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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.




NOTES

l:l .¢. HLAJUSGS, 1979

- -GEOTECHNICAL INVESTIGATION

7. ' : il SUeASEPT 1980
16 - S | '
-¢- , '¢ - : | @ EXXON GRAVEL STUDY, 1080
0 1 2 3 + THiS sTUDY
SCALE-MILES

BULLEN POINT
I8 .

.._‘..:':f.'-\.“.‘-,_ "‘.-:‘-‘.‘:r- - T_6. L ’ B 20 . -
SR %A
T iek | _-'-;_' Harding Lawson Associales Locaﬁonso’ Area Sllldies PLATE

: R =S Engineers. Geologists Pt. Thomson Development Project
\ e == & Geophysicisls Winter 1982, Geotechnical Study A-]
’ EXXON Company, U.S5.A.

- T DN 108 NUWVBER APPROVED DATE REVISED TATE

Y. | 9612,031.08 v 4/82




L]
GENERALIZED s & . 3 ., i
tOG OF BORING 15 z = z < $
- T Yo uy & oY
. z o 2 8x z o 5t pr £ Bk
Eamipmaens ___Hatory Wesh . z £ g 5 83 £ 3 =33 £ g & 3%
Elrvoti D ecten g A s a 2 S0 - v s Ea o =s
R . — - — —
v : GRAC GRAVEL (GWI . ]
F E E 8"% :qs::::r uloui:l{ sod k- rs-y
-3 - ﬁ: =]
& v g3 Be 1
°1~ SEACE [] ’ oce wond Frogmentt I
v ! i [l TR
. I o ey s
— SEA WATER ’; n r | 20l el g
’ '1 a0~ ' i CRAY CLAYEY SILT 4aaL)
58~ howe, sotmared
Uncbie 1o deline
34 Plesstogene Beach E '
T pasx Gravy SILYY SANOD {sh) T {aPn}
HH Toxrse, sobyrated "
I_- H ruxwercm shell Fragments ard
|. L amall teign 1T .
MR BS~—
ﬁ-’ BLACK CLAYEY SILT (MH) with [ oPa
St erbadied lnpers of OLGANIC ' :
o ST [OH) - soh 1o i i, [ GRAY SaPD SP-SA4, :
o | Wi e ol tad
. =l
DARK GAAY SarD¥ GRAVIL (CGF) ’ L
Ty oumt, solviphed,
wotaional e loyen H
w- -
.y = b
CRAY GRAVELLY SAND (3F-584) -T }
GRAT SANDY GRAVER (GF) T ey derse, sohur 1
_ derms, seburmiud
QRb CGAAY-BROWHN SANDY CRAVEL )
VWGP M- - oy denee,
[l
4] Gaay saro 50y T
- barded, very mmall ice crystnlds,
- prockats of mon-Fibeovs peat with
troce shell frogerent N N
20+ s pousible bonded, ws wable ice Refer\en(:e:
. PNTERBEDDED Sa DY GRAVELS . . ]
*-— (GF-GM) & CIAVELLY S2- s ! -- Interpretation of Geophysical, Geol ogic
b - 4 [SP-SM - . . . .
) | . _—— are , -and Engineering Data Beaufort Sea,
- ol oot bkl 22 .0 m, i . —
oPw . Alaska, HLA 1979
4 oo o2 S sar v
Harding Lawson Associates USGSJHLA Borin_g 15 ] PLAYE
Engi Geologisis Pt. Thomson Development Project
® Refar 10 Plote AZL Bonding indax & Geophysicists Winter 1982, geotechnical Study -
ww Rafer 10 Plate 11, Explonation of Gaolagic Map Symbols EXXON Company, U.S.A.
TR J0B MUMBER APPROVED DATE REVISED DATE
S 9612,031.08 o 4/82




GENERALIZED
LOG OF BORING 16

oty Wash

Equiproant

Elevatien Ome

O DEFTH
SAMPLE

v Sa g

SEM WATER

GLAY SAMD (SP-S5M) .
dunse, satrarsd, feoce shefl
Frogumandt

INTEAREDDED SILTS AMND CLAYS
(ML, CL) - vary i to hod,
sotwared, occamional hroce sand

GRAY SILTY CLAY ICL) with
interbudded ayers of CLAYEY
SILT (ML) = widf to very stifl,
sahsrcted

| ICE BOHDING »

