 OL WX •r 31.3 80 14.0 2.32

1.6 OL Ivx" 138 29

I 2.0 OL X , 250 19 X ,

) 5.0 SP-SM Vx 220 17

I 5.4 SP-SM Vx 43.1 59

5.9 SP-SM Vx 23.6 79

9.0 SM Vx 8 70.3 21.7

I 14.0 SP X, 245 18

15.0 SP X , 190 24

I 19.0 SP-SM Vx 12.9 ,

; 24.8 ML 114 36X ,

29.0 SM Vx 7.3

34.0 SP-SM Vx 7.4 12.8

39.0 SM Vx 24 58.3 17.7 16.6

44.0 SM Vx 19.4 14.8

49.0 SM Vx 41 43.5 15.5 11.9

8 0.0 GM 44 26.7 29.3 23.8

0.1 GM 31.8 49.6 2.0

1. uses = Unifi"ed Soil Classification System

Iii Harding Lawson Associates Laboratory Test Summary ,,,..,,..
2. Ice '" u.s. Army Corps of Engineers Ice Oassificacion System Engineers, GeologislS Pt. Thomson Development Project 0-73. Elec. Cond. ,. Electrical Collductivity in mmhos/cm & Geophysicists Winter 1982. Geotechnical Study4. F.P.D." Freezing Point Depression,·C EXXON.Company, U.S.A.5. NP '" Non-Plastic

DRA_ JOBNUMBEA -,PPAOVEO DATE REVISED DATE

J< 9612,031.08 :DeB 4/82
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I
SAMPLE

SOIL CLASS. CLASSIFICATION TESTS
DESIGNATION

SECONDARY TESTS
,

I
~2

1 2 Atterberg limits 0"1 Org. Loss 3 4
DEPTH Soil Gradation t%) Moist. Spec. Elee.- Th... !Thermal

uses ICE Densitv by F.P.D. TXUU TXCU TXCD 0.$. Consol. Chern. Comments

I 0 Iftl Gravel
·i'"~o F4nes Cont. (%) II Pl PI (pel) t9~~ion- Gru. Cond, Q:~nsol. Cond

'" ... - 00

8 3.0 SP 15 80.4 4.6 15.4 2.68 51.2 2.1

I 5.0 SP 40 56.4 3.6 9.5 55.9 2.3

7 n ," 8.0 54.9 2.2

8.5 ~P 9.2 60.2 2.5

I 8.7 SP 6.7 78

9.0 SP 15.3 120 72.5 3.0

I 10.2 ML 25.6 78.7 3.2

. 10.4 ML 24.1 100

I 12.2 ML 22.6 103 X
12.8 ML 26.0 99 2.73 X

L 13.0 ML 25.3 79.3 3.2

'. 14.9 ML 28.8 52.4 2.1
~ 15.0 ML 26.4 98 X

I 18.0 ML 23.3 63.1 2.6

24.0 SM 10 43.0 47.0 18.7

I 25.0 SM 36.4 14.0 . 121

37.0 SP-SM 40 52.9 7.1 13.9,

9 0.0 SM 63.5 36.5 23.7 113

0.1 SM 22.5 52.4 2.1
0.5 SM 22.1 105 X
4.4 SM 50.0 2.1 X
4.5 SM 24.7 101 2.71 X
5.0 SM 22.5 . 52.4 2.1
5.1 SM 22.7 103 2.70 X
5.6 ML 22.6 50.0 2.0.
5.7 SM 32.1 90 2.72 X

i)
1. uses .. Unified Soil Classification System 1_ H....'noLa_... Ass••,.t•• Lab{;ratory Test Summary
2. Ice - u.s. Army Corps of Engineers Ice Classification System

.....,
3. Elee. Cond. - Eleetdcal Conductivity inmmhos/cm

Engineers. Geologists. Pt. homson Development Project U-84. F.P.D... F-reezing Point Depres5ion~·C
& Geophysicisls Winter 1982. Geotechnical Study

5. NP - Non-Plastic EXXO" Company, U.S.A.
DRAWN .)()6 HUMBER .......,...0 """ REVISEO "",.
.Jl' 9612,031.08 J?ffl 4{82
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SAMPLE SOIL CLASS. . CLASSIFICATION TESTS
DESIGNATION . SECONDARY TESTS

~2
1 2

.

D'Y lNg. lou 3 4
DEPTH Soil Gradation (%} Moist. Anerberg Limits Spec. Elec.- Thaw ~ermal

uses ICE Density by F.P.D. TXUU TXCU TXCD D.S. Canso!. Chem. Comments
0 1ft) Gravel .Ai::~1oo Fines Cant. (%) LL PL P' (pe') Igr~on Grav. Cond.. COnsoL Cond
m +4 ·200

9 6.6 ML 28.2 53.1 2.2

7.0 ML 40.6 59.4

7.3 ML 28.2 2.75 39.8 1.6

7.4 ML 26.4 98 2.74 X
8.0 ML 34.2 51.8 2.1

8.1 ML 28.4 96 2.74 X
9.0 HI 27.4 NP NP NP 96 2.74 X
9.7 . ML 35.0 86 2.71 X

9_9 Ml ..28.2 53.9 .2•.2
..... --- .-,- .

13_8 "Ml . '37~0 50.7 2.1

1140'4 '. Ml 1'4l.8 78 X
.

I 15.0 Ml 40.7 77 X .

19.3 MH 80.4 53 2.66 X

19.5 Ml 51.3 68 X
20.0 Ml 37.0 46.0 1.9

25.0 Ml . 67.4

25.4 SM 33.2 42.5 1.7

25.5 SM 35.7
.

79

j
30.0 SM 38.8

31.6 SM 30.2 90 X

i
36.0 SM 23.6

I 36.3 SM 27 .8 96

I 40.9 Ml 32.8 35 27 8
J 41.1 Ml 34.5 37.8 1.5

41.2 ML 32.8 91 2.73 X
i 41.4 CL 1.8 98.2 31.2 90 X•

41.9 Cl 27.6 96 X,
i

1~ uses - Unified Soil CJassiracation System la H""n.Law_A~~I.t •• Laboratory Test Summary
2. Ice =u.s. Army Corps of Engineers Ice Oassification System ""'"
3. EIec. Cond. - Electrical Conductivity in nvnhos/cm

Engineers. Gedogists Pt. Thomson Development Project 0-94. F.P.D. - Freezing Point Depression.·C
& Geophr.kists Winter 1982, Geotechnical Study

5. NP - Non-Plastic EXXON Company. U.S.A.
DRA'" J08~~8ffi """""" OM' REVISEO DATE

, S 9612.031.08 :bf6' 4{82
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SAMPLE
SOIL CLASS. CLASSIFICATION TESTS

DESIGNATION -
SECONDARY TESTS

~2 DEPTH
1 2 Soil Gradation t%) Moist. Atterberg limits Dr( Org. loss J 4

Spe<. Elee. ,Thaw Thermal
uses ICE Density by F.P.D; TXUU TXCU

0 1ft) Gravel ..A~n+~ Fine1 Cont. (%) 19?~F Grav. Cond ..
TXCO D.S. Conso!. Chern. Comments.. t4 to+ -200 II Pl PI (pet) Comol. Cond

9 46.4 Cl 29.3 ·93 X

50 .5 Ml 25.1 97

55.5 Ml 16.5 112

60.0 GP 2.8 106

60.5 GP 6.2 96

61.0 GP 96.1 3.7 0.2

10 0.5 SP-SM Ve 91.1 8.9

1.0 SP-SM Ve 23.3 10.5 0.4
\. 2;S· "SP_SM

~ .

~- . Ve '111 23.9 .0.9
1_ 3.0 SP-SM Ve 10.2
~.

3.5I Sp·SM Vr 23.8 6.2 .0.2
•
•
'. . I', .5,5 SP-SM Vr

- '.
...

. . 23.2 . 12.1 0.4

7.0 SP-SM Vc 25.1 12.5 0.4
8.5 SP-SM Vc 89.3 10.7
9.5 SP-SM Vc 26.9 27.2 1.1

, 12.0 SP-SM N. 23.5 109 4.1
• 14.5 SM 19.4 110 106 4.0

15.0 SM 23.2 101 90.9 3.9, X

16.5 SM 24.4 99

i 18.0 Ml Vr 28.1 85
20.5 Ml Vr 28.9 95
26.0 Ml Vx • 42.7 77

i 31.0 Ml Vr 21.6 27 21 6 108, X

40.5 Ml Vr 19.6 107,
! 46.0 Ml Vr 27.3 96

.1

51.0 Ml Vr . 22.7 104
,
I
Ie-,

1. uses = Unified Soil Classification System
2. ke" U.s. Army Corps of Engineers Ice Classification System

_ Har.ding Lawson_A$soclates Laboratory Test Summary .-w,

, 3. Etee. Cond. - Electrical ConduetivilY in mmh01Icm i " I == .. ;;; Engineers. GeologiStS Pt. Thomson Development Project 0-104. F.PD.2' Freezing Point Depression.·C I~ & Geophysicists Winter 1982. Geotechnical StUdy
5. NP" Non-Plastic EXXON Company. U.S.A.

7" JOB NU"6£R •
_0

"'", """"CO OATe

9612.031.08 'Wfl 4{82
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SAMPLE SOIL CLASS. . CLASSIFICATION TESTS
DESIGNATION .

