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APPENDIX. A ..
EXISTING INFORMATION

Previous soil investigations for the development of the Point Thomson
Development (PTD) area have produced a collection of geotechnical deta. This
chapter summarizes the available onshe:e ;ﬁdgeffeﬁore geotechnical 1nformatfen

sources pertinent to development of the PTD .area.
The studies cited were performed for either government agencies or part-
ners in the PTD area. The list is limited te data available to Harding Lawson

Associates (HLA) and used in the current investigation. The locations of the

studies along with the boring locations for this étudy are shown on Plate A-1.-

A. Offshore Soil Investigations

1. Geotechnical Investigation Beaufort Sea
HLA performed thie investigation in February and March, 1979 for the
United States Geological Survey (USGS). Four borings for this USGS investiga-
tion were drilled within the proposed PTD area to.depths of 42 to 103 feet
below mudline. Logs for these four borings were generalized in the Alaska 0i}

and Gas Association study and are shown on Plates A-2 through A-5.

2. Interpretation of Geophysical, Geologic and Engineering Data Beaufort
Sea, Alaska o

This study was performed in November, 1979 for eight o0il companies by
HLA. This paper presented an interpretation of geophysical and geotechnical
data available in the Prudhoe Bay—Point Thomson region from 1971-1977 and

involved the geotechnical data generated in the 1979 USGS investigafion.
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3. Drill Sites B, 0, E, F1, F2 - Soil Investigation

These five sites were investigated in February and March, 1980 by HLA
for Exxon Company, U.S.A. Several borings were drilled at each site.
Generalized subsurface profiles of conditions encountered at each site are
presented on Plates A-6 through A-10 and are described below.

a. Drill Site B

Drilling operations were conducted on the ice from February 29
through March 2, 1980. Five test borings were drilled at the locations shown
on Plate A-6. Ice thickness at boring locations varied from 4.0 to 4.8 feet
and the water depth {top of ice to mudline) ranged from 6.6 to 9.4 feet. The
test borings ranged in depth from 47.0 to 100.3 feet below mudline. A
generalized subsurface profile of the site is presented on Plate A-6.

The upper stratum extending from the mudline to a depth of 20 to
25 feet is a Holocene unit. This unit is comprised of sand, silty sand and
thin interbedded layers of sandy and clayey silt. The sand is fine-grained
and loose to medium dense. The silt layers are medium stiff and have wmedium
plasticity.

A late Pleistocene stratum of silt and clay underlies the surfi-
cial Holocene deposit. This stratum extends to depths of 35 to 46 feet and
ranges in thickness from 14 to 24 feet. The stratum contains occasional,
discontinuous silty sand and gravel lenses, some organic silt layers, and
occasional thin seams of peat. The silt and clay are overconsolidated and
medium stiff to stiff.

The silt and clay are underliain by a gqlaciofluvial Pleistocene
deposit of silty sand and gravel. This deposit extended to the depths pene-

trated by the borings.

A-11
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At the time of our investigations, the soils were unbonded(*)
from the mudline to depths ranging from 31 to 36 feet. Below these depths the
so0il is honded.

The ground temperatures were measured in Boring B-1 using down-
hole thermistors. The ground temperatures measured approximately 44 hours
after completion of the boring ranged fram -1.6°C to -0.6°C.

b. Drill Site D

Drilling operations were conducted at the "D" site from March 3
through 6, 1980. The island is approximately 430 feet in width (bank-to-bank)
at the proposéd drill pad location. Surface elevations vary across the drill
pad site from 2.6 to 4.3""). Five test borings were drilled at the loca-
tions shown on P]éte A-7 to depths of 41.5 to 100.0 feet. A generalized sub-
surface profile of the site is presented on Plate A-7.

A Holocene unit consisting of sand and silty sand extends from
the ground surface to depths of 12 to 17 feet. The sand is fine to medium
grained with occasional fine gravel and thin gravel lenses. The unbonded sand
is medium dense to dense.

The surficial sand is underlain by a late Pleistocene deposit
consisting predominantly .of clayey silt with some silty clay layers. Gener-
ally, the silt and clay have medium plasticity and the unbonded soils are
medium stiff to stiff. At depths ranging from 30 to 45 feet the silt and clay

contain interbedded silty sand and gravei.

(*) *Unbonded" soil denotes soils which exhibit temperatures below 0°C but
behave in a thawed manner due primarily to saline concentrations in the
pore water. "Bonded" so0il denotes soils which exhibit temperatures
below 0°C and behave as an ice-cemented soil mass having frozen pore
water,

(**) A1l elevations refer to feet above Mean Lower Low Water (MLLW).

A-23
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In Boring D-1 sandy gravel, gravelly clay, and sand were
encoyntered beginning at a depth of 68 feet and extending to the 100-foot
depth penetrated by the boring.

At the time of our investigation the soils were bonded from
the ground surface to depths ranging 8 to 11 feet. \Underlying the surfi-
cial bonded soils is an unbonded zone ranging in thickness from 3 feet in
Boring D-3 to 13 feet in Boring D-1. Ground-water seepage occurred in
several of these unbonded zones. Beneath this zone the soils were bonded
to a depth of approximately 79 feet. From 79 to 100 feet the soil was
unbonded. The bonded soils encountered during our investigation are
denoted on the boring logs and on the design and subsurface profiles.

The ground temperatures were measured in Borings D-1 and
D-2 using down-hole thermistors. 1In Boring D~1 the ground temperatures,
measured approximately 84 hours after the boring was completed, varied
from -9.2°C at a depth of 5.7 feet to -2.5°C at a depth of 51.7
feet. In Boring D-2 the ground temperatures, measured approximately 71
hours after completion of the boring, varied from -13.3% at a depth of
4.0 feet to -3.4°C at a depth of 49 feet.

c. Orill Site E

Drilling operations were conducted at the "E" site from
March 6 through 8, 1980. At the proposed drill pad site the island
varies in width (bank-to-bank) from approximately 480 to 600 feet. The
surface eievation varies across the pad from 3.2 to 5.3 feet. Five test
borings were drilled at the locations shown on Plate A-8 to depths of
51.5 to 101.5 feet. A generalized subsurface profile of the site is

presented on Plate A-8.
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The borings encountered Holocene depasits extending from
the ground surface to depths of 28 to 33 feet. The surficial ¢ to 13
feet of this deposit consists of fine to medium grained sand with occa-
sional thin gravel layers in the upper five feet. The lower portion of
the deposit consists of silty sand and sandy silt with some organics.
The deeper sand is also fine to medium grained and the silt has a low
plasticity. |

The Holocene unit is underlain by late Pleistocene silt and
. clay which extend to the depths penetrated by the borings with the excep-
tion of a sand pocket or layer encountered in Boring E-1 at a depth of 86
feet.

In Borings E-i, E-3, and E-4 the subsurface soils were
bonded from the ground surface to the depth penetrated by the borings.
In Boring E-2 an unbonded ione was encountered from approximately 18 to
22 feet; seepage water was also encountered in this zone. In Boring E-5,
unbonded zones were encountered from 13 to 18 feet and 22 to 29 feet.

The grouﬁd temperatures were measured in Boring E-1 using
down-hole thermistors. The ground temperatures, measured approximately
50 hours after completion of the boring, varied from -19.4% at the
ground surface to -4.2°C at a depth of 50.5 feet.

d. Drill Site F

Drilling operations weke conducted at the "F" site from
March 9 through 12, 1980. The isliand is approximately 150 feet in width
{bank-to-bank} at the proposed drill pad location. Surface elevations

vary across the drill pad site from 0.9 to 4.9 feet. Five test borings
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dril]ed at the site ranged in depth from 50.0 to 104.5 feet at the loca-
tions shown on Plate A-9. A generalized subsurface profile of the site
is presented on Plate A-9.

A Holocene unit consisting of sand and silty sand extends
from the ground surface to a depth of approximately 20 feet. The sand is
fine to medium grained and the unbonded sand is dense to very dense. A
gtavel layer 1.5 to 3.0 feet thick was encountered in the upper 5 feet of
several test borings.

The sand is underlain by late Pleistocene deposits con-
sisting of interbedded silt, clay and organic silt to a depth of approxi-
mately 40 feet, and gray silty clay below a depth of 40 feet. The silt
and clay generally have medium to 1low plasticity and the unbonded
materials are soft to medium stiff. The gray silty clay extended to the
depths penetrated by Boring§ F-2 through F-5 and to a depth of 77 feet in
Boring F-1. Below 77 feet and extending to the depth penetrated, Boring
F-1 encountered a later to middle Pleistocene stratum of gray sandy silty
gravel.

The surficial soils were bonded to depths of 6 to 10 feet,
Beneath the surficial bonded zone, an unbonded zone was encountered. The
thickness of the unbonded zone varied from 3 feet in Boring F-3 to 33
feet in Boring F-2.

The ground temperatures were. measured in Boring F-]1 using
down-hole thermistors. The ground temperatures measured approximately
156 hours after completion of the boring ranged from -21.1°C at the

gfcund surface to -2.7°C at a depth of 53 feet.
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e, Drill Site F?

Orilling operations were conducted at the *F2" site from

March 12 through 14, 1980. At the proposed drill pad location the width
of the island varies from approximately 290 to 340 feet {bank-to-bank).
Surface elevations vary across the drill pad site from 2.6 to 4.9 feet.
"Five test horings were drilled at the locations shown on Plate A-10 to
depths of 56.5 to 101.5 feet. A generalized subsurface profile of the
site is presented on Plate A-10.

A Holocene unit consisting of sand and silty sand éxtendé
from the ground surface to a depth of approximately 24 feet. The sand is'
fine to medium grained and medium dense in the unbonded zones. A thin
gravel layer was éncuuntered in the upper five feet of several of the
borings.

Underlying the sand is Tate Pléistocene silt and clay. The
silt has a plasticity ranging from low to medjum, while the clay plasti-
city ranges from medium to high. The upper portion of the stratum con-
téins some organics. The silt and clgy extended to a depth of 90 feet in
‘Boring F2-1 where a sandy gravel was encountered to the depth penetrated
by the boring.

The surficial soils were bonded from the ground surface to
depths of 8 to 16 feet. The bonded soils are underlain by an unbonded
Zone varying in thickness from 6 fﬁet in Borings F2-1 to 16 feet in
Boring F2-5. Below this zone the soiTs were bonded to the depth pene-

trated by the borings.
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The ground temperatures were measured in Boring F2-5 using
down-hole thermistors. The ground temperatures, measured approximately
28 hours after the boring was completed, ranged from -20.8°C at the

ground surface to -2.6°C at a depth of 55.8 feet.

B. Onshore 5S0il Investigations

1. Gravel Study - Field Exploration and Laboratory Tests

This onshore study was performed in March, April and May 1980 by
HLA for Exxon Company, U.5.A. The purposé of the study was to 1locate
sources of gravel material which could be used as construction material.
A total of 118 borings were drilled. Various laboratory tests were per-
formed on samples recovered from the borings.

The test borings drilled in the Point Thomson area in general
encoﬁntered a surficial layer of organic soil (peat). Beneath the
organic soil, a thin layer of sandy silt and silty sand were generally
present. Usually, the silt and silty sand were common in the three to
six-foot depth range. Beneath the silt and silty sand, gravelly sand and
sandy gravel with variable amgunts of silt were encountered to the depths
explored.

In general, the ice content was greatest in the borings between
the 3-foot and 10-foot dépth and decreased below 15 feet. Massive ice
layers were encountered in the 3 to 15-foot range in 22 of the borings.
Ground ice constituted as much as 50 percent of the total soil volume in
the upper 10 to 15 feet where fine-gréined soils, such as sili, were

present.
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2. Field Density Tests - Field construction cbservation of frozen gravel
Fi1T placement at three drill sites in the Point Thomson area

HLA performed testing in March and April, 1980 for Exxon Company,
- U.S.A. in the project area. Field density and water content tests were per-
formed on frozen gravel hauled from the Point Thomson C-1 material source
located as shown on Plate A-1. Test results indicate that this material had
an average dry density of 70 pounds per cubic foot and a water (ice) content

of 25 percent.
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APPENDIX B
ORILLING IRVESTIGATION

A. Surveying
) Besse, Epps & Potts of Anchorage, Alaska provided horizontal control for

thé test boring program using a Motorola Mini Ranger III system. This system
includes a range conso]é, a receiver/transmitter, two reference stations, and
peripheral equipment for data recording and range computations. One surveyor
assisted occasionally by HLA personnel completed the survey program.

1. Hurizontal Control

The position of each test boring was fixed relative to the positions
of benchmarks and known survey locations near the project area. Initially,
battery-powered remote statjons were established at these sites. The distance
between each test boring and the various control points were determined using
the Mini Ranger III system. Given these known distances, and using the method
of resection, the locations and coordinates of the test borings were
established.

As each remote station answers to interrogations from the range con-
sole, the two-way travel time of radar frequency pulses is used to compute the
distance between points. The system is accurate to + 3 meters for a station
separation of up to 40 nautical miles. The measured distances are continu-
ously displayed on LED read-outs on the range console. Additionally, the
information 1is suppliied to peripheral equipment that provfdes hard copy
records of time and distance data and computes the XY coordinates of.the

station.
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2. Survey Program

The survey program was conducted in three phases.
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During the first

phase, remote stations were established at the five survey control points

listed in Table B-1. In phase two, the test borings were located and staked.

Test Borings 1 to 17, 21, and 22 were located with a helicopter-mounted range

console prior to the commencement of the drilling program. The remaining four

sites, Test Borings 18, 19, 20, and 23, were established using the range con-

sole and data recording system mounted in a Rolligon. The final phase of the

program involved determining the as-drilled locations of the test borings.

The Rolligon-mounted unit was used to Hétermine these Tocations, which are

summarized in Table B-2.

TABLE B-1.

UTM ZONE 6 COORDINATES FOR
THE SURVEY CONTROL POINTS

Control Point

East {X, feet)

North (Y, feet)

Hopson

Nygren

Thin

Point Thomson 4

Point Thamson 3

1 699 321.65
1 741 125,23
1T 694 111.09

-1 688 925,76

1 733 219.53

25 542 594,67
25 532 682.12
25 563 542.99
25 543 214.63
25 541 585,22

.'ﬂ?
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TABLE B-2. AS-DRILLED UTM ZONE 6 COORDINATES

Test Boring East (X, feet) North (Y, feet)
1 1672 981 25 541 221
2 1 670 030 | 25 565 015
3 1 685 051 25 544 025
a 1 687 992 25 558 492
5 1 695 221 25 563 165
6 1695 409 25 551 822
7 1 699 991 | 25 538 242
8 1702 499 25 546 772
9 1 702 473 25 558 836

10 1 709 962 25 562 119
1 1709 919 25 552 762
12 1710 000 25 542 511
13 1722 914 25 540 930
14 1722 995 25 551 633
15 1 725 699 25 559 893
16 1733 529 25 562 005
17 1733 344 25 546 035
18 1 730 229 25 534 749
19 1 747 696 25 552 953
20 1 739 000 25 541 749
21 1 705 180 25 566 788
22 1 677 694 25 551 551
23 1

763 017 25 548 668
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B. Offshore Drilling Investigation

The soil conditiens within the offshore area were investigated between
March 3 and March 15, 1982 by drilling 18 test borings, ranging in depth from
25 to 80 feet. Additionally, pipe for ground temperature monitoring was in-
stalled in five test borings, as described in Appendix C.

The locations of the offshore test borings are shown on Plate II-2; the
test boring logs are presented as Plates B-1 through 23 with the explanation
of the symho]é used on the test boring logs presented on Plate B-24.

HLA personnel involved in the offshore drilling included a geologist, a
soil engineer, a drilling foreman, two drillers, and two drill helpers. Two
drill crews, consisting of a geologist or engineer, a driller, and a drill
helper, worked alternate 12-hour shifts to maintain around-the-clock
drilling., The engineer or geologist directed the drilling operation, logged
tﬁe soils encountered, and aobtained representative samples for Tlaboratory
testing. The drilling foreman served as a Cat operator, back-up drilier and a
mechanic,

The offshore test borings were drilled using a sled-mounted Mobile Drill
B-61 that was fully enclosed in a heated and insulated framed structure. The
drill rig was equipped with casing, drill rods, and a mud pump for rotary wash
rilling. Additionally, eight-inch 0.0. hollow stem auger and a mud pit were
available. Extra support eguipment, including a 5 kw generator and a survival
shed, was mounted on a support sled.

A Rolligon with a water-shack and driver was provided by Crowley All-
Terrain Corporation (CATCO) to support the drilling operations. The Roiligon

was used to transport crews, drag trails, and carry the surveying equipment.
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p | abundant 144" diameter 120 (125 : - o}
A chert pebbles 115201 {52.7]
21 S0 M1 | cray sanoy siLTY GraveL | 381 {to.4 10
2 {GM) medium dense -14
: GRAY SANDY SILT {ML} . r
15 medium Is:t’tg,mth a sand ['_2'0_01 [219
saar at ' > : -
] 151 dacressing sand content at 15,0° I[:,:_;; [%23[222'_72] -15
2 a becoming mediurn stHf to 1.0 . {Bo bl
P stiff with wood ragments, A0
fine gra:\él.and a trace of
clay at 16.5°
ay at 16.5 20
. 10§ . (242> - —h
T | (1.9] [958} sl e 1
trace of fine sand at 25.0' ?
12 25 a4 26,8 25 I
P
~ . J ] guwl__m 12" dismeter at 31.5° 1.2 243 -30 d -
GRAY SANDY GRAVEL {GP) : !
dense';:::vel to 1;“ diameter, 1.2 |86 6.7 35 141 lec
with um to fine sand p y [ .
and g trace of slit " (22] (53]} 6.0 I S5A
12 28] 34 40 23
13 L4
50
N Temperature rmeasuraments F
55 reconded on 4-17-82 RS !
T
- o T
-;.UTM Coordinates: g 2;5 gg; fgg SHEAA STRENGTH
Water Depth: 16.2° ' A —Torvane
Equipment: Mobile B-61, Rotary Wash A — Compression Tesl
Date Completed: 3-4-82 Appraved: TRG ; PLATE
Logged By: M.R. Musiai = Date: 4-82 hOGThOF BOHnlNGI NO. 6 Proi -
A H tt ) . omson Leve opmpnt roject
H. Presco Winter 1982, Geotechnical Study =¥y

Job Number: 9612,031.08 EXXON COmpanv, U.S.A.
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= ) £
Sz g =
o wE == DRY DENSITY
528 . g $E 2L gi‘ — 60 50 1{”’ 2
1€ g&8g g 52 95 9, £ 9 1 % 20
P - _— = o = i . — T T T |
'gggz £ 8 £y & § 74 z SHEAR STRENGTH (KSF g
S2z5 £ 3 EE X% 0% & (K55 £
a 3548 S 2 DESCRIPTION e T L £ g o0 1 2 3 s
p a : BROWN ORGANIC SILT 108 ___ig 1 TON
g {OLV, ;) Vy to 1/4 313 i : ! = CON
diameter, U 1o 178 thick, 138 g
with fibrous organi;: and 8 -154 260 | :
" trace of gravel t0 1/4” diameter r
100-’5[5_'. MASSIVE ICE {ICE} -14.4 3?1 ‘5-* sg
GRAY GRAVELLY SAND 23.6 L
(SP-SM, V) 5% Vx to 14" 433
1158 diameter, Ene to medium sand, 92 A
with octasional subrounded 124] (212 10
gravel to 1/2" diameter * ‘
21 .
29 ICE with GRAVELLY SAND 245 wfo-18
Qﬁ- {ICE + SP.Vx/V{l up ta 70% 12 190 -15fe-24
visibla ice, V to 172"
diameter, V¢ to 1/27 thick
| 103
GRAY GRAVELLY SAND
5073 (SPSM.Vy) Vi to 1747
§ dimt«;r}lnél medium sand, 99 129 -20
with a trace of gravel to 1~
diamater -
BROWN SILT IML,VxN{)
20 10 30% visible ice, V ta 236
Elﬁfﬁl% 112 diameter, Vy to ‘lll’l(-" 49 114 "25 2
: thick, with a trace of fine sand ’
AOWN GRAVELLY SILTY SAND
50/1° a L 7.3
? g (SM, V) 10% visicle lce, I
‘ s’ 130/ Vi ta 116" dismeter, fine 84 30
’ to coarse sand, with pccasionat
subrounded gravel to 1"
diameter
lmm . [7.4}| 128
871 1351 Vx to 1/4" diameter at 34.0° 45 35
76 | 168 sA
84 |(17.7] 40
Vy to 1/8" diameter at 43.0°
{19.4] 14.8
¥:3 3 45
59
86 jsg) 112 50 SA
Temperatyce measuremeants
recorded on 4-17.82
55 -55
-G ~G0
UTM Coordinates: N 256 538 242 SHEAR STRENGTH
E 1 699 89t
ater Depth: --- A —Torvane
joment: Mobile B-61, 87 Hollow Stem Auger £ —- Compeession Test
—, Date Completed: 3-4-82 spnro"f‘; =0 LOG OF BORING NQ. 7 PLATE
Logged By:  P.J. Ondra ate: 452 Pt. Thomson Development Project
Job Number: 9612.031.08 Winter 1982, Geotechnical Study - :
' 03 EXXON Company, US.A.




g = 8% = £
EG e _E ¢ DRY DENSITY {pcf)
= w —= — — -
'é%ﬁ—r 3 S8 £ 2% ~ 60 80 100 120 £ o
LE25E 2 o gz 32 s ol | i i 0 N
£z £ 8 g i s 58 £ SHEAR STRENGTH (KSF) E '
25548 & 3 DESCRIPTION He T Q< d% 8o 1 2 3 & -
P BROWN SILTY SANDY GRAVEL | {20156 1238 EscA i
{GM| Loase gravel to 2 [293]318 4
P diameter (21088 Y.c . . EC,
g)s GRAY GRAVELLY SAND ] t4.611 SA 4
lonse, medium to fine sand, -5 EC,
1o gravel to 2° dlameter, gravel {23] (161 9.5 _ SA
; s cantent incraasing with depth [2.2] 8.0 EC
. 9.2 P -
12 (3.0 67 0 EC
12 (3.2 123 ' = EC
P GAAY SILT (ML) 24 e ¥ TG
J stift to vary wifg with (3.2 '.Es 43 can
accaslonal fine gravel .
1 ' . {2.1) 288 15 o EC
e b 5 mlm claysy st 140 64 15 jy ] oo
becoming sandy at 165" &
[-2.6] 233 EC
P v |- becoming clayey at 17.5°
20 20
increasing sand content ,
J with depth [fgo] 18.7 SA
P 254l | GRAY GRAVELLY SAND (5P} 36411 140 | |25 : k121
o coarse to fine sand, with ;
T occasional gravel to 17 diameter
_m . _}
siit layer, with occasional
fibrous organics at 33,0
35
banded {Ng,) beginning at 37.0; 60 -
amﬁonalgilhandgmvel tayers [7.1] 139 SA
40
-45 i
Mpq at 50.0° -50 ) .
155 55
1
T
6o | L60
UTM Coordinates: N2 546 772 _© SHEARSTRENGTH
E 1 702 499
Water Depth: 8.5° 4 —Toraans PEEN
uipment: Mobile B-51, Rotary Wash : 4~ Gompression Test t
Date Campleted: 3-11-82 APP{D“%E €0 LOG OF BORING NOD. 8 PLATE
Logged By: M.R. Musial Date: Pt. Thomson Development Project
R.H. Prescott Winter 1982, Geotechnical Study -

Job Number: 9612.031.08 EXXON Company, US.A.




iz g8 2 iz 5% =%
= w= 3= = DAY DENSITY {pct = wE = D DRY DENSITY |pci) .
g8 38 S8 =% 6% = 60 B0 1'3‘;“ 120 = S 28 8 S8 £% BR ~ 60 80 10[:: 120 2
« =y o 2 ¥a s £ $ r : 2 T EELE o T2 ¥5 0, co A 3 . a
-~ ZEw it O o = in i~ woF T 1) — - w oM - = o = = o v F LI T — e
EZEF £ 2 £8 «§ E'g* = SHEARSTRENGTH (KSF) & £ EELZ £ 2 #8 ng GE = SHEAR STRENGTH (KSF) =
o [y = = T % O - o o =W o —_ — =
2538 58 DESCRIPTION 2E 70 82 48 B ' 5 @358 & 8 DESCRIPTION BETI0< 45 B | 2 3 5
p DARK GRAY SILTY SAND {sM) | {-2.1]136.54[22.7] EC t1a g % |62 sA
. foase, fine sand TC 021
CHEM
2.1 [23.1] LeE 4
P 114 | DARK GRAY SILT (ML} }.2,1% cu 65
. soft to medium stiff, with a (201 o 2yl 32-1 EC
trace of sand, and occasional [-2.2] {59.41128.2 gg
P wood fragments at 7.4 [-1.6) (29.3] CON
[-2.2] 7.4 BC LTU
350 EC
P B2 cU
§ EC
cuU
[-2.1] 37.0 cu l
P 418 EC, 75
occasional shell fragments 40.7 CON
to 1/8" diameter at 16.0" EC
P E%
. . . L
increasing sand content at 19.0 804 uu 0.
P i 11.9] 513 CON
I GRAY SILTY SAND (SM} 370 v
4 medium dense, . sand EC
. I ae
dan|6745 2 EC
i § 387
i leyer 300" o b '[:33,3-‘ N %0 e b -
.. % Joot clayey silt kayer with 1. T
.. oocasional fibrous organics . 130.2
at31.0° SN I B
O
e
[23.6] 273 -
DARK GRAY SILTY CLAY (CL)
stiff to hard (I)L
EC 1
as COl .
[-1.51j{98.2){ {31.8] [B] MA | ‘
uu
Uty
HOS
TC
293
DARK GRAY SANDY SILT (ML) 14101
stiff, with occasional gravel 25.% . : : L
1 12 diameter : i i ___
becoming clayey at 51.5° : +
increasing sand content at 53.0" T
o 651 L 115
GRAY SANDY GRAVEL {GP} 165 B JUE S
dense to very dense, grave] to - i ;
2'* diameter, with medium to ] B
28 60 .- 120!
UTM Coordinates: N 26 558 B36 . SHEAR STRENGTH
. E 1 702 473 !
: - ater Depth: 9.5 & ~Torvane
* 1 Equipment: Mobile B-61, Rotary Wash ' 4 — Compression Test
Date Completed: 31082  Approved: ©©6 LOG OF BORING NO. 9 FLATE
= Logged By: M.R. Musial Date: 4-82 Pt. Thomson Development Project
: R.H. Prescott Winter 1982, Geotechnical Study -
' £ m 5.
Sob Number: 9612,031.08 XXON Company, U.S.A.