:
x
- @
[
. § o3
L) [T o=
z r o 02
§ § % u 32
LH Lol = Ouw
g i
ot
&
23 teace shall hogmenis 4+ 157 m
' tracw sond ond grovel 267 m
30~
d : N.2m, ional
thin imm(\r‘mﬂbnj QPm
-
QHm 354
T
- DARK GRAY GRAVELLY SAMND {SF, ']'
.. } - borded, ocomional
- el ol wood frogmeney
- o o oliu
- A
45
Reference:
Interpretation of Geophysical, Geologic
Engineering Data Beaufort Sea, Alaska,

d

arm HLA 1979

» Rafar to Plota AZ, Bonding ndax
nw Refer to Plate 11, Expignation of Geologic Mag Symbals

and

Harding Lawson Associatss

USGS/HLA Boring 16

PLATE
Engineers, Geologists Pt. Thomson Development Project
& Geophysicists Winter 1982, Geotechnical Study A-3
" EXXON Company, U.S.A.
DRAWN 108 NUMBER — APPRQVED REVISED OATE

9612.031.08

DATE
DB 4/82




z 3 : 3
GENERALIZED s i e ¥ s 2 . &
LOG OF BORING I8 g o syl . v Z,3
Lty wan . 3 88 x 3 g 8% Tz 23z z 3 gL
g » - 3 -1 Y ?t - 3: a 3 Dj B X ] aﬂg
£ ¢ waten - 5 -] u w4 a ;: 2 S0 % l;n ;:' A v §' wa
s & N T . -
- g 35 DARK GRay SANDY SILT AL, N ) T l',ir F . -rs—l | ! 100 :,;,.].., in sond Condard 3
£2 g8z borded wof | ] il ! o
- 1 - [=L 3 A ) { :
53 s &3 - il B LA | :
P - F I dheell {commect, wed smoll pochets |4 =]l § | ¥
v H of Drganic morrdial 3 H 3
maxt 1 | i [ |
: | FTl cravemack cuavey s ] i i f_ i L ; [:
¥ . ta V1 - bonded i 3
¥ n t(:: ot seaes of pagonic 3ih I M i H 1
et SEA WATER t et shelf hogmemi 1 mHi ' h - ir 1
z i =l - i
I : H l ar.w]
' : 1 n so0- 11 !
| 55 1 :
o I i
s L
: JJJ GAAY-BLACK SAMD (5P, N} t i ‘
i bonded with oct puaanal L
iy ul !
R -- 1
- 1 ¥ LJ
h {10
-1 Rt
60l |.» ' HH .
. 3% - - - CRAY-BRCV. 4 SARD T SILF
v i ¥V 1 - bowded,
1o ..J - ::'ﬂ F1.agmeewdy
- . OPm-
>
GRAY GRAVELLY SAhDY S gy | | B¢ i ,]-1 e A "
GRRY SKTY CUnY g ik T [Tf}  orav sanDy st oL, ) wirh el 2 et
WEIERSEDOED DARK GRAY SiLT ‘;;m '7“*:-‘ va .
1ML = 8187 4w ko, tatimcrad CLAYLY SILTS 0L, N ) + !
andwd, mrarow ghell Trogmenty 154
93~ :
€5
L ﬁ H
i
95
CAAY-BLACE SILTY SAMD i Reference: _
(LN :ﬁ V= btwahuad, troce wiml -
4% LT GRAY-MACK SILTY SAMD (5M, N | ¥ . R .
' bonded, tcoce Fhermus ingonic ™ : Interpretation of Geophysical, Geologic
oo '| and Engineering Data Beaufort Sea,
] i Alaska, HLA 1979
ool Hh .
e nﬂ’:ﬂ“ﬂrﬂdm‘u - l-(-r
l'llﬂ‘ling Lawson Associales USGSMLA BOfil‘lg 1 8 CPLATE B .
Engineers, Geologists PL. Thomson Development Project '
# Refer to Plote A2l, Bonding index & Geophysicists Winter 1982, Geotechnical Study -5
nw Falar %0 Plote 1, Explunotion of Geologic Map Symbots Exxu".company’ U.S.A. .
JOB HUMBER APFRONED DATE REVISED e
3612,031.08 D3 : 4/82




ELEVATION, MLLW (FEET)

]

