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Fugro Gulf, Inc./Consulting Engineers and Geologists

5884 Point West Drive, Houston, Texas 77036 ;
Phone {713} 777-2641 Telex 775494

Report No. 80-058-5
October 30, 1981
Dome Petroleum Ltd.
800-6th Avenue S.W.
P.0. Box 200
Calgary, Alberta
Canada T2P ON1

Attention: Mr. M. Gajtani

GEOTECHNICAL INVESTIGATION
KOPANOAR 1-44
BEAUFORT SEA, OFFSHORE CANADA
Gentlemen:

Submitted is the final report for our geotechnical investigation at
the above location in the Beaufort Sea. This report presents a descrip~
tion of the field and laboratory testing programs and our engineering
analyses for plle design.

Dome Petroleum Ltd. authorized this investigation on April 15,
1980. We conducted the study in general accordance with our contract
with Canadian Marine Drilling, Ltd. dated June 9, 1980. Our draft field
report was sent to you omn October 30, 1980.

We received the majority of the laboratory data in preliminary form
from EBA Engineering Consultants Ltd. on January 20, 1981.  Additional
test data were received in telexes dated February 20, 25, and March 24,
1981. Our draft final report was sent to Dome on March 10, 1981 and
approved by Mr. M. Gajtani on May 1, 1981.

L Final laboratory data were received from EBA on August 12, 1981.
These data are included here as Appendices A through G. The ROKE geo—
physical borehole log was provided by Mr. M. Gajtani on May 1, 1981 for
inclusion in the final report. Appendices K and L were recelved from
EBA on October 27, 1981 and are included in this report on request of
Mr. M. Gajtani.

We appreciate the opportunity to serve you on this investigation.

Please call us if you need further assistance.

, : Very truly yours,

. /“s;~_w,

/A,/ gf/{/

Ronald H. Pitts, P.E.
Project Engineer

OL" k’v/\&f
Larry S. Marr P.E. %«/
, Deputy Marine
RHP/LSM: ab Division Manager
Copies Submitted: (10)
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" Dome Petroleum Ltd.

1981 10 19

9th Floor, 800 - 6 Avenue S.W.
Calgary, Alberta  T2P 3G3
Our File: 101-2941

-~ Attention:  Mr. MJU. Gajtani

Senior Geotechncial Engineer
Beaufort Sea Construction

Dear Sir:

RE: MERGING OF EBA - FUGRO REPORT: KCPANOAR 1-44

EBA sent copies of all laboratory test data to Fugro (Appendices A-G) for
the Kopanoar 1-44 location on August 6, 1981. On August 20, 1981, Dome
further requested- that EBA include Appendix K on ldboratory testing
procedures employed, and Appendix L on evaluation of the laboratory fest
data. This additional appendix material was forwarded fo Fugro on
October 19, 1981.

Yours fruly,

EBA Engineering Consultants Ltd.

P

P.M. Romeril, P. Eng.
Project Engineer

THE ASSOC!ATEOH CF
PROFESSIONAL ENGINEERS
OF ALBERTA
PERMIT NUMBER
P 245
£B A EMGINEERING

CONSULTANTS LTD.

e g e

W.D. Roggensack, Ph.D., P. Eng.
Senior Geotechnical kEngineer

PMR/dmT

{4525-118 AVERUE, EDHOHTON, éLEEE‘i’ﬂ 5L 287 TELEPHONE (403}451-2121
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SUMMARY

Fugro Gulf, Inc. conducted a geotechnical investigation to deter-=
mine éoil and foundation conditions and pile capacities at Kopanoar I-44
in the Beaufort Sea, offshore Canada. We investigated soil conditions by
(1) drilling one borehole (B-2) to a depth of 400 feet (122m), (2) perform-
ing tests on samples recovered from B-2 to determine pertinent physical
properties of the foundation‘soils, (3) making in situ cone penetrometér
(CPT) soundings in a second borehole (B-3) to a depth of 174.5 feet
(53.2m) and (4) making in situ vane tests and CPT soundings to 1l feet
(3.3m) from a geabed unit (C*F;oor 9). The measured water depth at this
site was 179 feet (54.6m). ’

EBA Engineering Consultants Ltd. made laboratory tests on the soil
samples; test results are included in Appendices A through G. RQKE\Ltd.
conducted geophysical logging of the Borehole, résults are presented in

Appendix J. Fugro's engineering analyses for this location included

(D) computing ultimate pile capécity using the CPT Method for a 30-inch

driven pipe pile, (2) determining ultimate unit axial capacity using both

API and Lambda Methods for driven pibe piles, and (3) computing ultimate

‘axial load capacity of a 30-inch conductor'érouted into a 36-inch pre-

drilled hole. In computing the grouted conductor capacity, we used an
adhesion factor equal to 0.5 for the slightly overconsolidated soils at

this site.
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INTRODUCTION

Project Description

Dome Petroleum Ltd. is performing studies in the Beaufort Sea,
offshore Canada to determine soil and foundation conditions. Fugro Gulf, -
Inc. conducted a geotechnical investigation for Dome to determine founda-

tion conditions and pile design parameters at a proposed offshore

structure site called Kopanoar I-44.

éPurposes and ‘Scope of Study

The purposes of fhe study were to obtain information on soil and
foundation conditions at Kopanoar I-44 and to compute ultimate pile
capacity for driven pipe piles. In addition, we éomputed ultimate
axial capacfty for a conductor grouted into a predrilled hole. Fugro
accomplished these objectives in the following phéses:

1. Fugro drilled a borehole (B-2) to a depth of
400 feet (122m) to determine soil stfatigrapﬁy
and to obtain soil samples. Using'thé remotely i
‘operated C-Floor 9 seabed unit, ée,also obta&ned
in situ soil strength data to a depth of 11 feet
(3.3m).

2. We made in situ cone penetrometer (CPT) soundings
in an adjacent borehole (B-3) to a depth of
174.5 feet (53.2m).

3. EBA Engineering Consultants Ltd. performed labo-
ratory tests on soil samples recovered from B~2

to define pertinent engineering properties.

‘FEGRO




4. ROKE Ltd. conducted geophysical logging of B-2
to help define stratigraphy.

S. Fugro conducted engineering analyses of the CPT
soundings, field information, and laboratbry test
data to develop the required pile design

recommendations.

Subsequent sections of this report contain brief descriptions of
the field investigation, laboratory testing program, and general soil
conditions at the site. Axial pile design results are presented for a

%

driven pipe pile and a conductor grouted into a predrilled hole.

"%‘—UGRU
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FIELD INVESTIGATION

Fugro investigated soil conditions from the M/V CANMAR SUPPLIER V

provided by Canadian Marine Drilling Ltd. (CANMAR). VWe drilled two

boreholes, designated B-2 and B-3, to depths of 400 feet (122m) and 174.5
feet (53.2m) below the seafloor, respectively. Fugro also used a

seabed supported, in situ testing unit (C-Floor 9) at this site.

Geographical coordinates provided by Offshore Navigation, Inc. are:

Borehole B
Number Activity Latitude, North Longitude, West
B2 Sample Boring L 70°23%44" 135°14 29"
B-3 WISON (CPT) Soundings : 70°23' 44" 135°14'26"
| C-Floor 9 In situ Vane and CPT 70°23'44" 135%14'27"

The water depth was 179 feet (54.6m) measured at 2130 hours on August 7
and 9, 1985 and at 1420 hours on August 8, 1980. A map illustrating
the investigation location is presented on Plate 1. Plates 2 and 3 show
the log of B-2, B-3, and the C-Floor 9 results.

The boreholes were drilled using CANMAR's Failing 1500 drill rig

~and conventional rotary drilling techniques. Samples were taken in

B-2 with ‘a downhole wire line operated sliding hammer; frozen soils

were sampled with a wire line (Reese) core barrél. In B-3, Fugro
conducted cone penetrometer (CPT) soundings using ;ur WISON equipment; a
temperature sensitive cone was used in some tests to méasure in situ soil
temperatures. The WISON normally uses tﬁe weight of the drill string as a

reaction force to push the cone into the soil. Appropriate drilling subs

made up the drill string to enable usiné the CPT tool. A drill string

anchor (packer) was used in some cases to increase the reaction force

allowing additional penetration into harder or more dense soils. ngro

"fhsnn




'YN\ M g

also used the C-Floor 9 in situ testing unit to obtain accurate, shallow,
in situ vaﬁe and cone penetrometer information. Our field report to Dome
dated August 12, 1980 presents a detailed discussion of the drilling,
sampling, and in ;itu testing techniques and equipment used. ROKE Ltd.
conducted geophysi%al logging of the borehole, results are presented in
Appendix J.

Descriptions of the soils encountered in B~2 and B-3, and by the

‘C-Floor 9 are given on the left portion of the boring logs on Plates 2

and 3, along with a graphical symbol for the various types of soil, sample
and CPT numbers and depths, and blow count information. Plate 4 shows a
key to soil classification and symbols used on the boring log. Plate 5 is

a brief chronological summary of field activities.

*Fim;swa




FIELD AND LABORATORY TESTS

Field Tests

The figld testing program was designed to evaluafe the pertinent
physical proﬁ%rties of the foundation soils encountered at this location.
Shear strengths of cohesive soils were obtained using miniature vane and
Torvane devices. Unit weight and water content tests were performed on
most samples. Temperatures of samples were  measured by inserting a’
thermistor probe into the soil Samples. Also, 'in situ temperatures were

measured using the temperature sensitive cone. In situ and sample tem-

_peratures are shown in Plate 6. Selected sampleskwere photographed by

EBA; photographs are not included in this report.

Laboratory Tests

Laboratory tests were made for soil identification and clas-

gification and to provide detailed information on shear strength and

compressibility chataéﬁeristics of soils. The laboratory testing pro-—
gram was developed jointly’by Fugro, EBA, and Dome. EBA conducted the
1aboratdfy tests in Edmonton, Alberta. :

Most soil test results are presented graphically o; the boriﬁg'logs
onn  Plates 2 and.B. Plate 7 is a plasticity chart showing liquid limits
and plasticity indices. Complete laboratory test results are presented
in Appendices C through F. Laboratory test procedures and evaluation of

laboratory test data are presented in Appendices K and L, respectively.

2
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GENERAL SOIL CONDITIONS

Stratigraphy

The following major soil strata were encountered at this location:

Depth, Ft.
Stratum From  To : Soil Description
1 0 - 25 Very Soft Dark Olive Gray Clay
1T : 25 - 40 Medium Dense Dark Olive Gray Silty
Fine Sand
1II 40 - 47.5 Firm Dark Olive Gray Silty Clay
v 47.5 ~”i7 Dense Light GrajAFine Sand
y 57 - 63.5 Stiff Dark Olive Gray Silty Clay
V1 63.5 - 83 " Laminated Loose Olive Gray Clayey
. Silt and Sandy Silt '
nen . VII 83 - 109 Stiff Dark Gray Silty Clay
o VIII 109 - 135 Laminated Medium Dense Dark Gray
Sandy Silt and Silty Fine Sand
IX ’ 135 - 151.5 Very Stiff Dark Gray Silty Clay
X 151.5 - 229 Laminated Very Stiff Very Dark
: Gray Silty Clay and Medium Dense
Clayey Silt and Silty Fine Sand
: XI 229 - 280 Frozen Very Dark Gray to Dark Olive
Gray Sandy Silt and Silt
XI1T ‘ 280 - 313 Frozen Dark Olive Gray Sandy Silt
XIII 313 - 388 Frozen Interbedded Dark Olive Gray
Silt, Sandy Silt, and Clayey Silt
X1V 388 ~ 400+~ Frozen Dark Olive Gray Sandy Silt’

The boring log shows minor textural and color variations and inclusions of

other soil types within each stratum.

Axial pile design analyses presented in this report are based on

the soil stratigraphy and conditions disclosed by B-2 and B-3. We have

'fuz;zrco




not considered possible stratigraphy changes, faulting, or other regional

differences that could influence foundation design.

Soil Properties

The clay soils éncéunteied in the top 25 feet (7.6@) are probably
of recent marine origin. The clay‘has moderately high plasticity,
moisture contents generally higher than the 1liquid limit, typical of
soft marine c1;§s, and a sensitivity ranging from 2.0 to 6.0. The

submerged unit weight'for Stratum I ranges from 28 to 53 pcf (0.45 to

. 0.85 Mg/m3)- The interpreted undrained shear strength is 0.08 tsf

(7.7 kPa) to 15 feet (4.6m), and ranges from 0.08 to 0.12 tsf (7.7 to
11.5 kPa) below 15 feet (4.6m).

The remaining soils to 400 feet (122m) generally gradekfrom fine
sand to silt and silty clay. CPT soundings clearly show the soils in
Strata VI, VIII, and X are finely laminated. Such a laminated structure of
these strata and the interbedding of Stratum XI1I indicate depositional
characteristics typical of deltaic, fiuvial, or lacustrine environments,

probably originating from glacial processes. The silty sands, fine sands,

~and silts of Strata II, IV, VI, VEII, and X have variable in situ

densities, ranging from loose to dense as measured by the WISON CfT
system. The average moisture content below 25 féet (7.6m) was 25 éércent.

Numerous inclusiops of silt; sand, cléy, and silty clay seams,
pockets, and partings occur throughout the soil profile. Organic material
is found in a majority of the saﬁples; Soil color varies between dark
olive gray égd very dark and darkjgray. In general, the soil is slightly
overconsolidéted with overconsolgdation ratios (OCR) ranging from 0.5

to 2.2, as determined from consolidation tests. EBA described the frozen
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soils in general accordance with a standard issuved by the National

“Research Council (Cagada) Technical Manual (Plate éé). EBA described

the soils below 229 feet (69.8m) as frozen, well bonded with no visible

ice (Nbn). Ice crystals were visible (Vx) at several depths.

Soil Design Parameters

We developed a curve of interpreted shear strength variation with

~depth . for cohesive soil layers based on an evaluation of the field and

laboratory test results and the CPT soundings. ‘This shear strength.

profile is indicated by the heavy solid line in the shear strength graph
on the boring log. This shear strength profile is also shown on the soil
properties graph on Plates 8 and 9 together with average submerged unit
weights between the indicated depth intervals.

For the granular materials encountered at this site, desigﬁ
strength parameters were selected on kthe basis of in situ coﬁe pene-
trometer data, triaxial compression test’results, grain size distributién,
and the presence of other soil types within the stratum. The design
strength parameters and submerged unit weights for these granular

materials are also summarized on Plates 8 and 9.