SECONDARY TESTS

~2
1 2 Atterberg Umits 0", Org. loss 3 4

DEPTH Soil Gradation (%) Moist. Sp<oc. Elee.- Thaw The,,""
DensitY by

1ft!
uses ICE Gravel So... Fines Cont.l%) ,g?~ion Grav. Cond~

F.PD. TXUU TXCU TXCO D.S. Consol. o.~. Comments
a II Pl PI (pef) Cooso!. Cond
on ... ..Aio +200 ·200

11 0.0 SP 12.2 44.8 1.8

4.0 GP 77 22.0 1.0

10.0 GP 82 17.1 0.9 8.4 . 48.9 2.0

15.0 GP 51 45.5 3.5 8.1 109

17.0 GP 2.3

19.5 GP 8.5 48.0 2.0

19.7 GP 8.3 114

22.0 GP 68 31.3 0.7 2.70

30.5 GP 0.5

34.0 GP ". .. 1.1

34:5 SP-SM 9.7, 40.0 SP 8.0 131 2;69
, ,0-'. .... 4LO GP-GM 58 33.9 8.1 7.1

.
. 49.5 2.0

41.2 GP-GM 5.6 124

49.0 SP 41.3 54.8 . 3.9 2.68

12 0.0 Ol· V. 406 11 X

0.5 Ol V. 74.1 0.6 0.0
,

0.6 Ol V. 27.6 78 X

LO Pt -- 100 37

L5 Pt -- 5
,

3.3 ICE -- 0.3 0.0

6.2 SM Vx 429 10
i 6.7 SM Vx 74.7 45,

9.0 SM Vx 3 79.6 17.4 30.0 7.1 D.2
i 9.1 SM V. . 19.2 93j X

9.5 SM Vx 38.3 65
, .

,
1. uses -- Unjfied Soil Classification System I~ Ha,d'n. Lawson Assoela'o. Lab,oratory Test Summary
2. Ice" u.s. Almy Corps of Engineers Ice Classification System

O'VJE

3. EIec.. Cond. ,. Electrical Conductivity in mmhoslcm
Engineers, Geologists Pt. Thomson Development Project Dw ll. 4. F.P.O. = Freezing Point Depresslon..·C
& Geophysicisls Winter 1982, Geotechnical Study

5. NP" Non-Plastic EXXON COmpany, U.S.A......w. .J08NUWlER -p ME REI/lSED "''''~ %12,031.08 =t3 4{82
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SAMPLE
SOIL CLASS. . CLASSI FICATION TESTS SECONDARY TESTS

DESIGNATION .

~2 DEPTH 1 2 Soil Gradation (%) Moist. Atterberg Umits 0.., Org.loss 3 4
Spec. Elee. Th.w ~ermal

lid
uses ICE

Gravel
Density by F.PD. TXUU TXCU TXCO O.S Como!. Chern. Comments

Ii: -.4~~ Fines Cont. (%) 19?~ion Grav. Cood:. Coos6J..... ·200 II Pl P' (pcf) Cond

12 14.4 GM Vx 43 42.5 14.5 41.4 58

19.0 SP SM Vx 11.3 14.7 9.1 0.3

19.2 SP SM V. 20.8

24.0 SP-SM Vv 9.3 10.4 11.2 0.4

24.2 SP-SM V. 14.4
.

29.0 SP-SM V. 16.8 22.2 0.8
,

29.2 SP-SM VO 15.2 81

34.5 ML Vx 46.9 31.3 1.2

34.7 ML Vx 40.9 72, -- -- - . <l9.0 ML Vi. - 25:8 . _. - .

, -

" -.---
t .,.'':'" .-44.0' ML Vx "17.0

.
, -49.3 ML Vx 27.2 79

. . ---

13 0.2 OL v. 60.1 15.9 1.6 0.0

0.3 OL Vx 54.9 53 X

2.0 ML V. 153 24,
, 3.0 SP-SM i. 21.0 82 X

3.8 GP-GM " 49 43.8 7.2X

- 5.0 SP-SM WV 8.3 8.3 0.3
6.5 SM Vx 16.1 24.3

10.0 SP-SM -V o 22 65.5 12.5 15.8 5.8 0.2

•
12.0 SM X 20.0 7.2 0.2

, 17.5 ML Vx.r 76.1 34 25 9 52 - X
, 18.0 ML Vx•r 154 29 X

22.3 ML Vx,r 48.8 29.9 1.2

i 22.5 ML "x,r 58.6 59

27.0 SP-SM Vx 11.5 6.9,,
1~ uses ... Unifi«l Soil Classification System Laboratory Test Summary
2. Ice = u.s. Army Corps·of Engineers Ice OassiflC3tjon System 1= H."••• Law.o.As_'.... ""'"
3. EIec:. Cond. '" Electrical Conductivity inmmhos/cm

Engineers, Geologists Pt. Thomson Development Project 0-124. f .P.D. = Freezing Point Depression. ·C
& Geophysicisls Winter 1982. Geotechnical Study

5. NP" Non-Plastic EXXON Company, U.S.A.
DAAWN ..i08 NUMBER - <WE REV>SEO Do""
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-I
SAMPLE

SOIL CLASS. . CLASSIFICATION TESTS SECONDARY TESTS
DESIGNATION ,

~2
0", Org. loss 3 4

Itnermal1 2 Soil Gradation (%) Moist. Atterberg limits Sp<c. Elec.- Th_DEPTH Density .;m, F.P_D. TXUU TXCU TXCO D.S. Conso'. Ole-m. Commentsuses ICE
Gravel ..il;;and F~es Cont. «ex.) Igni 'on Grav. Cond.. Conso!. Condg Cftl II Pl PI Ipcfl

+4 to +200 ' 0 ,
13 32.0 SM Vx 45 41.7 13.3 12.9 23.0 0.9

'7.0 SM Vv 11.0

42.0 SM Vv 12.6 9.8

<0.0 SP-SM V. 34 55.1 10.9 9.6 17.1 0.6

14 0.0 SM 21 7 107 47.7 1.9

1.5 SM 1 71. 9 27.1

1.8 SM 21.6 46.1 1.9
---",- '"'27 :1" . - ---- .......

95
.

2.12 ., X'2:-4 'NL . .. '

i
. '

126.:7.
,.,.. ",. . .., 2.9, 'Me 1'.' ." 96 I . 2.71 X,

.!.. . 6.1 ML' 31.1 . . 45.6 1.8
,-- 33.1 . :

, .. ", •• li.2 ML '32 26 '6

6.3 ML 33.1 89 ... _- . <t.n L
. . . 31.1 . I .... 44;;9" 1:&"' .

..

.. , ' -7.3 ML
7.9 ML 31.1 . 90

11.0 SM 11 61.1 27.9 25.2 50.4 2.1
11.2 SM 23.5 102..

12.5 SP-SM 16.1 50.1 2.0
• 12.7 SP SM 14.2 121·

13.5 SP 6.2
15.0 SP 9.5
15.5 SP 15.1 119

, 16.7 CL 19.5 33 19 14
J 16.8 CL 19.5 112 2.75 X

• 17.0 CL 18.1 113 X
!

· 19.8 CL 20.4 110

• 1. uses "" Unified Soil Classification System Laboratory Test Summary ,,,,n,
,~ Hanllng Lawso. Ass~lat.s2. Ice '"' us. Army Corps of Engineers Ice Classirtcation System Engineers. Geologists Pt. Thomson Development Project 0-133. Ele-c. Cond... Electrical Conductivity in mmhos/cm & Geophysicists Winter 1982. Geotechnical Study4. F.P.D. = Freezing Point Depression.-C

EXXON Company, U.S.A.5. NP" Non·Plastic

"Yl" JOB NIJ"'6£R ........"" DAn; REYlSEO DAn;

9612,031.08 J:ffl 4/82..
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SAMPLE
SOIL CLASS. CLASSIFICATION TESTS

DESIGNATION
SECONDARY TESTS

-

~2 DEPTH 1 2 Soil Gradation C%) Moin. Atterberg Limits O"f Org. loss 3 4
1hermal

uses ICE DensitY by
Spe,. Elee." Thaw

D lftl Gravel
_A~~ Fines Cont. (%) 19r~{on Grav. Cond..

F,P.D. .TXUU TXCU TXCO 0.5. Consol.
Consol.

Chern. Comments

m +4 -200 LL PL PI (poll Cond

14 25.5 CL 22.9 103 X

31.1 ML 22.8 105 X

35.4 CL 25.1 40 26 14

36.0 ML 25.1 101 X

40.5 ML 25.1 101 X

45.0 GM 47 21.6 31.4 18.9

50.0 GP 64 34.0 2.0 8.7

15 0.2 ML 32.8 51 4 I? 1

.L9 1>lL
.' I . ., '

. '35,0 .'-,'--- 03:5 2:0 ,

! ',.2:0 lIL 36.0 83 y .,,..
.2.7 ML 39.0 "

• 46.4 1.9
- 5.0 eJolL

,

43:2
,

'19.4 2;0
5.2 ML 40.5 46 31 5 81 2.65 y

, 5.5 ML 47.8 <n, ? ,

, 7.5 SM '2.2 47.A

7.7 SM 27.3 95
8.2 SM 26.0 64.5 2.6.
8.4 MH Rl' 70.2 56 X
9.0 MH 81.1 -- 0- NP 51 2.43 X

" 9.7 ML 64.9 64.3 ' 2.6,
10.7 ML 33.4 63.6 2.6

10.8 ML 32.2 86 X

11.5 SM 28.0 61.5 2.5
i

15.5 SM 18.2 114 2.73 X

16.0 <M 18.6 113 2.73 X

18.5 SM 15.2 50.8 2.1

,
1. uses = Unified Soil Oassification System ~ _ Harding Lawson Associates Laboratory Test Summary
2. Ice =U.5. Army COrps of Engineers Ice Classification System ....."
3. Elec.. Cond. - Electrical CondUC1i¥itv inmmhos/cm i : rb •- Eng'''''''''' G""""... Pt. Thomson Development Project 0-144. F.P.D. "" Freezing Point Oepression.-C l~' & Geophysicists Wi nter 1982. Geotechnical Study
5. Np· Non-Plastic EXXON Company, U.S.A.

OAAWN J08NUMBER APPRdVED DATE """'. "."S 9612,031.08 -=up 4{82



I
. .