- 1O

-40H

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

:SANDS with some .
-interbedded SILT LAYERS .-

----------------------

---------------------

oooooooo
---------
-----------------------

------
-----

| some ORGANICS

CLAYEY SILTS &
SILTY CLAYS,

TR

B AR R
HEHITIRISILTY SANDS & [jihirvr
T leravELLY SANDS [T
HEIHEN i n e hns

NOTE SHADED AREA
DENOTES BONDED SOILS

K00 200

SCALE: FEET

Al Yk 1

il A |

Oy SN N I K K 1

T
FIT———

RREEEE
[1 3311
2 3
il =1 4 1 L |4 - Fi3s
b
T HE R T
.bv .- l"l - .- L o o - I’ o -. 'l -

4 THAH ) 5
11T -1 4 LI I M LRI
4 14 41k 4 L‘ SENIESBERNJENIR D A Iy
T HE B I R

RapopNs B HixHL I
-. ‘l -I l-h =4 ﬂ dE0dL o -J 4%
LIS T H I Y I H I CFITHA M
4 TEE{ IS E SERITHIES - I PEA TR
SEN3E N 1} 14 o ol X L1 4 = e o
LI 1FHT SIEHII It Y H E {11
SEIAERSER ISR NIER)E
T HEAH TIH N4 LI 4
LI 14 1 PSRN aR AN IENILE D
141 Fi1r SIH I AL 4
- 1 =1 o L £ 3 b 14 -]
E . o L - : =) 4% 4 1 - L
144 SEIS 44 -
FESEAREN S kY E s " 4
L1441 §4 -1 & LI4}]4 u
REy Y gt iyl b .r L1
L 41F
et JSLarkintit 9 r
.

Reference: - : )
Geotechnical Investigation Drill
Site B, HLA 1980

54

L70

ELEVATION, MLLW (FEET)

EXXON Drill Pad B
Pt. Thomson Development Project
Winter 1982, Geotechnical Study
EXXON Company, U.S.A.

MHarding Lawson Associates

£ Enpineers, Geologists
= & Geophysicists

JOB MAMBER

9612,031.08

REVISED

By

= 7




R

ELEVATION, MLLW (FEET)

-20-

-40-

-50

-60

SANDY SILTS, ML
CLAYEY SILTS & I
SILTY CLAYS

-80-°

SILTS & CLAYS

NOTE SHADED AREA
DENOTES BONDED SOILS

M i i

i siLTY sanps &~ —pr T RS B i HEHE HEH ]
111} SANDY SILTS with some {HITHIIHIIHTELS BT < T ST
\{}| GRAVEL. LAYERS TR T E :S T
l T --;.'..I-T..:q'; - ::Li:I- 3t :JCITFMF

Reference:
Geotechnical Investigation Drill Site D, HLA 1980

GRAVEL

LY

a FErr
Ty

0 100 200 \
L ic -96

SCALE : FEET

Harding Lawson Associates
Engineers, Geologisls

& Geophysicisls

Exxon Drill Pad D

Pt. Thomson Development Prgject

Winter 1982, Geotechnical Study

EXXON Company, U.S.

A.