3z sfF =%
_ é“:»" E% s 5z DRY DENSITY (pefl.
1858¢ & £Sgs8y g0 @ w m
Sy, wi = p—d _— E E -_— T 1
£ §§§ 2 £ _ s 28 gg = E SHEAR STRENGTH (KSF) g
Ax38 3 8 DESCRIPTION HE TIL 82 4= 4 1 2 3 g
{1 EZg GRAY SAND (SP-SM,Ve) 041|891 [233 ; 5A
14 L o mass 25 |to8 11 £
Ei ol Rl i e E:
el
S 04]] 232 -5 EC
[‘3 '{t o4l 25.1 EC
X 100 SA
41]' 1 e (1.13110.7]j 268 4 EC
: Neat 1200 -
116 x becomiag marginally bonded - | [4.1] 2.5 EC.
a5 iy ¥ .
4 GRAY SILTY SAND (SM) 6
91 fine sand, silt content - {10l 194 . .
159, Jer';'easinn with depth - |28l 232 15 . L® cE "
: T . - JEC
51 244 :
- H DARK GRAY CLAYEY SILT _ : N
19 . (MLV,) Vy to 116" thick 29
2414 Ercarming Moy and sondy, -20 :
s with a%ﬁeﬂfmenu 339 . L
and fibrous organics at 20.0 I _
178" diaméeter and o L.
1167 thickc a1 265.0° _ : 42.7 25#’
becoming lightegwith V, 27 30 .
to?!T"“gﬂckangﬂrac:of 216 [6] 8 _ CONY
clay at 31.5°
38 E‘m i 15% visible ics, V, at 40.0° 196 [ _ L
w GBS : 273 -45 T
50_] ‘increasing clay content at 50.0° -50
57 227
55 -
6ol o 60
TM Coordinates: N 25 562 119 : _ SHEARSTRENGTH
€ 1 709 962 .
. A —Torvane
T} Ho A — Comprassion Tt
Date Completed: ‘3982 . Approved: 36 LOG OF BORING NO. 10
Logged By: R.H. Prescott ~ Date: 482 Pt. Thomson Development Project 1
' Winter 1982, Geotechnical Studv '
N : 031, .
Job Number: 9612,031.08 ' _ EXXON Company, U.S.A.
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-

B:‘ﬁ -

:‘JE | 59 = 2
TE £ e DAY DENSITY dpcf)
'ggﬁ.- g £p £¢ 37 e . voo. o
Zgic o £2 £4 %9 EF ¥ 5 8
FE - cEEgef _ 2 -
:gg % g $E 78 28 - E SHEARSTRENGTH (KSF) £
T ZB8d8 S & DESCRIPTION He T 3 g Hyp 1 2 E
*is %50 | GRAY GRAVELLY SAND (s?)  [-1.8] 122 £C
- .:‘;.:‘.} loose
36y | aray SANDY GRAVEL (GP) ” sa
! vad dens2 10 e,
% 8 o gravel to 1'—?2"dlamet;:. {101 -5
% { i with coarse to fine sand
33 B Sk
44 10 _ _ 18 L0 .
13 e gravel ta 2-1/4" diameter at 11.0° [-2.0] Jo.9] | B4 & JSAEC
s : :
e .
15 '._ e L 45 -
] bacoming dense, with a trace {381l &1 . SA
. ) of silt at 17.0° (23]
n ’
P ki sand layer at 18.0 201 g..g EC
il R +20
iy
X 32 S5A
“.’.E: [0.7]
53 o
%I|s ;._- -
%ﬁ.
£l By sand layer at 30.0° {0.5] -30
L=l
w24 | GRAY GRAVELLY SAND (sP) 1.1
P 5 -;: dénsa, fina to coarse sand, {9.71 a [ §
i FR with occasionsl gravel to .
o 2" dlameter
":":.:‘: I
28| grav siTy sanovGraveL k201 42 5t | 131
als {GM) very dense, gravel to (8.13| 65 404 12¢ 459
1" dismeter, with
sandy layers I
.ﬁ-- F i~
) ?3-9] SA
» 50
55, 565 H
Lgo! 60
inates: SHEAR STRENGTH
E 1 709 918
Nater Depth: 95’ ' A —Torvane
Iguipment: Mobile B-81, Rotary Wash A Comprassion Test
Date Completed: 31182  Approved:oS0 LOG OF BORING NO. 11
Logged By: M.R. Musial ate: Pt. Thomson Development Project
AH. Prescott, Winter 1982, Geotechnical Study
Job Number: 9612,031.08 EXXON Company, U.S.A.




| — —
il =2 % E— DRY DENSITY {pct)

§ Eg -~ @ e =g ® —~ 60 80 be X w
gz — [T 8‘-—' s 100 ) 5
Zul g g ==z b o g ¥ } t 1 i
§§E £ 2 Eﬁ%é ";%‘ § suéaasramﬁ 'KSF l £

< = = - =% TH{KSF) w

2328 £ 8 DESCRIPTION BE YL 23 4T &y | 2 3 g

- A [CSICT 00 206 Ti -

100 45 OLVx/V,) V10 172" tool 74.1 P+ 4
%, s diameter, V, o 1/4” thick _ 276 5 CON
3679715 'PEAT {P1} fa.0l 100 EC

54 MASSIVE ICE {ICE) ~-5
r8* I BROWN SILTY SAND {SM,Vy) 4n i
Vy to 14" diameter, fine . 74.7 15 : : L
10752 1 %g:wimmioepuckeut {102 o7 192 1 TCON
5 ! 02) {17.4]300 . i
104. 383 10 . &
BROWN GRAVELLY SAND » ]‘""" o SA
(SP-SM V) Vxto 1727 5
diameter, fine to coarse sand,
with occaslonal pockets of
ice, subrounded gravel to 1 ) ;
dismeter, and slity sand (0.3)11.3]14.7 EC
208 - -
10.41 {9.2]]10.4 , EC
14.4 95 :
168
10.8) 15.2 : it EC
DARK GHAY SILT (ML,V) 30 ' )
Vx t0 1/2” dlameter _
(1.2) 1 - : - EC
79 35 463 35 . : .
i ez | | |
visible ice, Vy to 1447 N
s’| 140 dianmr,méoomslonal -40
| gravel a¢ 39.5
7.0 £
454 49
| 7.2
[eere-{s P 50- ’ 50 C
-55- 55
50 60
M2 817 TRENG
E 1 710 000 SHEARSTRENeH
ater Depth: --- 4 —Torvana
‘Equipment: Mobile 861, B Hollow Stem Auger A— Comprasaian Test
Date Compieted: 3682  Approved: @3
Logged By:  P.1.Ondra Date: 4.82 LOG OF BORING NO. 12 . PLATE
. Pt. Thomson Development Project
Job Number: 9612.031.08 Winter 1982, Geotechnical Study - '
03 EXXON Company, U.S.A. |




5 = 55 = £
g 5 g
= 58 kg % & fu z= DRY DENSITY {pcf)
S8~ S E% ow oX ~ 60 80 100 120 2
~ ;._:‘5§ E 2 o EZ g@ "!E el } } — g m\
.' = Z 3 5l a8 -
: g ==f 2 2 sd 3¢ K¢ _E SHEARSTRENGTH (KSF) &
2334 8 2 DESCRIPTION BE TrQx 4T Ho 1 2 3 (=3
708" | BROWN SANDY SILT MLV A [[-0al] "P &4 Feon
: Vy 10 1/4" diameter, with 194 o34 Ec
504 mass!veioeati.g. fibrots -16.0| 51 b N
"ensy organics naar sucface .
5043 GRAY GRAVELLY SAND (03] (721 :;n A
- {SP-SMVy} 10-20% vishile ice | 27 —5 EC
3 raes Vy to 12" dlameter, fine ’
'50[‘5 : mxooarsl sand, with occasional [16'1i
50/3% gravel to 1~ dlameter . . }-13.1
5073~ (02178 {158 -10 SA EC]
. A25 (125} :
sa/3° o021 200 EC
s 121
DARK GRAY SANDY SILT 114 -15
_ (ML.ng,-l 20% visible ice,
Vx to 1/2° diameter, Vy to 76.1 |34 TCON
61 E' 1/4° thick, with firie send 107 w4 [l [ |- : by
-10.2 -20
E. pockets of massive ica at 22.5' T .
503" . 483 N ] ! EC
. {12 e8.6
a0 -25
BH?WN GRAVELLY SAND :
50¢2 SP-SM,V, ] 10% visible ke,
S”[; Vi to UIE"dlameter, fine *[11.5] 63
to coarse sand,wilth ogcasimal
subraunded grawel to 27 . i
diam#atar 83 30 : ‘-')
X2 [0g]|s5 {129 SA, ;
s (13,31 EC
85 1.35
W‘TEL Wy to 1/4™ diametsr at 37.0° 1.0
s
843 F40
m@ (12.61} 9.8
s
1] 84 45
G
(0.6l 6 | 96 50 SA,
8.5 |1109] EC
- Tamperature meéasuraments e e
recarded an 4-17-82
-85 L55
_ -60- Lo
[TV Coordinates: N 25 540 93D SHEAR STRENGTH
) E 1 722 914
Water Depth: --- A —Torvane .
Equipment;: Mobile B-61, 8 Hollow Stem Auger A~ Compression Test ‘,

Date Completed: 3-8-82 Appraved: v 2
Logged By: P.J. Ondra Date: 4-82

Job Number: 8612,031.08

LOG OF BORING NO. 13 PLATE
Pt. Thomson Development Project
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_. = ®
w = wE oS o DRY DENSITY {pcf)
- 55 « & w * . o
SZg- & ég g 8% 8 80 160 120 2
T=zLE & a & g Qo SE' = T T 1 [
I -y
g3z % 2 s g8 of .z & SHEAR STRENGTH (KSF) &
sascd & 8 DESCRIPTION s L EE L a0 - 2 - 3 5
P ] GRAY SILTY SAND (SM) -1g9i{ee (212 *° Fec
Joose, fina sand {-19]1(275} 216 8A
P 271 ry - EcC
DARK GRAY SILT (ML) 267 i 3 cu
soft ta medium stiff Ll oU
. L5 e
F [1.8] 31.1 |32 & £c
(1.8l gs.l (6! " CON
p GRAY SILTY SAND (SM) : A S BC
foose, :mh occasional gravel 10
" to 3/4” diameter 1211 (.9? o gg g . st
GRAY GRAVELLY SAND [SP) 2 €
33 medium dense, rounded (-2.01 16.1 21 e
22 gravei to 1" diameter 142
6.2 15 A
25 GRAY CLAY (CL) ??1 7
stiff to hard 195 |23 -~ CON
e 18.1 | (141 & uu
4 -
. 20 20 re
|
= T (A uu
P
DARK GRAY CLAYEY SILT {ML} 30 : 4
P stiff ta hard 928 ; . T™
35 25.1 4_0 T i
p E' 2.1 | (141 [ i a [uu
hecoming sandy, with
b accasional grave! to 3/8" : L 40
P E'w diameter at 40.0° 2%.1 k uy
S 53
446"t 45 DARK GRAY GRAVEL {GM) [31.4]] 189 45 SA
L very dense, gravel to 1* :
!84!6‘5 diameter
.becorning sandy at 48.0°
c 1] i
sors 501 t201] 87 S0 sA
i
655 05
L60- . G0
UTM Coardinates: N 25 561 633 SHEAR STRENGTH
E 1 722 995 at
Water Depth: 9.6° Tonvane
i t: Mobile B-61, Rotary Wash & — Compresaion Jest
Date Completed: 3-1282 ~ Approved: Deb LOG OF BORING NO. 14 ' PLATE
Logged By: M.R. Musial Date: 4-82 Pt. Thomson Development Project :
Winter 1982, Geotechnical Study -

Job Number: 9612.031.“8 . EXXON Companv, U.S.A.




e m o m e

EXXON Company, U.S.A.

gz gf = %
&y o= % &= DAY DENSITY {pcf)
S o2 S Se w3 og =60 80 100 120 & -
C=zLE o o égu”’,_'g' £+ —3 -f 1 3 m‘?
| = i =t . \
gzst z 2 %g Essz 38 = & SHEAR STRENGTH (KSF) % -
85548 & & DESCRIPTION o T3 I8 Wy 1 2 3 .8
P DARAK GRAY CLAYEY SILT {mL) {[-2-1] 328 | : EC
medium stiff to soft, with a | 35£ EC
B traca pf organics {:ig i 33'95 2 _ & '[::'g
(-2.0] 32| 46 |5 A £C
P (2.t) 405 | (5| A CON
478 . EC
{47.841{27.3 : L) : ﬁEséCU
' 26,0 f
increasing clay nom.:ent at 9.0 _ l12e1fs31]702 {Ne 1 lEJg
[-2.6] a1l 10 Uy
GRAY SILTY SAND {SM] 34 - EC
with occasional gravel wo 28,0
2-1/2" diameter
.23 ’-‘1’-‘
: 18.2 - cu
17 186 cu
168 : :
[-2.13 152 i b EC
26 18.2 : 50
GRAY SANDY SILT (ML)
soft, with abundant sand
content and occasional
gravel
r%
32 [-3.0] 18.4 > EC
o 215 ' CON
ncreasing sand and grave! .
content, with accasional _' .
P fibrous organics at 30.0¢ i i ' F\D
GRAY CLAY {CL} =
stiff, with & trace of gravel
ta 2* diameter, and occasianal
sandy layers _ ) I-"’c 3 )
211 183 - EC
P 260 3 uy
becarnes bondod.'i}rith 5% | 103 28
32 visible joe, Vx to 1747 i-1.0 ! rCON
dlamater, Vr ta 1/4* thick D36 o1 40 ’
1 390" [
45 45
-1.11 19.2 EC,
0 Eq-ﬁo- 27.7 L50 TCON
Vx to 178" diameter and
55_ Vr o 1,2" thick at 55.0° 54 4 ..55 1
56 Er : {
 50- 60
M Coordinates: N 25 6559 893 SHEAR STRENGTH
E 1 725 699 . :
A —Torvane . .
A — Compression Teal }
Date Completed: 3-13-82 Approved: TEB LOG OF BORING NO. 15 PLATE
Logged By: M.R. Musial = Date: 482 Pt. Thomson Development Project _
R.H. Prescott Winter 1982, Geotechnical Study B-

Job NMumber: 9612,031.08




4 ¥ =%
& ¥ o= - &= DRY DEN
558 g £Ee ¢ &% H SITY fper) .
§m““'-‘ = Bwo e O, ~ 60 80 100 120 £
T A cm O T = . o«
g 2L E : 2 s ¢S 5% 4% § SHEAR STRENGTH (KSF) S
a g5y S & DESCRIPTION Huo T 32 2= &9 1 2 3 5
P . T GRAY SILTY SAND (SM) 18 [77 la
P ! loase, ﬂmi sand.lwiﬂ; " E-};% [8.71 ] 26.1
T » a8 4 acca . na ve to . "~ =
27 I dameter A8 319 v
S J & 1091 329 .
5% visitle ice, Vg to 1/16" y n
23 5% STHE thick,with V¢ st 25" 105%193.1] (265 5
42 5_ i sift layor ot 4.5° Fo]  |(2831
72 5. fine o medivm sand, with [0.3] [39.12 30.1 .
23 sl I subhorizoatal Vg to 1/32 48 1 Nize2]
3109 4] thick at 6.5° L10 _
13 silt fayer st85° - -I:J’.:!] gg i
31 5':' 9. becoming V¢ st 10.5° * ’ N
=~ GRAY SANDY SILT {ML,V,) (0.6} t30.6} 23 »
A 5__. 15 §% visible ice, Vp to 1/4° 109 %ﬁl s
a6 |s i | thiek 15 li67.4] .;.g; 6 |
7 "HFEE GRAY SILTY SAND {$M.V 0.3
s0ls e oo, with lese e 6% |15 4881 206 ¥
il visitle ice, with thin interbeds
_m_ 1L ofﬂbgd't —20
15
1 GRAY SILT {ML V) {ec
AR P g with less then 5% visible ica, 23.9 Py coN
E 2 Vr to 1/32* thick (0.4} 266 7 . T
30 Temperature measuraments r30
recorded on 4-17-82
Sl | 35
40 40
45+ F45
501 50
551 55
L60- Lgo
UTM Coordinates: N 25 562 005 - SHEAR STRENGTH
E 1 733 529 A
. * ~=Torvane
; wat?r DEpt.h. 31:2 A — Compregalon Test
Date Completed: 3-12-82 Sppmvféz e LOG OF BORING NO. 16 PLATE
: . i ate: - .
Logged By gg aﬂr:g“ Pt. Thomson Development Project -
- Winter 1982, Geotechnical Study

Job Number: 9612,031.08 EXXON Company, U.S.A.



2> 58 = &
- § e "i £ : DRY DENSITY, kpct
;B8 o £5 g4 23 - sl "
3g® S BEo wa 8% — B0 80 120 2
tzLkE 2 o 2= za Sw [ F ' | %)
igadxr Z & B S8 GE ¥ ' ! =
ETE £ E S8 FE 2 - & SHEAR STRENGTH (KSF) ui
izz8& 5 5 DESCRIPTION BE T gz JE &, 3 2 3 g
el GRAY SAND (SP) 1.9 (203 -t T
loase, with 8 trace of silt {-139) C
DARK GRAY CLAYEY SILT {me) | (18 . N
medium stiff to stiff (2.0 {31.61l25 y ¥ L c
o1 B 434 |(5]1 | C
{-19) -, 5 bt
oceasional rounded, coarse 5133‘5 (933} gg; F u
sand & 7.5 - 151 1465] S
DARK GRAY GRAVEL (GP) 32 a4 ¢
¥ medium dense, gravel to 27 {-2.0] {2001 139.61-10 c
5 diameter, with interbedded {-2.0] - C
A sandy and silty beyer: to (0.41|3.1
u |sP 2 thick a2 |
2 [ 7.2 P
o I
S 4.9 L15
8 IsiX :
= 8.6
s BN
4 DAAK GRAY CLAYEY SILT (ML) |19 18.1
M 20 very stiff ta hard 20
ER
- 25 1.4 -25
+ ER e qmn Y S
, .30+ 14 18.4 30 & s+ Juu
5+
sand and gravel laysrs 12 4 43 35 cu
2355 e lun [ E"
DA?K Gmlw SANDY GRAVEL
GP-GM) densa, gravel to 58 L
1" dismeter, with a tracs 1.3 {7.11 5.6 40
of silt
-3 -45
98 i |
592 50 "
Temperature measurements
55 recorded on 4-1 7-82_ 55
-60- -60
UTM Coordinates: N 25 B46 035 SHEAR STRENGTH
E 1 733 344
Water Depth: 9.0° A —Torvans
| Equipment: Mabile B-61, Rotary Wash A — Compression Test
Date Completed: 3-13-82 Approved: Te3 LOG OF BORING NO. 17

Logged By: M.R. Musial Date: 4-8
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g = o 3‘_‘; == £
E9 oF E b DRY OENSITY (pcf)
5 o =ow =
5E3 . 8 S& &z g¥ ~ 60 80 100 120 2
S o g 3 =g E’ & e il ! 1 I &
drssr £ 8 g5 Y2 LE = ' ' ' =
g2z & ¢ 8 S8 68 T E SHEAR STRENGTH (KSF} &
2E58 583 DESCRIPTION - MU . S L A 1 2 3 5
1 TC
o BROWN SILT (MU 149 = -Es Teon
MASSIVE ICE {1CE)
IS6g” .
sk L5
40/5 sandy layeg with occasional
grawel to 3/4" diameter at 6.5
56/9"
-10
329"
459" AL
o
BROWN GRAVELLY SAND
5Qf3’ {SPSM, V,) Vyxto 174" (5.7} 204
diameter, 15-20% ice content, L5}
fine to coarse sand, with
accasional subsagular gravel
ta 2" diameter 54
501" I5-40% ice content, with Vi 651] 342 sA
ta 1/2" diameter at 23.0° o5
50/27 72
s 30
V) ta 1/8" diameter at 33.0° 87 |42 SA
x |1em1| ™
-35
0.3
- 40
68
h tol 13.7 SA
' 45
50{1" [10.4] 10.6
/f o -
'55'1 -55
L50- -60
TM Coordinates N 26 B34 749 - SHEAR STRENGTH
E 1 730 229 A —Torvane
£ - Compression Teal

Date Campleted: 3-9-82
Logged By: P.J. Ondra

Job Number: 9612.031.08

Approved: P&
Date: 4-82
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OTHERTESTS
J

) —_ —
iz 59 =% ,
_ B §Z 2 :‘:57 B DRY DENSITY (pcf}
2Zg -~ 8 EE =z a¥ ~ 60 80 100 120
C=SE o g ®EZ2 598 & Lt 4 } -{
{gzzz £ 2 Sl ns hE I
== E < 2 EE 3 % at = E SHEAR STRENGTH (KSF)
FaF8e § & DESCRIPTICN He T £ 3% Ho 1 2 3
. 24 vl BROWN SAND (SP.N¢Mpa) 19.4{91 |28 L
‘yozs8; '-:':':-‘_-";-, medium to coarse sand, [1.1]
I AT s grevelly, with occasional [-0.4]; 2.2 .
: e sl subrounded gravei to 3/4°° -13.2 w1 1 €
AR dismeter at 2.5' (.11 15 0328
VS g Vs to 1716 i a0 12817 1150 -5
Sa3 ""."i‘ xto1 :amete!' at 4. [_03] 226
| s Y siit Jayer, with V' to 1/2" £4a.3%
9zf1 G diameter at 80" A2.1 248
.';f.-*'- becoming gray , with (-1.9) 283 -
150‘!4' 10 '-.-5:_‘. Increasing siit coatent at -i15 202 10
ot B5 -
poses (363 213
sal4 o 03 (551|248
: st marginally bondsd 14 to 16", -[a-:.;in (234 i L "
I 29 15 "ﬁ‘ mumd [4.3 . |_1r i .
i 15 [4.1 [28.6) P
A GRAY SANDY SILT {ML.V,) [4.%
6% vishble ice, -78
Vy to 1/8" thick, with
sl t20- fine sand 94 20
¢
' 1
h [-3.0}
. 73 2146 ]38
16 E*%— 3621 1121 F254~ o2
Vy to 1/8” diameter at 28.0° [2.6] {51.9]
C 2 Eiao- 72 30
Co organic material to 1/8"
diameter at 34 0" 51.1
15 a5 20 ' 35
. pockets of fibrous ozrganics
. and wood piscas gt 39.5° ’
23 EF—«) 68 40
: gravelly, with occasional
Toje gravel to 1/4* diameter at 44.0° 121
. 8711451 €3 45
. Vx 1o 1/4" diameter, with
30% ice content at 49.57 125 219 EC
61 5(H 6.1 210 -0 &
Temperature measurements
reconded on 4-17-92
554 e
; LG01 G0
! FUTM Coordinates: N 25 652 953 SHEAR STRENGTH
E 1 747 696
Water Depth: --- A —Torvane
{Equipment: Mobile B-61, 8 Hollow Stem Auger 4 —Compreasian Tesl

Logged By:

Job Number:

Date Completed: 3-10-82

P.J. Ondra Date: 4-82

9612,031.08

Approved: D3
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Job Mumber: 9612,031.03

- — x
£z e¥ F =
ge o=z - Bz DRY DENSITY (pcf)
= 2 o o =y * P2
523 - 2 S& =5 8% ~ 60 g0 100 120 A
g EF 3 5 2 ES .8 i ] 1 ' ]
ssEf £8 §EEggp  Er——t———— &
ESsSEF & 2 S F¥E 58 L7 | SHEAR STRENGTH (KSF) i
@358 & 8 DESCRIPTION Ee TL 22 1% &4y 1 2 3 s
' GRAY SILT (ML) [1.8]] 96 |336 "1; ; EC,
. saft, with eccaslonal graves " lsanls38 5‘ i 5A
JP - to 3 diametes, and a sand [-1.8} 429 EC
laver at 2.0°
Pé: GRAY SANDY GRAVEL {(GP| 23 166 L5 &
20 medium de?;-é: occasional 1-181| 59 6 SA
gravel to 1-1{2"" diameter, - ) 6.5 .
o B medium to fine sand 621 |5% 139 g
16 increasing silt conteat [-2.1) 30 EC
between 551096 £‘2-1] 48 '10 i EC
17 26 a2 SA
n [og] | 3
26 “4 5
19 DARK GRAY CLAYEY SILT (ML}
medium stiff, with occasional 78
15 gravel to t” dismeter
P T
L 20 -20
[ GRAY SILTY SANDY GAAVEL
2,-25" {GM} medium dense, : -25
27 E subraund to subangular grave!
to 1-1/4 diameter .
24 Ez'aﬂ -30H
351 35
increasing silt content
between 37.40° to 38.0°
40+ increasing sand content at 40.0° 59 |78 - 40
59 ) 9 [6.1] SA
Ez"is“ 45
: 50 gravel ta 3/4" diameter, with I-SG
24 EZ fine to medium sand at 0.5
-55- 55
60 50
UTM Coordinates: N 256 541 749 SHEAASTRENGTH
E t 739 00O
Water Depth: 8.8 4 —Taneang
Equipment: Mobile B-61, Rotary Wash 4 — Compressian Test
Date Completed: 3-15-82 Approved: D&% LOG OF BORING NO. 20 PLATE
= Logged By: M.R. Musid Date: 4-82 Pt. Thomson Development Project
R.H. Prescott ‘Winter 1982, Geotechnical Study - U

EXXON Company, US.A.
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= _— 3 - _ ¥ =
2k £Y F . £% g% =z =
L Ez . 2 - b= DRY DENSITY (pcf) w> 5 % b
) 5 =8 _ g gg S w &X o 5 58 o &lé 2w Zg ORY DENSITY Ipcfi
~|€gge 3 e wd Oy e 80 & 1% 0 g g2ff 3 2% =& 83 = 60 80 100 20 =
@ SN - = o X E ug & LA i t 4 et S =wl 2 oo T=Z 2D & = } } 1 I b
£eazx B Y w2 we x e o e S e Yo g w i 1 T { w
2338 ¥ . s € 38 5 SHEAR STRENGTH (KSF) s &35 & ¢ S o8 28 -~ X s
2358 § 8 DESCRIPTION - i = o ; 2 E z 3338 5 8 DESCRIPTION S¥ 37 9< 45 § i 3 £
s il | GAAY SAND(SP-SM) [-2.0]]{6.41 | 122.5) - SR Y C 60/4° GRAY CLAYEY GRAVEL (GC) i R
Frgesd Joose, fine sand {-15] 1.5] P S S . C dénse, increasing sand 2 ;
8B RN 1201 l;-ﬂg s L 22 /{1 mma:mimdegm 1204 5187 EC
. i1 GRAY SANDY SILT (ML} 1141|199 1 [20.4] f?] un Ss A T D B i B e
5 stiff 1o very sLiff, with [-1.6197.9){ [19.8] b 65
l very fine sand [2.0] N
P IT L 1§ [-1.5} [20.4]
I%fz.z% 168
25
10 (-2.61 - 70
silty sand layers st 12.0
P M and 15.0° t0 1.5 thick 26.7
15 1751
P [-2.9¥ [288
P
20 (26] 1243 0.
|
o . l'3.ll [9404] %2 22 MA .85..
S i o |%g e
|- GRAY SILTY CLAY (CLy - | 278 ) - - % ko
.. - medijum stff to hapd : R Jcon
fuu %01
23Tt y
Lz .[__2’9~ w1 26241 Ul ‘
»9-5-
15 24.1 100,
225 "
18.7 H05
1101
oceasional pockets of black ' T
organic silt st 55.0° 442] 26 115 o
220} 16l ; s ;
i :
[ S 1§ = & T ;
226 Lo — e it a [ | 120! _ 1201 R ! : :
UTM Coordinates: 2 2‘5 7532 ;Igg SHEARSTRENGTH
Yy : Water Depth: 250 . A —Torvane
: ipment: Mobile B-61, Rotary Wash A - Compression Test
» 20 - g
Date Coanqletea.RS !l;ul?a;s!ial S:::?‘:_gz -. LOG OF BORING NO. 21 PLATE
Logged By: MR Musiel : Pt.. Ihomson Development Project '
Job Nomber: 9612 uam.us _ Winter 1982, Geotechnical Study B-Z]
mbey 03108 EXXON Company, U.S.A.
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Job Number: 9612,031.08

2 55 €
[ e
ES s 2 li'..ﬁ DAY DENSITY {pcf)
£§Z3 - 8 52 T& 8% — 60 80 -100 120 2
128 5 4 S= a8 % k£ ; + 4 2
£gsz £ 2 £d 2¢ %g = B SHEAR STRENGTH (KSF) g
8358 & % DESCRIPTION = L s% 3% Hg 1 2 3 5
F DARK GRAY SILT (ML) (191 1268 i ] c
P soft, with a trace of fine sand 1491 J é EM
" 7 Mgk 3 O N R - c
-2 Y my. [ ] :
(o7 6l507 | 13] o £ U
Pi fa19l [42.6) ¢ : HEM
P 119 s ¢
P (-+.9] 52.3 [;"2] Y
P - C
10
GRAY GRAVELLY SAND [SP) o 92 h -
medium dense, medium to {20)140.31 150 I
caarse sand, with occasional {-2.0] 34 9.1 EC.SA
gravel to 1-1/4* diameter [o9] |
[-2.3 83 K s
az 15A
10.6 20
GRAY SANDY GRAVEL (GP) [0.8] i
medium dense, occasional -
subanguiar gravel ta 1-1/4”
dismeter, medium to coarse
sand | ne
e
54
(151 %2 30 sA
BT =
increasing silt uontentaﬂ-0.0‘- [5981| 7.6 40 SA
fine to madium sand at 45.0° 45
63
nel 113 50 sA
551 55 :
g
LH0- -60
UTM Coordinates: N 25 551 &5t SHEAR STRENGTH
E 1 677 6%
ater Depth: 15.0¢ A —Torvane
|Equipment: Mobile B-67, Rotary Wash A —Compression Test
; _
Date Completed: 3—6—82 Approved: <6 LQG OF BORING NO., 22
Logged By: M.R. Musial Dater 3-82 Pt. Thomson Development Project