-
, SAMPLE SOIL CLASS. CLASSIFICATION TESTS. SECONDARY TESTS

DESIGNATION

~2
1 2 Atterberg Limits Dr( Org. Loss 3 4

~ermalDEPTH Soil Gradation ('lo) Moist. Spec. Elec. Thaw
, u= 'CE Density by F.P.D. TXUU TXCU TXCD o.s. Como!. O1em. Comments

a 1ft) Gravel ~~nd Fines Cont. (%) LL PL PI (pc') Ig?.itlon Grav. Cond .. Conso!. Cond

'" .. 0+200 ·200

15 18.7 SM 18.2 104

26.7 Ml 18.4 72.0 3.0

26.8 Ml 21.5 106 2.69 X

, 36.4 SC 16.8 51.8 2.1

36.8 Cl 26.0 95 X

39.5 Cl V. 30.3 28 21 7 26.2 1.0

39.6 Cl " 23.5 102 X

49.0 Cl V. r 19.2 28.1 1.1

49.1 Cl ~, 27.7 92X r X

55.0 Cl xr 54.4 fi8 - ,

-
-

16 0.1 SP-SM 23 -fiB.3 8.7

'0.8--' SP-SM 40,8- 1.7 X

1.1 SM 39.9 25.1 38.7 1.5

2.5 SM 31.9

3.0 SM 32.9· 18.0 0.7

3.1 SM c,s 48.9 79 X

4.0 SM C,S 25.2 97 -

5.0 Ml V, 93.1 27.9 13.7 0.5

5.1 Ml c s 42.fi 73 X

5.5 SM c s 25.7

6.0 SM c,s 28.5 93

7.5 Ml c s 21.fi 26.1 1.0
8.0 Ml c,s 30:1 89
9.0 SM C,S 39.1 29.5 7.8 0.3- -
9.1 SM C s 28.5 93 y

9.5 SM c,s 29.6 91

1.. uses = Unified Soil Classification System I~ Harding La_SOD Associates Laboratory Test Summary
2. Ice" u.s. Army Corps of Engineers Ice Cfassj"'cnion System "'"
3. EIee.· Cond... Electrical Conductivity in mmhoskm i~:=~iSts

Pt. Thomson Development Project 0-154. F.P.O." Freezing Point Oep-ession.·C Winter 1982, Geotechnical Study
5. NP = Non-Plastic EXXON Company, U.S.A.-- .JOBNUUBER

~
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SAMPLE SOiL CLASS. CLASSI FICATION TESTS
DESIGNATION ,

SECONDARY TESTS

~2 DEPTH 1 2 Soil Gradation (%) Atterberg Limits Dr( Org. Loss 3 •Moist. Spec, E1ee. Th... Intermal

(ItI
uses ICE

Gravel -4 f;;'nd F~nes Cont. (%)
Density by F.P.D. TXUU TXCIJ TXCD D.S. Con~I. Chern. Comments

a II Pl PI (pel) '9'f~ion Grav. Cond.. Consol. Cond
m -t4 t +200 ' 00 ;

16 11.0 SM Yr. 27.7 91

11.5 SM Yc 29.0 8.1 0.3

13.0 CL-ML Yr 29.3 17.5 0.6 ;

13.2 Cl Ml Y~ 31.2 23 17 6

13.5 Cl Ml Y- 31.2 24 18 6 90

14.5 SM Y~ 30.7 7.0 0.2

15.0 Ml Y~ 67.4 30.1 87

16.5 SM Vr 33.8 9.3 0.3

17.5 SM Vr 51.2 48.8 29.6 79

'24.5 ' Ml Vr
, ',-- ,,',

, 33.1 11.0 0.4,

,
, .' ",:24;6 Ml Vr .25_5 ~8 iX

",";" '"

' '
,

'1''17' " '0;2' SP ',21.8 104
0.7 SP 19.9 46.8 1.9
0.8 SP 22.4 102
1.4 SP .

19.6' 45.2 1.8

, 3.4 Cl-Ml 32.6 25 21 5
3.5 Cl-M'- 32.6 90 2.71 X ,

3.8 Cl-M!. 29.7 49.0 2.0
4.9 Ml 43.4 47.9 1.9

,,
6.1 HI. 33.1 36.9 1.5

; 6.2 M!. 1 5.7 93.3 52.5 67
!

X

6.7 ML 40.5 77 X

7.3 SM 50.1 37.4 1.5

9.0 GM 25.7 89

9.4 GM .... lfi,4 ~q,fi 17.2 48.7 2.0

9.6 GM 17.8 108

,
1. uses '" Unified Soil Oassification System Laboratory Test Summary
2. Ice = U.s. Army Corps of Engineers Ice Oassification System I~ "",,_..LawsanAs_Ia'n

lVJE

3. Elec. Cond. "" Electrical Conductivity in rnmhos/cm • Engineers. GeolOgists Pt. Thomson Development Project D-164. F.P.O_ '" Freezing Point Depcession.·C
- & Geophysicists Wint~r 1982, Geotechnical Study

5. NP'" Non-Plastic EXXO Company, U.S.A.
ORA'" J08NUMBt:R W O "'"', REVISED """::JI 9612,031.08 4/82



r
SAMPLE

SOIL CLASS. . CLASSIFICATION TESTS SECONDARY TESTS
DESIGNATION .

~2 DEPTH 1 2 Soil Gradation (%) Atterberg limits 0", Org. Loss 3 4
Moist. Spec. Elee. Th,w ~ermal

uses ICE DensitY by f.P.D. TXUU TXCU
0 1ft) Gravel 50nd Fines Cont. (%) 19?J,~~on Grav. Cond..

TXCD D.S. Consol. Chern. Comments., i4 --4to +200 ~200
lL Pl PI (pd) ,Consol. Cond

17 10.0 GM 19.4 50.2 2.0

11.5 GP 0.4 3.1

13.3 GP 7.2 114

16.5 GP-GM 8.6

18.5 ML 18.1

25.7 ML 22.7 67.2 2.8

25.9 ML 21.4 106

30.4 ML 18.4 114 X
35.0 CL 43 26 17 .

35.3 CL 24.7 103 2.78 X ..

. CL
'._...

35-7· 23.9 . :103 . 2.78 X
;-.,

"

". 36.3 ML 24'3 103 2.78 X
. 40.7 GP-GW 58 34.9 7.1 6.6

49.8 GP-GM 9.8
50.3 GP-GM 5.2 113

18 0.3 OL -- 149 31 X
1.0 OL -- 55.2 55 X

18.5 GP~GM Vx 5.7 20.4

23.5 SP-SM Vx 46 47.5 6.5 34.5 2.66

28.5 SP-SM Vx 7.2 .

33.5 SP-SM Vx 43 47.3 9.7 1.2
38.5 SP-SM Vy 7.8 9.3
43.5 SP-SM

.

V 32 57.0 11.0 13.7..x
48.5 SP-SM Vx 10.4 10.5

19 0.0 SP N<hn 2.8 115

1. uses .. Unified Soil Classification System _ Har.ding Lawson, Associates Lllboratory Test Summary
2. Ice =us. Army Corps of Engineers Ice Classif"lCation System """'
3. EIee. Cond... Electrical ConductivitY in rnmhos/cm I=: == f1 Englneers; Geologists Pt. Thomson Development Project 0-174. F.P.0. - Freezing Point Depression, ·C I. & Geophysicists Winter 1982~ Geotechnical Study
5. NP" Non-Plastic EX~OH Company, U.S.A.

"""'" JOBNl.JMB£A ""'""''" OM' RE"",," IWE
.J' 9612,031.08 ::!£R 4{82
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SAMPLE
SOIL CLASS. CLASSIFICATION TESTS

OESIGNATION
SECONDARY TESTS

, ,

,
~2

1 2 Atterberg limits D<y Org_ loss 3 • JrhennaJDEPTH Soil.Gradation (%) Moist. Spec. Elee. . Thaw
,

uses ICE DensitY by F.P.D. TXUU TXCU TXCO O.S. Como!. Olem. Commer:'ts
0 1ft) Gravel A Sand Fines. Cont. (%) II Pl PI (pef) Igr{.,~on Gra". Cond". Consol. Cond
on t4 to +200 -200

19 0,1 SP tbn 9 89,9 1.1
1.0 SP f,bn 2.73

2.2 SP mbn 2.2 113 8.33 0.4 X

4.0 SP Vx 14 83 3.0 8.8

4.8 SP Vx 15.0 3.8 0.1

6.0 SP Vx 22.5 9.0 0.3

! 8.0 SP Vx 24.8 81.0 3.3

8.4 SP Vx 28.3
, 9.5 SP Vx 20.2 45.7 1.9

11.0 SP-SM Vx . . 21.3,
I

.
12.0 SP"SM V. 5.5 24.8 91.2 3..6

. " 12.2 SpcSM Vx 41.2 84
1 ; . 14.0 SP Nf 25.9 . ..

93.2 3.7! ,

14.2 SP Nf 28.8

14.5 SP -- 22.5 96
! 15.0 SP-SM -- 21.4 29 4.3

I 15.2 SP-SM -- 16.7 102
j 16.0 Ml Vr 30.4 30 4.3

16.2 Ml Vr 28.7 94

16.5 Ml Vr 26.8 . 97 10 4.1
-.j

24.5 Ml Vr 21.6 108 X
,
! 24.6 Ml Vr 36.2 73.8 3.0

24.7 Ml Vr 37.2 38 26 12
, 29.0 Ml Vr 48.9 62.2 2.6
1
J

i,

!

,
1. uses = Unifi~ Soil Classification System 1_ ~lngLalfllson.Assocl..tes Laboratory Test Summary 'WE
2. Ice" u.s. Army Corps of Engineers fee Classification System
3. Elec. Cond." Electrical Conductivity inmmhos/cm i =i == i j EngIneers. GeologISts Pt. Thomson Development Project 0-184. F.P.D. = Freering Point Depression,·C i~ & Geophysicists Winter 1982, Geotechnical Study
5. NP" Non-Plastic EXXON Company, U.S.A.

DRAWN J08MJIt,tSER APPROVED 0"" RE\/I$€D 0""'
,j( 9612,031.08 Jtj';l 4/82,
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SAMPLE SOiL CLASS. - CLASSIFICATiON TESTS SECONOARY TESTS
DESIGNATION

~2
1 2 Atterberg Limits 0", Org. Loss 3 4

IThermaJDEPTH Soil Gradation (%) Moist. Spec. Elec.' Th<>w
uses ICE Density by F.PD. TXUU TXCU TXCD D.S. Consol. Chern. Comments

0 Iftl Gravel Sa'l""", Fines Cont. t%) II Pl pI Ipcfl Igp~~on Grav. Cond, Conso!. Cond

'" ... -4to+ 0 -200

19 29.2 ML Vr 54.8 65

34.5 ML V 51.1 69

44.0 ML Vr 12.1

49.5 ML V 21.9 60.5 2.5

49.7 'ML Vr 21.0 105

i 20 0.0 Ml 336 25

0.1 Ml 4 5.3 90.7

0.2 ML 53.8 46.2 1.9

, ''2.5 'SM . 42;9 , . ---- L44.8 1.-8

· -4.0 GP 6A; 55;6 2 •.3

1 '£.5' -Gp"GM 49 44.3 6.7 6.5 48.0 1.9
L _F -'6.7 ' GP"GM 5.1i 139

8.0 GP 8.0 50.9 2.1

10.0 GP 4.8 52.4 2.1

11.5 GP 75 24.1 0.9 3.2 ,

• 16.5 GP 7.8
l 40.0 SP-SM 41 52.9 6.1 7.9 2.69

i
, 21 0.0 SP-SM 23.4 106

0.1 SP-SM 6.4 22.9 49.1 2.0
•

I
0.5 SP-SM 92.1 7.9 21.3 102 2.70 X

1.5 SP-SM 21.7 38.2 1.5

I 1.7 SP-SM 22.1 102
2.0 SP-SM 91.0 9.0 20.8 105 2.72 X

\

2.5 SP-SM 46.50 2.0 X
3.1 CL 20.6 36.2 1.4

.