JOB NUMBER

9612,031.08

Ai-r-HQVED

i

OATE
4/82

BELMET




g

g

ELEVATION, MLLW (FEET)
o

¢
o

_______.——-—-""_-_.o I I L
- et il li-Jio e N T T R
Rariingd

A I " W e - Puiiny q-r-—o L R L O T O LU
-’--—.ﬁ‘...... ’-'-!- - - - -
- . - .- - ——
..-----.----...
"~ - om W W E -
SAI'\DYGRAVE B DAY
. ".-.‘ i il ol
LY e A A ety i e o
..o-—---—-——--.o-q--u-...---.--a--‘--
e e m o i W R el
-y e = --'--ﬁ‘.-.-a- sl
e e e o e T R RN N K et oy
P Y IR L L e oy -
T n e A o e . —————— i i W W B W WS &
- e e - e W e LA [ e
L F
;------ - " - - L r <11 '. o
PN ) » M JE 41 b 1T13E b o L
PR MMy Py e - =14 - i JERIE |+ = i 4 ERy LT -
> ow maw w wa = - F - #1131 L3 JERSRR Y = F{1] FiLk]- 1F ’
- r . 14 - o] 3 | L - ] -]+ - [ r -
TERIE £5" 3 ’-I - b | 4 - 1- .‘.. s | SE - -l LEL1 L4 b - [ 4 1T
- e o L -4 1 = 4% 1 JTUI: o JENJE b b1 4 £ of 4 = k] 4 LRl 11 L <l
1 *| o L s 4 e o 4Kk - o =14 - -4 dR 1 [l o 2% JENn] -
o »| o LRI pe3 4 LRAIL 1% = =1 JTHIE 1 4 - »] | 48 L el - - -
r ER 18 3 48 o - b d 1= -1 4 - - | 4 4k F L 4 1 k] 4 4EN]
| 3 =y o ERAL o o i k14 - =4 JEXIE i JER3E o | -1 4 L o - g .4
L - - o 14 | - 3 "y JERAE - u JE - 4 | 45 [~ =] =1 JEN)]
| 3 - e r - =E03L r - ] 4 e a4 SENIL 3 n = = k1 4 - e 4 |
4 k1 L 14 k| o B e 3 F i AENIT s 3 L T4 -] 4 RIS -] 4 Lid > 3 H e =
- 3 - 3 - 'l SEN3L - 14 + = b b1 | - 4114 FId r bal <4
Fu3t b 4 -T$+¥]4 T4} 1) LS P14 b8 ] S 4 Fi4 T LTI EH T A 1)
o b -y o r - =14 i+ L SENIL |1 -1 4 L = L o - 1k - - q_c
FHaE ¥ = b 4 - l«34 I F = -1 4 F - 1k o e - 48 - [+ JE03 TR ]
) 9 1 L F ol -4 %14 }14 9 E Jal - e e L | 4 o o b 14 - = F E |1
“xa0 JE | JE o b - - o] 14 #14 ] 48 - -y - k1 9 - =3 JE17 b 3
- o F o3 - =4 [ 9 L 3 L al =EHIEA] - 1k = - 3 =4 o o+ |k [
LRAE 1% o JIERIL 1- r - g b= 14 & 3 L =4 o dE - o JER ] Bt
JEN] g | - - E Stk SENIE ] 4 » SERICAS e k14 o | B 3 b | a =
_4 L - ar = .1.'1 e - » ha JE 4 b o o - b r - o b -..._-
b o 3 - s | 4 k14 e . L 3 L -

- =4 & b
ngus| 325" BLH T SANDY SILTS with it
LT M + ' ' %53 tulirn Bikmas

= e [+ L b4 3 -
4 1 L] 4 -] b = - =1
JrHEHRT THHE NS A T R R some OR |
LR 4% 14 k1 Y JEH3T ) . o+ b I+ + 48 L = anti
*miqd B - o o u - i a 4% o SEN3IC - 4k 2
Ir- ENIE 1 ) JENIE = 9 - o - 1E - | 4 - ]
JEN] =4 - o " 45 o] - k| 4 o JERIL - JEN3 = JEAZE -
4 b H 43414 ] 4 o ki< P F )+ 4 4 e 3 1z L o 14+l 11k k14 o ¥ P [ -
JE0 ] e - L 14 - L 1E b L14 b4 =1 -1 =4 - -1 + o 1 e -
4 & 4 ki L B <ENJENZE 4 - B e 1£ - 4 3E =y u. k1 iy | 5
3 b o 4 - 4 ¥14 ] "CEHIE s TEN3IE o -1 T4} 4k -+ 1 14 = 4
1_ L 11 i N. . 1c =} - r = o JE - o 1 o - --b 11 “.
o1 4 b ] L = - - o 4 = 3 & L
4 H P 1 J4E L] 4 [ Tt p AR AR P Tt 14 41} 14 1111} 1
£ & - - E k14 ] = SERIE =1 3 3 g =14 k14 e o JENIE +
1k 1 g 1= JENJERIE 4B 1110 b1t
-l o] 9 = 1} b vl
= - 5 - u . [+
. -+ | JERIE 'I-P:‘L1 L14
et LT LT
X AERAL = .
il
30

5

NOTE SHADED AREA
DENOTES BONDED SOILS

/JE-Z .60

Reference: \
Geotechnical Investigation ' . 5 - JE-t

Drill Site E, HLA 1980
/ . L-70)
Er g3

ELEVATION, MLLW (FEET)

\ Harding Lawson Associnies Exxo" Dri“ Pad E

§Ei=.¥ Endineers, Geologists Pt. Thomson Developrent Project

o 00 o0 i5-—=2 & Geophysicists Winter 1982, Geotechnical Study A'B
J EXXON Company, U.S.A.