Winter 1982, Geotechnical Study
{EXXON Company, U.S.A,
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e oz g
Te F g
- w g Fa 23 DAY DENSITY (pef)
S S5 ¥28, ge w0 w0 §
2 oy T = ugo ‘g i 1 1 1 —
o wi w
% g 2% & %; = & SHEAR STRENGTH (KSF) g
5 & DESCRIFTION Hae T L 32 dJe Hyg H 2 3 b=
l BROWN SILT (MLV) (0.1 429-[21 o] [ 1o CON
Vx 16 1/4" diameter, 20-26% . 295 |[8] CEC
visibie ica ggﬁ CON
MASSIVE ICEA{ICE) L5
wmolyi | | | 4. - C
|
0.0} c
BROWN SANDY SILT {ML,Vy) 10
15-20% visibie ice content, [0.8]] (35 43416 L C
Vi ta 147 diameter g.; _ o CON
/ Bl GRAY SILTY GLAY (CLV} 1 2 TC
Vr 1o 1+ thick with 2040% 49.1 i - o
visible ice (-1.5) 308 151« f
378
56.7 '
] / 3149 I B!
less ice below 20 feet "
102{s}-25- / 254 )
- BROWN SILTY SAND {SM ,Npe) L
fine 1o medium sand (04l 1155).23.7 —f 58 - EC
228 30
GRAY SILTY CLAY (CLVx/V()
Vy to 1/4" diameter,
V; to 1/4” thick, 5-10% -
visible ice 325
- . : 35
Vi to 1/8” thick at 39.0° 27 [TCON
r 217 21 40 .
LA
272 Las .
{-1.4] 293 - Ec
265 50
-5 55
UTM Coordinates: 2] 215’ '?;g 6(15;3 SHEAR STRENGTH
b _
ater Depth: --- A —Torvana
Equipment: Mobite B-61, B” Hollow Stem Auger A— Comgreaston Test

Date Completed: 3-11-82 f
Logged By: P.J. Ondra Date: 4-82

Job Number; 9612,031.08

Approved: €8
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UNIFIED SOIL CLASSIFICATION SYSTEM

KEY TO
TEST DATA

I MAJOR DIVISIONS TYPICAL  NAMES :
; CON - ghonsolldaﬂon
- oy . TCON - »w Consalidation
CLEAN GRAVILS - WELL GRADEC GRAVELS, GRAVEL - JAHD JcXTALS LL  -- Liquid Limit [In %)
o " : WITH LTI O PL - Plastic Limic {in %}
9% RAVELS NO FireES T g POCHLY GLADED GUAVELS, GRAVEL « SAND Gy - Specific Geavity
5% ] MIXTURES SA - Sieve Analysis
MOM THAN HALF MA - Mechanical Analysis
m‘g COMSE MACTION oM SILTY GRaviLs, POOILY GLADED CAAVEL - SAMND » YU - Unconsolidated Undrained
o i 5 LARGER THAN GRAVELS Wi ST MXRAGT Triaxial
HO, 4 SHEVE 1TE CVER 1T, 10 )
;' - e ac CLAYEY GRAVILS, POOILY GRADED GRAVEL - SAND - cv %ﬁ:‘:ﬁdaeﬂ Undrained
8 CLAY Juxruets CO - Consolidated
323 wF" Drained Triaxtal
- -
o ; mm' ‘< sanos. -.- WELL GRADED TANDY, GRAVELLY FANDS Uuc,F g:mllned Compression,
wi SANDS NO FIMES AN EC - Electrical Conductivity
o i SP | 4 & | vOORY GRADED SANDE, GrAVELLY SANOS TC - Thermai Conductivity
.
E X} cosmse mc"r':uou 4 SILTY SANDS rooiw GRADED SANC - SILT o &!onplatlc
M [ -
8 g wﬂ w SANDE WITH s MK TRES . KEY TO
seve -OVER 17% FINES
s CLAYEY SANDS, POCRLY GRADED SAND - CLAY SAMPLE TYPE
M TS . Shelby Tube
E INCRGANIC SILTS AND VERY FINE SAHDS, ROCK S - 3" Split Spoon
FLOUR, $0LTY Of CLAYTY FIdE TANDS, O - 3" Spoon
3 i CLAYEY SHLTI WITH SUGHT ALASICITY :: :osp“tw ash
o NORGAMIC CLAYY OF rLTIOTY, - tary
g % FILTS ANO CLAYS lavaLy QArs, wmn"?uut: cwr"sl, Gp - Drlven Thickwalled Tube
i LIGHAD CIMET LSS THAN $0 LEAN CLAYS G - Grab ’
f=] P -  Pushed
5 CEGAMIC CLAYS AND OSGANIC SHTY CLAYY OF }
g 3 LOW MLASTIONTY [ | -  “Undisturtad' Sample
= i = 2] - Bulk or Greb Sample
§ n M NOEGANRC SILTS, MICACEOUS Of DIATOMACIOUS CT .
& FINE SANDY O SILTY 3OS, ELASTIC SATY
3 SILTS AND CLAYS v
w CcH INORGAMIC CLAYS OF MIGH PLASTICITY,
z§ CIOUAD LM T GREATER THAM 50 /' £t Clavs
o on 7771 oxcanic cLavs oF meou 1o 1GH rLasniATY,
) q 725 CRGAMIC SILTS

PEAT AND OTHER FIGHLY ORGAMIC SOIS

HIGHLY ORGANIC 30ILS3 P
GROUP SUBGROUP
SYMBOL | 1cE viSIBILITY AND CONTENT | DESCRIPTION SYMEBOL
Poorly bonded or friable N¢
1 i
N Segregated jce not visible by eye | NoExcesslce Mon |
Wellbonded — — — — — — — . Ny =
1 Exoess Ice microscaple i“he
individual ice crystals or lacluslansg Vi
- . a V
y Segregated ice is visibia by eye, lce | ¢ S021Ings on particles <
ne Inch or less in thickness i
o or fess In Randam or irregularly oriented Ice tarmatians Ve
Stratified or distinctly oriented jee formations Vg -
. — . ) - ] ICE + B
ICE Ice greater than one Inch in fce with solf inclusions sall type
th Ice withaut soil Inclusions ICE

Unified Soil Classification and

Key to Test Data
Pt. Thomson Development Project, Winter 1982

Geotechnical Study, EXXON Company, U.S.A.
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Harding Lawson Associates

It was also used on occasion to move the drill rig between test borings.
Because rough ice conditions necessitated slow travel time, most rig moves
were accomplished using the D-6 Cat. A Tucker *Sno-cat" was occasionally used
to transport crews.

The drill crews were quartered in a 16-person sled-camp stationed on the
ice at Point Hopson. The camp was equipped with sleeping units, kitchen,
shower, water shack, and a diesel generator for electrical power. Communi-
cations were maintained between the camp and drilling enclosure and between
the camp and CATCO operations office using radios.

1. Drilling Methods

With the exception of Borings 19 and 23, the offshore test borings
were drilled with rdtany wash techniques utilizing sea water drilling fluid.
The criteria for determining the total depth of drilling were as follows:

1. In all cases, a minimum depth of 50 feet below
the ground surface or mudline

2. Five feet into coarse-grained soil (gravels or
gravelly soil)

3. Fifteen feet into ice-bonded soil

Each test boring was cased with 4-inch I. D. casing from the enclosure deck to
at least 10 feet below mudline. Additional casing was used when the test
boring would not stay open during either the drilling or sampling operations.
The casing was advanced and retracted using_a 300-pound safety drop hammer.
Borings 19 and 23 were drilled with 8-inch 0.D. hollow stem auger and a

Nodwell-mounted B-6! drill rig as described in Section € of this Appendix.
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2. Sampling Methods

Sampling was performed continuously to at leasf 15 feet below mudline
and at 5§ to 10 foot intervals throughout the remaining depth of the test
borings. The four types of samples and the-procedures used to obtain samples
_are discussed in the following sections. The symbol in pérentheses following
the sample type appears on the test boring logs and designates the sampling
method uﬁed. The symbol corresponds to those presented on the Test Boring Key
.Sheet, Plate B-24.

a. Undisturbed Samples (T)

Undisturbed samples were taken with Shelby tubes in accordance
with ASTM Test Method D 1587-74. The Shelby sampler was a 2.87-inch I.D. by
- 36-~inch long steel tube. The tube was placed at the bottom of the test boring
and pushed (P) by the hydraulic system of the drill rig approximately 34
inches into the soil or to refusal. This method was used in soft to stiff

silts and clays and in loose to medium dense sands.

b. Drive Samples (S) and (Ss)

Drive samp]ing was performed by dfiving a split-spoon sampler
either 18 inches into the soil or to refusal. Two sizes of split-spoon were
used depending upon the soil conditions. A 2.4-inch I.D. by 3.0-inch 0.D.
“sampler (S), containing three 6.0-inch brass liners to retain the sample, was
primarily used to sample coarse-grained soil and hard silts and clays that
could not be sampled using a Shelby tube. The 2.4-inch I.D. sampler was also
used to recover disturbed specimens that were not recovered when using a
'Shelby tube. Where dense or ice-bonded coarse-grained sdils were encountered,
drive samples were taken with a 1.4-inch 1.D. by 2.0-inch 0.D. (Ss) split-

spoan sampler.
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Both sizes of samplers were 'advanced by either a 300-pound
hammer falling 30 inches, or by the hydraulic system of the drill rig. When
the hammer was used, the number of blows required to drive each 6-inch incre-
ment was recorded. This driving information is presented on the test boring
logs as the number of blows requﬁred to drive the sampler the last 12 inches,
or fraction thereof. |

Cc. Grab Samples (G)

Grab samples were occasionally taken during auger drilling on
the barrier islands. Samples were either taken from the auger cuttings or
directly from the augers as they were pulled from the hole.

d. Rotary Wash Samples (W)

Rotary wash samples consist of soii particles that have_settled
out of the circulating wash water after it has been run through a sieve. This
technique was primarily used if representati#e samples of gravel could not be
obtained by using the split-spoon sampler. The wash technique was also used
to obtain intermediate samples when the sampling interval was greater than
five feet. Since the grinding action of the bit within.'the casing breaks down
the larger gravel particles, the in situ materials are probably more coarsely

graded than these specimens indicate.

C. Onshore Drilling Investigation

Five test borings were drilled to 'éxblore the onshore soil conditions
between March 4 and 8, 1982. The depths drilled varied between 48.5 to 50.5
feet; the conditions encountered are shown on the Test Boring Logs. Ther-

mistor wells were installed in Test Borings 7 and 13.
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The onshore borings and the two borings on Flaxman Island were drilled
With 2 Mobile Drill B-61 rig that was equipped with eight-inch 0.0. hollow-
‘stem auger and mounted on a Nodwell carrier. A Tucker Sno-cat was used to
-transport the crew to the rig, as a work station for the geologist, and as a
shelter from the weather.

The onshore drill crew worked a single 12-hour shift and consisted of a
geoldgist, a driller, and a drill he]per.' The geologist directed the drilling
operation, logged the soils encountered in the borings, and obtéined represen-
tative samples for laboratory testing.

The majority of the samples that were taken were either type (S} or type
(G), as discusséd in the offshore investigation section. Modified Shelby
tubes (T) were also used occasionally. These samplers are standard Shelby
tubes with hardened cutting teeth. They are drilled (D) into bonded, fine-
grained soil by slowly rotating the sampler while applying pressure by the

dri11 rig hydraulic system.

D. Sample Handling

The soil samples were visually examined, classified and logged in the
field by our enginéer/geo]ogist. Whenever possible, samp]é temperatures as
well as torvane and/or pocket penetrometer readings were taken. Shelby tubes
and split-spoon liners were sealed with electrical tape to prevent moisture
loss and then tagged. Bulk and grab samples were p_laced in heavy-duty plastic
hags; sealed, and tagged. In the field, unbonded samples were protected
against freezing by storing them in either a cooler chest or heated enclo-
sure. Bonded samples were kept frozen by storing them in either a cooler

chest that was packed with blue-ice or a chest freezer.
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A1l of the samples from the onshore borings were returned to our oper-
ations base at ﬁeadhorse on a fegular basis. The bonded samples from the
offshore borings were stored in a chest freezer at -10°C until the end of
the drilling program. Unbonded offshore samples were transported daily to the
camp, where they were stored in a heated room until they could be transferred

to Deadhorse. In Deadhorse, all of the bonded samples were stored in a chest

freezer for a minimum amount of time until they could be shipped via air

freight to our laboratory in Anchorage. To protect the bonded specimens from
thermat shock, they were shipped in insulated containers and stored in our

laboratory cold room at -6°C until tested.

E. Drilling Operations Diary

Date Activity

3/03/82 Moved drill rigs, sled-camp and crew to PTD project area, off-
shore rig began driiling Test Boring 6 {TB 6).

3/04/82 Completed TB 6 and installed a thermistor string. Moved to and
began drilling TB 3. Onshore rig {(Nodwell) moved to and com-
pleted TB 7 and installed thermistor well.

3/05/82 Completed TB 3. Moved to and began drilling TB 22. Nodwell
moved to and completed TB 1.

3/06/82 Completed TB 22. Moved to and began drilling TB 2. Nodwell
moved to and completed TB 12. _

3/07/82 Completed TB 2. Moved to and completed TB 4. - Maved to TB 5.
Nodwell - mechanical standby - starter malfunctioned.

3/08/82 Completed TB 5 and instailed thermistor well. Moved to and
began drilling TB 21. Nodwell moved to and completed TB 13 and
installed thermistor well.

3/09/82 Completed TB 21. Moved to and completed TB 10. Moved to and
began driiling TB 9. Nodwell moved to and completed TB 18.

3/10/82 Completed TB 9. Moved to and began driiling TB 8. Nodwell
moved to and completed TB 19 and installed thermistor well.
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E. Drilling Operations Diary (continued)

3/11/82 Completed TB 8. Moved to and completed TB 11. Moved to and
began drilling T8 14. Nodwell moved to and completed T8 23.

3/12/82 Completed TB 14. Moved to and began drilling TB 16. TB 16
terminated at 25.5 feet due to ice movement and high winds.
Installed thermistor string. Moved to and began drilling TB
15. Nodwell drill rig and crews demobilized.

3/13/82 Completed TB 15. Moved to and began drilling TB 17.

3/14/82 Completed TB 17 and installed thermistor string. Moved to and.
began drilling TB 20.

3/15/82 Completed T8 20. Demohilized enclosed drill rig, sled-camp and
Crews.
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APPERDIX C
GROUND TEMPERATURE MEASUREMENTS

A. General

Three thermistor strings and four thermistor wells were installed in the

test borings listed in Table C-1.

TABLE C-1. THERMISTOR INSTALLATIONS

Date Total Depth of
Test Location of Depth of ~ Boring Temperature
Boring Installation Test Boring (ft) Completed Data (ft)
5 Barrier Island 51.5 03/08/82 50.0
6 0ffshore 51.5 © 03/04/82 45.0
7 Onshore 49.0 03/04/82 49.0
13 Onshore 50.0 (03/08/82 50.0
16 0ffshore 25.5  03/12/82 21.0
17 Offshore | 50.5 03/13/82 45.0
18 Barrier Island 50.5 03/10/82 50.0

B. Equipment
1. Offshore

Hard-wired thermistor strings were used to obtain ground tempefature
measurements in the offshore test borfngs. The strings were constructed using
20-gauge, 52-conductor cable and YSI Model 44034 bead-in-glass thermistors.
The Model 44034 thermistor has an interchangeability of :p.1°c between
-10°C to 80°C, a resistance of 5000 ohms at 25°C, and exhibits a resis-

tance change of approximately 860 chms per degree centigrade.
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Each thermistor string was 175 feet long, including a 75-foot lead-
wire, and contained 24 thermistors spaced at 3-foot intervals for the first 21
feet and 5-foot intervals to 100 feet. The thermistors were installed through
an incision in the cable sheath and individually grounded. They were then
sealed into the cable with heat shrink tubing, and silicone caulk and the
incision was covered with heat-shrink tubing. Finally, a 41-pin, male plug
was installed on the lead-out end of the thermistor string and covered with a
waterproof cap. The thermistors were placed in an ice bath held at a constant
0°C and the corresponding resistance was compared to the manufacturers'
values. |

2. Onshore and Barrier Islands

Ground temperature measurements for the barrier islands and anshore
test ‘borings weré recorded using a retractable probe that contained a YS!
Model 44007 thermistor and a Victory, Serial No. 50 thermistor. The inter-
changeability of the YSI thermistor {s :Q.ZOC for the temperature range
0° to 80°%. Also, it has a resistance of 5000 ohms at 25% and
exhibits a resistance change of approximately 860 ohms per degree centigrade.
The precision calibrated Victory thermistor has an interchangeability of
+0.05°C and a resistance of 4560 ohms at 09 and exhibits a resistance
change of approximately 220 ohms per degree centigrade.

The thermistors were placed side by side at the bottom of a six-inch-
long probe that was attached to a four-conductor lead-out wire manufactured by
Berk-Teck Company {(Model BTONX-734-2F-(Q}. One conductor was used for a common
ground, one for measuring lead-wire resistance, and the remaining twe for
measuring the thermistors. The calibration of the probe was performed by Dr.
Robert I. Lewellen of Lewellen Arctic Research and can be traced back to the

National Bureau of Primary Standards.

C-2
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€. Thermistor Installation

1. Offshore

The procedure for installing the offshore thermistor strings was as

follows:

1. After washing the test boring to remove all of
the cuttings, the boring was sounded with a
weighted Tine to confirm that it was open for its
entire depth.

2. A length of 1-inch I.D. steel pipe, equal to the
total depth of the hole, was attached to flexible
hose whose length was equal to the depth from the
mudline to the top of the ice. This entire as-
sembly was then set on the bottom of the hole and
filled with propylene glycel.

3. The thermistor string and lead-out assembly were
trimmed to a length so that the first of the
3-foot interval thermistors was located at the
mudline when placed down the pipe. The string
was then lowered to the bottom of the steel
pipe. An additional 25 feet of flexible hose was
attached to the installed hose. This was done so
that small ice movement would not destroy the
temperature well,

4, The drill casing was pulled from around the ther-

mistor installation and the drill sled was maved
off of the site.

2. Onshore and Barrier Islands

The onshore and  barrier islands thermistor wells consist of
1-1/4-inch I.D. PVC pipe that is filled with propylene glycol. First, PVC
pipe was installed in a completed test boring which was then backfilled. The
pipe was then filled with propylene glycol and capped until ground temperature

readings are taken.
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D. Thermistor Readings and Data Reduction

The resistance values were reduced to ground temperatures using the
following relationship:
1. Offshore ‘

The thermistor strings were allowed to equilibrate for periods
ranging from 10 days to 4 weeks before the ground temperatures were recorded.
These readings were obtained using a switchbox and a Data Precision Model 248
multi-meter, The multi-meter_diép]ays 4,5 digits and is capable of measuring
and resolving resistance to 1 ohm. When combined, the YSI thermistors and the
multi-meter have a precision of :Q.IOC and an accuracj of‘jp.2°.

2. Onshore and Barrier Islands Ground Temperatures

The thermistor wells were allowed to equilibrate for up to 4 weeks
before the final ground temperatures were measured. The resistance readings
were taken by using a Data Precision Model 248 multi-meter, as described
above. When combined, the calibrated bead-in-glass thermistors and the Model
248 multi-meter have a precision of +0.05%°C and an accuracy of +0.1°C.

Resistance readings wére taken at 2-foot to 5-foot intervals from the
ground surface to the bottom of the thermistor well. All of the depths were
referenced to the ground surface surrounding the thermiétor well. The tlier-
mistors were monitored at each depth until a stabilized reading was obtained.
Stabilization time varied from up to 30 minutes in the upper 10 feat and 1 to
3 minutes in the lower portion of the boring. To avoid inducing heating in
the thermistors, the multi-meter was turned off between readings. Once a
stabilized value was obtained, the lead-wire resistance was recorded and the
probe was lowered to the next depth. It took approximately 60 minutes to

monitor the borings.

C-4
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3. Data Reduction

The resistance values obtained in the field were corrected for lead-
wire resistance by subtracting the measured lead-wire resistance from the
total resistance. The resistance values were reduced to ground temperatures

using the relationships in Equation C-1.

(YT} = A+8 (InR) +C (InR)® (c-1)
Where: T = temperature degrees Kelvin
A, B, C = constants for the thermistors
' based on calibration curves
R = measured resistance in ohms

E. Findings
Plate (-1 shows the data obtained from the offshore Test Borings 6, 16,

and 17. Furthermore, ground temperature data that were obtained in 1979 from
HLA/USGS Test Borings 15, 16 and 18 are shown for purposes of comparison. The
level of zero annual temperature chdnge appeahs at a depth of 30 to 40 for the
test borings.

Ground temperature data that were obtained from the onshore fést borings
are presented on Plate C-2. The data indicate that there is very little dif-
ference in onshore ground temperatures between the two borings. The level of
zero temperature change appears at a depth of 3G to 50 feet in both test
barings. |

Barrier 1islands ground temperature data are shown on Plate C-3. Data
obtained in 1980 from Drilling Pads F and D are also shown for comparison.
The data for Test Borings 5 and 19 yield well-defined curves that appear to

converge to a line of zero temperature change at a depth of 40 to 50 feet.
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® Boring 6, 4-17-82
© Boring 16, 4-17-82
. s Boring 17, 4-17-82
o USGS/HLA 18, 5-1-79
o USGS/HLA 15, 5-1-79
a USGS/HLA 16, 4-24-79
Baring & )
: Temperature (°C)
Depth (ft.) 3.13-82  4-17-82
) -1.23 -1.30
3 -1.19 -1.26
6 -1 -1.21
9 -0.99 -1.0¢
12 0.9 -1.00
15 -0.96 -0.98
18 -1.04 -1.01
21 -0.98 -1.02
25 -1.08 -1.08
30 -1.23 -1.23
35 -1.15 -1.15
40 -1.22 - ALzl
35 -1.29 -1.28
= Boring 16 Boring 17
] Temperature (°C} | | Temperature {°C}
b | pepth (ft.) 3-14-82  4-17-82 | Depth {ft.) 3 1507  4-17-82
- 0 ~1.82 -1.82
£ T v | I R -
a s - -i.e2 6 1,37 -1.30
B -1.78 . 9 -1 -1.2a
15 - :1°61 12 -0.81 -1.23
18 . o H 15 -0.69 -1.12
21 187 s |} B s 1.
25 -0.92 -1.09
30 -0.99 -1.13
35 -1.04 -1.19
40 -1.23- -1.25
45 -1.24 -1.29
-2.0 -1.5 -tho -0.5 h 0.5
TEMPERATURE, 9C
Harding Lawson Assoclates Ground Temperature vs Depth ,Offshore e
Enginears. Geologists Pt. Thomson Development Project
& Geophysicists Winter 1982, Geotechnical Study c-l
EXXON Company, U.S.A.
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e Boring 13, 4-17-82
a Boring 7, 4-17-82
0
"“‘fra\.\
-
R
10 \
Boring 13
r '.lg Temperature (°(C) “
Depth {ft) 3-14.82 4-17-82 AN\
0 23.3 9.4 \Q
20 2 -21.0 {3ft.) 150 : \.'Q
5 -15.6 -13.4
B 1302 13 \\
10 -12.0 -12.5 \
12 -10.5 -12.1
15 - 9.6 -11.4
18 -84 -10.7
2o \
E 30 e - ;Zg - gis |
- 8. - 8,5
- 4 - .1 %
. -4, - 8.4
= 50 -85 -85 4
.
wi |
40 :
Boring 7 ‘
Temperature (°C} *
Depth (ft)  3-11-82 4-17-82 l
2 262 Gt 1o l
- -15.4
50 5 -14.6 2144
8 -12.6 -13.3
10 -11.5 -12.4
12 -10.8 -12.1
15 - 9.8 -11.2
18 -9.0 -10.3
20 - 8.5 - 9.9
25 - 7.8 -89
60 30 - ;-g - g.;
35 - B. - 8. ,
"2? a0 - 8_2 _ 8.‘ ""10 -5 0
45 - 8.4 - 8.5
50 - 8.7 - 8.6
. TEMPERATURE, oc
Harding Lawson Assoclates ‘Ground Temperature vs Depth
3 Engineers, Geologists Onshore Borings
& Geophysicists Pt. Thomson Development Project, Winter 1982
' Geotechnical Study, EXXUN Company, U.S.A.
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DEPTH, FEET

'® Boring 5, 4-17-82
B Boring 19, 4-17-82

——— f Pad, 3-17-80
= =% p Pad, 3-08-30

0 -
\“\.
. Boring 19
Temperature {C)
Depth (ft] 3-14-82 4.17-82
0 -20.4 -19.4
3 -15.4 -13.2
5 -12_5 -12.8
B -10.3 -12.1
Boring 5 10 -9.0. -11,3
2 Temperature [°C) 12 - 8.4 -10.3
Depth (ft)  3-13-82 4.17-82 15 - 7.5 - 9.1
|- 18 -7.1 -7.8
0 -23.2 -19.4 20 - 7.1 - 7.4
3 -11.4 -12.9 : 25 - 7.2 -7.3
5 ey 116 ¢ 30 -1 -7.2
10 - &. -9, - 6.2 - 6.6
12 - 52 - 1.6 h 45 - 6.0 - 6.3
30 15 - 5.0 - 6.5 Y 50 -58 - 6.1
18 - 5.0 - 6. \.
20 5.2 - 5.9 - -
23 - 5.5 - M :
25 - 5.6 - 6.0 S
30 - 5.8 - 6.1 !
35 - 5.8 - 6.1 I\
440 - 5.8 -6.1 4
4 45 - 5.8 - 6.0 4
- 50 - 5.8 - 5.9 i
M
14
5 LJI
. i
»
60 _
-25 20 -15 =10 -5 0

TEMPERATURE, ©C

7

for Barrier Islands

Ground Temperature vs Depth

PLATE - "
Pt. Thomson Development Project, Winter 1982 C'3 '
Geotechnical Study, EXXON Company, U.S.A.
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The warmer températures recorded in Test Boring 5 are a direct result of the
insulation provided by the thick layer of ice and snow at the boring. Below
20 to 30 feet, ground temperatures recorded at Orilling Pads F and D in 1980
were about IDC to 3.5°C warmer than those observed during our investi-
gation. This implies that subsea ground temperatures are getting colder due

to the presence of the barrier islands.
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APPENDIX D
LABORATORY TESTING

A. General

A comprehensive laboratory testing program was conducted by Harding Lawson
Associates to evaluate the properties of soil samples obtained from test
borings drilled for the Point Thomson Development, Winter 1982 Geotechnical
Study. Details of the field investigation program are given in Appendix B.

Soil 1index tests were performed to classify the sampled soils and fo
determine their in situ moisture contents, dry qnit waights, grain size dis-
tributions, plasticity indexes, specific gravities and organic contents.

Soil strength parameters under static loading conditions were determined
by unconsolidated-undrained triaxial shear tests [TXUU), consolidated-
undrained triaxial shear tests -(TXCU), consolidated-drained triaxial shear
tests (TXCD), and direct shear tests (DS).

One-dimensional consolidation tests were used to analyze the soil stress
- history and deformation behaviqr of unfrozen samples, while thaw-strain tests
were used to analyze the behavior of frozen samples.