‘F}GRG
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AXIAL PILE DESIGN ANALYSES AND RECOMMENDATIONS

Axial Load Capacity

Fugro used the static method of analysis to predict the ultimate
compressive axial load capacities: of piles. ’We computed axial pile
capacity using a procedure based on cone penetrometer test results (cpT
Method), the AP; Criteria D (Para. 2.6.4b.2), and the Lambda Method (2).
A detailed‘description of the methods used to calculate unit skin friction
and unit endrbearing is presented in Appendix H.

o Sone penetrometer test (CPT) results are presented in Appendix I in
the form of cone resistance and sleeve friction measurements. Since cone
 soundings are in situ tests, they implicitly reflect in situ properties

such as density, streﬁgth, grain crushability; and stress conditions. The

CPT Method uses these in situ soundings directly for pile capacity

computations. Curves of unit skin friction and unit end beariﬁg were

developed using the CPT data for driven piles; these curves are shown

on Plate 8.

PlétekQ presents theAsoil stratigraphy, interpréted strength
parameters, and” submerged unit weights of the different soil strata uéed
for the pile capacity computations by API and Lambda Methods. In
develoPing'the design shear strength profile for the cohesive soils at
this site, we interpreted the assembled soil test results plotted on

~the bpring log and produced a curve through the data considered to best

represent the actual shear strength of the soil.  Using the API and Lambda

Methods and selected strength parameters, curves of unit skin friction

(1) American Petroleum Institute (1980), Recommended Practice for Planning,
Designing, and Constructing Fixed Offshore Platforms, API RP 24, 11th
Edition.

(2) Vijayvergiya, V. N. and Focht, J. A., Jr. (1972), "A New Way to Predict
Capacity of Piles in Clay," Proceedings, Fourth Offshore Technology
Conference, Houston, Vol. 2, pp. 865-874.

"‘i'is 50
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and unit end bearing were developed for driven piles. These curves are

also shown on PlateVQ,

Pile Capacity Curves

CPT Method.  Ultimate piie capacity curves for a 30-inch driven
pipe pile are presented on Plate 10. The CPT Method predicts the

following ultimate loads:

Depth Below Seafloor ‘Ultimate Pile Capacity, Tons, (Kilonewtons)
Feet. Meters Tension Compression
174.5 (53.2m) ' 101 (899) 157 (1397)

The computed skin frictional capacity of Vthe soil plug formed‘ inside
the pile was less than the computed end bearing in several soil strata.
As a result, unit end bearing was limited to the éoil plug frictional
resistance -as indicated on the right graph of Plate 8. Increased end
bearing can be achieved by replacing the soil plug by a grout plug.

API and Lambda Methods. Ultimate pile capacity curves for driven

pipe piles are presented on Plate 1l. At the present time, driven pipe

pile diameters have not been specified by Dome. As a result, pile
4 : : - ,
capacity curves combining both skin friction and end bearing components

- were not prepared for this report. Cumulative skin frictional capacity

curves have been prepared using the unit skin friction values from Plate 9

~and a surface area of the pile, As’ equal to 1.0 ftz (0.09m2).

iE £

When pile diamegers are known, prediction of ultimate axial pile
capacity, combining both skin friction and end bearing, can be made as
follows:

1. Determine pile surface area, A

s of the given

pile,

*fin:;wn




(2) Multiply AS times the wvalue at the given depth
from Plate 11, |

(3) Determine pile end area, A;, of the given pile,

(4) Multiply Ap times the unit end bearing value, a4
at the given depth from the right hand graph on
Plate 9, and

(5) Add (2) and (4).

Grouted Conductor Axial Load Capacity

At the request of Dome, Fugro determined ultimate axial load
capacity for a 30-inch 0.D. conductor grouted into a 36-inch pre-

“drilled hole. Plate 12 shows the results of the conductor axial load

capacity analyses. The axial capacity was determined using the soil

strength design parameters presented in Plate 9 and ‘a computational

3 .
procedure presented by Kraft( ) and recommended by Dome. This method
is similiar to the APIL Method except that clay unit skin friction is

determined at the soil-grout interface by reducing the clay cohesion by

an empirical adhesion factor, o.

-

We computed ultimate axial load capacities with adhesion factors df

0.5 and 1.0 to compare pile capacities in overconsolidated and normally
consolidated soils respectively. At present, the available data does not

warrant using an adhesion factor equal to 1.0. We therefore recommend

using an adhesion value of 0.5 for soils at this location until additional
information 1is available in the future to evaluate the consolidation

characteristics. End bearing was not computed for these grouted

conductors.

(3) Kraft, L. M. and Lyons, C. G. (1974), "State-of-the-Art: Ultimate Axial
Capacity of Grouted Piles.” Proceedings, Sixth Annual Offshore Technology
Conference, Houston, 1974, Vol. 2, pp. 485-503.

i‘{iﬁﬁﬂ
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Factors of Safety

We computed ultimate pile capacity curves as requested by Dome.
Factors of safety used to compute design (allowable) pile capacity should
be selected considering several factors including (1) storm frequency;
(2) wave, current, and ice forces; (3) economic importance of the
structure; (4) methods used in determining subsurface conditions and pre-
determining pile capaciéies; (5) grouting techniques; and (6) sensitivity
of thé strucfure to vertical movement. Factors of safety appropriate for
driven pile capacities determined from CPT data are 1.5 for design and

storm loads and 2.0 for operating loads.

Tbsnn
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SILTY FINE SAND B R o , 7 - | ;
- FINELY LAMINATED 155'-158' 1 1291
o WITH ORCANIC MATERIAL BELOW 168' jr.8 | 67 &{ 99 ® }
~ FINELY LAMINATED 169'-174.5' ' :
3.0 B - . 97 4l . ;55 P
B RN [T L b : 31t QQA / & :
-~ WITH SHELL FRAGMENTS AT 198 0.5 A ‘ g9 4k 60~
(wz'rgf wOOD FRAGMINTS 208'-209" ) ] B
| [FWATER DEPTH MEASURED AT 2130 | '
= HOURS, AUGUST 7 AND 9, 1980, | 0.2 63 = 42 +Ht+ - ,
i | - 3 .
rn. OF BLOWS OF 165 LB HAMMER| , 65T
15 . DROPPED APPROXIMATELY 5 FEET. | 0.4 A 99 +1% '
o6 229'(69;8M) T
6 ERE7EN VERY DARK GRAY TO DARK OLIVE GRAY ['1-8} 6! 77 o 270
SANDY SILT AND SILT (Nbn) i , '
231~ SANDY SILT TO 249! , 17l e |89 X
- WITH CLAY PARTINGS 229'-239' :
. 75 -
42|~ VISIBLE ICE CRYSTALS (VX) AT 248' ; ~ 88 e
- SILTY CLAY 249'-258.5' N X : , ‘
46|~ SILT BELOW 258.5' 2.0 | 64 ___%7 96 ,
~ WITH ORGANIC MATERIAL 258.5'=279' , | . : 80
— WITH SAND POCKETS AND CLAY PARTINGS -1.7 ¢ =30 95 @
260'-279"' ) :
17 ' 4,10 LQp NON-PLASTIC
25 280'(85.4M 11,8 59 - g‘é/ . %g ) 85 -
FROZEN DARK OLIVE GRAY SANDY SILT (Nbn) - ¢ =33° :
g |- SILTY SAND 288'-292" R 82 -
~ SILT WITH SAND POCKETS AND CLAY ¢ =33 12 ° A
PARTINGS 293'-298' ) . : 94 -8 , 90
ZWITH CLAY PARTINGS 298'-303' :
— WITH ORGANIC MATERIAL AT 298
_ WITH ORGANIC MATERIAL AT 308 54 /53 m 6.26 gg/ (%0
LI 313' (95.4M 55 - 2@ 95+ =
TROZEN. INTERBEDDED DARK OLIVE GRAY SILT, 8
23 “ SANDY SILT, AND CLAYEY SILT WITH 96
ORGANIC MATERIAL (‘ibn) : " : (= : /
e T T TO ‘3‘38":"“" S - . A B e i PR EESPSEE S S g BUR S IO ‘ S Q . ', [ AT 100— e
_ WITH SAND SEAMS AND POCKETS 313'-338' !
- VISIBLE ICE CRYSTALS (VX) 318'-325"
— SANDY SILT WITH CLAY PARTINGS 338'-347' , 64/ G NON-PLASTIC 105;
~ WITH SHELL FRAGMENTS AT 343' 76 + &t !
, 54/55 - =)
~ CLAYEY SILT 347'=351'
— SANDY SILT 351'-356'
, : , @
76 |~ CLAYEY SILT 356'-368.5' , : 96 ) 110 =
_ WITH SAND POCKETS AND PARTINGS
, 356 '-388" B : + g
59|~ SILT WITH CLAY PARTINGS BELOW 368.5" 57 - 95 )
' , 115 —
36 67 ) & ‘
388’ (118M) - | ' o
33 [FROJEN DARK OLIVE GRAY SANDY SILT wWiTH 93 N
SAND AND CLAY SEAMS, SAND POCKETS AND , o . NON-PLASTIC
ORGANIC MATERIAL (Nbn) | h | e ‘
100 200 300
= engtration. 400 FT. (122M) KILOPASCALS

- ~5G OF BORING AND TEST RESULTS
i : SORINGS 2 AND 3, KOPANOAR 1-44 .
‘ BEAUFQRT SEA, QFESNORE CANADA
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( Skown in Symbol Column)
Sond Sift Cloy

AN
N

Sandy Silty Clayey Wison CPT Uhdisturbed Rock Core  Split Spoon No Recovery

Predominant type shown heavy

TERMS DESCRIBING CONSISTENCY OR CONDITION

COARSE GRAINED SOILS (Mojor Portion Retained on No. 200 Sieve)

includes (1) clean grovels & sond describeld os fine,medium or coarse,depending on distribution of grain sizes 8(2) silty or
clayey gravels & sands (3) fine groined low plosticity soils (Pl < 10} such as sandy silts. Condition is rated occording 10
reigtive density, s delsrmined by lob fests or estimated from resistance to sampler penetration.

R - R

Descriptive Term - - _Relgtive Density
Loose , 0 o 40 %
Medium Dense i 40 to 70%
Dense 70 1o 90 %
Very Dense . 30 fo 100 %

- £

FINE GRA!NED SOILS (Mojor Portion Possir;g No. 200 Sieve)

includes {1) inorganic & organic silts & clays,(2) sandy, gravelly or silty clays, a(3) cloyey silts. Consistency is rated
sccording to sheoring sirength,os indicated by penetrometer reodings or by unconfined compression tests for soils with P1 > 10

Descriptive Cohesive Shear Strength
Term Tons /Sq. Ft.

) Very Soft Less Than 0.125
Soft 0.125 to 0.25
Firm 0.25 {0 0.50
Stiff 0.50 to 1.00
Very Stiff 1.00 to 2.00
Hard ’ 2.00 ond Higher

NOTE: SLICKENSIDED AND FISSURED CLAY MAY KAVE LOWER UNWCONFINED COMPRESSIVE STRENGTHS
THAN SHOWN ABOVE, BECAUSE OF PLANES OF WEAKNESS OR SHRINKAGE CRACKS;
CONSISTENCY RATINGS OF SUCH SOILS ARE BASED ON HAND PENETROMETER READINGS

TERMS CHARACTERIZING SOIL STRUCTURE

Parting paper thin in size Flocculated : pertaining 1o cohesive soils the! exhitit

1/8'~3" thick a loose knit or flakey structure
Seom * - ic

" Slickensided : having inclined planes of weakness that

are slick ond glossy in appearance

Fissured: ccﬁfc’ming shrink.cge crocks,frequently filled . DEGREE OF SLICKENSIDED DEVELOPMENT
with fine sond "or silt ; usually more or less verfical

Layer : greater thon 3"

Slightly Slickensided: s‘!ickensides present al intervals of

Sensifive : pertoining fo cohesive soils that are subject to ] _2'; soil does not edsily breok
appreciable loss of strength when remolded . along these plones
: Moderately Slickensided: sjickensides spaced atf int Is of
: { different Y ¢ p niervols
inferbedded: co{;‘?“:g of alternate loyers of di . . 1'-2'; soil breaks ecsily along these
sott yp planes '

Laminoted: composed of thin Joyers of varying color and fexture  Extremely Slickensided: confinuous*on'd interconnected slicken-

sides spaced af intervals of 4"~12"; i
soil breaks glong the slickensides
into pieces 3"—6"in size

Caolcareous: containing apprecicbie quanities of caicium
carbonote

Well Groded: having wide rorge in gra{'m sizas.ond s:ubstpmiol Intensely Slickensided: slickensi - Q
omounts of all infermediate partide sizes y n ides spaced at inferveis of

" N .
, L. . fess thon 4 continuous in cll
Poorly Groded: predominctely of one grain SiZ€, Ot having o range © . directions; soil brecks down cicng
of sizes with some infermedicte size missing

planes info nodules 1/4"-2"in size

s g
FUGEO GULF IWC, ) g
Consulting Engineers and Ceclogists PLA‘ (= 4
g 9




i
i

bk
B
i

KEY TO SOIL CLASSHICATION ARD SYREEOLS
FOR FROZEN SOILS

SYMBOL TYPE
(Shown in Symbol Column)

¥ x

* x

FROZEN SOIL
{Overlays Soil Symbol)

; ICE DESCRIPTION (After NRC TM No. 79) *
GROUP ABBREVIATION DESCRIPTION
. NON VISIBLE ICE Nf Poorly Bonded
R Nbn Well Bonded
‘ Nbe Excess Ice
VISIBLE ICE LESS Vx Individual lce Crystals or
THAN 1 INCH THICK Inclusions
Ve lce Coatings or Parwes
vr Random or Iregularty

- Oriented lce Formations

Vs Stratified or Distinctly
Oriented lce Formations

VISIBLE ICE GREATER ICE+ . (Soil Type) lcs m
THAN 1 INCH THICK , Soil Incksions
ICE lce without Soil Inclusions

@
RATIORAL RESEARCH COUNCIL (CANADA) TECHNICAL MANUAL

. )
FUGED GULF, IHC,

Conrulting Enoireery ond Geolegists
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o ey
St

R ~ DATE

, E 8/07/80

s

ZE

o

)
8/08/80
8/09/80
8/10/80

TIME

FROM 1O

09:05 11:50
11:50° 18:50
18:50 + 21:00
21:00 21:30
21:30 23:00
23:00 24:00
00:00 24:00
00:00 07:00
07:00 09:00
09:00 09:45
09:45 11:00
11:00 15:00
15:00 16:15
16:15 19:30
19:30 19:40
19:40 21:30
21430 23:30
23:30 24:00
00:00 16:30
16:30  17:30
17:30  20:10

SUI2{ARY OF FIELD ACIIVITIES

BEAUFORT kEA”‘OnyﬁonE CARADA

DESCRIPTION OF ACTIVITY

Travel to Kopanoar I-44.
_ Wait at location; starboard engine down.
Set anchors. '
Prepare to drill. Water depth is 179 ft.
at 2130 hrs.
Lower drill pipe.
Location of this boring, Boring 2:
Lat. 70° 23" 44" N Long. 135° 14' 29" W
Drill and sample O to 8 ft.