SCALE: FEET : - : to -97'3' OAmwN JOB MUMBER s PPMWED 3 GEVISED
| N 9612,031.08 140 4/82 - o




101 10
0- O
-10- --10
T T REOUDIL! S I o) e
Mim ‘ =
SANDY SILTS, {] Th It |
— CLAYEY SILTS & [[{HIUL T 1 -
L SILTY CLAYS, phe i e L
ij_f' -301 some ORGANICS | T ||| il | 20 L
= q i 5 4] J %l
j »y ol 1l / 1
E *ff | } . E-
- Py REEEE St \ \ =
S ]| il R %\\ DY
—_— -40— N L N \ g
< \\\\\ \ \ =
o SILTY CLAY \ ./
- i
@ NI -
-50 \\ ' 50
NOTE SHADED AREA
DENOTES BONDED SOILS
"60_ il F_z -m
Reference: \ . F-’l/' \
Geotechnical Investigation Drill Site F, HLA 1980 ‘\/,' ™ 3
. : F4
70 —70
| q_gg_fﬂgr GRAKFL ———  Harding Lawson Ausociates ~ EXXON Drifl Pad F1 uare
o) Y =0 Fe7= % Engineers, Geologists Pt. Thomson Development Project
0 100 200 to loi‘%ﬁ\n HEA & Geaphysicists Winter 1982, Geotechnical Study A-g
SCALE - FEET : EXXON Company, U.S.A.
DAAWN JOB NUMBER APPROVED DATE REVISED DATE
AP 9612,031.08 05 4/82




10

leg
F2-3
.20 " ke rosoacw -.--o -:o .::.a . ’.I L ___20
o e -ll- - 1. ; b-1- - B _l?—_-; H [
| ;:-_ .w‘ o I ) l' - ".'_:."'.:.-': -':.‘ o ‘.:" : - | E _ -y : . . -I::_ -"30 E
fw oo SANDY SILTS; - tHiH1Hi ] 1t &
o { CLAYEY-SITS & i1 1H: il Hil - -
= SILTY CLAYS,. Hi il 114 =
iy H -some- ORGANICS: - HH1{{{13H i1 1 2
_-_l [1 4] HHUHIHT E { E
= .40 —-40 =
Z ' o
— 1] - l_
= s
<t e
> J
t_n.'l w
w -50 ll —~50
(11
: NOTE SHADED AREAOLS
-60 S BONDED SOILS -
60 DENOTE! F,E_S —gF2-2 60
Reference: o o ) Jé.
-70- Geotechnical Investigation Drill Site G, HLA 1980 |70
! YF2-4 tF2-3
to -96.8' IV -
% Harding Lawson Associates EXXON Dl‘ill Pad F2 PLATE
-80- =% Engineers. Geologists Pt. Thomson Development Project
Z=" A Geophysicisis Winter 1982, Geotechnical Study A'l U
100 2_‘00 EXXON Company, U.S.A.
. J08 MMBER APFROVE L) Wi T
SCALE:FEET K 9612,031 .08 oo agr i |




Harding Lawson Associates

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.



E > 58 =&
[T 4 = = .
> e o5 b DRY DENSITY (pcf)
S =85 [ Ee &Y 25 : o
SzZ~ S BE To gX — &0 80 100 120 Z
“Fok 2 55 u £ 1 i t “
SEw 2 a = 5 o Lo LA LS T -4 i
2 Ea X & & iy 58 KE . = s
E=z=g 2 Z = TN ZE = & SHEARSTRENGTH (KSF) W
=558 8 8 DESCRIPTION HE TV 22 dE Ho ! 2 3 g
4 BROWN SANDY SILT {ML,V/Vy) ) 100 I___ !
15-20% visible jce, Vx to 433 54
61/8"]S 172 diameter, V¢ to 1/47 thick, 30.1!5 -te [ TCON
- fine to medium sand, trace of ki - {46
o8 subangular gravel 1o 1" diameter, 2.6 ke TCON|
cansiderable flbraus organics : [~
near surface
GRAY GRAVELLY SAND
(SP.Vx/V(} 15-20% visible Ice, _ .
Vy to 1/4” diameter, Vy to 1/47 189
thick, fine to coarse sand, trace 10
af subaengular to esbrounded 195 »
gravel to 1" diamater
20.25% visible lce at 11.0°
{4.6]]18.1
-15
¢! GRAY SILTY SAND [5M,Vy} =
5-10% visible ice, Vx 10 178"
o b diamatar, fine to coarse sand, 78 l43s A
1 oceasional gravel ta 17 diameter, 7.8l . M
2041 ¥ and layers of increased sand 20
and grave! content
i1 : (1137 13.0
|'25“ o r T
X . ' 82
E L (1.6} 12 | ] 5A
'30‘ b=l I SG i
' 15 V, to 1/4” diamater, with
m subraunded grave] at 32.5°
1H [13.8Y 10.6
'35' 2K 35
ol *
83 5
L b {13.31 104 SA
L 40+ it . 40
Vx to 1/16" diameter at 43.5° a7
451 bk 45
B becoming gravelly at 48.0° 76
_ (12.71 88 : SA
-55- £
—5(.‘.‘J 60
M Coordinatess N 25 B4T 221 SHEAR STRENGTH
E 1 672 981
ater Depth: --- ’ A —Torvane
1 {Equijpment: Mobile B-61, 8~ Hollow Stem Auger A~ Compressian Tes
Date Completed: 3-5-82 Approved: €8 LOG OF BORING NO. 1 PLATE
Logged By: P.J. Ondra Date: 4-82 Pt. Thomson Development Project
Winter 1982, Geotechnical Study -