The pore water chemistry and freezing poiht depression of selected samples
were determined by conducting both chemistry and salinmity tests. Thermal
conductivity measurements were made on bath frozen and thawed samples for use
in performing heat transfer analyses. .
| The procedures employed in the laboratory testing'progran were generally
in accordance with those suggested by the American Society for Testing and
Materials (ASTM). The ASTM designations for the various test§ are tabulated

below:



Harding Lawson Assgciates

Laboratory Test ASTM Test Method
Visual Classification D 2488-69
Laboratory Classification D 2487-69
Moisture Content D 2216-71
Liquid Limit b 423-66
Plastic Limit D 424-59
Particle Size Analysis D 422-63
Specific Gravity D 854-58
Triaxial Shear D 2850-70
Direct Shear _ b 3080-72
Consolidation D 2435-70

Furthermore, several tests were conducted for which there are no suggested

ASTM methods. These are as follows:

Laboratory Test

Sedimentation
Thaw Consolidation
Thermal Conductivity
Geochemical Analysis
Electrical Conductivity
A1l of the above test procedures are described in the following sections
of this appendix. The laboratory testing program is summarized by test boring

on Plates D-1 through 0-23.

B. Sample Handling and Visual Classification

1. Sample Storage

Upon arrival at Anchorage International Airport, the sof] samples
were picked up and delivered to cour Anchorage laboratory where they were
stored until testing. Four types of samples were received: Shelby tube,

brass liner, jar and grab.
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iI
SAMPLE
DEsiGnaTion | SCIL CLASS. - CLASSIFICATION TESTS SECONDARY TESTS
e 3 3 —
: ngg Df:}l’l—l USCS1 ICE2 — Soil Gr;:l:;ion (%) — c:\:'lnotis:;s} Atterberg Limits Dg'n?':tv c:rE":LD: (S;:: (I:E‘:::c;\ £p0. | 7xuu | Txcu! Txeo| ps. lconsot. ;:::L Chern. m:c)rr:r;al Comments
@ ' 4 4303200 | 760 : LL | PL | P ] (echl | SN :
( 1 0.01 oL  |Veri. 100.3
L 1.3 ML IVyp 43.3 54
2.7 0oL Vx,r 301 15 X
l 3.7 ML Vyr 71.5 46
_ 4.2 ML sy 92.6 47 X
| 8.5 | sp v, 18.9
0.5} sp _ lyr 19.5 67
[ 13.5] SP Nyr 4.6 18.1 75
. 18.5 | sp-sM fvy | 22 70.2 7.8 | 13.5 2.71
[ 23.5 | SP-SM |Vy 11.3 13.0
28.5 SM Vy 18 68.4 i3.6 12.1
Y 33.5 | sm (v, 13.8 10.6
’ " 8.5 sv v, | 17 69.7 13.3 | 10.4
| 43.5 | sM vy, ' 9.7
1 48.5 | sm |y, 24 63.3 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 11 75.5 13.5
2.7 | sp-sM 45.51 1.9 : X
2.8 | sP-SM 8.6
3.0 | sSP-SM 23.0 49.71 2.0
3.4 sSp 22.8 98 2.65 X
3.5 5P 96.1 3.9
3.9 | SP-SM 10.9
8.4 ML 33.4 50.7 | 2.1
|
‘ 1. USCS = Unified Soil Classification System =——— Harding Lawson Assoclates .Laboratory Test Summary - LNE
2. lca =U.S. Army COTPS of Engme?ris ln? Classification System == Engincers, Geologisls . Pt. Thomson Development Project
i: Efﬁfb?ﬂ"f;e:zﬁ'.ﬁﬁ?:: [C)‘::?:siit;:t!cl:nmmhosfm 15-3 & Geophysicisls Winter 1982, Geotechnical Study D'l
5. NP = Non-Plastic ‘ EXXON Company, U.S.A. _ =
DAAWN JOBHUMBER APPROVED DATE REVISED DATE
5 9612,031.08 22] 4/82




; SAMPLE
| oesianation| SO!L CLASS. : CLASSIFICATION TESTS SECONDARY TESTS
! 2 LN I ' il Gradati ist. | Atterberg Limits | Dry | Org. Loss | e 4 | mhaw
1 ;5:9 Df:::-H uscs |Ice S S0 - %;d;'; (%) = c::i's: T Dr;;fi’tv Ig%on ;pr:: cond. | FPD- | TxUu | TXCU | TxCD| DS, |consal.| o~ | Chem. Thci:::l Comments
! 2 8.5 ML - 26.3 | NP NP | NP |100 2.68 X
l‘ 9.9 ML 31.2 90 2.72 X
| 10.5 | M 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
1290 M. |- 38.6 80 X
14.1 ] M | 38.8 81 2.70 X
14.4 ML 28.7 40.811.6
14.5 ML 35.7 83 X
18.5 MH 51.8 29.9)1.2
18.6 MH . 48.4 72
N 19.0 | M 46.2 35.0 | 1.4
' 192 m | 42.4 76
25.7 ML 55.5 65
26.5 ML 7.4 92.6 28.0 86
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
41.6 ML 26.3 96 2.72 X
’ 41.7 ML 2.72
41.9 ML 2.72
| 6.7 | ML 97.3 | 32.5 89
51.2 ML _ 26.0 97
! : -
l _
; :ﬁcfuzsuz:::‘: SC:I:pE‘:;sg:lc:}:eo;r.ssr:;egassiﬂcation System =—— ::;;:;1%3:; ;\:soclates ) ‘P- ta b?hrc:?'l ZOOI:YDE-Eee'lsOme?:thTOaj g!t PLATE
! 3. Elec. Cond. = Electrical Conductivity in mmhos/em BESEA i L. | _
I 4, F.P.D,= Freezing Point Depression,*C Winter 1982, Geotechnical Study D 2
5. NP = Non-Plastic EXXON Company, U.S.A. e -
) DRAWN JOBH NUMBER APPROVED DATE REVISED DATE
1 P 9612,031.08 =40 4/82




l
|
x
|| SAMPLE 1soicLass. CLASSIFICATION TESTS SECONDARY TESTS
DESIGNATION -
g 1 2 . : i<t Atterberg Limits Dry }Org.-Loss A e 4 Thaw ma
§g DT::H el N G &"i':‘s;;;;:‘*’ Zh Cr“T's:""’ e | e | pen lgi?';.:tr,‘% Zav. Cond; | F+F0- ] TXUU | TXCU | TXCD| DS, {Consol- ooy | Chem. Th(:orndl Comments
2 | 60.5] sM 10 59.3 30.7 13.0 48.1] 2.0
60.7 | sm 14.8 120
66.5 | @p 1.8 17.7 48.3} 2.0
67.5] GP 9.1 2.69
3| 0.0 M 37.9 44.3]1.8
i.56] sp 35 60.4 4.6 10.6 2.69145.711.9
1.7 | sp 18.8 117
3.5 sp 18.3 48.212.0
4.5| sp 2.2 57.212.3
6.0} sp 0.7 9.9 2.69| 52.5{ 2.1
) 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 | ¢ 8.6 2.69151.62.1
25.0 ] @p 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 {Npp 4.0 30.4 §1.2
a | 00| m 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
= Unified Soijl Classification System arding Law clate T
£t s Aoy e g s it s B e mcon hercrorons Pregels ¥
% F.P.D.= Freezing Point Depression, *C ' Winter 1982, Geotechnical Study D"3
5. NP = Non-Plastic DRAWN JOBNUMBER Eji‘%EEDCONEaﬂy, U.S[.)ﬂe. REVISED DAIE
J 9612,031.08 DEG 4/82




D;m;%hl soiLcLAss.| - CLASSIFICATION TESTS | SECONDARY TESTS
. e 3 4 .
% S DT:JH uscs' |ice e > Gr;:::m ) - C:q;'_s:;“ Ruerers L'm'_u Denity c:r?:'i::s e e 1£.p0.| Txuu | Txcu | TXCD| D.s. |Consol 2::;] Chem. T‘;:'dai . Comments
@ 14 -4to +200 -200 LL | PL | PL{ ipct) | O : :
4 9.5 ML ). 43.8 44.41 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 0oL 36.3 80 15.9 | 2.67 X
13.3 oL 43.7 33 26 b 75 2.67 X
13.8 ML 9.9 90.1 47.5 72 2.67 X
14.4 ML : 48.7 33 26 1) 72 2.7 X
15.0 ML _ 45.5
18.3 MH . 70.8 57 2.68 X
18.8 CL 14.7 56 2.66 ) ) X X
N 190 | o 68.4 58 2.66
v lws | a 74.7 |as | 26 | 18 '
19.6 cL | 71.1 57 2.66 X
20.2 ML 69.0 47.411.9
25.0 0oL : 1 25.9 - 12.0
25.5 SM ; 3.8 44.311.8
25.6 | SP-SM " 9.7 133
26.0 SM 7 52.8 40.2 12.9 120 _ "
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
44 .5 ML 1 24.1 74.9 22.5 107 )
49.5 SP 21.9 53.1])2.2 ) -
50.0 SP 2.8 13.7 121 2.69
!
l . USCS = Unified Soil Classification System )
| F i ot e Ctain s i Piu Thomson Gevelopnent ot Y
| 4. F.P.D. = Freezing Point Depression, °C eophysicists Winter 1982, Geotechnical Study D'4
5. NP = Non-Plastic EXXON Company, U.S_A.
JOB NUMEER APPAOVED DATE AEVISED DATE
9612,031.08 TER 4/82
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D;m;%” SOIL CLASS. CLASSIFICATION TESTS SECONDARY TESTS
25 2 il Gradation {% Moist. Atterberg Limits | Dry | Org. Loss c. Etecs 4 -
58 D'{E:er uscs ICE Giadvel = -_4?3!1(1200{ : l-:ZIEE'Is Cont. (%) LL Pi Pl DFPT;;V IE%&“ gr::\' Cond._ F.P.D. | TXUU | TXCU D.S. |Consol. Co:::l. Chem. Th(;;::ial Comments
51 0.1 |SP-SM (x| 14 76.4 9.6 27.1 2.71 | 61.5] 2.5
0.5 | sP-SM Wx.c 16.2 ' 54.3| 2.2
2.0 | SP-SM_PNx.c 14.0 90.9| 4.0 X
4.0 SP_ Nx,c 3.5
4.5 1 ~SM_ Nfbn 36.4 26.3{ 1.0
6.0 SM__ Nfbn 18.0 110
6.5 | _sM_ Nebnl 22.0 18.3 107.9) 4.0
6.7 SM__ Pibn 18.9 108
8.0 SM__Nfbn 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
1 16.0 ML 33.0 83.7| 3.4
1 lw1 ] m 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 CcL 39.5 79 X
19.5 CL 36.6 | 31 | 21| 10 | 87 2.72 X
20.3 CL 42.3 78.11 3.2
25.5 ML 52.4 66
31.1 ML | Vy 43.6 42.91 1.7
31.2 ML Ve 46.3 72
45.5 v 1.6 98.4 41.9 28.1} 1.1
45.7 cL |v, 33.6 86 X _
46.0 cL |, 1.0 99.0 36.2 67 X
51.0 L vy 27.0 37.9] 1.5
51.2 L vy 28.8 92
;. chgsu-s?ﬁg gzirlp?;sfsg::;aitri::nsrzeanassification System :a'_dl"'g"a“”"_““"dal" Laboratory Test Summa.i'y PLATE
3. Elec. Cond. = Electrical Conductivity inmmhos/cm Ti=-y ;g,;‘;’-‘;,,’;ﬁ;:?;@'“ Et Thomson Developmer_mt Project D 5
4. F.P.D. = Freexing Point Depression, *C inter 1982, Geotechnical Study -
5. NP = Non-Plastic EXXON Company, U.S.A. ] .
DRAWN JOB HUMBER APPROVED OATE AEVISED DATE
4 9612,031.08 Ded 4/82
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|
|
-
I
i[_ Dém;%‘“ solLcLass.| - CLASSIFICATION TESTS SECONDARY TESTS
HEN 1] 2 il Gradati Moist, Attesberg Limits | Dry 1 Org. Loss \ 3 4 | Thaw
. g% ng“ uscs | ice S S°"-4 g;;'; x) T Cmt'_ N TR Dle:;fi;v IQEE"E (5;’::: E',Td__ £rD. | Txuu ) Txcu] Txeo| oS, jconsol. g:mL Chem. Th;::':' Comments
[ 6 | 0.1 smM 49.3 50.7 31.6 48.6 { 2.0
0.5 | smM 22.5 47.3{1.9
| 1.0 | smM 22.5 48.112.0 ]
| 3.5 § ML 29.2 47.311.9
3.6 | M 30.4 92 2.69 X
a.0 | m 34.7 ' |s2.112.1
4.1 { M 84.9 33.4 88 2.68
a6 | m 323 | vl ap {np | 90 - {2.69
5.2 | m 21.3 _ _ la8.4]2.0
5.3.|.sp-sm ] | 22 68.5 | 9.5 .| .14.1 121 | e2e9| '
Al oeas | osesm | - 18.7 | | ~|s0.1]2.0
Vo e om | - | s2a7 | e | | 14 |
i 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 | oM 19.1- 111
[ 12.5 | ML 24.1 48.7 | 2.0
' 12.6 | ML 22.5 87
1351 M 2.71
14.1 | M 25.1 32.1 |1.3
143 ] M 1.8 98.2
1.7 | ML 23.3 99 2.71 137.1{1.5 X
15.4 | ML 26.2 100 X
16.5 | ML . 23.0 104 2.71
1 21.4 | M 26.4 47.7 |1.9
| 2.5 | m 23.1 | 29 |24 | 5
21.7 | ML 4.2 95.8 23.1 107 2.73 X
. USCS = Unified Soil Classification System ) _ .
| %A b et s B Do P Thomsan bevelopment Froje ¥
[ 4 E.P.D. o Freezing Point Depression, *C ==& Geophysicisls Winter 1982, Geotechnical Study D"B
5. NP » Non-Plastic EXXON Company, U.S.A.
DAAWN JOB NUMBER APPRAOVED DATE REWVISED DAlE
| P 9612,031.08 R 4/82




I
1
l I
:! Dém;:l%hl SOIL CLASS. CLASSIFICATION TESTS SECONDARY TESTS
g 1 2| il Gradation {% Moi Atterberg Limits Ory | Ors. Loss Elec? 4 | Thaw
. 5% Df::-H uscs | ICE G.rlglvel Seil -4%1%00‘ ) F'EE’ Cont’.s:-‘%} m -Pf, - D{e;\csfi;'y 'IQF%YHOH :‘::' Cond, F.P.D. | TXUU | TXCU | TXCD| D.S. |Consol. Consol. Chem. Th(:c::::’al Comments
6 j22.1 | m - | 20.4 106
25.0 ML 25.5 101
30.0 ML -- 24.3 102
35.5 | GP-GM . 56 38.7 5.3 6.7 2.68 | b2.5] 2.2
35.6 | GP-GM - 6.0 141
40.5 GP 2.8 3.4 123
7 0.5 0L PNx,n 108 34 X
1.0 0L X, T 31.3 80 14,0 | 2.32
1.6 oL x,r 138 29
2.0 oL Nx,r 250 19 X
Y | 5.0 [se-sm |y 220 17
5.4 [SP-SM Vg 43.1 59
5.9 |SP-SM }Vx 23.6 79
2.0 SM Vx 3 70.3 21.7
14.0 P x,r 245 18
15.0 5P Vx.r 190 24
19.0 |sp-sM|v, 12.9
24.8 | ML Py, 114 36
29,0 Mo |y 7.3
34.0 |SP-SM |V 7.4 12.8
39.0 M v | 24 58.3 17.7 16.6
a0 | sm v, 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
| S e e S e Y rasification System = ardingLawson Associates Laboratory Test Summary Pue
3. Efec. Cond. = Electrical Conductivity g mmhos/cm E21551 & Geophysics Winter 1982, Geotechnical Study I]'7
4. F.P.D.= Freezing Point Depression,*C . y
I. S. NP = Non-Plastic DFAwN 0B NMBER E‘uxpi((])l‘vib{:c:mpany, U.S‘;:}E. REVISED BAE
: X 9612,031.08 ‘ DER 4/82
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D;m;iﬂ SOIL CLASS. CLASSIFICATION TESTS SECONDARY TESTS
2 2 il Gradation {% ist. | AtterbergLimits | Ory | Org. Loss o 4
59 DIIE;’TH usc; ICE o 50'.4%;%0‘ ) T c:rt. o T T o T ngglt_y E’E{L}b" _ g'::‘ 2":; FPD. | Txuu | Txcu | Txco| D.s. fconsol. ;? ’:L Chem. m;:‘"dal Comments
| 8] 3.0] sp 15 80.4 4.6 15.4 2.68 | 51.2]2.1
g 5.0 SP 40 56.4 3.6 9.5 55.91 2.3
] 2.0l sp 8.0 54.9] 2.2
3.5 -Sp 9.2 60.2] 2.5
- 8.7 _sSP 6.7 78
9.0 SP 15.3 120 72.51 3.0
10.2 ML 25.6 78.7 | 3.2
5 104} M 24.1 100
12,2 | m 22.6 103 X
12.8 ML 26.0 99 2.73 X
| 13.0 | ML 25.3 79.313.2
Py a9 M 28.8 52.4] 2.1
50| m 26.4 98 X
- 18.0 ML 23.3 63.1]2.6
24.0 SM 10 43.0 47.0 18.7 .
25.0 SM 36.4 14.0- 121
37.0 |SP-SM 40 52.9 7.1 13.9
g | 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 | M 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 a0 2.72 X
L }’iﬁsu".s'-_"xg:: Scz':p?:“"gf;i‘;:::}'gegﬂﬁmim System ——— :ar_dlngl.awson_Assoclatcs ' Lab_?.ratory Test Summary PLAE
3. Elec. Cond. = Electrical Conduc.tivit! inmmhos/cm JED &%ﬁgo&bgm : Pt homson Developmer_;t Project D 8
4, F.P.D. = Freezing Point Depression,*C Winter 1982, Geotechnical Study -
5. NP = Non-Plastic EXXON Company, U.S.A.
CRAWN 208 NUMBER APFROVED DATE REVISED CWIE
¥ 9612,031.08 4/82
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SAMPLE

ot ..
e B

SOIL CLASS. CLASSIFICATION TESTS " SECONDARY TESTS
DESIGNATION -
g 2 it Gradation (% ist. | AuerberyLimits | Dry | Org. Loss | et 4 1
59 DE:JH uscs | ice o Soit ‘4:'5;;" (%} i cm'f:%) —— T n:;;fi]tv oo 2‘:: Cond, | F2:0- | TxU | Txcu | TxeD| DS, |consol | Co:::!-, Chem. Th;:;a' - Comments
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
801 M 34.2 51.8] 2.1
8.1{ m 28.4 96 2.74 X
| 9.0 ML 27.4 | NP NP | NP 96 2.74 X
9.7 |- ML 35.0 86 2.71 X
B 9.9 M }..28.2 | - 453.902.2 1
_ Toslw | _ _'_::_._3? 0 - 1 w0720 |
4144 ). M ' \;.:41 g1 g -'-?8-."-'-. : 'IX
y | 15.0] m g7 | 78 I X
SR EERE" 80.4 | 53 2.66 X
. 19.5 ML 51.3 68 X
20.0 ML 37.0 46.01 1.9
25.0 ML - 67.4
25.4 | sm 33.2 az.5)1.7
25.5 SM 35.7 79
30.0 SM 38.8
31.6 M 30.2 90 X
36.0 | smM 23.6
36.3 SM 27.8 96
40.9 ML 32.8 {35 27 8
41.1 | ML 34.5 | 37.8}1.5
41.2 ML 32.8 91 2.73 X
41.4 CL 1.8 93.2 31.2 90 X
a1.9 | cL 27.6 96 X
1. UsCs = Unified Soil Classification System Harding Lawson Assoclatea Lab altor PLATE
¢ i ol S B oo e
4. F.P.D. = Freezing Point Depression,*C inter 1982, Geotechnical Study -
5. NP = Non-Plastic EXXON COmp@ny, U.S.A. '
JO8 NUMBER APPROVED DATE REVISED OATE

1

9612,031.08 (S 4/82




e

]

DEE‘S,IAG:‘::'[{-IEN SOIL CLASS. CLASSIFICATION TESTS SECONDARY TESTS
gg DEFTH uscs‘ .c: Soll Gradation {%) Moist. Atterberg Limits Dgl?’:tv Ort.vl.-o” spec. | Elec” F.P.E: Txuu | Txcu | Txcof 0.5 Jconsol. Thaw | e | Comments
o (fr) G:‘a;el 4?31%00 Féﬁ?]’ Cont.{%}{ | | pL P (pch) E{nﬂlgion Grav. | Cond. " | Consol. 7| Cond
9 1 46.8 | ¢CL 29.3 93 X
50.5 1 ML 25.1 97
55.5 { ML 16.5 112
60.0 ] GP 2.8 106
60.5 § GP 6.2 96
61.0 | &P 96.1 3.7 0.2
10 0.5} sp-SM | Ve 91.1 8.9
1.0 | sp-sh f Vo | 23.3 {105 Loay - L
1] 3ofsp-smlv] e |
N b 3.5 spesm | ve . {re3.8 o .]6.2 0.2
w5 | osposm | v | 232 izafoeal j
7.0 | Sp-sM | vc 251 12.5 | 0.4
8.5 | sp-sM | V¢ 89.3 10.7
9.5 | sp-sMm | v¢ | 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 '
18.0 ] m Yy 28.1 85
20.5 | m Vr 28.9 95
26.0 | M |vx, 42.7 77
31.0 ML Vp 21.6 27 121 6 108 X
40.5 | ML Vpr 19.6 107
6.0 | ML Ve 27.3 9 o
51.0 | ML Ve 22.7 104 N
L o e o Cosibaton Sy S ey Laeron esoiats Laboratory Test Summary =
3. Etec, Cond. - Blectrical Conductiity inmimbosfom LA fg.;?h?gggogm 52: Thomson Development Project D_] 0
4. F.P.D._= Freezing Point Depression,"C- nter 1982, Geotechnical Study _
5. NP = Non-Plastic EXXON Company, U.S.A. :
DRAWN ~ JOBNUMBER v APPROVED DATE REVISED DATE
> 9612,031.08 4/82
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[S——

DESSm'tI%N S50IL pLASS. CLASSIFICATION TESTS SECONDARY TESTS
g 1 2 il Grad % Moist. Atterberg Limits | Dry | Org. Loss 3 4 T
§ Di::“ uses ICE Gﬁvel T ‘418'?;4:%: - l_’ztﬁﬁs Cont. {%)}]{ 1, P?_ I I D(El:f-‘sf')w lggi‘tr'on (S;:::. E:::;; FPD.§ TXUU | TXCU| TXCD| D.S. {Consol. ;:::I Chem. Th;::l Comments
11 | o.0] sp 12.2 as.8| 1.8
5 4.0 6P 77 22.0 1.0
5 10.0} &P 82 17.1 0.9 8.4 48.9] 2.0
15.0) 6P 51 45.5 3.5 8.1 109
17.0 ] &p 2.3
19.5 | &P 8.5 48.0} 2.0
) 19.7 1 6p 8.3 114
22.0 | 6P 68 31.3 0.7 2.70
30.5 ] 6P 0.5
| D T - 1.1
1 |:38.5 ) sp-su 9.7. 1
™y {.40.0 | .sP | -8.0 a3 4269
¥ |ao | eP-am 58 1339 8.1 | 74 o 1 495} 2.0 |
1.2 | ap-am 5.6 124 R
29.0 | sp 41.3 54.8 3.9 2.68 o
12 0.0 | OL - - fNx.r 406 11 - X
0.5 | OL Xr 74.1 0.6 | 0.0
0.6 | oL juy.p 27.6 78 X
1.0 Pt |-- 100 37
1.5 Pt |- 5
3.3 1cE | -- 0.3} 0.0
6.2 sm|x 429 10
6.7 1 SM }Vyx 74.7 45
9.0 M Jv,| 3 79.6 17.4 | 30.0 71|02
9.1 | SM |V, 19.2 93 X
9.5 | su v, 38.3 65

1. USCS = Unified Soil Classification System
2 ke =U.5, Army Corps of Engineers lce Classification System
3. Elec. Cond. *= Electrical Conductivity in mmhos/cm

2|

Harding Lawson Associates
£ngineers, Geologists

Laboratory Test Summary
Pt. Thomson Development Project

11

4. F.P.D. = Freezing Point Depression, °C & Geophysicisls Winter 1982, Geotechnical Study D'
5. NP = Non-Plastic EXXON Company, U.S.A.
DRAWN JOB NUMBER WD " DATE . REWVISED DATE
g 9612,031.08 ™ 4/82




SAMPLE

DESIGNATION SOIL ?LASS. CLASSIFICATION TESTS SECONDARY TESTS
25 L P il Gradation {% Mojst. Atterberg Limits Dry | Org. Loss I.‘:c:.3 4 -.-Tha
52 Df:: "1 uscs |ice S > 4:5(;;;00( i o D) v i nrpnéx;y Ig%:trim e Eo o, FPD. | TxUU | Txcu | Txco| b, eonsol| o " | Chem. Thc':::f Comments
12] 14.4] eM  fux 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 |Vy 20.8 '
24.0 | sp-sM |y 5.3 | 10.4 11.2 | 0.4
24.2 | sP-sM |vx 14.4
29.0 | sp-sM |vx 16.8 22.210.8
29.2 | sp-sm vy 15.2 81 '
30.5 | ML vy 46.9 31.3 | 1.2
3.7 1 M vk 40.9 72
Tooelaso )l mo v R
L] m vy | 27.2 79
PN B ) y .
13| 0.2 O v n 60.1 15.9 1.6 {0.0
0.3 | 0L [vx.n 54.9 53 X
2.0 | M . 153 24 '
3.0 | SP-SM Iy 21.0 82 X
3.8 | 6P-6M |vy 49 43.8 7.2
5.0 | SP-SM_[Vx 8.3 8.310.3
6.5 | SM |y 16.1 24.3 '
10.0 [ sp-sm v, | 22 65.5 12.6 | 15.8 5.8 0.2
120 { sMm W, 20.0 7.2 |0.2
17.5 | ML [ix,r 76.1 | 3aj25 | 9 |52 ) X
18.0 | ML V. 154 29 | . ”
223 | M vy, d 48.8 29.9 [1.2
22.5 | ML Px,nf 58.6 59
27.0 ) SP-sM v, 11.5 6.9