1. uses .. Unified Soil Classificati9n System 1_ Har~ngLawson. Assedates Laboratory Test Summary """, 2. Ice = U.s. Armv Corps of Engineers Ice ClassifICation System
3. EIec. Cond... Electrical Conductivity in mmhoslcm I ,. i == .. :; Engll"leer$, GeologISts Pt. Thomson Development Project 0-19i 4. F.P.D." Freezing Point Depression,·C l~ &Geophysicisls Winter 1982, Geotechnical Study

j
5. NP" Non..plastic EXXO~ Company, U.S.A.

DRAWN JOElNUMBEA ~PPAoveo QATE REYl$£O DATE

.:JI 9612,031.08 --:Plfd 4{82
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SAMPLE SOIL CLASS. CLASSiFICATION TESTS
DESIGNATIOIII

SECONDARY TESTS. .

~2
1 2 . Soil.Gradation ('Xi• Atterbetg Umits D<y Org. loss 3 4

ThermalDEPTH Moist. Spoc. Elee.- Th.w
.

1ft)
uses ICE

Gravel
Density

';L~'
F.P.D. TXUU TXCU TXCD O.S. Consol. O1em. Comments

0 Sond '1nes Cont. (%) II Pl PI (pcll 19Qi· n Grow. Cond.. Coosa!. Cond
m .. -4 to +200 ·00

21 3.2 CL 20.5 26 19 7

3.3 CL 20.1 111 2.76 X

4.1 ML 19.3 111 2.74 X

4.5 ML 19.6 39.1 1.6

4.7 ML 2.1 97.9 18.9 111 2.73 X

5.2 ML 20.5 108 2.74 X

5.8 ML 20.8 48.7 2.0

6.7 ML 21.5 37.4 1.5

7.0 ML 19.2 110 X
~ .._.

r 8~2 ML 16'8 52.9 2.2,,
J 9.0 SM 29.7 92
..

9.6 SM . 31.2 61.2 2.5

. 10.6 SM 30.6 62.3 2.6 .

10.8 SM 29.2 93

12.9 ML 25.7 63.8 2.6

16.1 ~lL 27.3 97 X
,, 16.8 SP-SM 30.2 70.7 2.9

18.0 ML 24.0 102 2.73 X
l 18.5 ML 26.6 97 2.74 X
) 19.0 ML 22.4 64.4 2.6

25.0 ML 5.6 94.4 22 21 1 2.73
,

25.9 ML 25.2 77.2 3.1

26.1 ML 25.9 99 2.76 X

j 26.8 ML 25.9 98 2.78 X .

27.8 ML 27.0 100 2.81 . X

)

• 1. uses = Uni'fted Soil Classification System
. ~. Ha.dl•• Law~.A•••clat•• Laboratory Test Summary

2. Ice = us. Army Corps of Engineers Ice Classifkation System
PLU'

3. Elee. Cond... Electrical ConductivitY in mmhos/cm
Engineers. Geologists Pt. Thomson Development Project 0-204. F.P.D. "" Freezing Point Depression.·C
& GeoPhrsiclsls Winter 1982, Geotechnical Study

5. NP - Non-Plastic EXXON Company, U.S.A.

T" JQ6 NUMBER

__
ON' "'''''''' !WE

. 9612,031.08 ::0# 4{82



1

I
SAMPLE

SOIL CLASS. CLASSIFICATION TESTS SECONDARY TESTS.
DESIGNATION .

~2
DO'( Org. loss 3 4 Thaw1 2 Soil Gradation (%) Moist. Atterberg limits Spec. Elec.- hermalDEPTH

DensitY by F.PD. TXUU TXCU TXCO OS. Consol. Chern. Commentsuses ICE Coosol. C<>nd0 (h) G....I Sand F~"" Cont.I%) LL PL PI lpel) Igr~lon Grav. Condl,.
m ... .. +200 -00

21 31.0 CL 24.4 101 X
31.5 CL 23.7 100 X

32.0 CL 23.0 101 X

32.5 CL 26.2 70.9 2.9

41.0 'CL 24.1 38.3 1.5

41.2 CL 22.5 105

45.0 CL 18.7 108

55.2 CL ML 44.2 26 20 6

55.5 CL 22.0 103 -

r 50.0 -CL 22.6 104
~ , -62:0 SC 2 72.5 25.5 18.7 50.1 2.1
-

" ..
22 0.7 SM 30.5

1.0 SM 24.8 45.8 1.9

1.2 SM 25.1 81
•2.2 SM 50.9 49.1 46.5 2.0 X

2.5 II. 24.5 49.4 2.0
•

2.7 ML 25.8 99 2.70 45.5 1.9 - X X.
3.3 ML 27.4 46.7 1.9

,
3.5 ML 28.4 71.6 25.0 24 21 3
3.8 ML 30.7 90 2.69 X
4.5 ML 42.7

" 5.0 It. . 43.7 47.2 1.9
,

5.2 ML 41.4 78,
7.5 CL . 52.3 35 23 12 47.6 1.9

i U.5 SP 9.2
.

49.7 2.0
12.0 SP-SM 10.3 15.9,

!

1. uses = Unitlect Soil Classification System

I~
Harding Lawson Assodates Laboratory Test Summary .......

2. Ice '" u.s. Army Corps of Engineers Ice Classif"tc3tion System Engineers. Geologisls Pt. Thomson Development Project 0.;23. Elee. Cond." Eleet1ical Conductivity inmmhos/cm

1- & Geophysicists Wi ote ... 1982, Geotechnical Study:=4. F.P.D. "" freezing Point Depression.·C
UXOR Company, U.S.A.5. NP" Non-Plastic ....... .JOB HUMBER """""" DAn ..",'" """~ 9612,031.08 ~ 4{82
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I
SAMPLE SOiL CLASS. . CLASSIFICATiON TESTS SECONOARY TESTS

I
DESIGNATION .

~2 DEPTH I 2 Soil Gradation (%J Anerberg limits - Doy Org. Loss 3 4
jrhermaJMoist. Spec. Elec.- Thaw

t (tt!
uses ICE

Gravel Cont. (%)
DensitY by F.P.D. TXUU TXCU TXCD D.S. Consol. Chern. Comments

0 -4~nd ~jlliJ' LL Pl PI Ipctl Igr.L!lon Grall'. Cond~ Conso!. Cond
m +4 +200

22 13.0 SP 34 65.1 0.9 9.1 50.2 2.0

I 15.5 SP 8.3
,

55.42.68 2;3

20.0 SP 37 62.2 0.8 10.6 2.70

I
30.0 GP 54 44.5 1.5 0.9

40.0 GP-GM 5.9 7.6 2.69
,

I
50.0 GP 63 35.4 1.6 11.3

23 , 0.0 ML Vx 42.9 55 X

( 0.3 ML Vv 29.5 3.6, 0.1
'I "MI

,

I
0.5 V 30.3 78 X

1.0 MI -.Vx 23.2 21 13 8 107 X

1 ') 6.3 ICE -- 0.3 0.0
•

,

I 8.3 ICE - 0.3 0.0 i
10.3 SM Vx 41.6 17.6 0.6

I
10.5 SM V 47.4 63

10.8 MI Vv 11.6 88.4 64.6 . 54 X

12.5 CI Vr 43.9 33 22 11 70 ,
X

( 14.0 CI Vr 49.1 65
i

14.5 CI Vr 30.8 36.5 1.5,

I 14.7 CL Vr 37.8 89

15.0 CL Vr 56.7 62

I 19.0 CL Vr 31.9 83 X
24.5 CL Vr , 24.6 93

f
29.0 SM be 84.5 15.5 23.7 10.0 0.4

29.2 SM be 22.8 58,
I 34.0 CL 'otx ,' 32.5 76

I 39.5 CL Vx 27.7 27 20 7 89 .X

1. uses., Unifiee. Soil Classification System Laboratory Test Summary
I , 2. Joe ..u.s. Army Corps of Engineers Ice Classif"lC3tion System Iii ...,dIng Law.on A••oe"'.' O'Uo"

3. EJec. Cond.... Electrical Conductivity in mmhos/cm
Engineers. Geologists Pt. Thomson Development Project 0-224. F.P.D. '" Freezing Point Depression,·C
& Geophysicists Winter 1982, Geotechnical Study

I 5. NP'" Non·PJastic EXXOq Company. U.S.A.
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r~' .._-
SAMPLE

SOIL CLASS. CLASSIFICATION TESTS SECONDARY TESTS.
DESIGIlATION .

be.- -' D'Y Org. loss 3 4 Thaw InmmaJ~2
1 2 Soil Gradation (%) Moist. Atter 9 limits Spe,. Elec.'DEPTH

DensitY by F.P.D. TXUU TXCU TXCD 0.5. Canso!. Chern. Commentsuses ICE
Soond e- Cont. (%) Igr.Won Grav. Cond~ Consol. Cond

- . -0 (ItI Gravel .23b' II Pl PI (pef)m +4 -4 to +200

23 44.4 CL w. 27.2 83

49.0 CL "x 29.3 35.5 1.4

49.2 CL IV, 25.5 90

-

-
.

.

.

.

1. uses = Unifiec:t Soil Classification System 1ft!! Harding Lawson Associates Laboratory Test Summary ........
2. Ice'" u.s. Army Corps of Engineers" Ice Oassifieation System Engineers. Geologists Pt. Thomson Development Project

"D~23. Elec. Cond.- Electrical ConductivitY in mmhoskm & Geophysicists Wlnter 1982, Geotechnical Study4. F.P~D. "'Freezing Point Depression,·C
EXXON Company, U.S.A.5. NP - Non-Plastic
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Harding Lawson Associates

Initially, all of the sample containers were visually inspected for

signs of leakage or disturbance. The frozen samples were immediately placed

in our cold room and stored at a temperature of approximately -SoC. The

remaining specimens were stored as discussed below.