Drill and sample, 8 to 325 ft.
(CPT sounding with C Floor 9 unit
1420-1630. Location of this sounding.

Lat. 70° 23' 44" N Long. 135° 14' 27" W.)

Drill and sample 325 to 400 ft.

Prepare ROKE logging unit.

Log borehole through drill pipe with ROKE
gamma tool.

Pull drill string to 100 ft penetratiom.
Log borehole with ROKE gamma, resistivity,
caliper/density and temperature tools.
(Vane tests with C Floor 9 unit 1140-
1215.)

Pull drill string. *

Repair and test heave compensator

Winch vessel over .to do CPT borehole.
Location of CPT boring, Boring 3:

Lat. 70° 23' 44" N Long. 135° 14' 26" W
Repair combicable reel. Water depth is 179
ft. at 2130 hrs.

Lower drill pipe.
Drill and Wison test, 0 to 25 ft.

Drill and Wison test 25 to 174.5 ft.

Pull drill pipe; rig clutch cannot pull
more drill pipe.

Pull anchors. S :

CPUGEOD GULF INC.

crivlting Engineers ond Gﬁalogu!!

g




TEMPERATURE, DEGREES CELSIUS (C°)

e -5 =4 -3 -2 -1 0 1 2 3 4 5 :
. 0 T T ; 1 I t 1 u T 07
- 10_.
50
15.0 MIN*
O
Z ¢
o
(=}
5
100 .
5.7 MINF 30
40—
= i 1
o ‘ : I 5077
(8]
=}
o |
[N
0
. v 200 607
=
o
_J
UJ 3
) _ 229'(69.8M)
T T —— —— 70
f...
fh FROZEN
0 250
80
300 2
*NOTE: TIME REQUIRED FOR STABILIZATION OF IN SITU 100+
* - TEMPERATURE MEASUREMENT, IN MINUTES.
350— LEGEND i
€ SOIL TEMPERATURE OBTAINED IMMEDIATELY AFTER
SAMPLE RETRIEVAL USING HAND HELD THERMISTOR PROBE. 1104
% IN SITU MEASUREMENT OF SOIL TEMPERATURE USING
TEMPERATURE SENSITIVE CONE IN BORING 3.
400 : ’ !' : ‘ 4 1204

IN SITU AND SAMPLE TEMPERATURES
BORINGS 2 AND 3, KOPANOAR I-44

BEAUFORT SEA, OFFSHORE CANADA

DEPTH BELOW SEAFLOOR, METERS

FUGEQ GULF INC,

Consulting Engineers ond Geolopists : ’ PL £
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SOIL PROPERTIES : : S uNiT mx_zgoﬁoz T : ) UNIT END BIEARING
UNDRAINED SHEAR STRENGTH, S, TONS PER SQ FT | . f, TONSPLRSQFT , q, TONS PER SQ FT

0 0.3 0.6 0.9 1.2 0.2 0.4 0.6 0 w 20 40 60 80

PR s
T TR m | Tl ’
o R SRS ;//, o , P |

| (. N | e o

f/// CLAY

i
SILTY t—- . \
m>qo 4mzmuoz\“ e COMPRESSTON }
|
,

30F— R o ; s T
v ¢ = 30 ¥'=55 PCF

10

(a0 |
Yo el SILTY
) ; 40 PCE 1 47 5 ) (WN] cLay
v MR X
= v Y'=60 PCF Ci::] SAND
¢ =35 (57" = i
| 1 %.H@O [ SR - (63.5")N X SILTY
60 ¥ 1CLAY
BEE AMINATED
U0 CLAYEY
SILT AND
SANDY
SILT

e

Jo-E

1
i
1

e )

l

Pl o

MAXIMUM UNIT END
BEARING

G
1]
N
&

¥ '=55 PCF

£
4
"
ot e st s o

80

Y'=60 PCF

CLAY
|

Y
F L AMINAT-
1D SANDY |
SILT
AND
SILTY
SAND
}
SILTY
CLAY

{

}
i &M LAMINATED "
1
i
i

r
|

3 R
SILTY I
!
1
L

10—t |

, bo¢ = 25° | Y'=60 PCF

T LIMITING UNIT END
BEARING

4

ZEL R

1.8
150 M (15

DEPTH BELOW SEAFLOOR, FEET
DEPTH BELOW SEAFLOOR, METERS

SILTY

y. A

NI cay
31 cLAYEY
SILT
AND

— TSILTYr T T T e T T T T T T T

. : - . pLSaNDy b , M
w mo e e e e e SO PPy — JRR— , |

-
~J
o~
?ﬁh

w4

e e ————

210 M : S : ” , m o

NOTE: UNIT END BEARING IS LIMITED TO THE
; S FRICTIONAL RESISTANCE OF THE SOIL
% PLUG INSIDE THE PILE.

!

SRR TR 1 L | | * | et
e = Wo ‘ 60 90 - 1z0 0 20 40 0 2000 . 4000 6000
9 : REN Y KILOPASCALS : o  KILOPASCALS | RILOPASCALS

™
»

S e TR SOIL PROPERTIES AND PILE CAPACITY DATA
, , : ; . ~CPT METHOD

: BORING 3, KOPANCAR I-44
: W B , m R AR 3 B e : o ST mmbcmomqmmmy‘,ommmmonm CANADA
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ULTIMATE CAPACITY (TONS)
0 40 80 120 160 200
o 0 I Q
CLAY \§
(25%) i \
! k"
30 STLTY Bt
101 SAND [ES
(40") I8
SILTY [WN
(47.5') CLAY 5:\
SAND  [h:
(57") ¥ \‘
\ N : L CLAY r 3%
20~ \ LAMI= [h)
o | \ Cavey Bk
i = \ LCOMPRESSION st Ao [N
o Ly \ (83')] SANDY
W i — , : \ 1.SILT ¢ ; ’\‘l
- ¢ 90 3 1A
lg % : ) SILTY \
§3°“ﬁf TENSION ———" \ CLAY %
< : ; ¥
2 u (109") ¥ h
o N LR R
= g LAMINAT—:”’J
S | o0 \ N ED SANDY[
g m L \ SILT ANCFISS
is] \ SILTY br{}
: T I 1y SAND “i}
La 4ok N (13s5') v 13
o & \ < ¥ N
a] e \ SILTY %
\ CLAY NN
156 \.‘ (151.5")] | W
\ ' LAMI- [y 55
\ NATED l{f;
- \ CSILTY AN
50 \ CLAY- 7
\ (7| Ay (I
- ““"i AND T
: SILTY]
180 LSAND
601~
e | i ] t
% , 210 400 800 1200 1600
g K ILONEWTONS
ULTIMATE PILE CAPACITY CURVES
CPT METHOD
30-INCH DRIVEN PIPE PILE z
BORING 3, KCPANDAR I-44 o
BEAUFORT SEA, OFFSHORE CANADA
FUGEO GULF, INC. L
Corswiting Engineers ond Sacgstg;i" PL:«‘ t




ULTIMATE FRICTIONAL CARACITY (COMPRESSION), TONS

50 , 100 150 200 250

50

CLAY

(25")

CSILTY
SAND

(40')

(47.5%) SILTY

TCLAY fi57s

2CH

s (57N __SAND

(632.57) SILTY k&
LCLAY T

CLAYZY
(83' )& SANDY

100

LBILT JERS
SILTY

] LAy
(1o9')__ "y

£
=}
|

LAMI-
NATED

(135" T

Yt
0
2]

SILT
L3

: SILTY
(151.5')

CLAY
¥

60

T

LAMI~
NATED
SILTY
CLAY
CLAYEY

SILT ANDUNY
SILTY NN
SAND 13

(229" l

N
U1
o

DEPTH BELOW SEAFLOOR, METERS
‘ DEPTH BELOW séAFLOOR, FEET
P
(@]

80

L

SANDY
SILT.
- AND
SILT

300

(280" v

SANDY

SILT

100~

(313") 1

A
INTER-
BEDDED
SANDY
SILT

e P—

2
z

CLAYEY [INH
SILT

AND
SILT

NOTE: CURVES PRESENTED HERE ARE BASED  \
ON THE CUMULATIVE SKIN FRICTIONAL
CAPACITY OF A UNIT PILE (Ag=1.0 SQ.\
FT.) AND DO NOT INCLUDE END BEARING \

(388" ) l

20 :
! 400

X WA AR

l I ! 55\

1(400"' )

500 1000 1500
KILONEWTONS

UNIT PILE CAPACITY CURVES (COMPRESSION)
PANY AND API METHODS
BORINGS 2 AND 3, KOPANDAR I-44
BEAUFORT SEA, OFFSHDORE CANADA

2000

—

FUGED GULF, iKC,
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O ki e

ULTIMATE CAPACITY (COMPRESSION), TONS
0 0 500 1000 © 1500 2000 2500

(25") 1

(40")] SAND
(47.5')] SILTY
(57" <iND

: (63.5") TiLTY
20 : , CLAY

50

: - ; (83" _sANDY
) , ; SILTY
100 - CLAY .
B L (1c¢') i

30 INCH CONDUCTOR GROUTED INTQ hﬁ¥é5

' A 36 INCH HOLE SAND &
401 I /4 A (135")} SILT
: L //// S R SILTY
(151,5"y CLAY

: LAMI-
a = 1.0 : : NATED
' SILTY
CLAY
CLAYEY
SILT AND
; SILTY
- ' SAND
(229') %
SANDY

SILT AND
SILT  [fi:

AN SR A s - -
vt il A e A it
Ml.! e sl B, -

1]

Aoy gLpeeis

. 9/ “v

-
4]
(@]

0
¥

.
v

A et

[3
£

‘FEET

0
¥

A
i

[N
o
(@]

Q
]
(@]
&1
on

3

%

A

DEPTH BELOW SEAFLOOR,

DEPTH BELQOW SEAFLOOR,“METERS
3
|
N
0
o

l :

80

(280') l
At

Sanpy Bt

300 = . \\ st fi
(313") 1 13

1

106 17 INTER-
: ; BEDDED

— 4~ —— —— — — SANDY

350 CLAYEY N
. , SILT
AND A
4 SILT [
NOTE: THIS CURVE DDOES NOT INCLUDE END ,
BEARING .

120 46 | | - Lwoon)] R (1
o 5000 10000 15000 20000 . H

KILONEWTONS

SR N L Ny T NPy FCE R N N N,

7

GROUTED CONDUCTOR PILE CAPACITY CURVE (CQMPRESSIDN)
BORINCS 2 AND 3, KCFANGAR I-44
BEAUFORT SEA, CFFSHORE CANADA

FUGRD GULE, INC,
Corsulting Engiresrs ond Geologists PR =
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SOIL PROPERTIES e : , E  UNIT SKIN _nmwo,m ION . « T END BEARING
UNDRAINED SHEAR STRENGTH, S, TONS PER SQFT , .. {1 TONS PER SQFT g TONSPERSQFT

0 0.3 0.6 0.9 1.2 0 0.25 0.50 0.75 0 15 L 20

45 60

(z5'

, et DCF
, : $ = 30° y'=55 PCF (4D*
| I Y'=40 PCF 7.5

T o0 PCF G (63.57)

i
W
(8]

o«

i
o
&)

¢ 1 4'=55 PCF

o
i
ne
(@]

(83"

Y ' =60 PCF

100

mv :v: )
a i

NATED c = q _ = 30 TSE - ,
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APPENDIX A