1. USCS = Unified Soil Classification System
2. Ice =U.S. Army Corps of Engineers lce Classification Syst_em

3. Elec. Cond. = Electrical Conductivity inmmhos/em
&, F.P.D.= Freezing Point Depsession,*C
5. NP = Non-Plastic

2

Harding Lawson Assoclates

Engineers, Geologists

& Geophysicisls

Laboratory Test Summary
Pt. Thomson Development Project
Winter 1982, Geotechnical Study

il

JOB NUMBER

9612,031.08

EXXON Company, U.S.A.
APPROVED

Ry

OATE
4/82

REVISED
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9612,031.08

Dess:;m!flﬁm SOIL CLASS. CLASSIFICATION TESTS SECONDARY TEstS
g% DEPTH uscs1 lc: Soil Gradation (%) __ Moist. Atterberg Limits. DBnrsyitY 0%\".—0“ Spec. Elec. F.P.[: TXUU | TXCU | TXCP] D.S. |consol.  Thaw Chem, | he™! Comments
Q {ft) ' G:ivel 4?:(1{!200 l_:}aﬁs Cont. {%} | - LL PL P {pcfl Ig%on Grav. | Cond, ;_Cnnsol‘ Cond .
13 32.0 ] SM vy 45 41.7 13.3 12.9 | 23.0 0.9 E
37.0 SM Vx 11.0
42.0 5M Vx 12.6 9.8
50.0 | SP-SM IVy 34 55.1 10.9 3.6 17.1 0.6
14 0.0 SM 21.7 107 47.7 11.9
1.5 | SM 1 71.9 27.1
1.8 SM 21.6 _ 46.111.9
S U i) IR SSTT2% I Y S NS IO L I 27 I N SEe N o e
2970 ML) R - 2 I R '___.:9_5_  Jemn X '
fobsz ] om _ A 33 f3e-lee et 1 ' N .
6.3 ML s | 1 te} doenl | . | | X
7.3 | M s L b b laawdssebo o e ! -
7.9 ML 31.1- a0
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 33119 |14 _
6.8 | cL 19.5 112 2.75 X
17.0 | €L 18.1 113 X
19.8 CL 20.4 110
Z o= US. Ay oy of Evivers o Cifcion Syt S oo o et AT e
N EPD o Frosting Post Depresgomic oo L =5 & Geopysiosts Winter 1982, Geotechnical Study D-13
5. NP = Non-Plastic — EXXON Company, U.S.A.
kil JOB NUMBER AFPRGVED . DATE REVISED DATE
nf} M 4/82
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Degm;fm SOIL CLASS. CLASSIFICATION TESTS SECQNDAR-Y TESTS
2 i i i Atterberg Limits | Dry | Org. Loss c? 4 Thaw _
%g Df:: H uscs ICE Gﬁ\f&l = irt;a:;t;; e 513%: Cznn(:s:‘%l LL PrgL P D*e:;fi;‘/ lg:i{;on :‘:::- g::!d,_ F.PD. | TXUU TXCQ TXCD] D.S. |Consol _Cunsol, Chem. Th;r:;al Comments
14 | 255 | cL 22.9 103 X
311 0 M 22.8 105 X
35.4 | CL 25.1 |40 | 26 | 14 _
36.0§ ML 25.1 101 X
20.5 | ML 25.1 101 X
5.0 M 47 21.6 31.4 18.9
50.0 | GP 64 34.0 2.0 8.7
15 0.2 | M 32.8 _151.402.1
Aoastowm | -} 735.0 B | 635 26 )
§ B 21 O 0| 8 i e
Loj 27l m 39,0 _ lasa]ro
rA RIS 43.2 |- - lag.ale0
5.2 { M 40.5 146 | 311 & 81 2.65 X
5.5 | ML_ 47.8 ' s0.312.1
7.5 ] SM 52.2 47.8
7.7 | s | 27.3 95
B.2 | SM 26.0 64.5 | 2.6
8.4 1 Md 83.1 70.2 56 X
9.0} M4 81.1 | -- { -- {NP 51 2.43 X
.7 M 64.9 64.3°12.6
10.7 | M 33.4 63.6 {2.6 _
10.8 | M 32.2 86 X
11.5 | SM 28.0 61.5 2.5 _
15.5 SM 18.2 114 2.73 X
16.0 | sM 18.6 113 2.73 X
18.5 | sM 15.2 50.8 2.1 .
;: :Jj:_?;;'::ﬁ SC‘:: gﬁggﬁﬁfﬁﬁmﬁmou System |== nerdingtawsonAssoctates Lab_f;oratory Test Summary PLATE
i S LT s e Taes Ceelomment frujece D-14
o P ieoa P ol DepressionC = EXXON Company, U.S.A. g B
DFLAWN JOB NUMBER APPROVED DAJE AEVISED DATE
X 9612,031.08 DS 4/82
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Déumﬁm SOIL CLASS. CLASSIFICATION TESTS SECONDARY TESTS
2 ] ! 2 il Gradation {% Moist. Atterberg Limits | Dry | Org. Loss| . ) 3 4 -
15 | 18.7 | sM 18.2 104 |
26.7 | ML 18.4 72.0] 3.0 o
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 | ¢t |vx.d 0.3 | 28|21 | 7 f26.2]1.0
39.6 | CL Wy .y 23.5 102 X
; 9.0 | o Moo 19.2 28.1}1.1 |
Il feer | et M 27.7 92 X
|l dss.o] o Ped | 54.4 68 B g
Jas | 0.1 | sp-sm 23 | e8.3 | 87
H--1e.8] sp-sm 1 | ] a0:8)1.7 X
1.1 | SM 39,9 | 25.1 38.7 | 1.
2.5 | smM 31.9
3.0 | SM - 32.9. 18.0 0.7 |
3.1 | su Mes 48.9 79 X
3.0 | M Ve,s 25.2 97
5.0 | M W« 93.1 | 27.9 13.7 0.5
5.1 ML C.s 42.6 73 X
5.5 | sM s 25.7
6.0 | SM  Pe.s 28.5 93
7.5 ML €.S 21.6 26.111.0
go |l M N 30.1 89 /
9.0 § SM  We,s 39.1 | 29.5 7.8 [0.3
9.1 | M Pe,s 28.5 93 F
9.5 | SM €,S 29.6 91
2 Ve 2.5 Army Cotpe of Engineers 1ot Gissification System Harding Lawson Assoctates. Laboratory Test Summary st
3. Elec. Cond. = Electrical Conductivity in mmhos/om Zj=.5 CEngineers, Geologists Pt. Thomson Development Project
4. F.P.D. = Freezing Point Depression,*C ———_ 3 Goophysicisls Winter 1982, Geotechnical Study - D-]5
§. NP = Non-Plastic = EXXON Company, U.S5.A.
i~ 9612,031.08 B 4782 o .
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SAMPLE

DESIGNATION SOIL 9LASS CLASS_IFICATION TESTS SECONDARY TESTS‘I
2 H 1 2 Soil Gradation (% Moist. Atterberg Limits - Dry | Osm. Loss 3 ¢ i :
§9 m{i:: USCs | ICE ST » %1;;0[ ! e Cont. (%) T T of:;f:;y : 9‘;}3"“ z‘::: E::d F.pD. | TXuU | TXCU ] TXCD]| D.S. [Consol. g::s:l Chem. WC::;I Comments
(16 | 11.0§ SM  |ve s 27.7 | 91 o
15| sM Ve 29.0 8.1] 0.3 |
| 130} ee-m fvr 29.3 17.5] 0.6 T
13.2 | CL-ML {Vy 31.2 | 23 {17 6 '
13.5 | ci-ML |vy 31.2 |24 |18 6 | 90
14.5 | SH |vr 30.7 7.0{0.2
- 15.0 | ML |vp 67.4 30.1 87 __
16.5 | SM |¥¢ 33.8 3.310.3 :
17.5| SM {V¢ 51.2 48.8 29.6 79 )
1 245 M vy S TN ~98 | S | Ty
V447 +oouzyose Y o181 Yws |
0.7 SP 19.9 | 26.8{1.9 -
0.8 | sp 22.4 102
1.4 | SP 19.6° 45.2| 1.8
y 3.4 | Ct-ML 32.6 |25 |21 | s
& 3.5 | CL-ML 32.6 90 2.71 X
3.8 | CL-ML 29.7 49.0] 2.0
4.9 | M 43.4 47.911.9
- 6.1 ] M 33.1 36.9}1.5 |
| 4 6.2 | M 1 5.7 93.3 52.5 67 X
- 6.7 | W 40.5 77 | X
A 7.3 1 sm 50.1 37.4}1 1.5
‘ 9.0 | &M 25.7 89
9.4 { GM a4 16.4 39,6 17.2 48.712.0
9.6 { GM 17.8 108
| USCS il S Cuinon S Syt PP —— Laboratory Test Summary v
3. Elec. Cond. = Electrical Conductivity inmmhos/em HED Engegaomm Pt. Thomson Development Project D_lﬁ
4. F.P.D. = Freezing Point Depression,”C Winter 1982, Geotechnical Study
5. NP = Non-Plastic EXXON Company, U.S.A.
DRAWN JOB NUMBER w0 DAIE REWSED DATE
X 9612,031.08 % 4/82




SAMPLE

SOIL CLASS.

DESIGNATION CLASSIFICATION TESTS SECONDARY TESTS
?:‘ g | DEPTH usc:s1 rcls2 Soil Gradation (%) __ Moist. | Atterbery Limits De[:gtv Or't.vl_'os Spec. | Etec” F.P.t: mxvu | Txcu | Txeo] b Jeonsot] ™ | cnem | Comments
2 {ft) G:&ve_l —4?3?200 F e Cont. {%} [ 1, PL PI {pct) lg?ﬂon Grav. | Cond, _ - :,.Consol. . Cond
17 l10.0 | oM 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
_g 35.0 |- cL | 43 { 26 | 17 ) | | L
A1 sss el 2471 1 403 o f2.18 X T
?.Q.* 3.7 €L 23.9 03 le.rs | X
N 36.3 | m 243 - lios 2.78 X i
At la0.7 |epzeM 58 ] 34.9 7.1 6.6 o o
49.8 | GP-GM 9.8
: 50.3 |} GP-GM 5.2 113
é 18 | 0.3 ] O -- 149 31 X
. 1.0 | oL — 56,2 55 ¥
18.5 |GP-GM |vx 5.7 20.4
| 23.5 |sp-sM |v, | 46 47.5 6.5 | 34.5 (5 eo
28.5 |sp-sM |vy 7.2
| 33.5 [SP-SM fvy | a3 47.3 9.7 1.2
' 38.5 {SP-SM VX _ 7.8 9.3
¥ 43.5 |SP-SM IVx | 32 57.0 11.0 13.7
! 48.5 |sP-sM |vx 10.4 10.5
1
/ 19 ] 0.0 | sP  MNen 2.8 115
3 S }iesisuﬂ.s%:x sC::p(s:' :;sgri!cgaigeo:rss}:egt‘assifmﬁon sﬁem Harding Lawson Assoclates Laboratory Test Summary PLATE
3. Elec. Cond. = Electrical Conductivity in mmhos/cm Engm gse?sbgm ‘I"'t . Thomson Development Project D' ] 7
4. F_P.D.= Freezing Point Depression,*C inter 1982, Geotechnical Study
5. NP « Non-Plastic EXXOX Company, U.S.A.
JOB NUMBER APPAOVED DATE REVISED DATE
9612,031.08 4/82
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|

Dgslm;%“ SOIL CLASS. CLASSIFICATION TESTS SECONDARY TESTS
41 2 1| 2 it Gradation (% Moist. | Atterberg Limits | Dry | Org- Loss Elec 4 Thaw | -
52 D_'[E;;"" uscs | ice Gﬁm S°"-4 1531:;( ) '_:giﬂﬁ‘- comt. ) [T 7 T 70 D{?csfi)ty igi%on' g’:f‘ Cong. | FPD-] TXUU L TXCU | TXCD| .. |Consol. Consol. Chem. Th;"l::] Comments
19 | 0.1 | Sp W] 9 89.9 1.1
1.0 sp NEbn 2.73
2.2 SP Nfbn 2.2 113 8.33 {0.4 X
4.0 sP Wy § 14 83 3.0 8.8
4.8 | sP |V 15.0 3.8 |01
6.0 P vx 22.5 5.0 (0.3
._JF 8.0 P vk 24.8 81.0 3.3
8.4 P Ik 28.3
9.5 sP fvx 20.2 45.7 | 1.9
A Jaro fse-su vy a3 IR E
i . fié-»-'juf JsP-st vy 5.5 |z2a.8 1o1.2 13.6
Ay J12.20 |sPasM iy a2 84 | -
T L B T {259 | 193.2 §3.7
f 14,2 P Ing 28.8
14.5 P - 22.5 96
15.0 |sP-SM  }-- 21.4 129 (4.3
15.2 |SP-SM  |-- 16.7 102
16.0 MLV, 30.4 _ 130 4.3
16.2 [ ML |V, 28.7 94
16.5 ML |V 26.8 - 97 110 |4.1
24.5 | ML v, 21.6 108
| 24.6 ML vy 36.2 73.8 | 3.0
24.7 ML Ve 37.2 |38 l26 |12
29.0 ML [Vr 48.9 62.212.6
e o s = ittt Labgratory Test Summary =
3, Elec. C(_)nd.-l’ilectriu_:ai Conduc.'}ivit! inmmhosfcm F_-__xf':-g.ii Eng;r;pee;smgseglogms 51-" _Thomsun Developmeqt Project D_]B
4. F.P.D. = Freezing Point Depression,*C inter 1982, Geotechnical Study
5. NP = Non-Plastic EXXON Company, U.S.A.
DRAWN JOB NUMBER APPROVED ' DATE REVISED DATE
8% 9612,031.08 W 4/82




SAMPLE |
\ pesignation] SO'L CLASS. : CLASSIFICATION TESTS ] SECONDARY TESTS
1 2 . : Moist. Atterberg Limits Dry | Org. Loss ] Elec? 4 Thaw . Itherm
%9 Df::“ UsCs ICE } G_r&vel Soil irg;:); &l {:2‘315‘ (h::s:%' T o o D{’;‘g;’f E{ntg{-o" CS;;:::—. Cond, - FPD. | TXUU| TXCU | TXCD|] DS, |Consol. Consol. Chem., Tf(\:on dal Comments
19 | 29.2 M vy 54.8 65
34.5 My 51.1 69
aa.0 | My 12.1
49.5 ML v 21.9. 60.5] 2.5
49.7 | M v, 21.0 105
20 | 0.0 ML | 336 25
0.1 ML 4 5.3 90.7 |
0.2 ML 53.8 | | 46.2) 1.9
EEI RN {29 1S R M T R )
HEIEEEEN: 3 . 6.6 I -. 15561 2.3
Ty 6.5 | -GP-GM 39 4.3 | 67 | 85 R | [48.0] 10 :
A '-}"6".'7'—_'-7['--'GP‘GM - b ) I {51t — _139 1 J ; : T
8.0 GP ‘ 8.0 | 50.9| 2.1
10.0 GP 4.8 | 52.4| 2.1
11.5 GP . 1 75 24.1 0.9 3.2 ' ' .
16.5 GP 7.8 .
40.0 | SP-SM a1 52.9 | 6.1 7.9 _ 2.69
21 | 0.0 | sp-sM | 23.4 106
' 0.1 SP-SM . 6.4 22.9 49.11 2.0
0.5 SP-SM - 92.1 7.9 21.3 102 2.70 1 . X
1.5 | SP-SM 21.7 38.2] 1.5
1.7 } sp-sml | b o2z 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 CcL 20.6 ' 1 36.21 1.4 '
3. F.P.D. = Freezing Pont Depression, *C _ ysicists Winter 1982, Geotechnical Study
5. NP = Non-Plastic EXXON Company, U_S.A.
DAAWN JOB MUMBEHA APPROVED QATE REWSED
O 9612 ,031.08 mr 20 4/82
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DE::\G\IM:IT-IEN SOIL CLASS.[ | CLASSIFICATION TESTS _ SECONDARY TESTS
2| oern 1] 2 Soif Gradation ' ; Atterberg Limits | Dry | Ors. Loss 3 4 | - I -
§g D{m USES |1 o ;g’l"m.m e @t‘:s:'%, — :_ — | Pensiy lg,?g. N g 2’::;; £po. | Txuu | Txcu | Txco| s, [consol g:::;  Chem. Th;:':' Comments
21 | 3.2 cL | | 20.5 {26 |19} 7
3.3 CL | 20.1 111 2.76 . X
4.1 ML 19.3 |l 2.74 X
4.5 ML 19.6 | 39.111.6 | |
4.7 "ML 2.1 97.9 - | 18.9 - 111 | 2.73 X
5.2 ML ‘ 20.5 108 2.74
5.8 ML 20.8 : 48.7 2.0
6.7 ML 21.5 | 37.4 |1.5
7.0 ML 19.2 110 R | x
e, w1 B —twe T T 11 T T |szslzz
9.0 .| s | B R X D 2 '. |
A j9e6 |- - | -1 31.2 | T | I qer.2)2.5
4  fwo.s | sm 1 1 1306 — 1T 1 Te23lzs
10.8 SM ' 29.2 93
12.9 ML ' ' 25.7 : 63.8 | 2.6
16.1 ML 27.3 97 ] ] | | X
16.8 |sp-sM 30.2 70.7 [ 2.9 |
18.0 ML 1 24.0 | 102 2.73 ] i
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 a1 ] 1 2.73
25.9 ML ' | 25.2 | 77.213.1
26.1 | ML | 25.9 . 99 276 X
26.8 ML | ' 25.9 98 { 2.78 X _
27.8 ML - - 27.0 { 100 2.81 - X
|
S S 0o sy tordmaLomendeesies Laboratory Test Summary &
3. Elec. Cond. = Electrical Conductivity in mmhos/cm §Sj=.3 Cngineers. Geologists Pt. Thomson Development Project
4. F.P.D. = Freezing Point Depression,*C 2= &Geophysicists _ Winter 1982, Geotechnical Study . D'Zﬂ
5. NP =~ Non-Plastic EXXON Company, U.S.A.
DFawn J0B HUMBER APPROVED OATE REVISED DATE _
K7 9612,031.08 = 4/82




e

oessm;in SOIL CLASS. CLASSIFICATION TESTS SECONDARY TESTS
gg DEPTH US(:SI 1052 Soil Gradation (%) __ Moist. | Atterberg Limits ] Dggty or!;vl,-m Spec. Bl F.P.E: Txuu | Txcu | Txcol ps. consof. Thaw | em | ™ Comments
9 {#) Gﬂ’ei .4?3.1(1200 _ gne, Cont. (%} | PL Pl {ocf) l_g['}g;i; Grav. ] Cond, . Consol. Cond
21 ] 31.0 €L 25.4 101 X
31.5{ CL 23.7 100
32.0 CL 23.0 101
32.5 CL 26.2 70.9¢12.9
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 b
55.5 ) €L 22.0 | 103 )
1 {s00} @ - 22, 6 1 108} } | ;
] ds20] sc 2 725 | 255 | 18.7 " 1s0.1] 2.1
12zl 0.7 ] s 305
1.0 SM 24.8 45.811.9
1.2 SM . 25.1 81
2.2 SM 50.9 49.1 46.5]12.0 X
2.5 | M | 24.5 49.412.0
| 2.7 ML ] 25.8 g9 2.70145.5]1.9 X X
3.3 ML _ : 27.4 46.7 11.9
3.5 ML 28.4 71.6 25.0 24 | 21 3 _
3.8 1 ML 30.7 90 2.69 X
45 | m 42.7 |
- 5.0 ML 43.7 47.2 11.9
5.2 | M 41.4 78
7.5 | €L 52.3 } 35123 {12 47.6 | 1.9
11.5 SP 9.2 49.7 12.0
12.0 { SP-SM 10.3 15.9
1. USCS = Unified Soil Classification System e ' . ah. :
2. Joe~U. Ary Corpsof Eginers o lasifction Sysem S e Pt Thonson Developront Projent 0
4, F.P.D. = Freezing Point Depression, “C === & Geophysicists - Winter 1982, Geotechnical Study D'Z]
5. NP = Non-Plastic = EXXON Company, U. 5 A.
DRAWHN JOBNUMBER . APPHONED REWSED DATE
EY 9612,031.08 ez 4!82




: Dém;a SOIL CLASS. CLASSIFICATION TESTS SECONDARY TESTS
g ! 2 it G ion ist. Atterberg Limits Dry } Org. Loss : Elel:? 4 . 'i‘ﬁaw
§9 Df::)m uscs | ice o Sof;g;; ) i c:ﬂ:::%] — T Drpr::sfi;v_ lgi%on :'::: cond, | FF2- | TX0u | TxCU | TXCD| O.5. [consol. Corsl, Chem. _T}Z:::' Comments
22 | 13.0}f sp 34 65.1 0.9 9.1 50,2} 2.0
15.5 | SP 8.3 2.68] 55.41 2:3
20.0 | sP 37 62.2 0.8 10.6 2.70
30.0 | 6P 54 34.5 1.5 0.9
40.0 ] 6P-GM 5.9 7.6 2.69
50.0 | &P 63 35.4 1.6 11.3
231 0.0 1 M Vx 42.9 55 X
1 1 o3} m Jw |_29.5 _3.6)0.1 |
b bes ] me v 30.3 EE:E X -
[ e ] oM Ly 23.2 J21 { 13) 8 J107 § . X
T } 6.3 1 1ce | -— | 0.3}.0.0 :
f ] 8.3 | ICE -f-- 0.3]0:0 b
- 10.3 § SM Vx 41.6 '17.6] 0.6 a
10.5 | sM ' 47.4 63 n
10.8 | m Vy 11.6 88.4 64.6 54 X
12.5 | CL Vpe 33.9 |33 {2211 | 70 : X
14.0 | CL Vpr 39,1 65
14.5 | cL Vr 30.8 36.5] 1.5
14.7 | cL Ve 37.8 89
F 15.0 § CL Ve 56.7 62 __
19.0 | ¢ v, 31.9 83 X
28.5 | CL v, _ 24.6 93 ‘-
29.0 | s W 84.5 15.5 23.7 | 10.0]0.4
29.2 | SM  Pbe 22.8 58
34.0 | L v 32.5 76 _
9.5 1 ¢ v, 27.7 {27 J20} 7 { 89 X
;: }‘2?; &U'Km Sg:;’f;‘ggg::ﬁ{i’gmwmbn System E=—=HardingLawson Assoclates Laboratory Test Summary PLATE
3. Efec. Cond. = Electrical Conductivity in mmhos/cm {Zi=.: Eﬂg&ﬁ&ﬁwm Pt. Thomson Development Project D_zz
4. F.P.D. = Freezing Point Depression, *C = Winter 1982, Geotechnical Study
5. NP = Non-Plastic = EXXOX Company, U.S.A. :
DRAWN JOBNUMEER APPROVED DATE REVISED OATE
i 9612,031.08 tar 4/82




e .\..,,-'-,\

DEgg’;#IEN SOIL CLASS.{ - CLASSIFICATION TESTS SECONDARY TESTS
2 1 2 ' i i i Atterberg Limits Dry {Org. Loss ' El 3 4 TH herenal
EZ[PFTH] uses |iee Soit Gradation (%) __ Molst. T |oensity] by, gf:: o | FPO.| vxuu [ Txcu | Txeo| 0. [consol| o | chem o Comments
Q (ft) Gr‘vel . _4?::1%00 F:_;Bf]s Cont- (%} ] PL Pl (peh) lg?‘g{on . - Consol. Cond
23] 44.41 €L Ned 27.2 83
89.0 | €L |vx,d 29.3 _ 35.5} 1.4
49.2 CL Yy 25.5 90
" e . . - -
;. UMSCS, U=_,5,th)l{'::-f:; g;ﬁs?ncg;ﬁ:ﬁs"l’:;egassiﬁmim System S===== Harding Lawson As3oclates ' I.abu)rato_ry Test Summary N _—
3. Elec. Cond. = Electrical Conductivity in mmhos/cm Ti=.3 CLngineers Geologists Pt. Thomson Development Project [y -0y
4. F.P.D. = Freezing Point Depression, *C = & Geophysicists Winter 1982, Geotechnical Study N | &Y B
5. NP = Non-Plastic _ EXXON Company, U.S.A.
. DRAN JOB NUMBER APPROVED DATE © REWSED
X 9612,031.08 Vi3 4/82




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 -8°C. 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.

A]fhough care Qas 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 andfor a tech-
nician inspected the specimen and logged it in accordance with the Unified
Soil Classification System (USCS). These laboratory soil logs are presented
as Plates D-24 fhrough D-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 information recorded on
the laboratory soil logs includes comments on structural features and soil
constituents, such as sea shells and corganic materials. These logs provide
more detailed information about the nature of the soils encountered in each

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

Appendix B.

D-49
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Torvane and pocket penetrometer readings were performed on all fine-
grained soil samples; the va1ués 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 spiit in half lengthwise and
the sail sample was placed within the split tube. The
ends and seams of the tubes were then covered with
plastic caps and taped.

Bag Samples. In some cases, there was excess material
after aii of the desired test specimens were removed.
If this remaining material was not suitable for long-

term 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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C. Primary Testing of Offshore Materials

1. Moisture Content/Dry Density

Moisture content and dry density tests were performed to evaluate the
natural water content and dry density of the soils 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 105%C, and the weight loss was used for determining the moisture content
and dry density.

Maisture coﬁtent and dry density was deteﬁnined for all secondary
test specimens. Additional moisture-density tests were performed as required
to establish moisture and density profiles. The moisture contents and dry
densitigs_are reported on the test data sheets,.laboratory test summaries and
on the teét boring 1ogs in Appendix B.

The data indicate that the natural moisture contents of surficial
fine-grained sedimenfs 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 Methad 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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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 5
miffle furnace at a temperature of 950°C 1500{: 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 ignition was calculated.

The organic contents are Jisted in the laboratory test summaries
presented in this appendix and on the test boring logs in Appendix B. If the
organic contents exceeded five percent by weighf, the modifier “0" or term
"organic* is used to describe the soil type.