dob Number: 9612,031.08 EXXON Company, US.A,







'y J— 3 = —_ —_
qT > PR ) - ¥ = > —~ — &
3 £ _S ¢ DRY DENSITY (pcf) §§ T _5 ¢ DRY DENSITY (pcf)
558 o €5 S= zF m 528 _ g £5 £y Bz pe o
858; S 285288 e wm  w  owm gefy 2 2EE2 8%  ce w1
2s2% 2 8 588 Y _ = i ' - 283z I8 5538 ;8 & ' * -
535 g &2 : sw g¥ 38 o & SHEAR STRENGTH (KSF) T 3328 & 2 EE 3Y 28 - & SHEARSTRENGTH {KSF) z
2538 & 8 DESCRIPTION wE T 22 TR o3y 1 2 3 & >ano & 3 DESCRIPTION e v Qg JE By 1 2 3 5
P GRAY SAND (SP) 1-2.11 (23] |(22.8] ';' BERER : A n |2-°1920_ by g } {8 JEC
loose, medium to fine sand, {-1.91i89 . [30.2] 148 2 ; : A
P ow:sli?;?ld?unded ?:;els 201 {;.39.? gg E,EC . =
1o 1-1/2" diametey, anc 1 GRAY SANDY GRAVEL {GP} : LR e g
It content with - HEM A
g:ec;theasungntcon nt w [1ose csA 65 .-j:"'.-' tuzr:'?}eqn?eé;m::n:':’ml (20} {18) 177 654+ o z EC
79 ST interbedded layers of sand o1 e '
DARK GRAY CLAYEY SILT (L) ((2:) {26.3{Np € s IS
soft to mediom stiff, with L 3 AR
occasional fine sand and [1.9]j[84.4)f(30.3] cC.MA 70 j
gravel, and a trace of organics 325 J
386
N
{-1.8] [35.7} |23
l-1.21| s0.1]
[-1.4] [44.3] L8O
L
1 GRAY-SILTY SAND.{SM} - 55.5 : e
It - Sooseto medivm dense, - |- :lez6)290 | A -
GRAY SANDY SILT (ML)~ ~ {14l 1500 EC -.901 e
very stiff, with very fine sand | 152 '
cotor becoming darker ot 35.0° 263 957
1.2} nz2 Cu 100,
82 - {Ec
21,3 : : e e cu
263 : o — - cu
F454— & " : 1051
325 AT — wu
occasional gravel 1o 3/8" -850 S I . 110 110 : -
diameter and fibrous organics 260, ; = : u - o -
ta 318" long at 51.0° . ’ . +—
o
; : Aot
GRAY SILTY SAND (SM) _ il I ;e 115 ' ' 15 T
medium dense, with cecasional R ‘ :
fibrous otganics and gravel ta e e e LD : 4 t :
1/2" diameter i T s 0 ¢
L60 T 120 1201— t S i
UTM Coordinates: N 26 565 015 SHEAR STRENGTH
E t 670 030 :
Water Depth: 12.3' - A —tonane
. ) N A — Compreasion Test
. ; . e
Date Completed: 37.82 Approves: ¥¢ LOG OF BORING NO. 2 Pt
= Logged By: gy P"-: Jate: : Pt. Thomson Development Project
L H. cott Winter 1982, Geotechnical Study -
Job Number: 9612,031.08 EXXON Company, U.S.A.