BOREHOLE LOGS

Appendix — |llustrations & Tables

Borehole Log and Laboratory Test Results

Summary of Field Operations for 1980 Program
Summary of Field Operations for Kopanoar |-44
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Figure A.1
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y BULK DENSITY (Mgm™) A 9
LOCATlON: KOPANOAR 1-44 1.4 1.6 1.8 2.0 UNDRAINED SHEAR STRENGTH Mo
LAT. 70° 23 44" N,  LONG. 135° 14" 26" W WATER DEPTH: 54.6 m PLAST;C *WATER' 5o {kiloPascals) ga
3 BLOW : £ LIMIT CONTENT (%} LiMIT Sk
a G ND IC p ‘ — g
usc | & SOIL DESCRIPTION COUNT ROU 20 40 60 80 50 100 150 %
[%) T T T T T c, X
0 CLAY AND SILT - trace of organics, very wet, very soft, WOH/60 cm ' ) P‘-—"“; — | e c
T high plastic, olive grey (6Y 3/2), U_Q__\:f}__@_/_]l : NOT FROZEN ?\ ; ‘
- siltier, trace to some organics in distinct - « S,GAS, T
CH 8 laminae and occasional pockets, olive grey ;;2?) :::nm1 , }
- - oceasional shell fragments ) et
5 |- [ - isolated sand lenses, becoming sandier o s' v
2 at58m (5.93) 6/60 cm See Page 2 for
SC | J |SAND - }:la\\’/es\&,zl)aminated. wet, loose, brown (2.5(6Y 9552) 15/60 cm/_ 3 detailed plot of - !
oL 1 <N\ 5 i : test results to S, GAS, X ;
- . i f t , ’
g \QLAY some silt, trace of sand, occasional shell (_rlz?%n)en S /] 15 m penetration
10 - SAND - some silt to silty, faintly laminated with s, GAS
clay layers
. 'some siit, trace of clay, shell fragments and ) 20/60 cm
organic pockets, laminations of clay and organics,
moist, loose, low to nonplastic, olive grey
SM/sC ; (5Y 3/2), (10YR 6/1)
'y
15 = -~ B - - trace of silt, roots and shell fragments, faint 20/60 em _:350
laminae P .
" (17.7) T
-W- CLAY AND SILT - trace of sand, clay pockets and 20/60 cm i
clay laminations, moist, stiff, low plastic, ’ ;
20 - - olive grey (5Y 4/2), {10YR 6/1) . - ;
. . nonplastic i
-8 - trace of sand, laminations of silt, clay, 20/60 cm g : . s
sand, and organics ¢ =20 ;
LB : : : : o e s c. X
25 - w trace of sand, and organics, laminated : 25/60 cm :
lenses, stiff, nonplastic, grey-(6Y.3/2), = - R & % ;
{(10YR 6/2) . , o ‘ ;
(W . distinct laminations of clay, sand, and 25/60 om - T
CL organics at 27.2 m :
30 -%- ; ) ) : [ T
il - sandy, trace of organics, moist, 25/60 cm
) stiff, low plastic, dark grey (BY 4/1),
(10YR 5/2) -
- sand laminae at 33.3 m, silty, fine-grained, 25/60 cm H \
uniform, 50 mm thick
35 w 5. GAS
=63 - few clay laminae and pockets with — 6 =25 $ SA
w organic inclusions, damp 25/60 cm
5] - trace to some sand, occasional clay
40 j— laminae, very stiff 25/60 cm \
v AS
g :g: --very thick clay laminae, 20-30 mm thick ’ 25/60 cm : S 5.6
@ - laminated silts and sandy silts /
E s R hick clay |
oML EeT < trace of sand, very thick clay laminae
B upto 30 mm thick, very stiff ' 25/60 em [~
| x
LG g +
- traea of sand, laminatad, damp, 26/60 cm !
- stiff, low plastic to nonplastic, dark groy ! S, GAS
-G {5Y 4/1), {10YR 5/2) ) . i } .
" ” i ¥ zmm # : o o Cmiaia g i e i
CL . - trace of organics, laminated
B R ok Y : 25/60 em T
| B..
. B - o
CL. 8- - trace of sand, and organics, laminated ) 30/60 cm $=25
. ML
60 - w ~ ; s, GAS ;
: -'trace to some sand, trace of organics and shell s :
oL fragments, lamination up to 50 mm thick 25/60 cm ;
-0
65 1— - 100 mm thick sand and silt bed at 63.8 m, 25/60 cm T i
s o trace of wood fragments, very dark grey 0
SOl (5Y 3/1), (10YR 6/1)
ML G 25/60 cm S, GAS
S ery : : )
70 e 7005 m)__ 30/60 cm 5 c
SILT - -some fine sand, trace clay, : FROZEN-
- olive grey (5Y 3/2), (10YR 6/2) & Bonded, Nbn
=P - some sand, faint laminations 30/60 cm 4 T
75 - ; , //
“‘-% = - some sand and clay, faint laminations 30/60 cm Isolated Vx<3 mm s, GAS
g ¢ = 20°
F pBF= - clayey, trace of sand and organics, faint \ Well bonded, Nbn « T
80 laminations, stiff
’ X
o] + some clay . 4 \ 201 —sul T
; o i ™~ T ‘
ML BN
:g: - trace of sand, faint laminations, : nonplastic
85 |~ -p P damp, hard, low plastic, olive grey (5Y 3/2), 25/60 cm 393 T
, (10YR 6/2) [ I
o ‘ : é 501 T
e - trace of sand and clay,laminated g : ;
Rt . 25/60 cm = 25°
iﬂ‘p” ~ sand bed; 100 mm thick, soma silt, . 6 =2 .
e at 89.05 m ; 284 —pmm | T
G- - traea of sand, laminated Bonded, Nbn / “GAS
oy TRE = rage o sand, organics, and tlay, YTV
-G faminated )
PH - trace clay Z ’ S, GAS
=p P - some sand, laminated — o
LR ‘ T @ T
PR N e - - . B . - . % )
A - trace of sand 30/60 ¢ Trace Vx e i = 13
PR . ( ’
G- 25/60 cm \
PR -
’ : S, GAS :
Nbn S, GAS
3E dy, t f clay, |
FG S - sandy, trace of clay, laminations even, parallel, P
105+~ ng and horizontal Nbn nonplastie \ S.6as ’
Lprd - clayey ;
/ T.c ;
¢ = 20°
110 = -G --some clay, trace of sand and organics, sand 25/60 cm Nbn
p Fham laminations - ' S, GAS ¢
-8 . §
25/60 cm :
P F
115 = T
5 1P R - A\ :
25/60 cm ; A ’
8- - trace of‘ clay and sand, organic specks, sand 25/60 cm Nbn R .
120 |- taminations ' (¢ =25° i
e §
LG - - J
P sandy, trace of clay (121.9) Nbn nonplasric/ j S, GAS, C
END OF BOREHOLE |
125 - E
. NOTE 4 i
All strength- tests performed :
on thawed samples
130
JOB No.: 101 - 2941 L
. EGEND
ORILLING COMPLETED: 80/08/09 I
BOREHOLE DEPTH:121.9 m GRAIN S\ze ‘SHEAR STRENGTH TEST IDENTIFICATION NUMBER
DRILLING RIG: FA 1500 ! ] L ] -:- ;?;\fa\?:ne : gzc?:fa\:::ac: Compr. SJ':S' ?:nsog?ra{ion :Sr - TtiaxialShear 2
LOG COMPILED BY: RJG/TRM/LSM ‘y . # Ros. Min. Vano B CU Triaxia! DS. Diroct Shear X . X-Ray Diftr, ;
% Sand % Silt % Clay y Ui PAGE 10of 2 i
FIGURE A-1  BOREHOLE LOG AND '
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TABLE A1 SUMMARY OF FIELD OPERATIONS FOR 1980 PROGRAM

July 25 fo August 1

Aughst 2 to August 9

August 9 To August 11

August 11 To August 15

August 16

August 17 fo AugusT 25

August 26 fo August 28
August 29 fo September 13

September 14 to September 17

September 17 to September 20

~September 20 to September 22

September 23 to October 9

October 10 to QOctober 12

October 15

ACTIVITY

TUK BASE: mobilization of the
drilling and testing
equipment

KOPANCAR 1-44: coring, logging and

Testing
TUK BASE: resupply and maintenance

TARSIUT D-14: coring, logging and
TesTing

TUK BASE

KAGLULIK P-74: coring,logging and
testing £

TUK BASE: shipped available
- - samples, resupply and
maintenance

BORROW INVESTIGATION: coring at
Tarsiut South and Isserk
locations

TARSIUT 0-34: coring, logging and
_Testing

TUK BASE: resupply and maintenance

TARSIUT N-44: coring, logging and
testing of borehole no.t.

BORROW INVESTIGATION: coring at ;
Isserk, Tarsiuf south and
Uviluk locations

TARSIUT N-44: coring logging and

testing of boreholes no.
2-6

" TUK BASE: programmed ~demobilization.

Equipment personel and
soil sample fransported
south. :




SRR BRI

Date (1980)

July 25th

July 26th

July 27th

July 28th

BOREHOLE KOPANOAR
BEAUFORT SEA

TABLE A-2 SUMMARY OF FIELD OPERATIONS

1-44

Activity

Personnel assemble at Tuk base

Alfera%ions To Supplier Vv
accommodation in preparation

for offshore program

EBA personnel arranging field
lab deployment on vessel.
Fugro personnel supervising
drill rig and Wison installa-

tions

EBA - continuing lab set-up
Fugro - locating and ordering

equipment

Roke personnel arrive

EBA & Fugro - as above




g% . o - TABLE A-2 SUMMARY OF FIELD OPERATICONS (coni'd)

i

BOREHOLE KOPANCAR 1-44

Date (1980) ' Activity
July 29th : » - EBA - as above

- Fugro - modification of sea-
floor remote vane

~- Roke - setting up lab

July 30th - EBA - continued sef-up lab

’ - Fugro - completing rig and
%% 4 Wison installation

July 31st c - EBA - final lab preparations
- Fugro - calibration of sea-
floor remote vane
- Taking on drill pipe, drilling

mud, water, etc.

August Ist - = Waiting on ship due fo anchor
' i o ‘malfunction and fractured fuel
lines

-~ Delayed arrival on Kopanocar

|1-44 location




TABLE A-2 SUMMARY OF FIELD OPERATIONS (cont'd)

BOREHOLE KOPANOAR [-44

Date (1980) Activity
August 2nd - Commenced drilling and Wison
Testing
August 3rd - Continued slow progress, pro-

blems such as slipping clutch

on rig and faulty motion !

compensator
¥
~ August 4th - Very litfle progress, los¥
drill string, packer collar

and 1.5 m cone
~ Motion compensator still not

performing satisfactorily

August 5th ' - Return fo Tuk base for drilling
supplies ‘
- Take onboard government person-
nel for oceanographic and gas

survey
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- THICKNESS (em)

eve

100

30

10

BEDS

DESCRIPTION OF SEDIMENTARY STRUCTURES

- SEDIMENTATION UNITS DEPOSITED UNDER ESSENTIALLY CONSTANT
PHYSICAL CONDITIONS, SEPARATED BY BEDDING PLANES WHICH ARE
RECOGNIZABLE BY TEXTURAL OR COMPOSITIONAL CHANGES
RESULTING FROM PERIODS OF NON-DEPOSITION OR EROSION, OR
ABRUPT CHANGES IN DEPOSITIONAL CONDITIONS. BEDS MAY BE

INTERNALLY HOMOGENEOUS, OR COMPOSED OF SMALLER UNITS-
LAMINAE ' '

LAMINAE - THE SMALLEST MEGASCOPIC LAYERS IN A SEDIMENTARY SEOUENCE,

BEDS

VERY THICK
BED

THICK BED

MEDIUM BED

THIN BED

VERY THIN
BED

(Modified after Ingram, 1954

m)

THICKNESS (m

REPRESENTING MINOR FLUCTUATIONS (N PHYSICAL CONDITIONS
DURING THE DEPOSITION OF BEDS. LAMINAE ARE RELATIVELY
UNIFORM IN TEXTURE AND COMPOSITION AND GENERALLY LACK
MEGASCOPIC INTERNAL LAYERING.

PARALLEL NONPARALLEL
] B—— — =
g = —— e
> s D— ——
i P —
— SEREEE—
Even, Discontinuous, Even, Discontinuous,
parallet even, parallel nonparallel even, nonparallel
LAMINAE —
s> AR M R % AR
S PORCCNH v MR A
< pwvnwnvy S AAA A
VERY THICK ES A MMAAAAN ,2-}“\-""\
NAAAA Vavi
LAMINA > - " -
30 Wavy, Discontinuous, Wavy, Drscqntmuous,
THICK parallel wavy, parallel nonparallel wavy, nonparallel
LAMINA
10 o] N 1
MEDIUM w v Nyt >\{, .
LAMINA 3 &// N -/
2
3 IR == N
THIN LAMINA Curved, Discontinuous, Curved, Discontinuous,
1 parallel  curved, parallel ~ nonparalle! curved, nonparallel
VERY THIN
LAMINA

(After Campbell, 1967)

and Campbell, 1967}
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W ]
IZE usc & SOIL DESCRIPTION GEOLOGIC DETAILS
- <
o @ v
w
o
V 4 CLAY AND SILT - trace organics, Generally homougeneous; iso!atefi ﬂ'?in organic laminae, 01ganic specf(s
B A very soft . Generally homogeneous; few thin silt beds, wavy, even, parallel laminae
v Generally homogeneous; isolated thin organic laminae and pockets
-~ 2~ VA - soft - : T
. Wavy 10 even, paraliel, thin to medium iam;_nae; organic laminae and pockets
] - more silty. Even to wavy, parallel, thin to very thinlaminae .
cH Y — Wavy 1o even, parallel, thin to very thin laminae-isolated; few organic pockets
— 4 — v — - Even, paraliel, thin to very thin laminae; few organic specks
v - - occasional shell fragments Wavy 1o even, parallel, thin to very thin laminae; organic pockets
- v 1 hin lami
B _ isolated sand pockets, lenses Wavy, parallel, very thin ‘ammae ) . :
v o . becoming more sandy Wavy 10 even, paraliel, thin 1o medium laminae; isolated sand pockets
— 6 — B8 . \ Thin to medium-intérbedded sand and clay
sC SAND - clayey, loose Discontinuous, wavy, parzaliel, thin laminae
ct V.~ CLAY - some silt, trace sand Interbedded sand and clay; wavy, paraliel, thin to very thin laminae; sand and cley pockets
g g ~—1 SAND AND CLAY - some silt to silty Distorted medium laminae and pockets of sand and clay
B Distorted medium to thin laminae and pockets of sand and clay: organic pockets
8
g | SAND - somesilt, trace clay. loose Wavy 10 even, parallel, very thin to thin laminae; sitty clay pockets
— 10 — 8 - Wavy to even, paraliel, thin to very thin laminae-faint; thin clay beds and pockets
/ .
8 — Thinly interbedded sand and silt; wavy 10 even, parallel, thin laminae-{aint
B Wavy to even, parallel, thin laminae-faint, very thin organic laminae
12 — 8 ~ - silty, some clay Discontinuous, even to wavy, nonparallel, very thin to medium laminae; clay and
SM/SC organic pockets
L 14 —
B~ - trace silt, roots, and shell fragments Curved 1 even, parallel. thin laminas
: Some homogeneous sand beds
L. 16 —
8 - n - n
= ] ] . Wavy 1 rved, nonpar . laminag; ¢l 1.
18 8 CLAY AND SILT - trace sand, stiff Yy 1o cu parallel, very thin to medium laminae; clayey pockets
— 20 —
cL - more silty
8 Thinly interbedded ¢lay and silt;
Even, paraliel, very thin to thin laminze, organic laminae and specks
L 22 — :
L 24 — o
SILT - trace clay and sand, stiff Even to wavy, parallel, thin 1o medium laminae-faint
26 —
ML B — . Even to wavy, paraliel, very thin to thin laminae
- 28 —
— 30 8 — Even 1o wavy, parallel, very thin to thin laminae-faint in ciay beds
cL CLAY AND SILT - wrace sand g s

JOB No.: 101 - 2941

DRILLING COMPLETED: 80/08/09
BOREHOLE DEPTH: 121.9m 2
DRILLING RIG: FA 1500

LOG COMPILED BY: RIG/TRM/LSM

BOREHOLE
NUMBER

PAGEY OF4

FIGURE A-2

LOG OF SEDIMENTARY STRUCTURE

KOPANOAR 1-44

e e
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W o
T2E usc & SOIL DESCRIPTION GEOLOGIC DETAILS
£ 3
w
[
— B tel, hi hin laminae-faint in clay beds
CLAY AND SILT- trace sand, stiff Even 1o wavy, parallel, very thin to thinlaminae-tai Yy
32 ]
— B Even to wavy, paraliel, thin to very thin laminae; isolated thin beds of sand
L— 34 —
CcL .
-— 36 — . i
- B 4 Wavy to even, parallel, thin to very thin laminae; clay pockets with organics
L~ 38 —
- higher silt and sand content
i B Even to wavy, parallel, thin laminae, minor thin laminae of clay
L 40 —
— 42 — . 8 N . ¢
- few thick taminae of clay Even to wavy, parallel, very thin to thin laminze-inclined 52-10°; few thick
laminae of clay
44 —
- B — - very stiff
w Even 1o wavy, paraliel thin laminae-horizontal; few thick faminae of clay
46 —
48 —
- V. Even to wavy, paraliel, thin laminae; thin clayey bed with “mud ball” structure
SILT - trace clay and sand, stiff
- 50 —
3 L. 8. Even, parallel, thin to medium laminae
54— Mt
L. 8 — - trace organics Even, parallel, thin to véry thin laminae; silt pockets
- 8 Even 10 wavy, very thin to thin laminae; few clayey laminae and pockets
L~ 50 —
L g - more clayey
JOB No.: 101-2841 BOREHOLE
DRILLING COMPLETED: 80/08/09 : NU"ZBER
BOREHOLE DEPTH: 1219 m
DRILLING RIG: FA 1500
PAGEZ OF 4
LOG COMPILED BY: RIJG/TRM/LSM i