Although deltaic and marine soils commonly contain high percentages
of organic material (Kolb, 1967; Moore, 1977}, the high compressibility, low |
sﬁear strength, and high moisture content commonly associated with highly
organic soil were not cbserved. The organic content of the samples that were
tested ranged from 12 to 16 percent. Although these 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 strength 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 1important 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 soil. Furthermore, 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 susceptibility and stratigraphy. In general, coarse-grained
soils drain more freely, have higher shear strengtﬁs, and are more re;dily
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 alsc 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 Nao. 200 sieve sizes is alsa listed on the
Iﬁgs. A summary of the particle size analysis tests is presented on Plates
D-41 through D-47. Plate IV-15 presents a graphical summary of the test

results,
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DEE,AG’,Q,':\-L“%N PARTICLE SIZE ANALYSIS (% Passing)

=l e I R e e e kR E A EA EA A A A B

1 | 13.5] 5P 4.6
18.5 lsp-: 100 96| 96| 78 [58.4|47.4|44.06(39.1{15.7{ 7.8] 5.0/ 0.9

23.5 [se-sM| | 11.3

28.5 | SM 100 97 | 82 |61.4]47.1/42.1{36.1]18.4/13.6

33.5 | SM - 13.8

38.5 | sH 100 | 83 {56 |43.9/39.5)33.7/17.3]13.3

48.5 | SM 100} 98| 76 49 |37.3]33.6§29.3|16.4112.7
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-SM| | 8.6

3.5] sP 100 {99.9{ 98.5] 94.9{79.3] 9.0{ 3.9

3.9 Jsp-s| 10.9
'10.7.| ML 99.8| -- |98.4{84.8]23.0|10.5

26.5 [ ML 100 | 99.9 99.9|99.7} 98.7]92.6

46.7 | ML 97.3

60.5{ SM 100| 99| 90 |86.6 85.7] 84.4{ 79.1| 45.5(30.7

66.5 [ &P | 1.8

3 1.5 SP 100| 96| 65]493.333.4 30.9/25.8 9.9| 4.6

6.0{ SP N 0.7

9.0 [GP-GM 100{ 92} 79] 71| 44|33.930.4 29.6{ 27.8/12.7| 7.4

15.0 | SP 100 95! 92} 81|76.4 754|74.263.4 4.4 2.2

30.0 [GP-GM|- ‘100 90| 78] s50]32.6424.921.918.7] 8.4 5.7
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‘ DEssm%Em PARTICLE SIZE ANALYSIS (% Passing)
] B o IR e g s e L e e S e e e el e
. 4 1.1} SM 21.4
1.7] sp 100 |99.8(99.699.1]07.0{15.0 ] 2.0
13.8] ML 99.8099.8/99.8 [99.6 08,2 | 90.1 49.4 21.8
26.0 | s 100 | 98 | 93 [89.8(8s.1]87.0(85.3 [58.1 [ 40.
30,01 ML - 165.6
4.5 M {100 | 99 [99.3]98.9[98.4(97.5(81.3 | 74.9
50.0] sp 2.8
5 0.1]sp-sM 100 | 93 | 86 [82.5[80.4]78.5]|75.2117.0] 9.6
4.0} sp 3.5
6.5] SM 220
10.0] sp 1.1
45.5( CL 100 [99.8]99.8[09.6 bs.4 k7.2 ] 28.4
46.0] M 100 |99.8]99.8[99.8{99.8199.6 §9.0 [58.6 | 25.2
1
6 0.1 sM 100 [99.9]99.7]99.695.7 |50.7
4.1 ML 84,9 |
5.3|5P-SM 10098 |92 | 78|71.0167.666.1]63.7] 33.8] 9.5 5.2] 2.3
6.7] ML 52.7
14.3] ML 99.4 | .- 198.6{98.2|62.0!24.0
21.7| ML 100 199.8199.6 B9.6 | 98.4/95.8/51,2] 21,5
35.5 GP-GM 100{91 | 74 | aaf31.4le4.2{21.4 h7.4] 7.7 5.3
40.5] GP 2.8
S=——= HardingLawson Assoclates Particle Size Analysis PAE
ATE.; Engineers Geologists Pt. Thomson Development Project D_ 42
% & Geophysicists Winter 1982, Geotechnical Study
EXXON Company, U.S.A. M
: JOB NUMBER APPROVED CATE REV.SED DATE
?"N 9612,031.08 ap=t 4/82




DESONATION PARTICLE SIZE ANALYSIS {% Passing)
el I e R P e e e e e P P E Y
7 | 9.0 |sm 100 | 92 |83.8|78,5{75.9169.3136.7 IP1.7
34.0 [SP-SM 7.4
39.0 | sM 100 | 991 76 |57.1l4s.0l40,1|35.2|22.2 7.7
44.0 | M 19.41
49.0 |su - 100 | 97 89| 59 141.3{33,9}31.5}28.6119.6 l15.5
8 ] 0.1 |aM f100 78| 78| 73] 65] 56 |51.1149.4)48.6]46.4)35.029.3
3.0 | sp 100 | 97 [ 97] 96 ! 85 |77.1l68.6163,1150,.4l11.5] 4.6
5.0 | sp 100 { 90 | 80 _.- | 60 [29.8]|29.0{28,7127.612.1] 2.6
24.0 | SM 100 | 921 92 { 90 {89.3]88.3]87.9187.4l84.0 a7 0
25.0 | sM 36,41
37.0 [sp-sM 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[99.8199.8(81.0/[36.5
7.0 | M 99.5| —--|93,2]59.4122.0] 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 |os.2}71.2{37.8
61.0 | aP 72.2|59.9] 34.1) 3.941.3 {1.2 J0.9 |0o.9 |0.4 | 0.2}
10 | 0.5 [sp-sM 100 {99.9]99.5[96.3}12.4] 8.9
3.0 [sp_sid - 10.2
8.5 lsp_sM 100 {99.9/99.9[99.5{98.8193.0]15.2]10.7
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n&;mifm PARTICLE SIZE ANALYSIS {% Passing)
P e 1 IO O 8 ) ) P P 4 e e
11 4.0 | GP 1031 94 9{1 64 123 11.11 7.4 6.4 5.3 1.8] 1.0
10,0 | 'GP 1001 96 189 [ 57 118 {11.31 8.6l 7.5 5.9i 1.7] 0.9
15.0 GP 93 185 |49 8.8 125.2|24.2122.71 7.9} 3.5
17.0 | op | I . 2.3
22.0 | ep 32 |7.0{ 3.8 2.8 2.3 1.0] 0.7
30.5 SP 0.5
34.0 &GP 1.1
34.5 SP-SM 9.7
41.0 GP-GM 1001 97 93 [ 76 | 42 R9.5]125.924.9/23.9{15.5{ 8.1
49.0 SP 100 194.8 90.6 {B2.5 58.71'50.1 44.7‘ 41.1131.7 7.2] 3.9
12 9.0 'SM 100] 99 | 97 [96.2 95.9 1 95.5{ 92.1} 48.5|17.4
14 .4 |- GM 100. ) 87 8_6 57 150.2146.51 45.2] 43.4] 24.0|14.5
19.0 {SP-SM : 11.3
24.0 |sP-sM 4 9.3
13 3.8 |GP-GM 100 { 91 | 80 | 51 }36.5{30.1| 27.9 23.7| 9.7] 7.2
6.5 SH ' 16.1
10.0 SM 1100 97 | 95 | 78 [62.6[53.4 | 50.3% 45.2| 18.0]12.5
27.0 |SP-SM ' 11.5§
32.0 SM 100|888 | 86 77. 55 {44.7|37.5] 35.00 31.6{ 16.5 13.3|
42.0 SM 12.6
50.0 |SP-SM 160{ 97 | 66 [44.5]35.4| 32.4] 28.5 14.5|10.9
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DR ATION PARTICLE SIZE ANALYSIS {% Passing)
2 . N No. | No. | No. | No. | No. | No. } .02 | 005
£ D{Ef':,m cﬁ%sg 2 iz v sl el 9 o | 20 | a0 | 40 | 100 | 200 [ e | om
m
14 1.5 ] SM 100 | 99 198.9198.9198.8188.7 1 72.01 27.1]
11.0 | SM _ 100 | 99 § 89 |85.8|84.783.6 bﬂ.'4 45.9 27.9
45.0 | GM 1100 | 75 | 75 | 75 | 69 | 53 [50.8149.8149.5 48.9] 44.1] 31.
50.0 { GP 84 | 69 | 36 (20.6114.3]12.4110.2] 3.6/ 2.0
15 7.5} SM 99.8193.71 87.5 47.8 16.0 8.0
8.4 M 83. 1
16 0.1 |5P-SM 90 {1 84 | 82 § 80 { 77 |76.1|74.3}70.7156.4122.6 1 B.7
l1.1§ SM 39.9
5.0 ML 93.1
9.0] sSM 39.1
15.0f ML _ 67.4
17.5]| SM 100 |94.3]48.8
17 6.2] ML 100 | 99 [99.5]99.3199.3 P8.9 {95.5{ 93.353.3] 21.9
9.4| GM 100 | 90 | 56 151.2[50.3[50.1 B9.6 | 44.8} 39.6]
11.5| GP 0.4
40.7|GP-G 160 | 93 | 82 | 42 |24.3]18.1{16.3 [i4.5 | 10.1} 7.1
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SAMPLE PARTICLE SIZE ANALYSIS {% Passing}

DESIGNATION
e R e R e e e EA A A P A E
(2]
18 | 18.5 [GP-GM 5.7
23.5 |sP-SM| 100 | 96 | 87 { 54 |34.2 [6.4| 23.9 19.4 8.9 6.5
33.5 [sp-sw| 100 | 81 | 76 | 73 { 57 [43.235.2 | 32.0 27.9 13.0{ 9.7
38.5 [SP-SM | 7.8
43.5 {sP-SM 100 | 98 | 68 |46.2 136.3 | 32.d 28.4 14.4111.0
48.5 |sP-sM| | 10.4
19 | 0.1 |sp. 99 | 95 | 91 |78.065.960.3 5.9 1.8]1.1
4.0 | sp 100 | 99 | 86 |72.4%63.959.0 M3.3! 4.0 3.0
12.0 [SP-SM| 5.5
20 | 0.1 {mM 100 | 98 | 96 |96.0(95.9[95.7 [95.4 193.1 j00.7
6.5 |GP- 100 | 90 {84 ) 79 | 51 134.727.1|24.5 20.910.8 | 6.7
11.5 | 6P 100 { 72 | 77 | 25 {10.3{6.7]| 5.9| 4.7{ 1.5 | 0.9
40.0 (SP-SM 100 | 93 | 59 |40.1(28.2[24.320.1| 8.5]6.1
21 | 0.1 [sP-SM . |64
0.5 |sp-SM| 100 199.4198.9{98.3(96.4 [48.9] 7.9
2.0 [sP-s 100 |99.9{99.7l99.1160.5 | 9.0
1.7 | m ‘ 100 l99.8[99.6 7.9 |67.8 B2.7
25.0 | ML 100 | -- 199.7 p4.4 |40.7 |16.0
62.0 | sC 100 | 98 189.01{75.263.6 [49.4[35.4 p5.5 {16.4 | 8.0
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Dé%ﬂ;%ﬁm PARTICLE SIZE ANALYSIS (% Passing}
g .
=5 ) DEPTH  uscs “ .y " " .1 No. No. No. | No. No. No. Na. .02 005
SZ | i forass] MM VT3AT27 0 q0 [ 20 [ 30 (40 [ 100 {200 { mm | mm
22 2.2 | SM 100 {99.5199.1198.9197.9193.5 149.1}21.61 9.7
3.5 | M 100 199.9199.9199.9{99.5197.3 |71.6/31.21 13.3
12.0 SP-SM 10.3
13.0 §SP 100198 |66 112.315.213.9|12.9]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 100 971 87 |46 125.5|14.4%1.4 (8.5} 2.7 1.5
40.0 [GP-GM _ 5.9
50.0 | GP 93188 | 37 [14.5| 7.8| 6.2}14.9]| 2.4 | 1.6
23 -10.8 ML 100 ]99.7198.9]98.6198.1 |94.1 | 88. 4|
| 29.0 | M 100 [99.9] -- |15.5
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Plate IV-15 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 Tiquid and'plasfic limits, i1.e., the moistufe contents at which
liquid and plastic behavior occur, were determined for éelected fine-grained
s0il samples. These two parameters, along with the shrinkage 1imit, 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 soiis, Atterberg limits are used instead of grain size distri-_ .
bution because it is possible to have two soils, such as clay and-fine "rock
flour®, with similar grain size distributions, yet each exhibits a signifi-
cantly different mechanical behavior.

Another term that is used to describe the behavior of fine-grained
soils is *"degree of plasticity®. Uleonards (1962} relates the plasticity index
{liquid limit minus the plastic limit) to the degree of plasticity as

-

follows:
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Plasticity Index Degree of Plasticity
05 non-plastic
5-15 moderately piastic
15-40 plastic

greater than 40 highly plastic

A1l of the data from these tests are plotted on Plate IV-16, and a
numerical summary of the Atterberg limits is presented in the Laboratory Test
Summary. Generally, {the fine-grained soils in the project area range from
noanlastic to moderately p]éstic. 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 performed 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 SAND (SM) 2.70
SILT (ML) 2.70
CLAY (CL) _ 2.75
GRAVEL (GP) 2.69

These values are within the range considered normal 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 (FPD)
was determined using standard seawater salt concentration - FPD relation-
ships. The results of these tests are presented on Plate D-48.

Interpretation of the test results was not within the scope of our
services. 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
determiine 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 performed by Chemical and
Geological -Laboratories of Alaska, Inc. are shown on Plates D-49 and D-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 so0il to create a solution, The
solution is placed in a constant temperature bath
that is maintained at 250C,

3. A YSI Conductivity Bridge 1is inserted into the
prepared salution, and the electrical conduc-
tivity is recorded.

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

D-80

R



Conductivity| Freezing i Interstitial Water Analysis (ppt) Total

Boring [Depth | USLS { Banded ' Paint r Salts

No.~ ] Depression] Ma K £a Mg 50y L HCO P
(Fe) (mmhos/cm) {ec} : 3 i {ppt)

2 2.7 |sP-5M| Mo 45.45 1.9¢  |10.460| 0.365 | 0.420 | 0.95¢ | 1.700 | 18,310 | 0.730 | 32.935
5 2.0 |sP-sM] Yes 90.90 3.95  [23.080| 0.560 | 0.900 | 2.240 | 2.465 | 41.820 | 1.030 | 72.095
5 8.0 | SM | ves 108.70 5.02 129,690} 0.840 | 1.110-} 2.720 | 3.670 | 53.180 [ 0.975 | 92.185
9 4.4 | sm Mo 50.00 2.1 111,721 0.380 | 0.300 | 0.985 | 1.200 | 20.440] 0.870 | 35.895
10 15.0 | su No 90.90 3.85 121.87 | 0.520 | 0.810 | 2.730 | 2.440 | 41.330| 0.810 | 70.510
i6 0.8 |sp-sM| mo 40.80 i.70 9.330| 0.465 | 0.490 | 0.760 } 1.480 | 16.050 ] 1.290 | 29.865
19 2.2 | -sp | fes 8.33 0.35 0.926} 0,515 { 0.810 | 0.465 | 1.090 | 0.670 [ 5.550 | 10.020 .
A1 |25 lsesm| N | 4650 | 1.95  [10.6830] 0.350 ] 0.455 | 0.970 | 1.660 | 18.740{ 0.790 | 33.645
22 2.2 | sM. Ko 46.50 1.95 10.770] 0,525 | 0.965 | 0.960 | 2,410 | 18.540} 0.850 | 35.020
22 .7 | M Na 45.45 1.90  {10.950] 0.470 | 0.295 | 0.730 | 1.330 | 18.430] 0.960 | 33.165

= Harding Lawson Associates Chemical Analysis Summary PLATE
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Boring | Depth USCS Bonded Moisture Electrical FPD*

No. _ Content Coanductivity (oC)
(ft) _ (%) (mmhos /cm)

2 0.9 SP No 22.0 52,32 2,13
2 2.7%% SP-5M 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
i 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 No 9.9 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 M 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, 0x* SP Yes 14.0 80.90 3.95
5 4.5 SM Yes 36.4 26.28 1.01
8 6.5 SM Yes 18.3 107.94 4.04
5 8.0%* SM - Yes 13.5 108.70 5.02

e

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

**  Chemical Analysis Data

Harding Lawsen Associstes Electrical Conductivity Summary | PATE

Engineers, Geologists Pt. Thomson Development Project e
& Geophysicists Winter 1982, Geotechnical Study : .
EXXON Company, U.S.A. o
JOB NUMAEA APPROVED DATE .REVASED DATE

9612,031.08 RS2 6) 4/82



rﬁoring Depth UsCS Bonded Moisture Electrical
No. Content Conductivity
(ft) (%) (mmhos /cm)

5 10.0 Sp No 6.9 21.15
5 16.0 ML No 33.0 83.66
5 16.5 ML - No 52.0 17.60
5 20.3 CL No 42.3 78.10
5 31.1 ML Yes 43.6 42.89
5 45.5 CL Yes 41.9 28.13
5 51.0 : cL Yes 27.0 37.85
6 0.1 SM No 3t.6 48.57
6 0.5 SM No 22.5 47.32
6 1.0 SM No 22.5 - 48.10
6 3.5 ML No 29.2 47.27
6 4.1 ML No 34.7 52.06
6 5.2 ML No 21.3 48.36
6 6.5 5P -SM No 18.7 50.08
6 7.2 SP-SM No 7.4 95.87
6 9.2 SM No 11.4 49.41
6 12.5 ML No 24.1 48.69
6 14.1 ML No 25.1 34.05
6 14,7 ML No 23.3 37.09
6 21.4 ML No 26.4 47.72
6 - 35.5 GP-GM No 6.7 52.45
8 0.1 GM No 31.8 49.61
8 3.0 SP No 15.4 51.24
8 5.0 - 5P No 9.5 55.94
8 7.0 sp Ro 8.0 54.88
8 8.5 sp No 9.2 60.17
8 9.0 sp No 15.3 72.53
8 10.2 ML No 25.6 78.68
8 13.0 ML No 25.3 79.27
8 14.9 ML No 28.8 52.37
8 18.0 ML No 23.3 63.09
9 0.1 SM No . 19.7 48.46
9 4,4%* SM No -=- 50.00
-9 5.0 SM No 22.5 . 52.39
9 5.6 ML No 22.6 50.01
9 6.6 ML No 28.2 53.06
l 9 7.3 ML No 28.2 39.77

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

%  Chemical Analysis Data

r Harding Lawson Associstes Electrical Conductivity Summary '
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Joring | Depth Uscs Bonded Moisture Electrical FPD* o
No. Content Conductivity {9C) { ) N
(ft) (%) {mmhas /cm) :

17 7.3 SM No 50.1 37.42 1.49

17 9.4 GM No 17.2 48.65 1.98

17 10.0 GM No 19.4 50.24 2.04 %
17 25.7 ML No 22.7 67.22 2.76 H
19 2. 2% SP Yes ——- 8.33 0.35

19 4.8 sp Yes 15.0 3.76 0.12 g
19 6.0 sp Yes 22.5 9.01 0.31

19 8.0 5P Yes 24,8 80.97 3.27

19 9.5 sp Yes 20,2 45.72 1.85 7
19 12.0 SP-SM Yes 24.8 91.24 3.62 i
19 14.0 SP-SM Yes 25.9 93.16 3.67 /
19 15.0 SP-SM Yes 21.4 129.04 4.30

19 16.0 ML Yes 30.4 130.12 4,30

19 16.5 ML Yes 26.8 ~110.15 4.09

19 24.5 ML Yes 36.2 73.75 3.01

19 29.0 ML Yes 48.9 62.21 2.56

19 49.5 ML Yes 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 6P No 6.6 55.63 2.27 (¢ 3
20 6.5 GP-@M 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-5M 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 ML No 19.8 39.07 1.56

21 5.8 ML No 20.8 48.67 1.98 .
21 6.7 ML Na . 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 available.
* Chemical Analysis Data a "
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Boring | Depth UScs Bonded Moisture Flectrical FPD*
No. Content Conductivity {oC)
(ft) (%) (mmhos fcm)
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.¢ ML No 22.14 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 1.0 CL No 24.1 38.29 1.53
21 62.0 SC No 18.7 50.07 2.05
22 1.0 SM Na 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 .01
23 8.3 ICE Yes - 0.33 0.01
23 10.3 SH 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
are available.

Chemiéal Analysis Data

*x%k

& Iskandar, 1978, other relationships
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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 -1 and the

freezing point depression was calculated by applying the relationship pre-

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

significance of salinity on the freezing point of soil 1is presented in

Chapter IV,

Ci ¥y = Q2 V2 (D-1)
Where Cy = Salinity concentration before dilution, ppt
| ¥ = Yolume before diTution, gm
Co = Salinity concentration after diiution, ppt
Vo = Volume after-dilution, gm
FPD = 0.00249-0.0533Cy - 0.0000764Cy 2 + 0.00000187Cy 3 . (D-2)
khere FPD = freezing point depression in degrees centigrade

The calculated salinity values for each boring are presented on the Salinity
Profile sheets, Plates D-55 througﬁ D-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.
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D. Strength Testing

1. Triaxial Tests

Soil strength tests conducted under static loading conditions were
performed 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 wére 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 strais rate of about 1.5 percent per
mipute. Failure was defined as the peak deviator stress. The teét results
are summarized on Plate D-60, and the individual test results are presented on
Plates D-61 through b-74, |

Attémpts 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/Pu) with depth. There are no significan;
correlations between Su and Su/P0 versus depth. However, a reasonable
correlation was established between Su and dry density as shown on Plate

IV-17.

b. Consolidated-Undrained Tfiaxial Shear Tests

Consolidated-undrained triaxial shear (TXCU) tests with pore
pressure measurements were conducted to provide information on the undrained
shear strength (Su), the effective angle of internal friction (¢'), the

effective cohesion (C'), and the stress-strain behavior of selected samples.
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Boring | Depth USCS | Moisture | Dry Cell Shear Strain @
Canten Density Pressure | Strength | Peak Stress

(ft) (%) 1 (pcf) | Apsf) i (psf) (%)

2 129 | wm 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" 61.2 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 - 150G 400 15.0
8 15.0 ML 26.4 98 1875 | 1320 15.0
g 14.4 ML 41.8 78 1500 620 11.0
9 15.0 ML 40.7 77 3060 660 15.0
9 - 19.5 ML 51.3 68 2000 360 11.0
9 31.6 SM 30.2 50 4000 1580 10.7
9 11.4 CL 31.2 g0 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 214G 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 1360 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 i8.4 114 3800 6450 4.7
21 7.0 ML 19.2 110 900 3820 10.8
21 31.5 CL 23.7 100 4 4000 1270 8.8
21 32.0 CL 23.0 101 4000 1090. 15.2

= Harding Lawson Assoclates Uncbnsolidated_-Undrained Triaxial PLATE -
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1.0

DIAMETER (in): __2.87
HEIGHT (in}: 6.00

MOISTURE CONTENT (%):__38.6
DRY DENSITY (pcf): 80

o
14 ]

CELL PRESSURE (psf): 3000 .
SHEAR STRENGTH (psf):__290 n

SAMPLE SOURCE : Boring 2 at 12.9'
CLASSIFICATION-_SILT (ML}

DEVIATOR STRESS (psf X 1000)

S5 10 15 20 25
AXIAL STRAIN (%}

1.0 , |
. |
| )

/ _ DIAMETER (in):____ 2-87
/ ' HEIGHT (in): 6.00

MOISTURE CONTENT (%):__35.7
DRY DENSITY {pcf):____ 83

L]
n
U

CELL. PRESSURE {psf}: 1500
SHEAR STRENGTH (psf):__ 480

SAMPLE SOURCE: Boring 2 at 14.5'
CLASSIFICATION: _SANDY SILT {ML}

DEVIATOR STRESS (psf X I00Q)

0 5 ;
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DEVIATOR STRESS (psf X 1000)

DEVIATOR STRESS (psf X 1000)

|

) 5 o 15 20
AXIAL STRAIN (%)

25

P

13 | 1

AXIAL STRAIN (%)

DIAMETER (in) : 2.87
HEIGHT {in): 6.00

MOISTURE CONTENT (%):___32.5"
DRY DENSITY (pcf): 89

CELL PRESSURE (psf): ___5500
SHEAR STRENGTH (psf):._1600

SAMPLE SOURCE :_Boring 2 at 46.7"

CLASSIFICATION: _SILT (M)
DIAMETER (in): 2.87
HEIGHT (in): 5.9

MOISTURE CONTENT (%):__26.0
DRY DENSITY {pcf): 97

CELL PRESSURE (psf)- 6500
SHEAR STRENGTH (psf)-__2070

SAMPLE SOURCE :_Boring 2 at 51.2"
CLASSIFICATION: _SILT (ML)
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1.0
a DIAMETER (in) : 2.46 I
§ HEIGHT (in): £.60

.’.‘é MOISTURE CONTENT (%):_70.8 «
= DRY DENSITY (pef):__ &7 )
ﬁo.s 1
N CELL PRESSURE (psf): _4000 k
; _ SHEAR STRENGTH (psf):__330 .
g : SAMPLE SOURCE :_Baring 4 at 18.3" =
E CLASSIFICATION: — SILT (MH)

0
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1.0 j
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- 1 9
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The following procedure was used for these tests:

1} A 2.87-inch-diameter sample was trimmed 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.

2) Back pressures, varying between 20 and 50
psi, were applied to achieve complete satur-
ation. The "B parameter™, which relates
changes in pore water pressure to changes in
confining pressure (B = au/ alg) was
calculated to check for sample saturation.
If the sample was not saturated, a higher
back pressure was employed.

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 applied 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 TXCD
results.

Results of the TXCU tests are summarized on Plate D-75. Both

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

tative total and effective strengths are presented on Mohr's diagram, Plate

D-76. The effective stress failure criterion is based on the effective prin-
cipal stress ratios (Ui'/Oé'). If the material is non-dilatant, the maxi-
mum stress ratio, (U}'/Uj')max is taken as the faifure stress ratio
(03'105'). If the material is dilatant, the stress ratio at which the

D-110
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pore pressure becomes zero or (Uﬁ'/Oé')max -is  taken as (0}'/05')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, (0]-05'], is used as the total stress
failure criterion. If the soil is non-dilatant, the maximum deviator strass
(Gi"cﬁ)max is taken as the failure stress, (Gﬁ—oh)f. I[f the soil
is dilatant, the (Ui-Ué) at which the pore pressure becomes zero or the
(Oi'ﬂé)max is taken as (Gi-Ué)f, whichever is smaller. The pore
pressure parameter, Ac is computed at (Oi'cﬁ)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-
proxiﬁately 0.5, regardless of material type and dry density as shown on Plate
IV-18. 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 1individual test are presented on Plates D-77
through D-110. The normalized deyiator stress and pore préssure, as well as
the effective stress ratios and pore pressure parameter A, are plotted versus

the consolidation pressure.

¢. ~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

D-114
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drain and consolidate. After consolidation, the drain valve was left open and
the axial load applied at a constant rate of approximately 0.1 percent per
minute, depending upon soil type. The test was conducted at this slow rate to
prevent the deve]qpﬁent of pore pressure. Failure was defined as the point of
max jmum deviatognstress. Results of the tests ars summarized on Plate D-75.
The effective strengths are plotted on a modified Mohr diameter as shown on
Plate IV-16 with-the data from TXCU tests. Results of the TXCU and TXCD tests
are in agreement and consistently yielded a fricition angle of approximately
40° with no cohesion intercept. Stresséstfain curves of individual tests
are presented on Plates D-111 through 0-115.

2. Birect Shear Tests

Direct éhear'{DS)'tests were performed to measure the consolidated-
drained shear strengths of fine-grained granular soils. For these'testé, a
~ 2.43-inch diameter by 0.8-inch-high cylindrical soil specimen was first placed
in split rigid rings. Next, the specimen was saturated and consolidéted under
a vertical (normal) stress. By using the time rates of consolidation, the
test rate was determined and the shear force was stowly applied so that pore
pressures did not develop.

Results of the tests are summarized on Plate D-116. Individual test
resulis are shown on Plates D-117 through D-119. The soil is strongly dila-
tant at Tow norﬁal stress which yie]dgd high friction angles as shown on Plate
D-114. These high friction angles are not unusual for an ang.ular', “medium
dense to dense s&nd or silt tested at very low normal bressures. The friction
angle decreases rapidly with increasing normal pressure. At the stress range
of interest in this project, the friction angle is approximately 40° as

measured from the TXCU and TXCD tests.
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' {Moisture Dry Normal | Maximum '
Depth | Test Content Density| Stress Shear Pa+
Boring [ (Ft) Number'| USCS (%) {pcf) | {pcf) (psf) {degrees
4 1.8 A sp 23.3 101 1000 as80 3¢9
- B SP 22.G 102 4000 3320 39
AR 0.5 A SP-SM .| 20.3 102 750 1040 54
B SP-SM 22.2 102 1500 1680 48
21 2.0 A SP-SM 20.7 104 {750 1260 58
. B SP-SM - 20.9 106 1500 1730 49
8

A9 =40°

SHEAR STRESS, Ksf
- 1
- \

Legend 0 2 4 6 8 10
. This Project NORMAL STRESS, Ksf

0O Duck Island Development Project
. O ARCO Waterflood Project
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Initial Conditions Compression Ratios Time Rate Permeability
Borin Depth USGS Specific - .
*No P Gravity W vd e Cec Cec. Cep Load ¢, x 107 k x 1077
(ft) 6s (%) {pcf) 0 average virgin (psf) (szlsec) (cm/sec)
2 0.1 SP 2.68 |1 23.4 100 0.668 0.017 0.017 - - _— _—
2 8.5 M | 2.68 26.3 100 - 0.680 0.022 0.055 | 0.007 4230 56.6 2.5
' 8470 83.1 2.6
2 14.1 ML 2.70 38.8 81 1.07¢ 0.066 0.134 0.022 1060 29.0 6.0
2120 25.1 5.7 $
4 3.0 SM 2.69 27.1 97 D.734 0.036 0.084 0.009 4230 153 11.8
8470 112 5.7 P = 1000 psf
4 13.0 oL 2.67 36.3 80 1.081 0.075 0.102 0.024 3200 51.4 12.5 ol = 5000 psf
6400 61.4 8.6 S
pi 1
4 14.4 ML 2.70 48.7 72 1.335 0.099 0.150 | 0.024 3200 15.4 7.5 = ! N¥irain. ¢,
. 6400 23.6 6.8 - .
- oy —— Rebaund, C
4 18.8 1z .CL 2.66 74.7 | 56 1.967 1 0.236 0.260 | 0.076 2120 1.06 1.7 = :L----__jf_h_q
' 4230 1.02 1.0 ' )
5 19.5 CL 2.72 ]36.6 87 0.964 -0.057 0.094 | .0.014 2120 37.5 8.0
" _ 4230 26.8 3.9 — -
) Iconsolidation Pressure, P {Log Scale)]
6 3.6 ML Z2.69 30.49 92 0.819 0.041 ¢g.114 0.012 4230 28.2 2.8
_ : _ 8470 27.0 1.7
6 21.7 ML 2.73 23.1 107 0.599 0.018 0.041 0.008 4230 39.0 1.4 Note:
8470 38.6 0.9 C C
Compression Ratio, C‘c =_C
8 12.8 ML 2.73 26.0 99 0.722 0.033 0.047 | 0.016 2120 28.8 2.7 e,
4230 38.7 3.0 c
R i i s _R
9 5.7 | sm 2.72 32.1 90 0.894 0.044 0.109 | 0.017 3200 69.6 6.5 ecompression Ratio, Cep2 =
' ’ 6400 68.0 5.8 o
9 9.7 ML 2.7 35.0 86 0.97 0.047 0.109 c.17 3200 25.1 3.6
| 6400 24.4 2.2
9 19.3 MH 2.66 80.4 53 2.134 0.212 0.212 0.029 800 0.397 1.1
' ’ ' 1600 0.724 1.4
9 41.2 ML 2.73 32.8 91 0.869 0.029 0.116 | 0.020 3200 39.2 2.6
6400 19.? 1.2
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F£. Consolidation Testing of Unfrozen Gffshore Materials

One-dimensional consolidation tests were performed on representative sam-
ples of fine-grained soil to evaluate the stress history, compressibility, and
permeability of the soil. Information from the consolidation tests can be
used to evaluate immediate and long-term settlements and to determine the
response of the soil due to loading.