Water Depth: 5.8
tEquipment: Mobile B-61, Rotary Wash

:(‘ o %) ,G = g
ES Tg = ¢
& 2 - w é = "g'" = DRY DENSITY {pcf) «
S=g -~ § =% oo oF —~ 60 80 100 120 :
l€25E g o g2 22 2 £ : — 2
(4] = = = o Eaq 0w pemet
gz £ g S : td 28 %E - & SHEAR STRENGTH (KSF) &
23538 &8 DESCRIPTION FE TL 3L J& Ea 12 3 5
P |7 DARK GRAY SANDY SILT ML} 181 | o {379 - ; EC
[ x) -
19 |sf3 DARK GRAY GRAVELLY sanp |91 yasl 1128 ) L‘ SAEC
18 IsiX {SP}) medium dense, metium (-2.0] 183 - EC
E'-Z‘ to coarsa sand, trace of slit, i-2.3] 2.2 | EC
15 515 and occaslanal layers of grave] 211} [07]] 9.9 5 EC
1 B to 1-1/4” dlameter
215 8.7
s k&S . .
all (221144 |86
12 = [7.4] 110 SA EC
14 B¢ : -
'v {'2-‘] 6-5 EC
{2411 81 224 L15 SA EQ]
increasad siit content (2.2)
betwean 17.0° to 18.0° —
{-2.11 86 EC
-20
abundant rounded gravels to 48 25,
1-1/2" diameter, with .
occasional gravel to 3
diameter
. GRAY SANDY GRAVEL (GF—GM} - -
medium dense, with medium  [1-2-11] 5¢ |53 30 . SA.EQ
to caarse sand and occasional |e5.71 -
gravel to 2* dlamater
-35
becomes honded at 38.0°
na visible ice (Ngpn).
with medium to fine sand
F40
sand layar at 49.0"
[-i.2! 40 50 £C
-60J L60 '
UTM Coordinates: N 25 &44 025 SHEAR STRENGTH
E 1 685 051
A —Torvana

A — Compraasian Test

Date Completed: 3-5-82
Logged By:

M.R. Musiai Date:

R.H. Prescott

Job Number: 9612,031.08

482

LOG OF BORING NO. 3

Pt. Thomson Development Project
Winter 1982, Geotechnical Study

EXXON Company, 1LS.A.

B3




= ~ E
x> O a = %
=& T  F . S
o o wE o b= DRY DENSITY {pcf)
528 . 8 £5 ¢ 23 _ o "
§ &= Ew wmi g~ = 60 100 120
oE - 3 Eg wg O el ! L 1 bt
2wt 2 o FN 25 E‘S’ = ! ! ! =
§ g3 g g =838 3 = & SHEAR STRENGTH (KSF) &
L Sasd8 &5 3 DESCRIPHION EL T oL o A 1 2 3 s
GRAY SANDY SILT (ML} 4284 ¥]
g T soft 121415, 4 5A,
=390 | 0ARK GRAY SAND (SP) 2.0l ” aa
. : looss, fine sand [-1.9] 271 | NP 'f e
: FIET : CON
F -5 GRAY SILT (ML} -5~
o soft, with a trace of fine sand
® Tl A
trace of clay 2t 9.5° 438 : s : EC
['1-3] 41.6 _10 1’. 3 i H
occasional shell fragments {-18] [40.0] 354 » EC
at 120° T leoa (383 ] Tl 4 Ic
becaming medium stitf and " lassl 33 L, Y EBN
_ | CON
trace of arganics at 18.0° 7238] 57 YU
{71161 44 | g cu
: (1.8] 69.0 | (18] 203-A coN
- cu
EC
anganics {peat} encountered
at 25.0° (18] 03 59 -25 letaz | £°
GRAY SILTY SAND {5M) -1 ;
" rnadlum dense, mediumi sand, [40.2]f 128
with rounded gravel to 1-1/2°
diameter, and abundant gravel
ta 172" diamater (65.01] 22.3 L
228
DARK GRAY SILT (Mt :
very stiff, becoming graveily
at 34.5°, gravel to 1/2”
diameter L35
decreasing grave! content at
39.0° 244|271 t .
231 | 5]
a9 SA
GRAY SAND (5P} {74.0] 225 45
dense, medium to coarse
sand, becoming graveily
between 45.0° to 49.0° _
.
[-2.2] 219 | EC
28! 132 50 :
'55“ e
f
B0 -60
M Coordinates: N 25 E5B 492 SHEAR STRENGTH
E 1 687 992
11.8° 5 A comomassion st
abile 861, Ratary Wash :
Date Compileted: 3782  Approved: DEG LOG OF BORING NO. 4 PLATE |
Logged By: M.A. Musial ~ Date: 4-82 Pt. Thomson Development Project
R.H. Prescott Winter 1982, Geotechnical Study -