Shelby tubes were placed horizontally in a specially constructed rack

to reduce sample disturbance during storage. Additionally, the Shelby tubes

were turned 90 degrees every 24 hours to reduce the effects of water migra

tion. Samples contained in brass liners were kept in an upright position on a

storage shelf, as were jar samples. The grab samples were placed in moisture

proof plastic bags and stored in a single layer to prevent the bags from

tearing or ripping.

Although care was taken to prevent moisture loss within the samples,

desiccation is unavoidable. Therefore~ we do not believe that samples stored

longer than six months should be tested.

2. Shelby Tube Sample Extraction, Visual Classification, and Preparation

After a Shelby tube sample was extruded~ an engineer and/or a tech

nician inspected the specimen and logged it in accordance with the Unified

Soil Classification System (USeS). These laboratory soil logs are presented

as Plates 0-24 through 0-40. If the soil was bonded, the ice contained in the

bonded soil sample was further classified in accordance with the U.S. Army

Corps of Engineers' ice classification system. The infonnation recorded on

the laboratory soil logs· includes conments on structural features and soil

canst i tuents ~ such as sea shell s and organ i c materi a1s. These logs previ de

more detailed infonnation about the nature of the soils encountered in each

boring than could be shown on the field test boring logs presented in

/ Appendix B.

0-49
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Harding Lawson Associates

Torvane and pocket penetrometer readings were perfonned on all fine

grained soil samples; the values obtained are shown on the laboratory soil

logs. However, because of the character of the soils encountered within the

project area, these values should be used only to compare the relative consis-

tencies of the soil samples.-

Three types of samples were preserved for future use:

Jar Samples. Samples to be saved for primary testing
were stored in glass jars. These samples were gener
ally 2 to 4 inches high. The tops of the jars were
secured and sealed with electrical tape.

Split Tubes. Some soil samples were· preserved in
split tubes. These tubes, constructed of brass, are 6
inches long and have an inside diameter of 2.87
inches. The tubes were split in half lengthwise and
the soil sample was placed within the split tube. The
ends and seams of the tubes were then covered with
plastic caps and taped.

BagSamVles. In some cases, there was excess material
after a 1 of the desired test specimens were removed.
If this remaining material was not suitable for 10n9
tenn storage in jars or split tubes, it was preserved
in a sealed plastic bag and stored as discussed above.

Whenever possible, Shelby tube samples were not extruded until just prior to

testing. This procedure kept moisture loss and disturbance of test specimens

to a minimum and eliminated the need for sealing the temporary storage con

tainers with wax.
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Harding Lawson Associates

C. Primary Testing of,Offshore Materials

1. Moisture Content/Ory Density

Moisture content and dry density tests were performed to evaluate the

natural water content and dry density of the sofls encountered. These tests

served as a basis for correlating the soil engineering characteristics deter

mined from other laboratory tests. Generally, the wet density of a sample was

determined by calculating its volume and weight. The specimen was then dried

at 1050 C, and the weight loss was used for determining the moisture content

and dry density.

Moisture content and dry density was determined for all secondary

test specimens4 Additional moisture-density tests were performed as required

to establish moisture and density proffles. The moisture contents and dry

densities are reported on the test data sheets~ laboratory test summaries and

on the test boring logs in Appendix B.

The data indicate that the natural moisture contents of surficial

fine-grained sediments generally vary between 15 to 35 percent. In the under

lying gravels, the moisture contents are generally less than 15 percent.

There appears to be no distinct variation in moisture content with depth at

any of the test borings.

The boring logs summarize the variation in dry density with depth.

Table IV-6 presents the range in dry density for different soil types.

2. Organic Content

The organic content of selected specimens was determined by the

·Standard Method of Test for Organic Content of Soils' (State of Alaska,

1980), also known as the organic ignition test. The sample to be tested was
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Hillrding Lawson Associates

oven-dried for 24 hours at a temperature of 105"C. and the dry weight was

recorded. The sample was then weighed to the nearest 0.1 gram and placed in a

tared crucible. Next, the crucible containing the sample was placed in a

muffle furnace at a te..,erature of 950°C +500 C until all organic matter

was combusted. Combustion usually occurred within one to two hours. After

cooling the sample to room temperature it was weighed and the percentage of

organic material lost by i9nition was calculated.

The organic contents are listed in the laboratory test sumaries

presented in this appendix and on the test boring logs in Appendix B. If the

organic contents exceeded five percent by weight, the modifier ·0" or tenn

"organic· is used to describe the soil type.

Although deltaic and marine soils commonly contain high percentages

of organic material (Kolb. 1967; Moore. 1977l, the high compressibility. low

shear strength, and high moisture content cOlllOOnly associated with highly

organic soil were not observed. The organic content of the samples that were

tested ranged from 12 to 16 percent. Although th~se soils did exhibit a

decreased density and an increased moisture content, when the behavior of the

organic silts is compared with that of the non-organic silts, there was

neither a noticeably reduced stren9th nor a significantly increased compres

sibility.

It has been reported in the literature that when the organic content

of a soil is less than about 20 percent, the effect of the organic material is

less important than that of minor mineralogical or structural differences

(Franklin et al •• 1973). The soils tested for this project commonly contained
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varying percentages of sands, silts, and clays. It appears that these minera

logical differences have a greater influence on the mechanical properties of

the soil than do the percentages of organic materials.

3. Particle Size Analysis

Particle size is important because of its influence on the drainage,

shear strength, and compaction characteristics of a soi L Furthennore. the

distribution of particle sizes, i.e., gradation, will affect the in situ

density of natural deposit of granular soils, in addition to being an indi

cator of frost susceptibil ity and stratigraphY. In general, coarse-grained

soils drain more freely. have higher shear strengths, and are more readily

compactible than fine-grained materials. Also, well graded, granular soil

typically has a higher density and a higher shear strength than poorly graded,

fine soil.

The quantitative distribution of particle sizes was determined for

representative samples by performing sieve and hydrometer tests. Additional

samples were also tested to determine only the percentage of material passing

the No. 200 sieve size. Samples on which these tests were performed are indi

cated on the test boring logs in Appendix B. Those tested by mechanical

analysis, including a hydrometer test, are marked "MA". The percentage of

material passing the No~ 4 and No. 200 sieve sizes is also listed on the

logs. A summary of the particle size analysis tests is presented on Plates

0-41 through 0-47. Plate IV-15 presents a graphical summary of the test

results.
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PartIcle SIze AnalysIs
Pt. Thomson Development Project
Winter 1982, Geotechnical Study
EXXON Company. U.S.A.

~PPROVEO DATE RE~O

=uetl 4/82
JOe NUMBER

9612,031.08

Harding L.wson Assoclet••
Engineers. Geologists
& GeophYSlcislS

SAMPLE
PARTICLE SIZE ANALYSIS (% Passing)DESIGNATION

!iI. DEPTH uses No. No. No. No. No. No. No. .02 .005-0lSz (ftl LASS
2" H/2' ," 3J4" 1/2" 4 10 20 30 40 100 200 mm mm

'"
1 13.5 SP 4.6

18.5 SP-SII 100 96 96 78 58.4 47.4 44.0 39.1 15.7 7.8 5.0 0.9
23.5 SP-SH 11.3
28.5 S/ol 100 97 82 61.4 47.1 42.1 36.1 18.4 13.6
33.5 SH 13.8
38.5 St~ 100 83 56 43.9 39.5 33.7 17.3 13.3
48.5 SH 100 98 76 49 37.3 33.6 29.3 16.4 12.7

2 0.3 SP 100 99.8 99.7 99.3 96.6 17.8 2.3 1.0 0.8
2.2 SM 100 98 89 83.8 79.5 76.7 72.1 27.0 13.5
2.8 SP-S/ol 8.6
3.5 SP

. 100 99.9 98.5 94.9 79.3 9.0 3.9.

3.9 SP-S1~ 10.9

10.7 ML 99.8 -- 98.4 84.8 23.0 10.5
26.5 ML 100 99.5 99.9 99.7 98.7 92.6

46.7 HL 97.3

60.5 SM 100 99 90 86. 85.7 84.4 79.1 45.5 30.7

66.5 GP
. 1.8

3 1.5 SP 100 96 65 43. 33. 30.5 25.t 9.9 4.6
6.0 SP 0.7

9.0 GP-GM 100 92 79 71 44 33. 30. 29.6 27.t 12.7 7.4

15.0 SP 100 95 92 81 76.J: 75.4 74.2 63.4 4.4 2.2
30.0 GP-GH 100 90 78 50 32.! 24. 21.9 18.7 8.4 5.7

. . .
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CATE

Pt. Thomson Development ProJect
Winter 1982, Geotechnical Study
EXXON Company, U.S.A.

APPROVED DAfE REV:SED

~ 4ro2
J06NUMElEA

9612.031.08

Engmeers. GeologiStS
& Geophysicists

,
,
,, SAMPLE
: DESIGNATION PARTICLE SiZE ANALYSIS (% Passing)

: !i! .
DEPTH uses No. No. No. No. No. " No. No. .02 .005. 0:: 0 rLASS

2" '·1/2' '" 3/4" 1/2", OZ lit) 4 10 20 30 40 100 200 mm mm
a>

4 1.1 SH 21.
1.7 SP 100 99.8 99.6 99.1 97.0 15.0 2.C

13.8 HL 99.8 99.8 99.8 99.6 98.2 90. 49.1 21.8
26.0 SH 100 98 93 89.8 88.1 87.0 85.3 58.1 40.
30.0 HL 65.
44.5 HL 100 99 99.3 98.9 98.4 97.5 81.3 74.
50.0 SP 2•

.
5 0.1 SP-S 100 93 86 82.5 80.4 78.5 75.2 17.0 9.0

4.0 SP 3.
6.5 SH 22.

10.0 SP 1.
45.5 'CL 100 99.8 99.8 99.6 8.4. 7.2 28.4

46.0 HL 100 99.8 99.8 99.8 99.8 99.6 9.0 58.6 25.2

6 0.1 SH 100 99.9 99,7 99.6 95,7 0,7

4.1 HL 84 9
5.3 SP-sr1 100 98 92 78 71.0 67.6 66.1 63,7 33.8 9.5 5.2 2.3
6,7 HL 52,7

14.3 HL 99.4 --- 98.6 98.2 62.0 24.0
21.7 14L 100 99.8 99.6 99.6 98.4 95 8 51 2 21 5
35.5 P-GH 100 91 74 44. 31.4 24.2 21.4 17.4 7.7 5.3
40.5 GP 2.8

~ H....d(ng ...wson.A.~.t•• Particle Size Analysis ""'''.
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Particle SIze AnalYSIS
Pt4 Thomson Development Project
Winter 1982, Geotechnical Study
EXXON Company, U.S.A.