The consolidation tests were performed on 2.43-inch diameter by 0.8-inch-
high samples. However, in both seﬁuences each load increment was double the
previous load. Different loading sequences were used for mechanical and pneu-
matic consolidometers. For mechanical consnlidﬁmeters, the initial applied
load was 130 psf and the maximum Tlead was 33,870 psf. For pneumatic cansoli-
dometers, the initial load was 100 psf and the maximum load was 51,200 psf. A
short loading period of 100 minutes was used in both cases because of the high
permeability of the soils tested (Hsuan-Loh Su, 1958). In general, the end of
primary conselidation occurred at approximately 5 minutes, and the soil sam-
ples experienced more than 200 minutes of secondary compression. Two time
rate of compression readings were taken for each test to approximate the
existing and anticipated overburden pressures. These data were then used to
analyze the coefficient of consolidation.

The consolidation data show that ‘the transition from the recompression to
the virgin portions of the consolidation curves is not well defined. There-
fore, preconsolidation pressures are very difficult to determine from these
curves. However, these non-linear plots of void ratio versus the log of pres-
sure are a characteristic of the silty soils found 1in the Beaufort Sea

(HLA/USGS, 1979).
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Although the fine-grained sediments within the project area appear to be
overconsolidated, the amount of overconsolidation varies cqnsiderably. Over-
consolidated fine-grained soils are commonly encuunfered in the Prudhoe Bay
region; the overconsolidation was probably caused by freezing and thawing
~ (Selmann, 1979). Physico-chemical effects resulting from the interaction of
-'organic and inorganic compounds in a marine environment could also be par-
tially responsible for the high over-consolidation ratios (More, 1977).

Three compression indexes have been determined for this - project: 1)
average compression ratio, 2) virgin compression ratjo, and 3} recompression
index. These indexes are defined on Plate D-120. Only the average compres-
sion ratio was used in the settlement analyses. It was calculated for the

range of pressures between -1000 psf and 5000 bsf, and reflects the current

average effective overburden pressure and the estimated effective pressure

that may result from construction and development.

In predicting the rate of sett]emeni, it is necessary to know the coeffic-
jent of consolidation, Cv‘ This parameter relates the decrease in volume of
the soil with préssure and time. The coefficients of consolidation were
determined by the square root of time curve fitting technique (Taylor, 1948}.
Because the first three points on the square root versus deformation plots
were generally nonlinear, interpretation was required to determine Cv; this
generally yields smaller values of Cv' Some of the samples tested were
still in the rebound portion of the cﬁrve at the design stresses; hence, the

settlement is not completely time dependent, and larger values of Cv

resuylt. We believe these factors tend to offset each other.
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A summary of the test results is presented on Plates D-120 and D-121. A
reasonable correlation between the compression and recompressioh ratios with
the dry density is established as shown on Plate IV-20. A similar correlation
between the coefficient 6f consclidation and dry density is presented on
Plate IV-21. Results of the individual tests are presented on Plates D-122
through D-144,

Coefficients of secondary compression were also determined from the
consolidation tests. Typical plots of deforﬁation versus log of time are
presented on Plate D-145. The values shown on these graphs are representative

of those obtained throughout the testing program.

F. Oredged Fill Properties of Offshore Materials

The settling rate of gravel specimen was éonducted to determine the -
settling rate of potential gravel fi]1 material.that is dumped into sea water.

Salt water was prepared by mixing distilled water and salt to a salinity
of 35 parts per thousand (Weast, 1977). The soil was then mixed with the salt
water at a ratio of four parts salt water to one parf soil. After mixing, the
slurry was poured into a glass cylinder that was partially filled with salt
water and the cylinder was agitated for one minute to mix the solution.

The sand/gravel particles settled within 30.seconds of the beginning of
the test. The silt continued to ﬁett]e for about 120 minutes; at the end of

the test, less than 0.1 inch of sediments had accumulated.
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G. Thaw Consolidation Testing of Bonded Soil

Unfaxial thaw consolidation tests were performed on 28 undisturbed samples
of bonded permafrost in accordance with the procedures developed by HLA. The
testing device was a specially developed consolidometer that'was designed to
satisfy the necessary stress and thermal boundary conditions during one-
dimensional thaw consolidation. The apparatus consists of a rigid, steel,
thick-wall cyclinder, with porous stones at the top. and bottom to allow the
sample to drain. A vertical load is applied to the sample using a loading

"hanger which bears on a Toad cap assembly.

The samples were prepared in our cold rooﬁ at a temperature of - about
-8%C. Each sample was extruded from a 6-inch long brass Tiner having an
inside diameter of 2.43-inches and approximately 1 inch of the soil was
removed for electric conductivity tests. Next, the sample was trimmed to a
length that varied between 4.5 and § inches, and the ends of the samples were
cut flat. The sample was then inserted into the tésting cyclinder, and the
unit was transported from the cold room to the testing foum. It was then
mounted inte the consolidation apparatus, and the sﬁmple was loaded to 500 psf
aéd allowed to thaw at a room temperature of approximately 20%C. The load
was then incfeased to 100 psf and the deformation recorded.

The results of the thaw consolidation tests are summarized on Plate
D-146. 1In addition to a description of the sample, this plate contains infor-

~ matien on the frozen state properties and the uniaxial thaw-strain. Data for
lthaw consolidation tests which were carried out to 58,000 psf load are pre-

sented on Plates D-147 through D-149.
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Frozen Fhﬁse Thawed Phase
Boring | Depth USCS Dry Ice Yold ] Saturation | Ory ¥aid Thaw Thaw
No. [Pensity Content Ratio Oensity Ratio Load Strain
(ft) (pcf) {%} {2} {x} {psf) (%)
1 2.7 | oL ¥x/¥r 15 301 10 78 39 3.0 - 1000 62
1 4.2 | ML uxsvr 47 92.5 2,60 97 105 0.610 | 1000 55
s |as.7 | eLve 86 33.6 0.977 93 es 0.93¢ | 1000 2
‘5 |46.0 | cLww 67 36.2 1.50 &5 70 1.4 1000 5
7 0.5 | oL, vx/¥r 34 108 1.80 74 40 3.1 1000 15
7 2.0 [ oL,v¥x/¥r 19 250 70 { - 88 51 2.2 1000 63
10 | 3.0 |cLyr 108 21.6 0.574 100 15 0.574 | 1000 7
12 0.5 | O, ¥x/vr 18 27.6 1.168 70 97 0.743 | 1000 - 20
12 9.1 SM,¥x 93 19.2 0.818 70 115 0.470 | 1000 20
13 | 0.3 | oL,¥xsvr 53 54.9 2.06 78 66 1.458 | 1000 20
13 3.0 | SP-SM,¥x a2 21.0 1.06 59 115 0.470 | 1000 29
13 f1s | M, 52 76.1 2.30 98 9] 0.e59 | 1000 “
15 |39.6 | ci,msvr 102 23.5 0.649 98 14 0.457 | 1000 8
15 | 49.1 | cLvx/wr 92 27.7 0.318 98 102 0.658 | 1000 9
16 | 3.1 { SMvcres 79 48.9 1.141 1a0 87 0.944 | 1000 )
16 5.1 | ML, Vc/¥s 73 42.6 1.316 96 9% 0.724 1000 26
16 | 9.7 | smyesws 93 28.5 0.813 100 96 0.762 | 1000 4
16 {286 | M,V 98 25.5 a.726 100 100 0.691 1000 k]
18 1.0 | o, bonded | 55 56.2 1.950 | 80 60 t.a1a | 1000 17
1 {245 | M,vr 108 21.6 1.03 98 114 @787 | 1000 5
23 { 00 | M, 55 42.9 2.075 61 72 1.368 | 1000 23
23 1.0 § #L,¥x 107 - 23.2 0.580 | 100 120 0.409 | 1000 n
23 | w.e | A, 54 64.6 2.132 50 el 1.088 | 1000 33
23 J19.0 | cLvr 83 .9 1.037 91 94 0.799 | 1000 14
23 ] 39.5 cL,¥r 89 27.7 0.900 9 97 ‘0.743 | 1000 8
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A general relationship for thaw consplidation was obtained by comparing
the values of thaw straiﬁ and frozen dry density plotted on Plate IV-22 for
fine-grained soil while data for gravels are presented on Plate V-8. The data
for Plate V-8 are based on other studies.A Because samples having a broad
range of frozen dry densities were used, it was possible to establish a curve
from which thaw consolidation could be estimated. The curve on Plate Iv-22
represents the mean thaw ﬁtrain plus one standard deviation and shows that
when the frozen dry densities are gréater than ﬁpproximate]y 95 pcf, the thaw
strains are less than 8 percent. As the frozen dry densities of the samples
decrease, the scatter of thaw strain values becomeﬁ greater. The increase in
thaw strain is approximate]y 0.7 percent per pctf decrease in dry density.

Literature on thaw consolidation is very Timited, particularly for Beau-
fort Sea soils. The results of the thaw consolidation tests that were per-
formed for this project can be compared with the results obtained for three
other Beaufort Sea projects. These results are contained in the following
reports: “Subsurface Soil Investigation, Duck Island Wild Cat, Beaufort Sea,
Alaska® (R & M Consultants, 1978), "Geotechnical Investigation, Beaufort Sea,
Alaska" (HLA/USGS, 1979} and ®Duck Island Development Project, Beaufort Sea,
Alaska® (HLA, 1981). The.data are in agreement.with the results of our tests

for this project;

H. Thermal Conduétivity

. Measurements of radial thermal conductivity were made using the “thermal
needle method.® A detailed discussion of the theory and deye]opﬁent of this

method is presented by Mitchell and Kao (1978).
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In simplified terms, thermal energy is applied at a known constant rate to
a probe embedded in a sample. The temperature of the.probe is measured as a
fqnction of time. By plotting the temperature change versus the log of time,
a straight-line relationship is produced with a slope that is proportional to
. the thermal conductivity. The general equation used for caicu]ating tﬁe

thermal conductivity is:

K = 0 {Ina t] (D-3)
4 xAT
Where: K = thermal conductivity (Btu/ft-hr—OF)
Q = thermal energy input per unit length
per unit time (Btu/ft-hr)
T = temperature change correspanding to time
t = time change corresponding to témperatuhé-

By substituting specific probe information, Equation D-3 yields the

following:
2
4= (T2 - Ty)
Where: C = constant (1 watt/ft = 3.413 Btu/hr)
12 = current (amp)
R = probe unit resistance {4.503 ohm/ft)
By substitutign: 2
(T2 - T})

The following equipment was used for the conductivity tests:
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Thermal needle: The thermal needle consists of 1/8-inch
0.D. stainless steel tube, Copper Constantan 0.003-inch-
diameter thermocouple wire, Constantan #30 heat source
wire, and #16 copper wire leads.

Heat source power supply: A Hewlett-Packard Model 6284A DC
Power Supply, with constant voltage from 0 to 20 volts, and
constant current from 0 to 3 amps, was used as the heat
source, '

Thermocouple signal amplifier: This device is our Omega
"Omni-Aunp 1IB" with built-in ice point reference, that is

capable of amplifying the thermocouple signal 100 times.

Recording equipment: An Omega single-channel strip chart
recorder, Model 555 was used.

Most of the samples tested were unbonded soils. However, five bonded
samples were tested as frozen samples. The testing procedure for these
samples was as follows:

1. The bulk weight and sample dimensions were measured to
determine soil density.

2. An 1/8-inch-diameter hole was drilled from top to
bottom through the center of the sample, and the probe
was inserted into the hole. Next, both ends were
capped and the sample was immersed in a constant tem-
perature bath, maintained at the specified initial
temperature until ~the sample temperature was
stabilized. :

3. Power was applied to the Constantan line, and the
change in temperature with time was recorded on the
chart recorder. The input power generally varied from
0.400 to 0.450 amp for both the frozen and the thawed
tests. The test was run for 10 minutes, after which
the power was turned off. This procedure was repeated
until consistent results were obtained at each
temperature, '

4, The temperature, expressed in millivolts, plotted
against the log of time, and the slope of the straight
line portion of this curve was determined. The radial
thermal conductivity was then calculated using Equa-~
tion D-5.

5. Finally, the moisture content was determined. [Index
property tesis were also performed when necessary.
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A summary of the thermal conductivity test results is presented on Plate
D-150. The results of. individual thermal conductivity tests, plots of
millivolts versus log time, and any index tests that were performed on the
sample are presented on Plates D-151 thraugh D-163.

Two log cycles of data are produced when our test procedure is used. For
this report, the first log cycle, which contains the time increment of 0.1 to
1 minute, was omitted because a nonlinear relationship was produced due to
problems associated with the seating of the probe. This nonlinearity disap-
peared within 1 minute of applying the probe, and the thermal conductivity was
determined from the straight line portion of the plot in the second log
cycle. Two conductivity tests were made on each sample to ensure that the
correct thermal conductivity was determined. ‘

The variation of thermal conductivity with density is plotted for the
tested samples on Plate IV-23 along with the data from the Ouck Island
Development project (HLA, 1981). On this plate, the two thermal tonduétivity
values for each sample are connected by a line. It can be seen that the
thermal conductivity increases with increases in dry density for both the
thawed and frozen samples. Typically, the thermal conductivity will also
increase with increases in moisture content. However, this was not observed
in these tests, perhaps because of the small range of moisture contents tested.

In general, the thermal conductivity varies with the texture of the soil.
At a given density and moisture contént, thé_conductivity is relatively high
in coarse-grained soils, such as sands and gravels, and lower in fine-grained

soils, such as siilts and clays. For the one thermal conductivity test that
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Boring | bepth uscs - Dry Moisture Content (%) Thermal
No. Density | - Conduct ivity
' _Btu/ft-hr-OF
(ft) (pcf} LL PL. Natural } FrozenX Thawed
4 12.4 ML 78 -—— L =-- 38.8 --—- 1.09
5 19.2 cL: 79 K1 21 39.5 - 0.99
8 12.2 ML 103 -— - 22.6 -—- 1.38
9 0.5 SM 105 - ——— 22.1 - 1.41
g 46.4 CL 93 | --- - 29.3 | --- 1.30
2 ] 0.0 |oL,vx/vr 1 — ] - 406 0.55 | ---
13 18.0 ML, Vx/Vr 29 34 25. 154 1.20 -
14 31.1 ML _ 105 ——— -— 22.8 -—-- 1.24
18 0.3 oL 31 ——— -—- . 149 1.07 -—-
21 6.0 | M 97 | --- .- 273 | --- 1.42 |
21 | 310 oL 101 . |- - 24.4 | --- 1.49
23 0.5 ML, Vx. 78 21 13 30.3 1.46 -——
23 ) 12.5 CL, Vr 70 1 33 22 43.9 1.17 -—

* Test run at temperature of 15 F

Harding Lawson Assoclates 'Thermal Conductivity Test Summary
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was performed on silfy sand (SM), the value obtained was higher than values
recorded for the_fine-grained sdils. We observed no substantial difference
between the clays, silts, and organic silts.

Un.PIaté 1v-24, thermal conductivities from this study are plotted against
thermal conductivities from Kersten's work (1949). It can be observed that
the thawed thermal conductivities of Beaufort Sea soils are greater than those
predicted by Kersten's #aIues. From the limited data developed during this
study, it appearé that thé frozen thermal cqnductivities agree with Kersten's

values.
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APPENDIX E
EXPLANATION OF ANALYTICAL PROCEDURES
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APPENDIX E
EXPLANATION OF ANALYTICAL PROCEDURES
This apﬁendix contains detailed discussions of the methods used to define

the mechanical properties of fill materials as presented in the Duck Island
Development (DID} report (HLA, 1981), the meghods used to define pile settle-
ment and the analysis of laterally loaded piles in permafrost. Subsurface
soil and gravel fill materials from the DID area are similar to those found in
the PTD area; consequently, the relationships and analytical procedures used

in the DID study are applicable to this study.
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A. MECHANICAL PROPERTIES OF FILL MATERIALS

1. MECHANICAL PROPERTIES OF UNBONDED FILL MATERIALS

| Both materials placed in the summer and gravel-ice mixtures placed in
the winter will behave as unbonded soils until freezeback of free pore water.
The parameters governing the behavior of fill materials in the unbonded condi-
tion include elastic modulus and Poisson's ratio, shear strength and com-
pressibility. Estimated values for these parameters, based on index proper-
ties, laboratory test data and correlations available in the literature for
similar soil types, are presented in Table [V-6.

Table IV-6. Mechanical properties of unbonded fill material

L I . ] 2 . .
{nitiat Paisson’s | Shear Strength Or{I:e Dimensional
Tangent. Ratio Eric  [Pcoh ompression
' tion one- Modulus
Modulus ¢ Angle | sion
k n | ¢ c,psi m a
Ice-Free Gravet
Placed in the dry, 250 04 0.30 4q° 0 1000 09
compacted to Rq = 0.7
Placed below sea level, 200 { 04 0.30 367 0 800 0.9
Rq = 0.5 :
Gravel-Ice Mixtures
Placed in the dry, 100 0.4 0.30 20° - o 400 0.75
* compacted _
Placed below sea level 60 o4 0.35 15° 5 230 0.50
Silty Sands-
Hydraulic Fill
uncompacted, Rg = 0.3 75 | 0.25 045 2g° 0 40 0.10
compacted, Ag = 0.7 150 0.26 0.45 32 0 80 0.25

- o
1. g= (LT }; = kP, -(P—s )" {Afrer Duncan et.al., 1980)
a

. .
2. M= 4 = m P, ;.;111'3 (After Janbuy, 1967)
1 a

where:F, = atmospheric pressure insame unitas ¢, and a,

3. All unbonded fill materials considered cohasionless, excapt gravel-ice mixtures
for which a2 nominal cohesion is assigned to aceount for some ice bonding when
very cold gravel-ice mixtures are deposited underwater.

E-1
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The shear strength is represented by the Mohr-Coulomb failure criterion:

{1v-8)

s=ct o, tand

where: s = shear strength
¢ = cohesion intercept
o n = normal stress on the failure plane
¢= angle of internal friction

The elastic moduli are presented as initial tangent moduli (Ei] in the form

(Duncan et al., 1980):
a] -9

3 73
g =t > L= klpa,.(-,-,-al" (v-9}

where: o1, r3 = major and minor principal stresses, respectively

€ = major principal strain
k = rr;odulus number
n = modulus exponent
P = atmospheric pressure

Assuming a hyperbolic stress-strain relationship, the tangent wodulus, Et’

for any stress condition, (ey - o3}, o3 , can be computed from

] =[“_ R (1sin$) (o, -03) ] _ (Iv-10)
t 2c {cos$) + 204 (singl] !

where: Rf = “faillure ratio™ = (.7 for moist soils

Similarly, compressibility 1is presented in terms of the one-dimensional

modulys (M), i.e.,

do Ty 1-a
= = ok | . .
M= dev = mlpa}(Pa’ “V“”

in which oy and ey are the vertical stress and strain in one-dimensional

compression, "m" is the modulus number, "a* is the stress exponent, and “Pa“

is atmospheric pressure {Janbu, 1967).
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2. MECHANICAL PROPERTIES OF BONDED FILL MATERIALS
Lacking reliable experimental data, the following discussion presents
methods for qualitative assessment of the mechanical properties of bonded fill
material. Direct measurements are needed to evaluate the validity of these
methods and the results and conclusions derived from them.
a. Creep and Strength Properties of Bonded Fill Materials
The stress-strain-time behavior of bonded fill materials will be
influenced by several material and environmental variables, of which the fol-

lowing could have a significant effect:

: Material type; i.e., silt, sand, or gravel
: Strain rate (¢)

: Temperature ( ¢ }

* Void ratio {e}

: Ice saturation {5.)

. Brine content (Sb)
: Confining pressure ( dr3)
Funct1onally, we may express the stress-strain-time relationship for a given

material type as:

=0 (f‘. LARy, Si. So.ay} (v-12)

M F = -_ = i
whaeare a - o deviatar stress
. . de .
‘ 1 =
It strain rate

t = time

Ladanyi {1972) has proposed the following creep law:

=4, (g—cl" {1V-13a)
é
,=%t§ﬂm _ {1v-13b)

where: ¢ = applied stress

creep modulus {a reference stress)

strain rate resulting from applied stress, o
strain rate corresponding to stress, ae
creep exponent

oo

- o™ *'nq
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This form of creep law assumes that steady-state creep dominates. [t is
assumed that primary (attenuating) creep is insignificant in comparison to
steady-state creep and that the creep rate does not accelerate (tertiary
creep) within the duration of lgading being considered. The implication of
these assumptions is illustrated on Figure IV-9.

1/2 (o) -03)

1+Sing
T-Sin

A - Attenuating creep |
B : Steady - state creep for 1o tg

C : Steady - state creep for 14
accelerating creep for teto

B = <1 1 <t =~

ok

te o3

Figure IV- 9 Strength versus time behaviar for
frozen soits (modified after
Ladanyi, 1975).

The strength of a frozen soil under various durations of leoading
are shown in % (oy- o3) i gy stress space on Figure IV-9. The frictional
component of the frozen strength (represented by the slope of the failure
envelopes) is assumed to be independent of time whereas the cohesion component
(the shear strength when the confining pressure, o35 is zero) decreases with
time and eventually vanishes when time becomes infinite.

The line OABC represents a hypothetical loading path starting
from at-rest conditions {point 0). Because the 1lpading represented by OA
never exceeds the ultimate long-term strength, the creep rate decreases with
time and eventually stops. This is the case of attenuating creep. On the
other hand, the loading OC exceedé the service 1ife strength; failure by
tertiary creep will occur at time t:2 before the service life is reached.
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Loading 08 exceeds the ultimate long-term strength but is less
than the service life strength. It is this type of loading condition for
which Equation {IV-13a,b) is assumed to be valid. The requirements for valid-

ity of the creep law are as follows:

Oyt < %app = %l {V-14)
where: oy = ultimate long-term creep strength

Tapp applied stress

oy = service life creep strength

As a practical matter, these requirements are usually satisfied
because, on the one hand, proper design cannot permit the applied stress to
exceed the service life creep strength and, on the other hand, the ultimate
long-term (frictional) strength is generally quite low, except in the case of
dense, ice-poor soils.

- It is assumed that the effects of the material and environmental
variables previously identified can be approximately accounted for in the

creep modulus term

@ =g {8 e, Si Spag) {Iv-15)

The effects of each of the variables are discussed below:
{1) Temperature
The qualitative effects of temperature on the .creep
behavior of frozem soils are well known. [In general, as the temperature
decreases, the creep rate decreases and the creep strength increases. The
quantitative functional relationships are less well established, but generaily
seem to be of the form suggested by Sayles and Haines (1974):

N |
(Zr=tg) (1v-16)

in which, ¢y and o, are stresses (or strengths) at temperatures of¢
and 6, (OF below freezing) and m is the temperature exponent.
Figure IV-10 shows peak strength versus temperature data reported by Sayles

and Haines (1974} for ice and four different types of soil.
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For the four different soil types the temperature expo-
nent, m, varies within fairly narrow limits, i.e., m = 0.48'1; 15 percent.
Therefore, we have assumed that m = 0.5 can be used for the sail types
expected to be used as fill for this project. The possible dependency of m on
salinity is assumed to be accounted for by the brine content factor discussed
below.

(2) Void Ratio

Goughnour and Andersland (1968) found that the shear
strength of frozen Ottawa sand varies considerably with the volume concentra-
tion of sand in a sand-ice mixture. Sand concentration is defined as the
ratio of sand volume to total volume; thus, sand concentration = 1/(1 + e).
As the sand concentration was varied from zero (pqre ice) to about 42 percent
(e = 1.38), only a minor increase in the shear strength was observed., How- .
ever, above 42 percent,_the shear strength increases rapidly, continuing up to
a sand concentration of about 63 percent {e = 0.59). Linell and Lobacz (1980)
have presented data for Manchester fine sand that show a peak strength at an
“ice content® of about 0.58, with the strength decreasing for hoth higher and
lower ice contents. (Note: “"ice content" is defined by Linell and Lobacz as
the volumetric ratio of ice to soil, which is equivalent to void ratic for 100
percent ice saturatiaon).

104 T r—t————TT

- - o . e m

L Graded Ottowa Sand ] _Q) (€

[ ] % v
- Oy
13 Manchester Fine Sand | Sall {psi) m
e
'é Giraded Ottaws sand Jaa a,48
z anovar Sik .
uw 103 3 Manchester fine sand 812 0.44
o ] Hanover slit 288 0.55
H sk Sufflaid Clay _| Sufflsid clay 204 0.43
- 222
. Avg.= 048

A’/‘:“

Avg, applied strain rate:  15%/min.
{Fairbeanks Skt 33%/min.}
IR | N PREETUNE PPN U

g - 101 102
7 TEMPERATURE FACTOR ({,= 1F)
(1]

102 —

_ Figure IV-10. Peak Strength vs. Temperature
{After Sayles and Haines, 1974}
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If the data of Goughnour and Andersland (1968) and Linell
and lobacz are normélized with respect to peak strength and plotted as a func-
tion of void ratio, the data appear as shown in Figure IV-11. Figure IV-11
also shows the relative strength reduction that can be expected for the vari-
ous fill material types being considered for this project., These reduction
factors must be considered as only rough approximations since there are no

corroborating test data for the materials.

1.0 |—
0497 (Compactsd Gravel - {ce Mixture)
; Q.87 (Compacted Silty Sand)
x o8}~ I ] 0.82 (Graval - ic& Mixture, below sea [evell
b | 1 _
z | ; : 0.69 (Uncomaactsd Silzy Sand)
x |
= =
i 0.6 I | : [
< I i
E “Icl Fres Gravel l : : l
A -
2 Y[ oss Lo
L
< 1 (I : [
2 l Iy '
0.2 - I I
1 | {
{ | |
1 I | : |
.0 1 i i Ll 11 : 11 1 ]
0.0 0.2 o4 Q.6 08 1.0 1.2 1.4

ICE VOLUME ,_ .
ms( e for 100% kca saturation)

Figure IV-11. Variation of peak strength with volumetric ice content
{Data from Lineil and Lobacz, 1980 and Goughnour and
Andersland, 1968)

(3} Ice Saturatien
Alkire and Andersland {1973) have addressed the effects of

ice saturation on frozen Qttawa sand-ice mixtures. Their data, reproduced in
Figure IV-12, show a reduction in strength with reduction in ice saturation.
Since only two values of ice saturation were used in their study, linear
interpotation and extrapoliation were u3Sed to develop approximate relation-
ships. Extrapolation was confined to ice saturation in the range of 0.18

Si " 1.00 because the curve for zero confining pressure indicates zero

strength for S1 0.18.
[f the data in Figure IV-12 are normalized with respect to

peak strength at Si = 7.0 and the effect of confining pressure omitted, the

relationship in Equation IV-17 results.
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20.0 [— initial void Ratio = 0578
v, - 483 MN/m2
E
z Fa
3 I ‘
. I y
"?h 15.0} P
B Injdal Void Ratlo=0.587
It o= 2.41 MN/m?
2 | 3 ,
x ' 7
5 V p
o 19-0F {nite) Void Ratle’ = 0,580
|°_ | o-a-ﬂ.ﬁﬂ MN.’mz
2 P tnitisl Vaid Ratic=D.574
o v o_=0.0 MN/mZ
a | ..-"’ 3
x M
< 5O L [ eyl
e | 7~ 7
Fd
| ~ //
%.59— 10 0.84- mm Silica Sand
'E,-z.ssxw‘a min*!, T=1z2.8%C
o-o M 4 L L

1
1] 0.20 .40 0.60 L E: 1 100
ICE SATURATION

Figure IV-12 Peak deviator stress versus ice saturation for varigus
confining pressures {After Alkire and Andersland, 1973}

The effects of confining pressure are quite apparent in
Figure 1V-12; this factor will be discussed below. Again, the data on the
effects of ice saturation described above are for one material type only,
Ottawa sand, and applying the effects to gravels and silty sands involves
considerable uncertainty.