Job Number: 9612,031.08 EXXON Company. US.A.

g



= S5 = £
1 °E ¢
= E5 « S Fao 2= ORY DENSITY (pcf}
8 E E o 9 = § o 85 a1 BD 100 120 E
L EEL & 4 SZ a2l -3 o i —+- i £
w3 o ® s
£5sr 2 8 g ey by & SHEAR STRENGTH (KSF) &
2334 5 8 DESCRIPTION BE YV 92 45 & 1 2 3 5
3 -
BrowN GRAVELLY saNp . [194 1 S0 O | |- | EC.
113 {SP-SM. V[V ) wo to 5% vishhie (221 140 CH
ice, Ocsa_domfwbmuudnd gravel | 429 et E"’T
T8 16| 36.4 - EC
GRAY SILTY SAND (5M,Ng/Npp} _ -
23 fine sand [-4.0]1]| {22.0] 18.0 . [ EC
183 -
-1041 189 EC
18 15.01 135 -+ CHEM
101 SROWN GRAVELLY SAND (P} |90 | {1.1) 69 -10 » EC
19 medium dense, abundant [-08] 62
. rounded to subrounded fine 1.6
10 arave]
P .
# S riy 19 DARK GRAY SILT (ML} 648 By . [15 "~ : &
11 soft to medium stiff, with a [a4) . | M8 i EC
trace of gravel and occasional | (0.7 52.0 c
jenses of organic silt .1
clay seam st 19.0° 355 .
‘X321 366 . CON
i : 423 ) :
25 6.0 251,
. Vr t0 174" diameter and a 524 e
yrace of clay at 26.0° _ —
301 Vs/Vx with ogcaslonat 6.5 "zt~ |
p - gravel to 1-1/2" diameter 416 — & EC
. at 30.0° [17] } 463 Arm
[ 365 GHAY SILTY CLAY {CLNyq) 6.1 35
- o8 -
H“O. 1 6.1 r40
P
45+ Vyto 1/16” thick at 45,5° 6.0 o 45 - : EC
' 36.2 : TCON
- MA,
50+ -
oIy 5.9 370 50 EC
Temperature Mmeasurements E L
1 racocded on 4-17-82 -
Lo : i
- ~60- Lﬁc i Eo:
TM Coordinates: N 25 BA2 165 SHEAR STRENGTH
E 1 695 221
A —Torvane
R A — Compression Test
Date Completed: 3-8-32 Approved: D& LOG OF BORING NO. 5 PLATE
Logged By: M.R. Musial Date: _4‘32 Pt. Thomson Development Praoject :
R.H. Prescott Winter 1982, Geotechnical Study B.5
EXXON Company, U.S.A.

Job Number: 9612,031.08




v ';‘l = o 3? = g
J |- I-I>-l - E = -
£3 - £2 5u 53 DRY DENS(TY (pcf}
jgagg— = Se wz Q¥ =60 80 100 120
gas: 2 a8 EZ 28 -8 £t 4 : {
gzg§ % 2 g g ¢ $f _ E SHEAR STRENGTH (KSF)
2358 & 8 DESCRIPTION Be T ¢8x 4= Ba 1 2 3
sl X GRAY SILTY SAND (SM} 13 ] 160.7] 318 T
P loose [-2.0 225 H
{11 DARK GAAY SANDY SILT tmi) [ {19
soft, with very fine sand [-2.0 y 3
P oy (32.0] NP A
GARAY SILTY SAND (SM) [-1.91, -5 r Y
K3 medium dense, with [-2.1 [9.5) (12.7 ; :
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

LOG OF BORING NO. 19
Pt. Thomson Development Project
Winter 1982, Geotechnical Study
EXXON Company, U.S.A.

B-19




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.

B-37



Harding Lawson Assaciates

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.
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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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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:
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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.