FIGURE A2  LOG OF SEDIMENTARY STRUCTURE {continued)

KOPANOAR 1-44
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W “ :
S2E | usc £ SOIL DESCRIPTION GEOLOGIC DETAILS
£ 2 :
& ]
=)
= 1 SILT - as above
— 8 — - more clayey below 6045 m {nterbedded silt and clay -thin beds
ML Even to wavy, parailel, very thin to thin laminae
57—
P . Interbeddad silt, clay and send-thin beds
64 i~ B - dlayey end sandy layers Even to wavy, paraliel, very thin to medium lfaminae, sand pockets, roots
66 —
- 8 Interbedded silt, ssnd and clay -thin beds
Even, paraiiel, thin laminse-indined 20°-30°; organic inclusions
L 68 —
. 70 — - PgF a - sandy, trace clay Wavy 10 even, parallel, very thin to medium laminae-fainmt
72 —
ML Even to wavy, patatlel, very thin imainae-faint
L. B —
L. 74 —
75— - - some clay and sand Even to wavy, paraliel, very thin 1o medium laminae-faint
78 —
) - clayey lenses, trace sand, fow plastic
-{cLy- | B - Discontinuous, wavy 1o even, parallel, very thin laminae; organic inclusions
80 —
L. B - some clay, trace sand Discontinuous, wavy to even, parallel, very thin to thin laminae; organic inclusions
82 —
L - - lay, tr: d
— 84 — B some ciay, trace san Wavy, paraliel, thin to very thin laminae; ciay pockets
- 8 — - trace clay and sand Wavy nonparaliel, thin to very thin laminae-faint; sand pockets
- B Even, parallel, very thin to thin laminae-inclined 209
86 —
— B8 — - some sand, trace clay Wavy, nonparallel, thin to very thin laminae-faint
L 88 — :
L. g — Wavy, nonparallel, thin to very thin laminze-faint
— B — Wavy, nonparatlel, thin to very thin laminae-faint
L. 00
- traceé sand and clay
A Even 1o wavy, parailel, thin to very thin laminae; sand pockets
JOB No.:101- 2841 BOREHOLE
DRILLING COMPLETED: 80/08/09 NUHWBER
BOREHOLE DEPTH: 1218 m 2
DRILLING RIG: FA 1500
LOG COMPILED BY: RJG/TRM/LSM ) PAGE3 OF 4

FIGURE A-2

LOG OF SEDIMENTARY STRUCTURE (continued)
KOPANOAR 144




LOG OF SEDIMENTARY STRUCTURE
KOPANOAR 1-44
5
Za b .
oo E usc z SOIL DESCRIPTION GEOLOGIC DETAILS
r < & = B
£ - v
w
o
- ¢ - SILT - trace sand and clay Even 10 wavy, paraliel, thin 10 very thin laminae; sand pockets
g2 — - g - some clay, trace sand Even 1o wavy, parallel, thin 10 very thin laminae-fsint; sand pockets, organic inclusions
__ Even to wavy, paraliel; very thin to medium laminae-faint
- Q4 —
- B — some sand, trace clay Even 10 wavy, parallel, thin to medium laminae; sand pockets, organic faminae
- some sand, .
= 96 p—
S G ) Even, paraliel, thin 1o medium laminae; sand pockets
B - some clay, trace sand Even, paraliel, thin to medium laminae; sand pockets
L~ G8 —
- B - Even to wavy, parallel, thin to very thin laminae; and pockets
100 SR Even to wavy, paraliel, thin 1o very thin laminae
—102 —
8 - sandy, trace clay Even to wavy, parallel, thinte medium laminae; sand pockets, few organic inclusions
104 — -'and SAND, some clay
—106 — ML - B i Even to wavy, parallel, very thin to medium laminae
108 —
. B8 Even 10 wavy, parallel, very thin to medium laminae
5 —110 — . - some clay, trace sand and organics
2 — B~ Wavy to even, parallel, thin to medium laminée
112 — =
. B — Even to wavy, parallel, very thin to medium laminae; isolated, very thin organic laminae
114 — L B Even to wavy, parallel, very thin to medium laminae
—116 —
— 118 —
b B —f . trace clay. and sand Even to wavy, paraliel, very thin 10 medium laminae
. B - sandy, trace clay Wavy 10 even, parallel, very thin 1o thin faminae, sand pockets
122 END OF BOREHOLE - :
JOB No.: 101 - 2941 BOREHOLE
DRILLING COMPLETED: 80/08/03 NUMZBER
BOREHOLE DEPTH: 1218 m .
DRILLING RiG: FA 1500 .
PAGE 4 OF 4
"LOG COMPILED BY: RJG/TRM/LSM

FIGURE A-2 LOG OF SEDIMENTARY STRUCTURE (continued)
KOPANOAR [-44
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DIAGNOSTIC PROFILES

Appendix - |llustrations & Tables

Liquidity Index Profile

Summary of Atterberg LimitT Testing

Preconsol idation Pressure Profile

vaerconsolidaTion Ratio Profile

Summary of Consolidation Test Resulfs
Salinify Profile

Summary of Salinity TestT Results

Core Temperature Profile

Summary of Core Temperatures

Figure B.1
Table B.1
Figure B.2
Figure B.3
Table B.2
F?gure B.4
Table B.3
Figure B.5

Table B.4
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i,
o $

F b AT S T TESTING, ATANDAR 1-44

SAMPLE PEPTH MO1STURE LIQUID PLASTIC PLASTICITY LIQUIDITY
NUPRER INTERVAL CONTENT LIMIT LIMIT I NDEX usc PHDEX
(m)- 9] %) ¢3) “4)
ic 0.25 - 0.30 73 55 27 28 CH 1.6
28 0.70 -~ 0.85 -~ 64 32 32 CH -
3A 1.59 = 1.63 87 66 30 .36 cH 1.6
4A 2.15 - 2.28 78 56 31 25 M 1.9
5D 2.87 - 3.00 85 64 32 32 MH 1.7
6D 3.48 - 3.60 87 64 31 33 CH 1.7
70 4.07 - 4.20 63 53 23 30 CH 1.3
8A 4.65 - 4.80 78 63 28 35 CH 1.4
oA 5.25 - 5.32 81 55 31 28 CH 1.8
10C 5.80 - 5.93 48 51 27 24 CH 0.9
12A 6.90 -  7.00 50 45 19 26 cL 1.2
138 7.57 - 7.70 37 32 17 15 - CL 1.3
15A 8.60 -  8.65 38 7 13 14 cL 1.8
22A 17.70 - 17.85 - 22 ¢ 29 18 1" cL 0.4
238 18.05 - 18.15 26 25 15 10 cL 1
24A 20.95 - 21.15 29 nonplastic ML
248 21.15 - 21.25 27 32 20 12 cL 0.6
258 24,15 - 24.21 25 29 16 13 cL 0.7
P 26C  27.15 - 27.30 2 30 015 15 cL 0.6
. 27A 30.10 - 30.25 25 30 16 14 cL 0.6
e
o 28A 33.25 - 33.45 22 23 19 4 CL-ML 0.8
g ' 29C 36.25 - 36.40 23 26 15 ik cL 0.7
s 32A 45.20 - 45.35 24 24 21 3 CL-ML 1.0
35C 54.53 - 54.66 ~-— 22 14 8 CL -
36A . 57.55 - 57.70 - 25 21 4 CL-ML _—
378 60.60 - 60.75 ~  -- 31 18 13 cL —
38A 63.68 - 63.80 23 28 Y 1 cL 0.5
39C 66.65 - 66.80 21 23 16 7 CL-ML 0.7
438 79.15 - 79.25 22 25 17 8  CL 0.6
45C 84,55 - 84.70 ’ 28 nonplastic ML
S1A 92.30 - 92.35 26 21 18 3 ML 2.7
588 104.20 - 104.35 28 nonplastic ML
598 105.10 ~ 106.30 21 24 15 9 cL 0.7 ,
63A . 112.65 - 112.80 22 23 17 6 CL-ML 0.8
67C  121.55 - 121.75 27 nonplastic oMU
TA(CPT) 3.15 -~ 3.30 92 54 33 31 MH 1.9
1B(CPT) 3.30 -  3.45 86 68 29 39 e 1.5
1C(CPT) 3.45 -  3.60 81 64 14 50 cH 1.3 .
CH

7§§, : . 1F(CPT) 3.90 - 4.00 85 R 28 34 1.7
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TP\BI!E B-3 SUMMARY OF SALINITY TEST RESULTS, KOPANOAR 1-44

SAMPLE DEPTH ESTIMATED

NUMBER INTERVAL USsC SALINITY CLAY FRACTION
(m) (pp™) (%)
e 2C 0.85 - 1.0 H 26 50
AR 2.50 - 2.62 CH 34 60
° 108 5.67 - 5.80 CH 44 21
A 14A 7.95 - 8.05 SM/SC 34 6
4178 ©10.10 - 10.25 SM/SC 32 3
0 24B 21.15 - 21.25 cL 39 1
A 29A 36.00 - 36.10 cL 36 23
e 29C 36.25 - 36.40 cL 38 | 3
A31A 42.25 - 42.35 cL 37 | 20
& 34A 51.55 - 51.60 ML/CL 36 M 10
A 37A 60.45 - 60.60 ML/CL 36 10
o 37B 60.60 - 60.75 ML/CL 43 10
A 39D 66.95 - 67.05 ML 41 5
A 42A 75.98 - 76.10 ML/CL 32 14
452C 93.25 - 93.40  ML/CL 25 | 10
e 57A 100.15 ~100.6 - ML/CL 45 | 10
A 578 100.00 -100.15 ML /CL 7 ‘ 10
A 58C 104.00 -104.20 M 10 7
¢ 61C 110.15 ~110.25 ML/CL 29 18
A 670 121.45 -121.55 ML 23 : 7

NOTE: 1. Testing performed by EBA (e) and Carbon Sysfems Inc. (&),




Rl sdiareing

{metres)

DEPTH BELOW SEABED

10

10

20

30

40

50
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110

120

130

140

150

TEMPERATURE (°C)

— SEAWATER INTAKE
LOWERED TO 15 m BSL

Tk

NO TEMPERATURE READINGS TAKEN BECAUSE THE HAND-HELD
PROBE COULD NOT BE PUSHED INTO THE WELL BONDED FROZEN SOIL.

A

FINAL PENETRATION 121.9m

NOTE:

Soil temperatures measured immediately after core retrieval using hand-held
thermistor probe.

FIGURE B-5 SOIL CORE TEMPERATURE PROFILE,
KOPANOAR I - 44




TABLE B-4 SUMMARY OF CORE TEMPERATURES, KOPANOAR [-44

DEPTH ' : TEMPERATURE
(m) (°c)
11.0 | +1.9
1.6 +1.3
12.2 +1.2
15.2 +0.5
24.4 +0.7
27.4 | +1.2
33.5 +1.3
36.6 +0.6
39.6 “ +1.9
- ‘ 42.7 +0.7
e 45 | S 0.7
‘ 48.8 ’ +1.0
51.8 ‘ +1.8
54 .9 ' +3.0
61.0 +0.5
64.0 . -0.2
- 67.0 | -0.4
e 70.1 | 1
73.2 1.7
§ 76.2 -1.7
' 79.2 -2.0
81.7 “1.7
84.7 - -1.7

85.5 ‘ ‘ -1.8




APPENDIX C

CLASSIFICATION AND INDEX TEST RESULTS (EBA)
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Appendfx - |llustrations & Tables

Summary of Laborafory Testing Results

Particle Size Analysis of Soils
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PARTICLE - SIZE ANALYSIS OF SOILS =

SILT SAND _Mj‘émﬁj;“_l
FINE _COARSE#;:NE [ coarse
u.s. STANDARD SIEVE SIZES

=40=30 =20=16 =10=8 =4 g Y 31s 2 30

-

PERCENT SMALLER

i*‘ : 1 i"t[

.02 .05 0.1 0.2 0..5 1.0 20 5.0 10 20 50
GRAIN SIZE — MILLIMETRES ‘

BOREHOLE DEPTH DESCRIPTION

SYMBOL NUMBER m C?%Z‘EY S&)T s?;)m GR&XEL Cu Cc U.S.C.
s | KOP-144 ;. sg- 1.83 | 585 43 . 2 B - - cH
—7— | KOP-I44 2.87- 3.88 | 88 38 1 B - - MH
—— KDP-—:@ 4.B65— 4.85 | 58 as 7 8 - - cH
— A~ KOP-144 5.25- S5.32 | 568 38 5 2 - - cH

JOBNO. 1312341 DATE 8@-12-19




PART%CLE‘- SIZE ANALYSIS OF SOILS

SAND GRAVEL ]
CLAY SiLT FINE | mepium  Jcoarsg  FINE | COARSE
U.S. STANDARD SIEVE SIZES
100 200 =100 :601 :%i?o %ép:ss :1:7;8 =4 3,§'—',?" g r 11/;2“ 2 3"
90 SRR R B
8O |rosrpwe bt d o S A
. RN N |
o« :
w :
- 60}
d
g ;
g'\ 50| -
-
z
W40 e A sl s T el s L
3]
o
i : o
a. G L s d
io
0 o L — : _— - I : o
0005 .001 .002 005 01 .02 05 01 02 05 10 20 50 10 20 50
GRAIN SIZE — MILLIMETRES
BOREHOLE DEPTH DESCRIPTION 3 N
CLAY | SILT | SAND |GRAVEL u; Ccey u.s.c.
NUMBER (m) (%) (%) (%) %) N S
KOP-144 5.93- B6.85 | 21 24 55 2 - - sc
KOP—144 5. 18- 8. 28 18 25 57 %] - - sC
KOP-I44 7.88~ 7.1S | 47 43 - 18 %] = -
KOP—-144 7. 78— 7. 88 1ig ig 84 %] - - SM/sC
KOP—I44  8.35- 8,45 5 11 84 2 -~ - sSM/sC
JOBNO. 101 —2841 DATE S8l— 4-13