APPflOVEO 0/<.( REVISED

:we 4/82
J08NUM8ER

9612.031.08

tbrdlng Law_n Aasoclates
Engineers. Geologist'S
& GeophysictslS

SAMPLE
PARTICLE SIZE ANAL YSIS (% Passing)DESIGNATION

!i!.
DEPTH uses No. No. No. No. No. No. No. .02 .005-0 2" 1·1/2' '" 3/4" 1/2"l'5z 1111 L--LASS 4 10 20 30 40 100 200 mm mm

<0

7 9.0 SM 100 92 83.8 78 5 75 9 69 3 36 7 b, 7
34.0 sp-SI'/ 7 4
39.0 SM 100 99 76 57.1 44.0 40 1 35 2 22 2 7 7

44.0 SM lQ 4

49.0 SM 100 97 89 59 41.3 33 9 3' 5 '28 • hQ 6 ,..
8 0.1 GM 100 78 78 73 65 56 51.1 49.4 48.6 46.4 35 0 29 3

3.0 SP 100 97 97 96 85 77.1 68.6 63.1 50 4 111 5 4 •
5.0 SP 100 90 80 --- 60 29.8 29 0 28 7 27 6 112 , 1 •

24.0 SM 100 92 92 90 89.3 88.3 87.9 87.4 84.0 147 0
25.0 SM 36 4
37.0 SP-S.j 100 97 88 60 48.4 43.5 40.8 36.0 14.5 7 1

9 0.0 SM 100 99.9 99.8 99.8 99.8 81.0 36 5
7.0 Ml 99.5 --- 93.2 59.4 22 0 9 0

25.0 Ml 67 4
30.0 SM 38 8
36.0 SM 23.6
41.4 Cl 100 99.8 99.8 99.6 99.4 98.2 71.2 37.8
61.0 GP 72.2 59.9 34.1 3.9 1.3 1.2 0.9 0.9 0.4 0.2.

10 0.5 SP-S~ 100 99.9 99.5 96.3 12.4 8.9
3.0 SP-SI 10.2
8.5 SP-S/I 100 99.9 99.9 99.5 98.8 93.0 15.2 10,7

. . .
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Particle Size AnalysIs
Pt. Thomson Development Project
Winter 1982, Geotechnical Study
EXXON Company, U.S.A.

APMOV£D OA.TE REVISED

::wB. 4/82
.IOBNUM8ER

9612.031.08

H...dlng LAwson A.socl.....
Engineers. Geologists
& Geophysicists

SAMPLE
PARTICLE SIZE ANALYSIS (% Passing)DESfGNATIOI\l

~. DEPTH USCS. No. No. No. No. No. No. No. .02 .005-0 2" 1·1/2' 1" 3/4"gz (ft) FLASS
1/2" 4 10 20 30 40 100 200 mm mm

11 4.0 GP 100 94 94 64 23 11.1 7. 6.4 5.3 1.8 1.0
10.0 GP 100 96 89 57 18 11.3 8.6 7.5 5.9 1.7 0.9
15.0 GP 93 85 49 8.8 25. 2 24.2 22. 7 7.9 ~.;

17.0 GP 2.3
22.0 GP 32 7.0 3.5 2.8 2.3 1.0 0.7
30.5 SP 0.5
34.0 GP 1.

34.5 P-SM 9.7
41.0 GP-GM 100 97 93 76 42 29.5 25. 24.9 23.9 15.5 8.1
49.0 SP 100 94.8 90.6 82.5 58.7 50.1 44. 41.1 31. 7.2 3.9

12 9.0 SM 100 99 97 96.2 95.9 95. 92.1 48.5 17.4.
14.4 . GM 100 87 86 57 50.2 6.5 45.2 43.4 24.0 14.5
19.0 SP-SM 11.3
24.0 SP-SM 9.3

13 3.8 GP-6I' 100 91 80 51 36.5 30.1 27~ 23. 9.7 7.2
6.5 SM 16.1

10.0 SM 100 97 95 78 62.6 53.4 50. 45.2 18.0 12.5

27.0 SP-S~ 11.5
32.0 SM 100 88 86 77 55 44.7 37.5 35.C 31.f 16.5 13.3
42.0 SM 12.6

50.0 SP-S! 100 97 66 44.5 35.4 32. 28.5 14.5 1O.~

. . .
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OATE

Pt. Thomson Oevelopment ProJect
Winter 1982, Geotechnical Study
EXXON Company, U.S.A.

JOBNUU8ER

9612,031.08

Engmeers. GeologISts
&. Geophysicists

0 ......

.:JI

SAMPLE PARTICLE SIZE ANALYSIS (% Passing)DESlGIIATION

Sl. DEPTH uses No. No. No. No. No. No. No. .02 .005-0 2" 1-1/2' '" 3/4" 1/2"gZ lftl ~LASS 4 10 20 30 40 100 200 mm mm

14 1.5 SM 100 99 98.9 98.9 98.8 fQ8.7 72'< 27.
11.0 SM 100 99 89 85.8 84.7 83.6 180.4 45:~ 27.
45.0 GM 100 75 75 75 69 53 50.8 49.8 49.5 148.9 44.1 31.
50.0 GP 84 69 36 20.6 14.3 12.4 10.2 3. 2.

15 7.5 SM 99.8 99.7 87. 47.1 1<.' ' A n

8.4 MH 83.

16 0.1 SP-SM 90 84 82 80 77 76.1 74.3 70.7 56.4 22.6 8.
1.1 SM 39.
5.0 Ml 93.1
9.0 SM 1'9.1

15.0 ML 67.
17.5 SM 00 94.3 48.1

-

17 6.2 ML 100 99 99.5 99.3 99.3 ~8.9 95.5 93. 53.3 21.9
9.4 GM 100 90 56 51.2 50.3 50.1 9.6 44.8 39.6

11.5 GP 0.4
40.7 GP-G 100 93 82 42 24.3 18.1 16.3 4.5 10.1 7.1

.~ ...r_dlng L.wson Assoc:tal.s Particle Size Analysis .....".
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PartIcle Size AnalysIs
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APPROVED o.o.TE REVISED

:Ii\3 4/82
JOB NUMaER

9612.031.08

Harding Lawson Assocl.tes
Engineers. GeologiSts
& Geophysicisls

SAMPLE
PARTICLE SIZE ANALYSIS (% Passing)DESlGNATlali

~. DEPTH uses No. No. No. No. No. No. No. .02 .005-0
:§z Ittl ~lASS

2" 1"/2' 1 •• 3!4" ,/2" 4 10 20 30 40 100 200 mm mm
'"
18 18.5 GP-GM 5.7

23.5 ~P-SM 100 96 87 54 34.2 1:>6.4 23. 19. 8.S 6.5
33.5 SP-SM 100 81 76 73 57 43.2 135.2 32.( 27. 13.( 9.7
38.5 P-SM 7.8
43.5 SP-SM 100 98 68 46.2 6.3 32. S 28. 14. 1.0
48.5 SP-SM 0.4

19 0.1 SP 99 95 91 78.0 65.9 160.3 5.9 1.8 1.1
4.0 SP 100 99 86 72.4 3.9 59.0 3.3 4.0 3.0

12.0 SP-SM 5.5

20 0.1 Ml 100 98 96 96.0 95.9 95.7 195.4 93.1 So.7
6.5 GP-GI 100 90 84 79 51 34.7 27.1 24.5 0.9 10.8 6.7

11.5 GP 100 72 77 25 10.3 6.7 5.9 4.7 1.5 0.9
40.0 SP-SI 100 93 59 40.1 28.2 24.3 0.1 8.5 6.1

21 0.1 SP-SM 6.4
0.5 SP-SI 100 99.4 98.9 98.3 96.4 ~8.9 7.9
2.0 SP-SI 100 99.9 99.7 ~.1 ~0.5 9.0
4.7 Ml 100 99.8 99.6 7.9 7.8 2.7

25.0 ML 100 -- 99.7 4.4 40.7 16.0
62.0 SC 100 98 89.0 75.2 63.6 49.4 35.4 5.5 16.4 8.0

. .
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JOBNUI.IBER

9612.031.08

Harding Lawson A,soclates
Engineers, Geologists
& Geophysicists

SAMPLE
PARTICLE SIZE ANAL YSIS (% Passing)DESIGNATION

2.
DEPTH uses No. No. No. No. No. No. No. .02 .005-0 2" 1-1/2" 1••g5z lit) CLASS

3/4" 1/2" 4 10 20 30 40 100 200 mm mm

'"
22 2.2 sM 100 99.5 99.1 98.9 S7.9 93.5 49. I 21.6 9.7

3.5 ML 100 99.9 99.9 99.9 99.5 97.3 71. 6 31.2 13.3
12.0 5P-SM 10.3
13.0 SP 100 98 66 12.3 5.2 3.Q 2.Q 1 4 0.9
20.0 SP 100 94 63 14.4 6.5 4.9 3.5 1.3 0.8
30.0 GP 100 97 87 46 25.5 14.4 11.4 8.5 2.7 1.5
40.0 ~P-G~ 5.9
50.0 GP 93 88 37 14.5 7.8 6.2 4.9 2.4 1.6

23 10.8 ML 100 99.7 98.9 98.6 98.1 94,1 88.4
29.0 SM 100 99.9 -- 15.5

.

,
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Harding Lawson Associates

Plate IV-IS shows that the gravels (GP) are generally smaller than

two inches in diameter, and that they have a mean grain size of about -1/4

inch. The gravels also contain a relatively high percentage of sand and a

silt content varying between 5 and 30 percent but generally less than 5 per

cent. The sands encountered within the project area are fine to coarse

grained and typically contain 5 to 50 percent silt. The silts encountered

contain varying amounts of sand, ranging from less than 5 and up to 50 percent

by weight. Finally, the clays generally contain substantial amounts of silt.