S e p22+1225 '{for 0.18 «Si '-0} _ v-17)
Si=10 g3 =0

(4) Brine Content

Fill materials
from offshore sources or those
from onshore sources placed below
sea level will contain significant
brine in the pore water. Michel
{1978} has shown that brine con-
tent can have a substantial effect
on the strength of sea ice.
Michel's  data, reproduced in

a,%10% ps

Figure IV-13. Flexure strength of ;ea ice vs. brine
Figure IV-13, show that the volume {After Michet, 1978}.
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flexural strength of sea ice is-reduced.to 20 percent of the strength of
brine-free ice at a brine volume of about 0.16. At higher volumes, no further
strength reduction occurs because the excess brine drains out of the ice.
Michel suggests the following empirical relationship for strength reduction as
a function of brine volume:

v Y {foro =v = 016} {tv-18)
ol.'IF'_-O- 0.25

Ruedrich and Perkins (1974) investigated the effect of
salt concentration on the strength of Prudhoe Bay sands and silts. Some of
their results are reproduced in Fiqure IV-14; substantial reductions in
strength with increasing salt concentrations are readily apparent.

N
10‘2 a 1 71 SAN(DI T I,“’ T T TR 1462 T T SILTYSAI Pl i | = TTTTIT
- r ! L ! i1~ o T } =
,,EIE [ o |& A 4 O Jd o (_{.’ —i Temp] Salt
-~ ™ " E_ Conec.
g0 s I | | o aares
. R s . 2594 2-1 §
= 025 z1/2%| 4 - _
z | . 013% 21/2%
Z 403 : Q13| 22w =z 3 : i
<Yk 1 < "E «25% 1% 3
£ - ! } I « 259F 1% « = } } N
[ A A ; 3 Al 1%
9 - I. F } 7 { a1dFx ]« /0 f 7 , l" e o
E i m2s%|ox | ;- i : -
1
< A13%| 0% < . o%
104 P | 1 1"‘"" 1 11 il 10-4 1 (1 gadl i PRPRY P | Ml AW
10 100 1000 10,000 10 100 1000 10,000
MAXIMUM UNIAXIAL STRENGTH, psf MAXIMUM UNIAXIAL STRENGTH, psf

Figure {V-14. Influence of salt concentration on the sirength of Prudhoe Bay sand
and sifty sand {After Ruedrich and Perkins, 1974).

In order to determine whether the influence of salt éon-
centration in the frozen Prudhoe Bay sands and silty sands is similar to the
effect of brine volume on sea ice, we have plotted the strength (at axial

-3 min") from Figure IV-14 versus brine volume in the

strain rate = 10
form used by Michel (1978) for sea ice. Brine volumes were estimated from the
pore water salinity and test temperatures reported by Ruedrich and Perkins

{1974) for the Prudhoe Bay samples. The results are shown in Figure IV-15,
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X Silty Sand
o
o g 4 Ssnd
0 |la
-
‘\\
b,
~ s
. 0o 1 1 L I >l
0.0 Q.1 9.z 0.3 0.4 05 a6

Figure 1V-15. Influence of brine volume on the strength
of Prudhoe Bay sand and silty sand
{After Ruedrich and Perkins, 1974)

. Although the data are limited, the relationship proposed
by Michel (1978) appears to fit quite well., However, at brine volumes greater
~ than 0.16, the data indicate that the strength continues to decrease because,
in contrast to the natural freezing of sea ice, brine was not allowed to drain
from the Prudhoe Bay test samples. It is our opinion that when the offshore
fills freeze the brine will drain except possibly in the lowest portion of the
fills, where btrine may become trapped. For the case of gravel -ice mixtures
placed below sea level, the brine volume is replaced by brine content to
account for the initial freshwater ice content of the mixture (see Equation
IV-5). Therefore, after replacing v with S, Equation 1V-18 becomes:

Sy _ {foro < S, sn.ts} {1v-19)
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{5) Confining Pressure ‘
To account for the effect of confining pressure on creep
behavior, Ladanyi (1975) proposes to treat frozen soil as a {c, ¢ ) material

Harding Lawson Associates

by replacing the creep modulus in Equation IV-13, o by Tof i.e.,

o =% * % (N¢-ll
. 1+ sing
where: N¢ = W

{iv-20)

¢ denotes the friction angle of the frozen soil corresponding fo the creep

rate, e‘c, and ¢ is the cohesion intercept.

In this approach, ¢ and ¢ are

total stress parameters and ¢ is assumed to be relatively independent of time

and temperature.

4s 35
L ‘
ANGLE OF INTERNAL FRICTION ‘ | o -
- VS DENSITY -
(FOR COARSE GRAINED SOILS)

g : J g

@ o

5 40 = -3 &

a e
= Relative Material Type =

o s

5 o

a T TP =

8 TH w
1 -
2« o<
S oF
4= « éf i Z o
= w _ Obtained from 20 [e] &
5 E effective stress ©-
= failure envelopes _—

w w

O Approximate corelation Q
ut is for cohesjoniess 3

3 materizls withaul 5]

> plastic fines 15 =

< <L

Void Ratic ~{For G = 2,68}
1 0‘;6 1 P'|5 I ﬂ'f i o'|3 1 0‘121 0'] 5
110 120 130 140 150

DRY UNIT WEIGHT{ Y4). Pef

Figure IV-16. Angle of internal friction vs. density for frazen and unfrozen fill materials. Based on bonded
angle of internal friction being 10 degrees less than the unbonded value {After Navdacks, 1971)
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The angles of internal friction for ice-saturated frozen
s0ils reported in the literature are typically six to ten degrees less than
those for the same soil and density in the unfrozen condition (see, for exam-
ple, Alkire and Andersland, 1973, .Ladanyi and Johnston, 1973, and Sayles,
1973}. If the difference in friction angles between the frozen and unfrozen
state for the same soil and dry density is taken to be 10 degrees, the curves
shown in Figure IV-16 can be used to estimate the friction angles for frozen
fill materials.

v The effects of temperature, void ratio, brine content in
the pore fluid, ice saturation and confining pressure, as described in the
preceeding discussion, can now be incorporated into the creeb modulus, -

The parameters required to _app]y Equations IV-13 and
I¥-13b are as follows: |

Creep modulus, e, and the corresponding strain
rate, éc.
. Creep exponent, n

Temperature factor, m {see Figure IV-10 and
Equation 1V-16)

. Index properties which influence the creep modulus
Void-Ratjo (e} (see Figure IV-11)
Ice saturation (55) (see Equation IV-17)

. Brine content (Sy) (see Figure IV-15 and
Equation 1V-19)

Confining pressure o3 (see Figure IV-16 and
Equation IV-20).

The index properties of the fill materials have been dis-
cussed. hrevious]y and values for various typical conditions presented in
Tables IV-4, IV-5,. and IV-6. Representative values of creep modulus, creep
exponents, and temperature factors are presented in Table IV-7.

The values of creep modulus are equivalent to the peak
strength at a temperature of 31°F and a strain rate of 0.15 min.'] and are
estimated from the data of Sayles and Haines (1974) shown in Figure IV-10.

E-12
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TABLE Iv-7. Summary of creep properties for bonded fill materials’

Ice-FreeGravell Gravel-lce Mixtures Ice-Free Silty Sands
S (i)n placed below placed in the dry, placed below | uncompacted | compacted
% sea fevel compacted sea fevel, - ~
(Rd =0.5) {Recrystalized) uncompacted (Rg=0.3) -{Rd =0.7)
Creep Expanent, n 7.5 75 . 75 7.5 7.5
Creep Modulus, ¢, {ksf)
c 115 %57 115 20 90
(@ ¢ =0.15min ") _
Adjustments to
Creep Modulus
{1) Temp. Exponent, m 0.5 0.5 0.5 0.5 05
Femp. factor 24 - 24 24 24 24
{2} Void Ratio Factor 0.38 0.97 0.87 0.69 0.87
{3) lce Sat. Factor - 0.34 - - -
(4} Brine Content G.2 - 0.2 0.2 0.2
{5} Conf. Pressure Factor o ,
¢ {degrees) . 26 10 ' 5 18 22
- {Ng - 1) 1.56 0.42 0.19 089 1.20
. 2
mjltsg Creep 21.041.5604 | “(450 +0.4203) | 480+0.1904 2.98+0.8905 | 37.6 + 1200y

Notes:

1. For average fill temperature =-5°C.
2. Depends upon degree of recrystallization.
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The creep exponent was estimated from data on four different soil types
ranging from Ottawa sand to Suffield clay (Sayles, 1968; Sayles and Haines,
1974). The values were obtained from Fguation IV-13 rewritten as follows:

o [ %)
T |
_ L1100 "e) av-21)
[ “f100
' .
°d 7pk ]

Where, €, = failure strain
Y00~ 100 years
Ik T short-term creep strength
€% " strain rate for o
Tii00= CTEEP strength at 100 years

n=s

Values of n were computed for several pairs of data at the same temperature
for each soil type. In general, the computed n-values decreased with
increasing temperatures, but varied little with soil type. A value of n = 7.5
was selected as representative of the range of soil types reported for tem-
peratures of 26° to 31%F. This is believed to be a conservative value for
the project fill materials. _
Using the data presented in Table V-7 and Equation [V-13b,
the creep strength of the various fill materials can be estimated as a func-
tion of time. Design values for short-term (24 hours) and long-term (25
years) creep strength are presented in Table IV-8.
b. Elastic Properties of Bonded Fill Materials
Elastic moduli for frozen scils have been shown to be dependent
on temperature and strain-rate much like that of stress or peak strength., For
example, the data of Parameswaren, 1980 show the following approximate
relationship between initial tangent modulus and strain rate for frozen Ottawa

sand:

E=A (&)™ {tv-22}

E-14
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Table 1V-8. Mechanical properties of bonded f{ill materials _
Initial Tangent {Poisson’s| Shear Strength |One- Dimensional

Modulus (ksf) Ratio Compression
Short Long
Short Long L Term Term m a
Term Term {24 hrs.) | (25 yrs.)
Ice-Free Gravel _ .
Placed below sea level, 1400 200 0.25 4.6 1.4 1500 0.90

uncompacted
93 = 1.34 ksf @ 20 ft.

Gravel-lce Mixtures
Placed in the dry, com- 3000 550 0.25 10.0 3.7 400 0.75
pacted {recrystallized}

a3 = (.61 ksf @ 10 f_

Placed below sea level, 2850 400 0.15 9.5 2.8 6§25 0.90
uncompacted
o3 = 1.19 kst @ 20 fr.

Siity Sands -

Hydraulic Fiii

" 'Uncompacted 1850 250 0.25 6.1 1.8 125 0.75
o3 =090 ksf @ 15 .
Compacted 2300 350 0.30 7.6 2.3 220 0.90

o3 =004 ksf @ 156 fr.

Notes:
1. For average fill temperature = 5°C,

2. oqassumed = (.5 x (overburden pressurel for average depth within the fill.
3. Short-term assumed to be 24 hours; %',: 300,

4. Long-term assumed to be 25 years; % = 150.
1]
5.

Properties will vary from unbonded to fully bonded depending upon degree of recrystallization.
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Comparison of Equations IV-22 and IV-13 suggests that the initial tangent
modulus may be estimated from the creep strength if exponents m and n are
' approximately equal and if temperature effects are sjmilar. If the ratio
Ei/ opaxy i5 evaluated over the full range of strain rates and tempera-
tures reported by Parameswaren, the values range from 39 = Ei ,-“max <
221 with an average value of 133. In general, the lower values correspond to
Tower strain rates; however, the variations with temperature are
inconclusive.

Sayles and Haines (1974) reported peak strength and tangent
modulus data. for Hanover silt and Suffield clay for a range of temperatures
and a strain rate of about 0.1%5 min']. For temperatures between 3% and
15°F, the ratio of modulus to strength ranged from 273 to 138 for Hanover
silt and 124 to 165 for Suffield ¢lay. The values for Hanover silt are in the
S ame fange as Parameswaren's Ottawa sand data for comparable strain rates.
Temperature effects for these soils are similarly inconclusive.

Based on the data discussed above, we conclude that the initial

tangent modulus for bonded fill materials can be approximated by:

Ei Ei 300 for short-term toads
= {1v-23)

e, — o B _S: 150 for long-term loads
2! 3max

Vinson (1978) has tabulated values of Poisson's ratio for a wide
variety of soil types. The reported values for sands range from 0.23 to
0.28. For silts, the range is from about 0.28 to 0.39 with an average value
of about 0.30.

Recommended design values of initial tangent modulus and Poisson
ratio for the various bonded fill materials are presented in Table 1V-8.

¢. Compressibility

Tsytovich {1975} has repbrted measured values of the coefficient
of volume compressibility, m, = 1;? , for several frozen spils., These data
indicate that m, varies with soil type, density, and unfrozen water

content,
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Referring to Equation IV-11, it. can be seen that m, is the

inverse of the compression modulus, m, i.e.,

1 {1v-24)

In Figure IV-17, Tsytovich's data for a frozen sand and a silty sand are
superimposed on a plot presented by Janbu (1967}, for unfrozen soiis, showing
the variation of compression modulus number, m, and stress exponent, a, with
porosity. To make this comparison, the porosity for frozen soils is related
to only that portion of the pore volume not filled with ice, i.e.,

_ non-ice pore volurme ’ {1V-25}
total volume
_ e-H{G/G)
1+e

The data for frozen sand and silty sand are quite limited and
scover only a narrow range of non-ice porosity. However, these data can be
extrapolated by noting that as the amount of ice in the pores decreases to
zero, the curves for the frozen and unfrozen conditions must converge at the
porosity of the equivalent unfrozen soil. The resulting'curve defines the
variation of n with non-ice porosity for the frozen soils,

To obtain similtar curves for the project fill materials, a
family of parallel curves was constructed, each of which merges with the curve
for the unfrozen condition at the expected placement porosity. The assumption
that these curves should be paraliel is based on Janbu's data for unfrozen
soils. Values of the stress exponent, a, are obtained using the same type
assumption regarding the influence of non-ice porosity.

To illustrate the compression parameters in the frozen versus
unfrozen conditions, points for each of the fill materials for both conditions
are b]otted ont-Figure 1V-17. The compression parameters for bonded fill mate-
rials are also tabulated in Table IV-8.
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Figure IV-17. Compression parameters for island fill materials
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B. PILE SETTLEMENT '

As discussed in Section VII subsurface temperatures fluctuate seasonally
and cause variations in pile settlement velocity. To account for this change
in settiement velocity throughout the year, a representative soil temperature
profile, an average for the full year, was determined. The procedure pre-
sented on Plate E-1 describes the method used to determine the “average*
temperature prefile for a pile embedment depth of 10 feet. This procedure was
repeated for other pile embedment depths to allow development of a representa-
tive soil temperature profile. The procedure used to calculate the ground
temperature profiles is presented on Plate E-2. The ice flow law presented on
Plate E-3 was used to calculate pile settlement. |
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Procedure for determining a representative temperature profile and settlement
far a 10-foot pile embedment depth.

1. The year was divided into eight time periods of equal duration as
shown in Figure 1. '

2. The ground temperature variation with depth was determined for each
time period assuming a homogeneous soil beneath the active layer and
using Equation E1 (presented on Plate E-2)for a damped, sinusoidal
temperature oscillation.

3. The following was computed for the 10-foot pile embedment depth using
the Ice Flow Law presented on Plate E-3.

a. The settlement of the pile was calculated based upon an
average temperature along the pile at each time period
as shown in Figure 2 using Equations E2 and E3.

{pile settlement}/{pile diameter) Fquation E2

s/a

Equation E3

s7a = {0/a) (at) = 4.5 { Bave) ( rave") { At)
where Bave=f(T ave) From Figure 1, Plate E-3

5/a = 4.5 ( Bave)
( rave™) (at)

n
Note: Tave and At are constant.

b. The settlement for all time periods was added to determine the
total settlement of the pile for the year using Equation E4.
t/pz7/8 3/a

(8/a),= t/p=0/8( rave) ( at)
8

Equation E4

c. This settlement was used to compute a representative ground
temperature {Trep) using Equation E5, Morgenstern's flow law,
described on Plate E-3.

6 ;-3

Brep = 3/a ave = 3.4 x 1077 psi ” x year
4.5 ( rave") ( at)
T rep = -4.7° ¢ Ffom Figure 1, Plate E-3

DEPTH BELOW GROUND SURFACE, FEET

TEMPERAUTRE °C, T

-20.0 -15.0 -10.0 -5.0 0.0 45.0
:
time '
period=ih=\a/815/8 \3/8 68/  \es8 778 / 1/8| Jo/81  Active
o ——_ —_— B an— — P N r———
‘ Layer

10 o
Figure 1. Variation in temperature with time and depth

Average Temperature = T ave = Shaded Area
Depth Below Active Layer

Tave = -1.8% C for t/p = 0/8

t/p 0/8 18 {2781 as8 | as8 {578 | s8] /8

T ave -1.89 ¢ | -2.0} -5.4| -9.6]-14.2|-14.0 [-10.6] -6.4
8.4 x 107° | |

Bave psidyear | 7.6) 3.0] 1.7 t1.2] 1.2| 1.6] 2.6

3/a _
( Taven)(At]3.7B X 10’5 3.42| 1.35{ 0.77} 0.54] 0.54) 0.72} 1.17

Figure 2. Pile Settlement for Each Time Period
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 Ice-Flow Law (Morgenstern, Roggensack and Weaver, 1980)
. n+l _
E'l = :"-3( 2 ) ,s-,a" = 4.5 p,-a" Equation E5
a
n-1 :
where: '
u, = pile velocity
a = pile radius
Ty T constant tangental shear stress 6n'ice-rich soil
P = 5011 creep exponent
B = 50il creep constant - -
Temperature | -n -1 -1
C0C . o n 4-K Pag " x year ps1 X year
-1 3 © 8.5 x 1075 1.5 x 1073
-2 3 2.0 x 10_4 6.6 x 10_5
-5 3 “1.0 x 10 4 3.3 % 10_6
~-10 3 5.6 x 10 1.8 x 10
1x107°}
i
S.,
s prEptIr _ .
a
>y
. l
o
- 1x10%} o
a "
— l
o |
=]
~ i
o
_ . < lTrep -_-—4..?_
-100 : -10. - -1
| log (Temperature 9C)
Figure 1. Temperature Vs Soil Creep Constant
Ilce Flow Law PLATE
Pt. Thomson Development Project ) -
Winter 1982, Geotechnical Study [E':]

~EXXON Company, U.S.A.
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C. ANALYSTS OF LATERALLY LOADED PILES

ANALYSIS OF LATERALLY LOADED PILES IN PERMAFROST

The behavior of piles subjected:tpjlataral loadjng may bejana]&zed by

the subgrade-reaction method (Pou]os and Davis, "1980}. The method is

capable of treating non-linear 501} behavior, ddyered soils and non=
uniform pile sections, and is read1ly adaptable to computer solutlon “In ~
the so0il response to lateral loads is modeled as a series of

The P-Y

general,
unconnected non-linear springs repfesented.by "P-Y curves®.
curves are a representation of the;load—def1ection_characteristics of the
soil at a given depth along the pile and depend upan tha'piié dimesions

as well as the stress-strain and strength charactgrisiics of the soil.

“P-Y Curves

Procedures for constructing the P-Y curves for various {unfrozen)
soil types and Toading conditions have been summarized by Reese (1975).

An example of these procedures (for'soft, saturated clays) is as follows:

1. The uitimate soil resistances per unit length of p11e shaft,
Py1t. is computed using:
Pult = Np - ¢f . d (l;
where cf = shear strength
d = pile diameter or width
N = nondiméﬁs%onaI‘uit%mate resistance coefficient
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No increases from a value of 3 at ‘ground surface to a maximum
value of 9 at a depth of several pile diameters; vis.,

Ny = 3+ gi'-r J-3z (2)
where © 0, = overburden pressure at depth x
X = depth
" d = empirical. coefficient (typically, J = 0.5)

2. The P-Y curve is approximately by a cubic parabola:
' LY 1Y

= Y By l/)';_ ' | 3)

where P = 5071 -redction for lateral pile deflection, y

" Yo ="lateral.pile deflection at which P = 172 Pult

Note: This procedure is based on the concept that the stress-

. strain curve for the soil and the P-Y curve for soil reaction on
the pile should havé s1m11ar shapes as 111ustrated in Figure 1

(Matlock, 1970).

3. Y¢ is approximated by:
3 (4)
Y. 245 e_-d

where €, = strain ét which { o, - ] 172 (a- o uit

Stress=Strain-Time Beliavior of Frozen Soils

The stress-=strain behaviaor of-frozen soil depends upon, among other

factors, the duration of loading and the soil temperature. For example,

~when a sample of frozen soil is subjected to a constant uniaxial stress,

the sample continues to deform with time. As shown on Figure 2 a typical

strain-time {creep) curve for frozen soil may exhibit three stages: (1)

'Efés
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deccelerating, or primary, creep, (@] constant strain-rate, or secondary

creep; and (3) acceleratmg, or terhary, creep which usually leads

rapidly to failure.
Depending upon the type of frozen soil and the applied stress level,
any of the three stages of creep may dominate (Figure 2a).

Ladanyi (1978) has suggested: that:primary creep of frozen soils can

be described by the equation:

eé(}(“'—)

(.6-:J : (5)

in which E = Jééﬁ strain-rate
(a,~03 ) = applied principle stre.ss difference
t = elapsed time B
a. ¢ &£, = values of- (a‘ ) and & at'an arb1trarﬂy
selected time
n = stress exponent
b = time exponent

o. ? éc, n, b temperature-dependent material censtants

Equation (5) predicts that, in the primary creep stage, a plot of Tog
(£ ) vs. Tog (t) will be linear with-a slope eﬁua] to_(b%l__)-._

In secondary creep, the strain-rate is independent ;of time (b=1 in
fquation 5), so that: . |

, A a-a; y Y7 . - . }
£ e ()" [ sty o
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Equations 5 and 6 both predict_@ﬁat a plot of log (& ) vs. log &x.§) will -
be linear with a slope equal to n. However, the value of the stress
exponent, n, may be significantlg.different in the primary and secondary
stages. .

The ¢constants in Equations S_Qnd_ﬁ are tgmperature—dependent. The
temperature effects may be eva!uated by ﬁeffdrming creep tests at

.different temperatures or estimated from published data.

Evaluation of Créep'Parameters of Design

At;théwétféés'leve]s aﬁd Toad durations normally used in engineering
hﬁsign; it is often éﬁsumed that secondary creep dominates {Ladanyi,
1978). Hoﬁever, test durations of two weeks or more may be required to

estéblish secondary creep ratesJét design stress levels. An alternative

- approach is to pérfoﬁm fe1ati§é]j;$hort-term {(a Tew hours) creep tests

" and extrapolate the primary creep behavior to the onset of secondary

creéﬁ (Figﬁfe 3): This requires an estimate of the time at which the
tranSftion'froﬁ primary to;sqconﬂafy creep Will occur. If the time for
this transition to occur is underestimated, the extrapolated secondary
creep rate willzbe conservativé'(foo fast) and, if overestimated, the
Secondary creep rate will be unconservative (too slow). '

| Figure 4 shows the prim&ry'céeéh behavior of a sample which was step-
lToaded to three different stréss ieve]s. Except for the usual experi-
mental data scatter, the Tog‘fe;f Qs. log (t) relationship appears to be

linear as predicted by Equation 5. On the other hand, contrary to

Equation 5, the curves are not parallel; i.e., n # constant. These

E-28
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diverging curves éuggest that ﬁ“§£eadi1y'inéreases through the primary

stage to the onset of secondary Créep. Thus, the steady-state n value

obtained by extrapolation will be dependent upon the time estimated for

the onset of secondary creep. In this context, as noted previously,

underestimating the transition time From primary to secondary creep will

be conservative.
For our laboratory test data, we have estimated the time to onset of

secondary creep to be 24 hours._ Ve belleve th1s to be a conservat1ve

choice. The extrapolated 24- hour stra1n rates for severaT tests at

different temperatures are plotted vs. the applied stress on a log-log

scale in Figure 5. The slope of .the straight Tines fitted through the

data points for each teyperatureﬁjs_gqqal to the stress exponent, n, in
Equation 6. For these data n = 3, which is consistent with pﬁinshed
data on ice-rich soils (Morgenstérn et.al, 1980). The values of e;
and o can also be obtained fromm any convenient po1nt on each Tine

e.g., for 28° F, we could choose, say. é_c 10-6 min-] and cr;:

= 20 psi.

The effect of temperature can also be deduced from Figure 5. For

example, at €= 2 x 1078 min_1,.$p£”cnyresponding stress values at
280, 250, and 20° are 55 psi, 78 psi_and 150 psi respectively. As
shown en Figure &, the relationship between stress and temperature (for a

given strain-rate} is essentially Tinear.

© E-29
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Equation 6 and the Taboratory éreep:{ésf.results {examples of which

are presented on Figures 4, 5, agﬂ:ﬁljfbrm the basis for establishing the
P-Y curves for the ice-rich fine;éféined permﬁfrost in the upper 7.5 feet
of the subsurface profile. The*faét fhat the stress exponent, n, is

- .équal to 3.0. for 'the laboratory tést data is consistent with the use of a
cubic, parabola to rgprg;ent the ?-Y_curves since Equation 6 can be
fewritten in the form:

- g '_é_ yn ) (7]
g -0z = % (é;oa ) _ '

.

| in which t = any elapsed time (shoft of failure). In this application
“t* is the duration of loading for'the-various loading conditions.
" To cddgtéuct'the P-Y curves, the soil creep parameters required are
 -the creép shear strength (Eqﬁ&fioﬁ”f}"aﬁd the strain corresponding to
| half of the ultimate creep strength (Equation 4). For a given duration

':bf loadiﬁg and soil temperatpre,_Equation 7 can be solved for:

SRE N - o &, Y (8)
(=03, = 2¢, =00 (£ . ¢, |

o f
~Anwhich = c¢f =1/2 [o,-93)5 = creep shear strength
 cf  ='strain at which the soil fails in creep
tdg = load duration_for a particular design condition
- :Alse, foron = 3,
i . _f .- (9)
e = 41} N 65? .

E-30
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Consider the following example:

1. Assume T = 28%F
Ef = 0‘2{ IR
td = 24 hours
2. From Figure 5, say €="2°x 10~ min-1
. 6. =55 psi

a“;' )_Z%

3. From Equation 8, . - .. & , _ _ _
q C‘f = .-A.(Sf._x.z‘/a_4.‘ 3¢ XED = 24,4/05}'

*** The following steps deﬁéﬁd upon pile diameter and depth***

4. Substitue cf into Equations 1 and 2 to obtain Pyjt
5. From Equation 9, &, ='0.025

Substitute &, into Equation 4 to obtain Y¢
6. Construct the P—Y.curVéﬁdsing Equatidnf3

The foregaing procedure-wés:devéjopg@ spécifﬁcallyufor ice-rich fine-
grained soils for which laboratory creep data yag_avai]ab]e. _Basica]]y
the same procedure was used to develop the P-Y curves for the underlying
ice-poor granular soils except that the creep parameters ﬁere eséimated
from published data (Sayles, 1968) due to the Tack of suitable samples
for laboratory testing. As can be inferred from the Pdlt - Yc data
previously supplied, the iceroof soils have greater creep strengths and
fail at lower strains than the€%Cé;r%éh‘sbi1s. Also, the stress expo-
nent, n, was estimated to be ?:5_%6f ihé i&é-poor 50115;

Frozen soils tend to go from ductile behavior at low strain-rates to
brittle behavior at high strain-rates, Therefore,;_ec for three-minute

loadings were taken to be one-half the values used for 24-hour and

20-year loadings.

E-31
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Figure 2. Constant-stress creep test: (a) creep-curve variations;
(b) basic creep curve; (c} true strain rate vs. time.

{after Ladanyi, 1978)
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; Ice-Rich Soil
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