PARTICLE - SIZE ANALYSIS OF SOILS

: SAND GRAVEL ]
CLAY SILT FINE [ MEDIUM . [COARSE|  FINE | COARSE |

U.S. STANDARD SIEVE SIZES 4
T =200 #1000 =§0 240=30 520 =16 £19.=8 =4 T Ry
X ik s umm— -2

]

>

w

wo b e

-

< o

s

w E :

= P

= S

z il i i

U N

[+« ie

i : B

wo e VRN TNY DR NN IO S -
( M : T t ’]: R 1 .
%' .02 .05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50
o GRAIN SIZE — MILLIMETRES

cymgor| BOREHOLE DEPTH DESCRIPTION c c US.C

YMBO CLAY | SILT | SAND |GRAVEL u c .G

NUMBER (m) % | ) (%) (%) c

—w— KOP-I44 8.95- &.18 | 4 g 87 B 2.7 1.4 sM[sC

g KoP-I44 9.88-° €.75 | 3 11 86 2 2.1 1.2 sH/sc

— 4  KOP-I44 18.18- 1325 - 14 8B g | - | - sM/sc

—A—  KOP-144 18.87- 11.928 - 19 81 2 - -  sM/sC

JOBNO. 1@ 1—-2941 DATE 8@—-12-19




PARTICLE - SIZE ANALYSIS OF SOILS

PERCENT SMALLER

CLAY

SILT

SAND

GRAVEL

FINE

| mEeDIUM

lcoarsg

FINE |

COARSE

=100

U.S. STANDARD SIEVE SIZES

=4

g 1 31 A 2 3|

160

70

:Sp

=4p =30 :'ig 6 :\Q,:B

Y

I

0005 .001

.002

.02 .05

0.1

0.2

0.5

GRAIN SIZE — MILLIMETRES

10 20

SYMBOL

BOREHOLE
NUMBER

DEPTH

DESCRIPTION

{m)}

CLAY
(%)

SILT
(%)

SAND
(%)

GRAVEL
(%)

Cu

Ce

us.C.

tret

KOP-I44
KOP-144
. KOP-144

KOP—-144

11.58~ 11.688

12. 18- 12.28
15. B5— 15. 28

17.78— 17.85

11

22

17

28

2]

75

83

51

g2

a

| sM/sC

SM/sc

cL

JOB NO.

101—2941 DATE

8u—-—12—-189




B

PARTICLE - SIZE ANALYSES OF SOILS

SAND GRAVEL
FINE | mepiuM  [cOARSE  FINE | COARSE

CLAY SILT

U.S. STANDARD SIEVE SIZES

=30 =20=16 =10 =8 =4 T P DY P S
% Y. : R R 4 N R B T

W00 AR : ;.z :?‘s"'j%‘; :

90| -

80 {
70
60
50

40|

PERCENTSMALLER

,41' B o P |

0005 001 002 005 .01 .02 05 01 02 05 10 20 50 10 20 50

GRAIN SIZE — MILLIMETRES

BOREHOLE DEPTH DESCRIPTION

SYMBOL ctay | sitt | sano |raver| Cu Cc U.S.C.
NUMBER (m) (%) (%) (%) (%)

KOP-144  18.25- 18.15 | 28 71 1 2 T

KOP-144  28.85- 21.15 | 11  B7 2 2 - - M
KOP—-I44  24.15— 24.27 8 B9 3 g |- - - o

KOP-144 @ 27.15- 27.38 | 21 77 = 2 B - - oL

IERREE

KOP-I44 3@.18- 38.25 | 34 65 1 B - - e

JOBNO. 1@1~2941 DATE 81— 4—13




PARTICLE - SIZE ANALYSIS OF SOILS

CLAY

SILT

SAND

GRAVEL

FINE

| meDIUM

lcoarss

FINE -]

U.S. STANDARD SIEVE SIZES

=200 =00 =5 40730 =20 116 =10-8 =4 3 Vi a1 V2T 3T

100 AL fﬁ e : = : =%

a0t

80

70}
0
w
-~ 60}
—
2
2 50
|
<
w. 4ol
(&}
o
wd
wo o A g L

20

10}

Of— ~ ] ! I I

0005 .001 .002 .005 .01 .02 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50

GRAIN SIZE — MILLIMETRES
o BOREHOLE DEPTH DESCRIPTION c c s.C
SYMBOL CLAY | SILT | SAND |GRAVEL u c R
, NUMBER (m) %) (%) (%) (%)
% KOP-I44 233.25- 33.45 | 12 84 4 2 - - ocL-ML
_g  KOP-I44 36.25- 36.48 | 23 78 2 2 - - cL
—o—  KOP-I44 39.45- 239.68 | 18 85 4 ) -~ -
_A— KOP-I44 42.35- 42.58 | 11 87 2 a - -~ CL- ML
— B KOP-144 45.28- 45.35 | 16 83 1 2 - - cL- MU
JOBNO. 101 —2841 DATE Sl1— 4-13




PARTICLE - SIZE ANALYSIS OF SOILS

CLAY SILT

FINE

SAND GRAVEL

| mebium }coxxése FINE |

COARSE

:1% =

PERCENT SMALLER

U.S. STANDARD SIEVE SIZES
=40 =30 ::‘29:18 =10 =8 =4
Y :

g Vo 3ja 1 Vet 3

7

.:'})005 » Oé‘l .002 (,005 .CIH .02 .05 01,1 0.2 0.5 TI.O( 20 5.0 ' 1}0 20 50
GRAIN SIZE — MILLIMETRES |
BOREHOLE DEPTH DESCRIPTION |
SYMBOL NUMBER (m C(Lngy S(!;;)T Sﬁ‘,?)o GR&\{EL Cu Cc U.S.C.
e KOP—144 48. 78—~ 48.88 | 11 &3 5 B - -
—F— KOP—144 51. 88— 51.75 23 89 1 B - -
—— KOP-144 54,53~ 54.66 | 18 79 2 2 - - cL
—A-— KOP—144 57.55- 57.78 | 14 B4 1 B - - CL-ML
—~a~—- KGP«I442 s7.80- S7.08 | 13 85 1 2 - -
JOBNO. 11 —-2841 DATE 81— 4—13




PARTICLE - SIZE ANALYSIS OF SOILS

100

CLAY

SILT

FINE

SAND

| mebium

[COARSE

FINE |

GRAVEL
COARSE

U.S. STANDARD SIEVE SIZES

=4 g7 12 I v 12T 20 3T

=60 =4 =30 =20 16 =10 =8
ST AL B i F

90|~
80 |-
70}
[s s}
c
—~ 60}
-
<
£ so0|
e
P w i
w40 :
Q :
« :
u P 5
o 30 F :
201 ke AU
10} % Em
0 > ] 1 1 - :f] : . : B R v‘l B -
0005 001 .002 005 01 .02 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50
GRAIN SIZE — MILLIMETRES
BOREHOLE DEPTH DESCRIPTION c p LSC
CLAY | SILT | SAND |GRAVEL u ¢ -
NUMBER (m) (%) % | (%) (%)
KOP-I44 60.68—- 62.7S5| 28 79 1 a2 - - cL
KOP-I44 63.83- B63.98 &5 35 58 2 - -
KOP—-I44  66.65- B6.88 | 17 & 82 2 2 - - ClL—ML
KOP-I44 | 78.85- 78.18 | 18 &7 23 8 - -~
KoP-144 72.75- 72.98 | 11 78 11 2 = -~
KOP-144 76.18- 76.28 | 15 74 12 8 - -
JOB NO. 81— 4—-13

1P01—2941 DATE
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"

PARTICLE - SIZE ANALYSIS OF SOILS

CLAY

SILT

SAND

FINE | mepium

lcoaRsE

FINE |

GRAVEL
COARSENW

U.S. STANDARD SIEVE SIZES

=4

100

0 =30 =20 216 =10 =8 g Yt 3ja 2t e 37
2 B | . - B T 7
SO 11N G LIS W N W 7 (e e o
80
N I I 7 S0 SHE S o e
s ol
13}
380
—d
<
= o
*—-
=
w40 -
(5]
o
wi
o 30}
20|
10
0 ] 7 : T T 7
0005 .001 002 005 01 .02 0.1 0.2 0.5 1.0 2.0 50 10 20 50
GRAIN SIZE — MILLIMETRES
oL| BOREHOLE DEPTH DESCRIPTION c . Us.C
S$YMBOL CLAY | SILT | SAND |GRAVEL u c S A
4 NUMBER (m) %) (%) (%) (%)
—%— KOP-I44 79.15- 78.25 | 24 72 4 2 - - cL
g KOP-I44 B81.48- 81.55 | 11 84 s B; -~ -
44— KOP-I44 84.28- 84.45 | 11 83 & 2 - -
—A— KOP-144 B84.55- 84.78 | 18 88 2 2 - _ ML

JOBNO. 1@1—2841 DATE

sy—-12—-189




PARTICLE -SIZE ANALYSIS OF SOILS

CLAY

SILT

FINE

SAND GRAVEL ]
| mEDIUM ICOARSE|  FINE | COARSE

U.S. STANDARD SIEVE SIZES

= = = = =30 - = = = 38" Ypr Jigm 1 Vymer e N
100 : :‘?30 ’g? ’g"m}O gﬂiﬁ '%%EB 4 [81 12 a1 lr’? 2- '3
90| 1 :
80 |-
701
o0
113}
-4 60}
=5
<
Z 50|
-
2
w40
(&}
o
{331
a 30}
20
10
| : . .] :
05 0.17 02 0.5 1.0 50
GRAIN SIZE — MILLIMETRES
BOREHOLE DEPTH DESCRIPTION c c s.C
SYMBOL CLAY | SILT - | SAND |GRAVEL u c 2.0
NUMBER {m) (%) (%) (%) (%)
- KOP-144 B7.47- 87.88 | 4 78 18 @ - -
—5 - KOP-144 ©8.25- B8.48 5 86 8 a - -
4 KOP-144 B89.25- 89.15 - 12 . eB o -~ ~
—A— KOP-I44 . gp. 45— S0.68 & 88 & 2 - -
5  KOP-I44 ©1.85- g2.88 | 18 71 18 2 -~ -
— 4+ KOP-I44 ©3.85- 93.90 5 81 14 2 - -
JOBNO. 11 —2841 DATE 31— 4-—14




PARTICLE - SIZE ANALYSIS OF SOILS

SAND

CLAY SILT : l

FINE

MEDIUM

GRAVEL N
[coarsg

FINE | COARSE

U.S. STANDARD SIEVE SIZES
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?j o APFENDIX D

SHEAR STRENGTH TEST RESULTS

Appendix - Illustrations & Tables
Summary of Laboratory Vane Shear Test Results Table D.1
Summary of Torvane Test Results Table D.2

Summary of Results from Unconsolidated-Undrained

Triaxial Test Results A Table D.3
Unconsol idated-Undrained Triaxial Test,
Stress~-Strain Curves 12 pages
'§§ f i ' Consol idated-Drained Triaxial Test Results Table D.4

Shear Strength Envelope for Consolidated-Drained
Triaxial Test Results ) Figure D.1

Consol idated~Drained Triaxial Tests,

Stress-Strain Curves 6 pages
‘ Summary of Limiting Densities for Silty Sand Table D.5
- Consol idated-Undrained Triaxial Test Results Table D.6

Consol idated-Undrained Triaxial Tests, :
Stress-Strain Curves 1 page

Shear S#réngfh Envelope for Consolidated-Undrained
Triaxial Test Results ; Figure D.2

Consol idated-Undrained Triaxial Tests,
Stress-Sirain Curves -~ 2 pages

Shear Strength Envelope for Consolidated-Undrained
Triaxial TesT Resulfts - Figure D.3

Consol idated-Undrained Triaxial Tests
Stress~Strain Curves 2 pages




~ TABLE D-1 SUMMARY OF LABORATORY VANE SHEAR TEST RESULTS, KOPANOAR 1-44

SAMPLE DEPTH INTERVAL WATER MINIATURE VANE  SENSITIVITY
NUMBER CONTENT ~ PEAK  RESIDUAL
(m) (%) (kPa) (kPa)

1c 0.25 - 0.30 73 5 2 2.5
2D 1.00 - 1.15 o 4 ] 4.0
3A 1.50 - 1.63 87 6 1 6.0
aA 2.15 - 2.28 78 6 2 3.0
5D . 2.87 - 3.00 85 9 3 3.0
6D © 3.48 - 3.60 87 5 2 2.5
70 C4.07 - 4.20 63 4 2 2.0
~8A 4.65 - 4.80 78 5 2 2.5
10C 5.80 - 5.93 48 9 3 3.0
12 7.15 - 7.30 36 12 5 2.4
e 1D(CPT) 3.60 - 3.75 - 7 3 2.3
,iiﬁk‘ 1E(CPT) 3.75 - 3.90 89 2 1 2.0

NOTE: 1. Tests performed in field laboratory.




TABLE D-2  SUMMARY OF TORVANE TEST RESULTS, KOPANOAR I-44

SAMPLE DEPTH INTERVAL WATER CONTENT TORVANE
NUMBER ' ' ' ‘ '
(m) (%) (kPa)
1C 0.25 - 0.3 73 7
2D 1.00 - 1.15 - 5
3A 1.50 - 1.63 87 5
4A 2.15 - 2.28 78 8
5D 2.87 - 3.00 85 10
6D 3.48 - 3.60 : 87 9
7D 4.07 - 4.20 ; 63 ; 3
8A 4.65 - 4.80 , 78 4
9B 5.32 - 5.45 40 4
10C 5.80 - 5.93 48 10
12C 7.15 - 7.30 36 10
26E 26.95 - 27.00 .32 ' 77
278 30.25 ~ 30.37 25 79
31A 42.25 - 42.35 - 120
3728 : 45.35 - 45.5 = 108
338 48.60 - 48.7 , - 77
37D 60.90 - 60.95 27 79
39A 66.55 - 66.60 23 110

NOTE: 1. Test performed in field laboratory.