4. Liquid and Plastic limits

The liquid and plastic limits, i.e., the moisture contents at which

liquid and plastic behavior occur, were detennined for selected fine-grained

soil samples. These two parameters, along with the shrinkage limit, are known

as the Atterberg limits. Atterberg limits are used to classify fine-grained

soils by measuring differences in mechanical behavior and to aid in estimating

the overconsolidation and compression indexes of the material. In classifying

fine-grained soils, Atterberg limits are used instead of grain size distri

bution because it is possible to have two soils, such as clay and fine Mrock

flourM, with similar grain size distributions, yet each exhibits <t signifi

cantly different mechanical behavior.

Another term that is used to describe the behavior of fine-grained

soils is -degree of p1asticity-. Leonarrls (1962) relates the plasticity index

(liquid limit minus the plastic limit) to the degree of plasticity as

follows:

0-78
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Harding Lawsorl Associates

All of the data from these tests are plotted on Plate IV-16. and a

cnumerical summary of the Atterberg limits is presented in the Laboratory Test

SUfIlIlary. Generally, the fine-grained soils in the project area range from

non-plastic to moderately plastic. Both silts and clays were encountered, the

silt being more plastic than the clay.

5. Specific Gravity

Specific gravity tests were performed to determine the specific

gravity, Gs ' of the soil constituents of all secondary tests. Additional

tests were perfonned as required. The measured values are shown on the appro

priate data sheets, and the results of the tests are summarized below:

Classification Average

SAND (SP) 2.69

SILTY SANO (SM) 2.70

SILT (Mll 2.70

CLAY (Cll 2.75

GRAVEL (GP) 2.69

These values are within the range considered nonmal for these soil types.
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6. Chemical Tests

Chemical testing of the pore fluids was performed by Chemical and

Geological Laboratories of Alaska, Inc. in Anchorage. For these tests the

pore water conductivity and total soluble salt concentration were measured

using titration methods and the representative freezing point depression (FPO)

was determined using standard seawater salt concentration - FPO re1ation-

ships. The results of these tests are presented on Plate 0-48.

Interpretation of the test results was not within the scope of our

sE:rvices. For a detailed discussion of interstitial water chemistry in the

Prudhoe Bay region, the reader is referred to Page and Iskandar (1978) and

Iskandar, Osterkamp, and Harrison (1978).

•

7. Electrical Conductivity Tests

The electrical conductivity of selected specimens was measured to

determine the salinity of the interstitial fluids. With the salinity known,

the freezing point depressions were calculated. The results of the electrical

conductivity tests along with the results of tests perfonned by Chemical and

Geological -Laboratories of Alaska, InL are shown on Plates 0-49 and 0-54.

The general test procedure is as follows:

1. Approximately 100 grams of material is removed
from a representative sample and weighed.

2. Approximately 100 grams of distilled water is
added to the soil to create a solution. The
solution is placed in d- constant temperature bath
that is maintained at 250 C.

\

Bridge is inserted into the
and the electrical conduc-

A YSI Conduct i vity
prepared solution,
tivity is recorded.

4. The solution is weighed and oven-dried to deter
mine the moisture content.

3.

0-80
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..
Conductivity Freezing Interstltfal Water AnalY11s (ppt) Total

Boring Depth uses Bonded Point Salts
fto.~ Depression .. ·K C• .. S04 CL ""'3 j{ppt)(ft) (_os/CIA) (OC)

2 2.1 SP-SM No 45.45 1.90 10.460 0.365 0.420 a.950 1.700 18.310 0.130 32.935

5 2.0 Sf-SIt 'os 90.90 3.95 23.080 0.560 0.900 2.240 2.465 41.820 1.030 72.095

5 8.0 SM ,,, 108.10 5.02 29.690 0.640 1.110· 2.no 3.670 53.180 0.975 92.185

• 4.4 SM No 50.00 2.10 11.12 0.380 0.300 0.985 1.200 20.440 0.870 35.895

10 15.0 SM No 90.90 3.85 21.87 0.520 0.810 2.730 2.440 41.330 0.810 70.510

1. 0.8 SP·SM no 40.80 1.70 9.330 0.465 0.490 0.160 1.480 16.050 1.290 29.865

" 2.2 .sp 'os 8.33 0.35 0.920 0.515 0.810 0.465 1.090 0.670 5.550 10.020

, 21 2.5 SP-SIt No 46.50 1.95 10.680 0.350 0.455 0.970 1.660 18.140 0.790 33.645

22 2.2 ~M No 46.50 1..95 10.110 0.525 0.965 0.960 2.410 18.540 0.850 35.020

22 2.1 Me No 45.45 1.90 10.950 0.470 0.295 0.730 1.330 18.430 0.960 33.165

. .



Bari og Depth USCS Bonded Moisture Electrical FPO*
No. Content Conductivity (0C)

(ft) (X) (mmhosjcm)

2 0.9 SP No 22.0 52.32 2.13
2 247** SP-SM No --- 45.45 1.90
2 3.0 SP-SM No 23.0 49.67 2.02
2 8.4 ML No 33.4 50.67 2.06
2 10.5 ML No 30.6 46.42 1.88
2 14.4 ML No 28.7 40.75 1.64

2 18.5 MH No 51.8 29.92 1. 17
2 19.0 ML No 46.2 35.01 1.39
2 30.0 SM No 16.0 36.26 1.44
2 40.7 ML No 8.2. 68.91 2.83
2 60.5 SM No 13.0 48.07 1.95
2 66.5 GP No 17.7 48.26 1.97

3 0.0 ML No 37.9 44.25 1. 78
3 1.5 SP No 10.6 45.70 1.85
3 3.5 SP No 18.3 48.16 1.95
3 4.5 SP No 2.2 57.23 2.34• 3 6.0 SP 9.9No 52.48 2.14

3 9.0 GP-GM No 8.6 54.87 2.24
3 12.0 SP No 6.5 51.93 2.12
3 15.0 SP No 22.4 50.48 2.06
3 19.0 GP No 8.6 51.56 2.10
3 30.0 GP-GM No 5.8 50.76 2.07
3 50.0 GP-GM Yes 4.0 30.42 1.19

4 2.8 ML No 24.5 46.27 1.87
4 9.5 ML No 43.8 44.44 1. 79
4 12.0 ML No 41.0 43.84 1.77
4 20.2 ML No 69.0 47.42 1.93
4 25.5 SM No 9.8 44.34 1.79
4 49.5 SP No 21. 9 53.10 2.18

5 0.1 SP-SM Yes 27.1 61.47 2.52
5 0.5 SP-SM Yes 16.2 54.32 2.22
5 2.0"* SP Yes 14.0 90.90 3.95
5 4.5 SM Yes 36.4 26.28 1.01
5 6.5 SM Yes 18.3 107.94 4.04
5 840** SM Yes 13.5 108.70 5.02

* Calculated according to Page &: Iskandar, 1978. other relationships are
available. -

** Chemical Analysis Data

,
,

•

)
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I Bari n9 Depth USCS Bonded Moisture Electrical FPO*
No. Content Conductivity (aC)

(ft) (% ) (mmhas/cm)

5 10:0 SP No 6.9 21.15 0.79
5 16.0 ML No 33.0 83.66 3.37
5 16.5 ML No 52.0 17.60 0.65
5 20.3 CL No 42.3 78.10 3.17
5 31. 1 ML Yes 43.6 42.89 1. 73
5 45.5 CL Yes 41.9 28.13 1.09
5 51.0 CL Yes 27.0 37.85 1.52

6 0.1 SM No 31.6 48.57 1.97
6 0.5 SM No 22.5 47.32 1.92
6 1.0 SM No 22.5 48.10 1.95
6 3.5 ML No 29.2 47.27 1.91
6 4.1 ML No 34.7 52.06 2.12
6 5.2 ML No 21.3 48.36 1.96
6 6.5 SP-SM No 18.7 50.08 2.04

6 7.2 SP-SM No 7.4 95.B7 3.75
6 9.2 SM No 11.4 49.41 2.01
6 12.5 ML No 24.1 48.69 1.98
6 14.1 ML No 25.1 34.05 1.34
6 14.7 ML No 23.3 37.09 1.47
6 21.4 ML No 26.4 47.72 1.94
6 35.5 GP-9't No 6.7 52.45 2.15

8 0.1 GM No 31.8 49.61 2.02
8 3.0 SP No 15.4 51.24 2.09
8 5.0 . SP No 9.5 55.94 2.29
8 7.0 SP No 8.0 54.88 2.24
8 ~.5 SP No 9.2 60.17 2.47

8 9.0 SP No 15.3 72.53 2.96

I 8 10.2 .. ML No 25.6 78.68 3.19
8 13.0 ML No 25.3 79.27 3.21·
8 14.9 ML No 28.8 52.37 2.14

I 8 18.0 ML No 23.3 63.09 2.59

9 0.1 SM No 19.7 48.46 1.97

I
9 4.4** SM No --- 50.00 2.10
9 5.0 SM No 22.5 52.39 2.14
9 5.6 ML No 22.6 50.01 2.03
9 6.6 ML No 28.2 53.06 2.17

I 9 7.3 ML No 28.2 39.77 1.59

* Calculated accardin9 to Page & Iskandar, 1978. other relationships
are available.

.'* Chemical Analysis Data
- Electrical Conductivity Summary '''''''E_dlllgLawaoa Associ....



0-53

-lori ng Depth USCS Bonded Moisture EJeetrkal FPO-
No. Content Conductivity (OC)

(ft) (%) (mmhos/em)

17 7.3 SM No 50.1 37.42 1.49
17 9.4 GM No 17.2 4B.65 1.98
17 10.0 GM No 19.4 50.24 2.04
17 25.7 ML No 22.7 67.22 2.76

19 2.2*- SP Ves --- 8.33 0.35
19 4.8 SP Ves 15.0 3.76 0.12
19 6.0 SP Ves 22.5 9.01 0.31
19 8.0 SP Ves 24.8 80.97 3.27
19 9.5 SP Ves 20.2 45.72 1.85
19 12.0 SP-SM Ves 24.8 91.24 3.62

19 14.0 SP-SM Ves 25.9 93.16 3.67
19 15.0 SP-SM Ves 21.4 129.04 4.30
19 16.0 ML Ves 30.4 130.12 4.30
19 16.5 ML Ves 26.8 110.15 4.09
19 24.5 ML Ves 36.2 73.75 3.01
19 29.0 ML Ves 48.9 62.21 2.56
19 49.5 ML Ves 21.9 60.54 2.49

20 0.2 ML No 53.8 46.17 1.87
20 2.5 SM No 42.9 44.76 1.81
20 4.0 GP No 6.6 55.63 2.27
20 6:5 GP-114 No 6.5 47.95 1.94
20 8.0 GP No 8.0 50.87 2.07
20 10.0 GP No 4.8 52.37 2.14

21 0.1 SP-SM No 22.9 49.09 1.99
21 1.5 SP-SM No 21. 7 38.30 1.52
21 2.5** SP-SM No --- 46.50 1.95
21 3.1 CL No 20.6 36.24 1.43
21 4.5 Jot. No 19.6 39.07 1.56

21 5.8 ML No 20.8 48.67 1. 98
21 6.7 ML No 21.5 37.36 1.48
21 8.2 ML No 16.8 52.89 2.16
21 9.6 SM No 31.2 61 •15 2.51
21 10.6 SM No 30.6 62.26 2.55

Calculated according to Page &Iskandar, 1978, other relationships
are aval1abl e.