TABLE D=3 SUMMARY OF RESULTS FROM UNCONSOLIDATED-UNDRAINED TRIAXIAL TESTS,
KOPANOAR {-44

SAMPLE DEPTH usc MOISTURE THITIAL CONFINING AXTAL UNDRAINED REMARKS
HUMBER  INTERVAL CONTENT BULK PRESSURE STRAIN  SHEAR STRENGTH
DENSITY AT (JACKETED
FATLURE TRIAXTAL)
(i) (%) Mg/ (kPa) (%) (kPa)
2B 0.70-0.85 CH Disturbed
5C 2.75-2.87 CH 79 1.50 360 15 6 '
98 5.32-5.45 CH 40 B 1.88 385 12 17
128 7.30-7.45 CL . ) Di sturbed
23A 17.45-18.05 cL 24 i 2.05 405 15 .50
26C 27.15-27.30 ML 24 2.08 625 15 58
278 - 30.37-30.40 CL 25 2.01 660 15 65
29D 36.40-36.55 CL 22 2.10 730 15 67
348 51.60-51.75 ML 21 2.10 910 15 81
35C 54.53-54.66 ML 21 : 2.09 940 15 64
38A 63.68-63.80 ML 23 2.03 1045 15 63
41B* - 72.90-73.10 ML 20 2.05 1155 15 149
43A% . 79.05-79.15 ML 21 2.05 1225 15 45
46B*  85.10-85.25 ML 24 1.97 1295 14 393
S2A% . 93.65-93.90 ML 28 1.89 1395 15 104
53A%  95.20-95.40 ML 27 1.90 1415 15 600
+568%  98.85-99.05 ML 22 2.02 1407 15 106 Low Value
59A% 106.30-106.70 ML 28 1.89 1540 15 150
648% © 113.90-114.10 ML 24 1.94 1630 15 165
65A% - 115.60-115.80 ML 18 2.10 1650 15 180
TA(CPT) 3.15- 3.300 MH 92 1.52 250 15 8
1B(CPT) 3.30- 3.45 CH 86 . 1.53 350 15 8
1C(CPT) 3.45- 3.60  CH 81 1.52 450 15 B
Note: 1. 15% axial strain assumed as failure unless peak stress obtained earlier.
2. Asterisk indicates sample in frozen sfate prior fo testing. Initial

bulk density reported is therefore frozen bulk density.
3. Test with pore pressure measurement (+) were done at slower rates.
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TABLE D-5 SUMMARY OF LIMITING DENSITIES FOR SILTY SAND, KOPANCAR 1-44

~ OPT IMUM M1 N ITMUM MAX | MUM
SAMPLES MO STURE DRY DRY
BLENDED DEPTH CONTENT DENS I TY DENSITY

(m) : (%) ’ - (Mg/m>) o (Mg/m3)
16A, 16B, 9.30-10.75 20 1.26 ‘ - 1.67
18A

16A, 16B, 9.30-15.15 20 1.31 1.68
18A, 188B, '
198, 21A

NOTE: 1. This soil was used to reconstifufe samples for consol idated-drained triaxial

testing.
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APPENDIX E

i CONSOL IDATION TEST RESULTS

Appendix ~ |llustrations & Tables

Summary of Consolidation Test Results (1 page) B Tabie E. 1
Consol idation Test Results (8 pages) Table E.2
Consolidation Tests, Compression Curves 4 pages

Thaw Settlement Observed in Consolidation Tests Table E.3

Thaw Settlement in Consolidation Tests Figure E.1
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APPENDIX F

TESTS PERFORMED BY SUBCONSULTANTS

General

Tests performed outside the confines of EBA's laboratory included x-ray
diffraction analyses to determine clay mineralogy, and a broad geochemical

investigation. These services were provided by subconsultants.

X-ray diffraction techniques were used to analyze a suife of 6 clay samples
from the Kopanoar 1-44 location. The purpose of this investigation wa% tTo
deferﬁine clay mineralogies and fo examine fhe mineralogies of fine s;(T~
sfied particles by performing diffraction analyses on two size fractions:
the 0-2 micron fraction and the 2-10 micron fraction. This work was
performed by Dr. Maurice B. Dusseault, P. Eng., who prepared a combined
inTerpréfaTive, report on all the samples tested. He also returned the
original clay smears on glass slides and the original x-ray diffraction

analysis traces. Data from Dr. Dusseault'!s report have been excerpted, and

"~ are presented in Tables F.1A and F.1B. Table F.1A provides a descripfion of

each sample .fes*ed; and Table F.I1B summarizes the clay mineralogies

identified in both size fractions for each sample.

Gebchemica¥ analyses were performed by Carbon Systems fnc.  (CS1) of:BafoE
Rouge,‘ louisiana. Dr. Whelan of CS| prepared a separate interpretative
report discussing the results from all of the 1980 borings. Resulfs for the

14 samples taken at the Kopanoar 1-44 location have been excerpted from that

“report, and are presented in this Appendix. Porewater salinities extracted

from the CS! report were combined with salinify'resuifs from tests per formed

in EBA's laboratory. This combined data is presented ’elseWhere as a

'diagnosfic profile (see Figure B.4, Appendix B).




APPENDIX F

SUBCONSULTANTS RESULTS

Appendix - 1llustrations & Tables |

Sample Descriptions

X-ray Diffraction Clay Mineralogy
Salinity Profile

Depth Profile for ToTa{ Organic Carbon
Pore Water and Sediment Properties
Hydrocarbon Gases

Depth Profile for Observed Methane
Depth Profile For Theoretical Methane
Depth Profile for Methane Potential
Depth Profile for Sulfate Deficit

Comparison of Theoretical Calculated Values of
Methane and Sulfate with the Measured Parameters

Depth Profile for Observed Methane Pressure

Depth Profile at Maximum Methane Pressure

Gas Pressure Derived from Measured Methane
and Theoretical Methane

Total Carbonate in Sediment
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Table F.18
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Table F.2

Table F.3

Figure F.3
Figure F.4
Figure F.5

Figure F.6

Table F.4

Figure F.7

Figure F.8
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APPENDIX F

X-RAY DIFFRACTION CLAY MINERALOGY
AND SAMPLE DESCRIPTIONS
(Results Only)

Report Submitted to EBA by Dr. M. Dusseault, P.Eng.

A




Hole Sample

TABLE FLIA

SAMPLE DESCRIPTIONS

Depth Below
Seabed (m)

Description
§

; . Kopanoar 2B
i 1-44

0070 - 0-85

Clay and Sitt

~ Trace organics
- very wet

- very soft

- high plastic

-~ olive grey

- CH

- 15C

8.65 - 8.80

Sand and Clay

- some silt To silty

- faintly laminated

- black - olive green .in
colour

- SM/SC

25C

24.27

!

24.40

Silt

-~ trace of clay and sand
- clay laminae and lenses
- stiff non-plastic

- grey

- ML

338

48.60 ~ 48.70

1

Sift

- trace of clay and sand
laminae

- damp

stiff

low plastic to non-

plastic

dark .grey

- ML

i

44A

81.05 - 81.12

Silt

- low plastic
clayey

trace of sand
frace organics
faint laminations

{

!

|

- sTitf

ML

i

64C

113.8 = 113.9

Silt

- some clay

- Traces of sand

- Traces of organics
-~ sand laminations

- dark grey - green
- ML




S

TABLE F.1B

i

X-RAY DIFFRACTION CLAY MINERALOGY

Feldspar (frace)
Calcite (frace)

Depth Below Clay Mineralogy Clay Mineralogy
Hole Sample Seabed (m) 0-2um Fraction 2-10um Fraction
Kopanoar 2B 0.70 - 0.85 M - trace M - trace
1-44 | - 65% | - 65%
K - 30% K - 30%
C - 5% C - 5%
Quartz Quartz (Dom)
Feldspar
Dolomite
15C 8.65 - 8.80 M- 5% I - 70%
1 -~ 609 K - 25%
K - 30% C- 5%
C - 5% Quartz (Dom)
Quartz Feldspar
Calcite (frace) Dolomite (tfrace)
25C 24.27 - 24.40 M- 5% I - 60%
I - 60% K - 30%
K - 30% - C - 10%
C - 59 Quartz (Dom)
s ML - frace . Calcite (strong)
e Quartz Dolomite (strong)
> Calcite (trace) Feldspar (medium)
1 338 48.60 - 48.70 M - frace 1 - trace (?)
o | - 60% 1 - 60%
' K - 35% K - 30%
C - 5% C - 10%
Quartz Quartz (Dom)
Calcite (frace) Calcite (strong)
Dolomite(trace) Dolomite (strong)
Feldspar(frace) Feldspar
‘44A 81.0 - 81.12 M- 5% M - frace (7)
I - 60% I - 60%
K - 30% K - 35%
C- 5% C- 5%
Quartz Quartz (Dom)
Calcite (ifrace) Calcite
" Dolomite
Feldspar
64C 113.8 - 113.9 M- 5% M - trace
o | - 60% | - 60%
K - 30% K - 35%
. C - 5% C - 5%
Quartz Quartz (strong)

Calcite (Dom)
Feldspar (strong)
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TABLE §=1 SUMMARY OF PHOTOORAPHS FROM UONES AND LA APNHS,

KOPANOAR 1-44 (Cont'd)

SAMPLE SAMPLE ) CORE SHEAR
N0, TYPE DEPTH usc PHOTOS RAD 10GRAPHS TESTING

‘ (No. of (No. of

- m,f_{ﬂ) R __Pr ints) _ ;_Pr in Ts.)m R .

310 - 42.5 - 42.65 cL )
328 Vo 45.35 - 45.50 CL/ML 1
32C W 45.5 - 45.65 L
348 W 51.6 - 51.75 L I 2 w
35C WooS4.53 - S4.66 ML ‘
36A 8 57.55 - 57.70 ML 1
378 B 60.50 - 60.75 ML B
38A W 63.68 - 53.8 ML/CL ! 2 uu
3¢ B 66.05 - £6.80 ML S
408 PF 69.9 - 70.5 ML 2
41A B 72.75 - 12.90 ML 1
418 PF 72.9 - 73.10 cL 2 3 uu
43n PF 79.05 - 79.15 cL 1 ' 2 Y
44A B 81.00 - 81.12 et 1
443 PF 81.25 - 81.4 oL, 2 3 cu
44D PF 81.55 - B1.7 LML) 2 3 cu
46C B 84.95 - 85.10 ML 1
468 PF 85.1 - 85.25 ML 2 3 W
478 B 87.47 - 87.60 ML 1
a7A PF 87.6 - 87.8 . ML 1 2 cu
49A PF . 89.15 - 89.3 ML 2 2 - cu
508 6 90.6 - 90.7 ML ! '
51D B 92.00 - 92.15 ML 1
518 PE 92.15 - 92.3 ML 2
528 B 93.40 - 93.65 ML i
52A PF 93.65 - 93.9 ML 2 3 w
53A PF 95.2 - 95.55 ML 2 3 w
538 PF 95.0 - 95.20 . ML 2
548 PF 96.6 - 96.9 ML 4
558 PF 97.3 - ¢7.5 ML 2
568 _PF - 98.85 - 99.05 ML 2 2 uy
57 PF 100.15 -100.6 ML 2
588 B 104.2 -104.35 ML 1
S8A PF 104.35 -104.55 ML 2
598 B 106.1 -106.3 ML 1
59A  PF106.3 -106.7 ML 2 5 wu
618 oF  110.25 -110.50 ML 2
61A B 110.5 -110.65 ML S
&3A 8 . 112.65 -112.80 CL/ML 1
648 PF 113.9 11401 ML 2 3 Uy
GLA PF . 114.1  -114.3 . ML
654 PF O 115.6 -115.8 ML 2 ' 4 w
67C B 121.55 -121.75 ML 1

578 PF121.5 -121.85 ML 2




TABLE G-1 SUMMARY OF PHOTOGRAPHS FROM CORLS AND RADIOGRAPHS,
: KOPANOAR 1-44 (Cont'd)

SAMPLE CORE SHEAR

SAMPLE
MO TYPE DEPTH usc PHOTOS RAD1OGRAPHS TESTING
' R (Mo. of (No. of
(m) Prints) Prints)
CANMAR 3.10 - 3.15 MH 1
1A (CPT) L 3.15 - 3.30 AH 2
18 (CPT) L 3.30 - 3.45 CH 2
1C (CPT) L 3.45 - 3.60 CH 2
2B (CPTY G 21.5 - 21.7 CH 1
3A (CPT) PF 30.50 - 20.69 M 2 Cu
Note: 1. UU - Unconsolidated-Undrained Triaxial Test

CU - Consolidated-Undrained Triaxial Test

2. All photos have been included in Volume 7D
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METHOD FOR PREDICTING PILE CAPACITIES

Fugro predicted the ultimate axial capacity of piles wusing the
static method of analysis. In this method, the ultimate compressive
capacity, Q, for a given penetration is taken as the sum of the skin

frictional capacity, Qs, and the end bearing capacity, QP, so that:

Q=0 +Q =fA_ +ar

As and A.P represent the embedded pile surface area and the pile tip

area, respectively; f and q represent the unit skin friction and the

unit end bearing, respectively. The second term of this equation is
2

neglected when computing ultimate tensile capacity.

Cohesive Soils

CPT Method. Unit skin frictiom, £, in cohesive soils is computed

~from the expression:

It

empirical adhesion factor and

s = undrained cohesive shear strength.

Data developed from our experience in the North Sea indicate that the
empirical adhesion factor is equal to 1.0 for normally consolidated

clays and 0.5 for overconsolidated clays. We used an adhesion factor of

1.0 for the normally consolidated to slightly overconsolidated clays and

silty clays.




ii

Lambda Method. In cchesive soils, the frictional capacity, Qs’

‘at a particular penetration is related to both effective vertical stress

and undrained shear strength by a factor A as follows:

QS =3 (om + 2sum) Al

where X = dimensionless coefficient (function of pile
penetration),

- = mean effective vertical stress between the

o} ) .
= ground surface and the pile tip,
s = mean undrained cchesive shear strength along
um .
the pile length, and
AS = surface area of the pile.

Values of Sum and Etn for various penetrations in the clay strata are
computed from the undrained shear strength and submerged unit weight

values. Values of ) are obtained from Fig. 1 of the paper presenting this

E-

(1)

procedure.

API RP 2A, 1980 Method. According to the API RP 2A, 1980 Métbod(z)

the unit skin friction, £, in clay at any particular depth is a functiom
of the und;ained shear strength, 5,2 of the clay.

The ﬁnit skin friction, £, shall be-equal to the undrained shear
strength S for Su less than or equal to 1/4 ton per sqﬁarg foot.
For S, in excess of 1/4 ton per square foot but less than or equal to 3/4
ton per square foot, the ratio f to S, shall decrease linearly from unity

at s equal to 1/4 ton per square foot to 1/2 at s, equal to 3/4 ton per

(1) Vijayvergiya, V.N. and Focht, J.A., Jr. (1972), "A New Way to Predict
Capacity of Piles in Clay,” Proceedings, Fourth Offshore Technology
Conference, Houston, Vol. 2, pp. 865-874.