• Chemical Analysis Data

,JOB NUt.'lBEA
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Boring Depth USCS Bonded Moisture Electrical FPO'

No. Content Conductivity (DC)

(ft) (%) (llJl1hos/cm)

21 12.9 Ml No 25.7 63.82 2.62

21 16.8 SP-SM No 30.2 70.69 2.89

21 19.0 Ml No 22.4 64.36 2.64

21 25.9 Ml No 25.2 77.22 3.14

21 32.5 Cl No 26.2 70.94 2.91

21 41.0 Cl No 24.1 38.29 1.53

21 62.0 SC No 18.7 50.07 2.05

22 1.0 SM No 24.8 45.77 1.85

22 2.2** Ml No .-- 46.50 1.95

22 2.5 SM No 24.5 49.41 2.01

22 2.7** SM No 25.8 45.45 1.90

22 3.3 Ml No 27.4 46.66 1.89

22 5.0 Ml No 43.7 47.19 1.91

22 7.5 Cl No 52.3 47.58 1.93

22 11.5 SP No 9.2 49.66 2.02

22 13.0 SP No 9.1 50.16 2.04

22 15.5 SP No 8.3 55.37 2.27

23 0.3 Ml Yes 29.5 3.62 0.11

23 6.3 ICE Yes .-- 0.33 0.01

23 8.3 ICE Yes _.. 0.33 0.01

23 10.3 SN Yes 41.6 17.60 0.64
23 14.5 Cl Yes 30.8 36.45 . 1.45

23 29.0 SM Yes 23.7 10.02 0.35

23 49.0 Cl Yes 29.3 35.46 1.41

, Calculated according to Page & Iskandar, 1978. other relationships
are available.

•• Chemical Analysis Data . . .
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The diluted electrical conductivity measurements were converted to a

salinity value using the sea water-equivalent salinity content and the para

conductivity relationship that is presented in the Handbook of Chemistry and

Physics (1976).

This diluted salinity value was then corrected to represent the

salinity of the natural moisture content by applying Equation 0-1 and the

freezing point depression was calculated by applying the relationship pre

sented in Equation 0-2 (Page and Iskandar, 1978). (1) A discussion of the

significance of salinity on the freezing point of soil is presented in

Chapter IV.

Cl Vl = C2 V2 (0-1)

Where Cl = Salinity concentration before dilution, ppt

Vl = Volume before dilution, gm

C2 = Salinity concentration after dilution, ppt

V2 = Volume after dilution, gm

FPO = 0.00249-0.0533Cl - O.0000764Cl 2 • O.00000187Cl 3 (0-2)

Where FPO = freezing point depression in degrees centigrade

The calculated salinity values for each boring are presented on the Salinity

Profile sheets, Plates 0-55 through 0-59. The calculated freezing point

depression values "are plotted with measured ground tempeatures on Plate IV-12.

(1) Other relationships exist to compute the freezing point depression.

0-88
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Harding LaW$on Associates

O. Strength Testing

1. Triaxial Tests

Soil strength tests conducted under static loading conditions were

perfonned on selected samples of unfrozen sand, silt, and clay to define the

shear strength parameters used in engineering analyses. For a complete dis

cussion of the triaxial test, the reader is referred to Bishop and Henkel

(1978) •

a. Unconsolidated-Undrained Triaxial Shear Tests

Unconsolidated-undrained triaxial shear (TXUU) tests were con

ducted on samples of clayey and organic silts. The maximum sample depth was

approximately 51 feet below mudline. All samples were tested at their field

moisture content and at a constant strain rate of about 1.5 percent per

minute. Failure was defined as the peak deviator stress. The test results

are summarized on Plate 0-60, and the individual test results are presented on

Plates 0-61 through 0-74.

Attempts were made to correlate the undrained shear strength

(Su) with depth and dry density, as well as the ratio of the undrained shear

strength/overburden pressure (Su/Po) with depth. There are no significant

correlations between Su and Su/Po versus depth. However, a reasonable

correlation was established between Su and dry density as shown on Plate

IV-17 •

b. Consolidated-Undrained Triaxial Shear Tests

Consolidated-undrained triaxial shear (TXCU) tests with pore

pressure measurements were conducted to provide information on the undrained

shear strength (Su)' the effect i ve angl e of i nterna1 fri ct i on (4' I ), the

effective cohesion (e'), and the stress-strain behavior of selected samples.

0-94
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Boring Depth USCS robi sture Dry Cell Shear Strain @
Content Dens ity Pressure Strength Peak Stress

(ft) (%) (pcf) (psf) (psf) . (%)

2 12.9 ML 38.6 80 3000 290 15.0
2 14.5 ML 35.7 83 1500 480 15.0
2 46.7 ML 32.5 89 5500 1600 6.0
2 51.2 ML 26.0 97 6500 2070 7.0

4 18.3 MH 70.8 57 4000' 330 10.0

5 19.0 ML 35.5 61 1500 400 15.0

8 15.0 Ml 26.4 98 1875 1320 15.0

9' 14.4 ML 41.8 78 1500 620 11.0
9 15.0 ML 40.7 77 3000 560 15.0
9 19.5 ML 51.3 68 2000 360 11.0
9 31.6 SM 30.2 90 4000 1580 10.7
9 41.4 CL 31.2 90 2500 1630 9.0
9 41.9 CL 27.6 96 2500 2460 8.0

14 17.0 CL 18.1 113 2200 4730 7.0
) 14 25.5 CL 22.9 103 3200 2140 15.0

14 36.0 ML 25.1 101 4500 2380 6.1
14 40.5 ML 25.1 101 5000 2880 5.4

15 2.0 ML 36.0 83 500 790 8.7
15 9.0 MH 81.1 51 1000 800 6.0
15 10.8 ML 32.2 86 1300 710 15.0
15 36.8 CL 26.0 95 4600 520 15.5

17 6.2 ML 52.5 67 800 750 15.0
17 6.7 ML 40.5 77 900 1350 14.0
17 30.4 ML 18.4 114 3800 6450 4.7

21 7.0 ML 19.2 110 900 3820 10.8
21 31.5 CL 23.7 100 4000 1270 8.8
21 32.0 CL 23.0 101 4000 1090 15.2

. .
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Harding Lawson Assodates

The following procedure was used for these tests:
•

I}

2}

A 2.87-inch-diameter sample was trilll1led to a
height of approximately 6.00 inches and
placed in a triaxial cell. A confining
pressure of 2 psi was immediately applied to
the sample to ensure sample integrity.

Back pressures, varying between 20 and 50
psi, were applied to achieve complete satur
ationa The ns parameter-, which relates
changes in pore water pressure to changes in
confining pressure (8 = Aul AOd was
calculated to check for sample saturation.
If the sample was not saturated, a higher
back pressure was emp10yeda

3) The sample was consolidated under .a selected
confining pressure. During consolidation,
the volume change of the sample was recorded
and plotted against the logarithm of time.
This plot was used to determine when primary
consolidation had ended.

4) After completion of the consolidation phase,
the drain valve was closed and an axial load
was appl ied at a constant strain rate of
approximately 0.1 percent per minute; the
actual strain rate depended upon soil type.
During loading, pore pressure readings were
obtained with a Mercury manometer. The
measurement of pore pressure allow direct
correlation of TXCU results with TXCO
resultsa

Results of the TXCU tests are sUDlDarized on Plate 0-75. 80th

total and effective stresses and strains at failure are presented. Represen

tative total and effective strengths are presented on Mohr1s diagram, Plate

0-76. The effective stress failure criterion is based on the effective prin-

cipa1 stress ratios (1T1 'f(T3')· If the material is non-di1atant, the maxi-

mum stress ratio, (1T1'f(T3' )max is taken as the failure stress ratio

(1T1' 11T3')· If the materi a1 is dilatant, the stress ratio at which the

0-110

-
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pore pressure becomes zero or (111' /113' )max is taken as (OJ '/113')f'

whichever is smaller. The effective strengths for all tests are presented on

a modified Mohr diagram as shown on Plate IV-19, which yields an effective

friction angle of 40 degrees with no cohesion intercept.

The deviator stress, (tJ"1-113'), is used as the total stress

failure criterion. If the soil is non-dilatant, the maximum deviator stress

(OJ '-!T3)max is taken as the failure stress, (tJ"1-113)f' If the soil

is dilatant, the (OJ-ll"3) at which the pore pressure becomes zero or the

(tJ"1-113)max is taken as (ll"1-ll"3)f' whichever is smaller. The pore

pressure parameter, Ar Is computed at (ll"1-113)max'

Several series of tests were made with -two or more tested at

different confining pressures. Results indicate that the rate of increase in

undrained shear strength with the increase in consolidation pressure is ap

proximately 0.5, regardless of material type and dry density as shown on Plate

IV-lB. The undrained shear stengths corresponding to the effective overburden

pressures are plotted with TXUU data. The agreement between the TXCU and TXUU

results Is good as shown on Plate IV-17.

Results of each individual test are presented on Plates 0-77

through 0-110. The nonnalized deviator stress and pore pressure, as well as

the effective stress ratios and pore pressure parameter A, are plotted versus

the consolidation pressure.

c. Consolidated-Drained Triaxial Shear Tests

Consolidated-drained triaxial shear (TXCD) tests were conducted

on samples of sandy silt (ML) and sand (SP). In these tests, the samples were

saturated by seepage or back pressure, subjected to pressure, and allowed to
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