(2) American Petrol
s i d

- X

3




seuare foot.  For Sy in excess of 3/4 ton per square foot, f shall be

‘taken as 1/2 of s, E

Grouted Conductor. Unit skin friction, f, in cohesive soils is

computed from the expression:

f=as
u
where a = empirical adhesion factor and
s, = undrained cohesive shear strength.

Empirical adhesion factors recommended by Kraft(B) vary from 0.3 to 1.0
depending upon the ‘consolidation history of the soil. We recommend an
adhesion factor equal to 0.5 for the slightly overconsolidated soil

conditions ‘at this location.

Unit End Bearing. TFor CPT, API and Lambda Methods, the unit end

* 1
bearing in clay is computed using the expression:

»
i

‘where undrained shear strength and

a dimensionless bearing capacity factor
(NC = 9 for deep footings)."

.
[}

~ Unit end bearing was not computed for grouted conductors in cohesive

soils.

“Grenular Soils

CPT Method. Unit skin friction, f, in granular soils is determined

3 Kraft, L. M. and Lyons, C. G., (1974), "State-of-the-Art: Ultimate i
Capacity of Grouted Piles." Proceedings, Sixth Annual Offshore Techro
Conference, Houston, 1974, Vol. 2, pp. 485-503.

*?_;‘34{!
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rom the expression:

ft=8
9
where B = empirical coefficient and
g = cone resistance

o

Data from load tests on piles driven in sand both onshore and offshore

indicate the empirical coefficient, B, is equal to 1/300 for compression

(4)

and 1/400 for tension . Cone resistance is tzken from the WISON cone

penetrometer soundings.

API and Lambda Methods. The frictional capacity developed in

granular soils is determined using the following equation:

f=KO tan 6
v

where K = coefficient of lateral earth pressure,
: S . ‘. 2 : . .
g, = effective vertical stress, and 1
§ = angle of friction between foundation soil and
pile.

‘The value of K is taken as 0.7 for compressive loads. Effective vertical

stress 1s computed from the submerged unit weight values.

Grouted Conductor. Unit skin frictionm in granular soils is

determined using the same equation presented above for the API Method.

(3)

.

This procedure is recommended by Kraft

Unit End Bearing. Unit end bearing, q, in granular soils for the
CPT Method is a function of the cone resistance, pile penetration, and’
pile diameter. fhe;procedure used to compute unit end bearing at this

(4)

site is 1illustrated on Plate H-1 . Computed unit end bearing (from

(&) te Razmp, W. G. B., (1977) Second Tugro-Cesco CPT Symposium.




~Plate H-1) is corrected, if necessary, to account for degree of overcon-

&)

solidation (OCR) and grain size according to Plate H-2 For the
granular soils encountered at this location, OCR is assumed equal to 1.0;
therefore, computed unit end bearing was not corrected.

For API and Lambda Yethods, unit end bearing, q, for piles

installed in granular soils is computed using the following equation:

= 8 N
q v g
where av = effective vertical stress, and
.. ..o® . .
Nq = a dimensionless bearing capacity factor

which is a function of ¢, the angle of
internal: friction of the soil.

Unit end béaring was not computed for grouted conductors in granular

soils.

Limiting Values . A -

CPT Method. Unit skin friction in granular soils is limited to
the measured sleeve friction, fs, taken at the given depth from the

Wison cone penetrometer soundings, up to 1.20 tsf (0.115 MPa). In other

‘words, the design skin friction is the lower of the computed skin friction,

Bq.» the measured sleeve friction, f;,kor 1.20 tsf (0.115 MPa).
Unit end bearing of piles in granular soils depends on such factors
as density, internal friction, and grain crushing strength; Data from
| . L4y (Y Lo .
pile load tests in granular soil indicate maximum unit end

bearing is equal‘té 150 tsf (14.4 MPa).

API and Lawbda Methods. The computed values of f and q for

79), “"Pile Foundations for Large

(5) de Ruiter, J., and Beringen F.L. (197
technolegy, Vol. 3.

North Sea Structures,' Marine SGeote

“‘i?_;a;%m
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granular soils are not allowed to exceed certain values given in the

table below. These values are based on our experience and data presented

(&)

‘elsewhere .

- fmax qmax
Soil Type ¢ 8 (tsf) N (tsf)
‘Sand 35° 30° 1.0 40 100
Silty Sand 30° - 25° 0.85 20 50
Sandy Silt 25° 20° ; 0.70 12 30
Silt and
Clayey Silt 20° 15° 0.50 8 20

Grouted Conductor. The computed values of unit skin friction in

cohesive soils are limited to a value of 1.5 tsf (144 KPa) based upon

(3)

Kraft's recommendations. Maximum unit skin friction in granular soils

follows the values tabulated above. N

!

(6) American Petroleum Institute (1969), Recommended Practice for Planming,
Designing, and Constructing Fixed Offshore Platforms, API RP 24, First
Edition.
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APPENDIX I

IN SITU TEST INTERPRETATION AND RESULTS
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IN SITU TEST INTERPRETATION AND RESULTS

~WISON Cone Penetrometer Test Interpretation

WISON cone penetrometer test (CPT) results are presented on Plates

1-1 and I-2 as curves of cone resistance, q , and sleeve friction, fs’
c

versus depth below seafloor. Interpretation of this data provides

estimates of soil type and cohesive soil shear strength or granular soil

density. Shear strength and density data from CPT results are combined

with field and laboratory soil test results to obtain the best estimate

of soil parameters needed to compute unit skin friction, f, and unit end

'bearingflq, for pile design analyses.

The ratio of sleeve friction, fs’ to cone resistance, 9. is

termed the friction ratio, FR’ and has generally been correlated with
; 1 v . . s .

unfrozen soil types ( ), as shown in Plate I-3. Friction ratio can

~~be used to'identify unfrozen soil type at depths where no samples have

been taken.

In cohesive soils, in situ undrained shear strength can be

estimated from the equation:

where Sy " undrained cohesive shear strength, =
q_ = cone resistance,
0 = effective vertical stress, and
N, = cone_faétor.

Values of Nk are normally based on undrained shear strengths determined

(1) te Kamp, W.G.B., Fugro In House Seminar, February 13, 1975.

T SRR

e




ETRRL

‘tance, q_, and in situ temperature along the sleeve.

i1

from triaxial compression test results on s0ils recovered from the
borehole. N, values used in this analysis are shown on Plates I-1 and
I-2.

We estimated in situ relative density of unfrozen granular soils

using the followirg: ; -

Density Cone Resistance, q.s kgf/cm2 Relative Density, Percent
Loose : less than 40 ; 0 to 40
Medium Dense 40 to 120 40 to 70
Dense 120 to 200 70 to 90

“Very Dense greater than 200 30 to 100

These values are based on Fugro's experience with CPT's in sand both
(2) .
onshore and offshore. Schmertmann presented a correlation of q ,
: c
relative density, and vertical effective stress for specific granular

soil conditions.  Schmertmann's correlation is illustrated on Plate I-4

for comparison purposes only.

WISON Temperature Probe

In situ temperatufe measurements made in the borehole are presented
on Plates I-1 and T-2 and also on Plates 2, 3, and 6 in the report. We
measured temperatures using our specially designed .temperature sensitive
cone. This cone replaces the mnormal cone and measures cone tip resis-

Sleeve friction

is not measured while using the temperature cone. Measured temperatures

normally stabilized between 8 and 33 minutes after completion of the cone

sounding.

We checked the temperature sensitive cone against a mercury ther—

mometer before and after each test conducted in the field. 1In addition,

for Cene Penetration Test

(2) Schmertmann, John H., (1977) "Guidelines
riment of Transportation, T

Performance and Design', U.

s e



it

the mercury thermometer was checked by a calibration company at the
completion of the field work; calibration results are presented on

Plate I-5. Temperature measurements presented in this report have been

corrected.

In Situ Vane Test Interpretation

The C-Floor 9, a remotely operated, seabed supported, in situ
testing unif, was used to perform five in situ vane tests from 2.6 to
10 feet (0.8 to 3.0m) penetration below the seafloor. A description
of the field operation of this unit was presented in our draft field

report dated Octdber 30, 1980. In the vane test, the torque, T, required

to shear the soil is measured and soil shear strength is computed using

~the following eqﬁation for the rectangular blade (3):
0.023
s, = T 5 : = 0.00073 T
(p"H/2) x [1 + (Dp/31)]
where s, = undrained shear strength, tsf,

T = measured torque, in-1b,
D = width or diameter of vane blade, 3 inches, and

H = measured height of vane blade, -6 inches.

In situ vane test results are plotted in the strength graph on the boring

log, Plate 2.

(3) American Society for Testing znd Material {1979), "Standard Method
for Field Vane Shear Test in Cohesive Soil," ASTY D2573-72, Part 19,
pp. 386-394, ’ ,
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APPERDIX F

GEOCHEMICAL AND GAS ANALYSES
(Results Only)

Report Submitted to EBA by Carbon Systems, Inc.
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FIGURE F-4 DEPTH PROFILE FOR THEORETICAL METHANE




60

6.

21.60

\

0

35 60
)k\—

FLOOR=0.

.60

51

66.60

H - OCEAN

81.60

80

SEDIMENT DEPT

[on]
w
“D.o0 0.20 ~0.u0 0.60 0.80 1.00 1.20  © 1.40
; S METHANE POTENTIAL g

NOTE: 1. The highest potential for future methane production
is normalized to 1 and occurs in each boring at or
near 60 m penetration.

FIGURE F5 DEPTH PROFILE FOR METHANE POTENTIAL
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water sulfate based on the conservative sea water
value.

2. Less sulfate is depleted st lower salinities. (below 60 m).

Fig&SURE F-6 DEPTH PROFILE FOR SULFATE DEFICIT
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NOTE: 1. This parameter represents the lowest excess pressure
which could develop from biologic methane produc-
tion.

2 All values shown are negative which indicated that
insufficient methane was present for bubble formation.

FIGURE F-7 ; DEPTH PROFILE FOR OBSERVED METHANE PRESSURE
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FIGURE F-8 DEPTH PROFILE AT MAXIMUM METHANE PRESSURE
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TABLE F.6  TOTAL CARBONATE IN SEDIMENT FROM BORING TAR D-14

Depth ; Total carbonate
_,,(J_“l_ ; (wt. %)
2.6 . 0.41
8.1 0.95
10.3 0.68
36.1 2.33
42.3 2.43
§7.6 1.53
60.6 2.52
67.1 2.31
76.1 1.77
93.4 1.23
100.2 1.71
104.2 1.75
111.3 2.13
121.6 1.97
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INDEX TO CORE PHOTOGRAPHY AND RADIOGRAPHY (EBA)
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APPENDIX G

INDEX TO CORE PHOTOGRAPHY AND RADIOGRAPHS

Appendix - Tables

Summary of Photographs from Cores and Radiographs Table G.1




TAD ear 10130 B e e
FASLE S OFRDM OGRS AN DAL O

AR 1 -44

SAMPLE  SAMPLE CORE SHEAR
NO. TYPE DEPTH usc PHOTOS RAD | OGRAPIHS TESTING
(No. of (No. of )
() " Prints) Printsy =~ .
1A L 0. - .125 CH ' 2
18 L 0.125- 0.25 CH 1
2A 8 0.6 - 0.7 CH o 1 ;
28 L 0.7 - 0.85 cH 2 uu
2C L 0.85 - 1.0 CH .
38 Lo 1.63 - 1.75 CH 1
8 L 2.28 - 2.4 CH 1
58 L 2.62 - 2.75 oH ]
5C L 2.75 - 2.07 CH i 2 uy
5D V. 2.87 - . 3.00 CH/tAH 1
6A L 3.1 - 3.23 cH )
68 L 3.23 - 3.35  CH !
6C L 3.35 - 3.48 CH !
7A L 3.7 - 3.82 cR 1
78 L 3.82 - 3.95 CH : : 1
7c L 3.95 - 4.07 cH : 1
98 L 5.32 = 5.45 CH 1 2 ; oy
= 10A L 5.55 - 5.67 CH !
Lo 108 L 5.67 - 5.80 cH o
v 100 B 5.93 - 6.05 sc 1
' 128 W 7.0 - 7.15 cL 3 w
13A M 7.45 - 7.57 oL 2 1 cu
138 B 7.57 - 7.70 cL 1 ,
148 B 8.05 - 8.20 SM/SC ! ’
15A B 8.60 - 8.65 e
168 B 9.45 - 9.60 SH/SC 1
178 G 10.25 - 10.35 SM/SC - 1
188 B 10.75 - 10.87 . SM/SC 1
208 B 11.97 - 12.10 SM/SC 1
218 B 15.05-15.20  SP/SM 1
22 B 17.70 - 17.85 cL o
23A W 17.45 - 18.05 ML 1 T uu
248 B 21.15 - 21.25 cL 1
25A W 24.0 - 24.15 ML 1
758 B 24.15 - 24.27 1ML 1
268 B 27.00 - 27.15 cL !
26C W 2705 - 21.3 ML 1 2 Ui
2R 8 30.10 - 30.25 cL 1
278 Wooo30.37 - 30.4 cL 1 1 V U
28A B 35.25 - 35.45 cL 1
298 W 3601 - 36.25 ML 1
29C B 36.25 - 36.40 CcL 1

290 W 36.4 = 30.55 cL i i uy
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CONE RESIST/ 2. 4 . (kgf/em?)
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Notes:

MEASURED TEMPERATURE

TEMPERATURE CORRECTION

Degrees Celsius

’ Degrees Celsius

+4.0

+0.1

+0.1

1. Temperature correction uncertainty is less than 0.2° Celcius.

2. Temperatures provided in this report have been corrected.

3. Temperatufes certified by Dienst van Het Ijkwezen.

)

CALIBRATION OF MERCURY THERMOMETER

1980 CANMAR PROJECT

BEAUFORT SEA, OFFSHORE CANADA
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GEOPHYSICAL BOREHOLE LOGS (ROKE)
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CANADTIAN MARINE DRILLING LIMITED
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Depths Measured from
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FILE NO.}  compANY

WELL
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FIELD
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FILE NO. COMPANY

CANADTAN MARINE DRILLING LIMITED

BORING HOLE # 2

KOPANOAR I -~ 44
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O i
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Classification and Index Tests

These tests are quite routine and the standard ASTM procedures'employed are
listed below:

TEST ASTM DES|GNATION
Moisture Content D 2216

Liquid Limit* "D 423
Plastic Limit and Plasftc:fy Index D 424 .
Grain Size D 421 & 422
Specific Gravity " D 854
Relative Density ' D 2049
Unified Soil Classification D 2487

Bulk Unit Weight¥* - N/A

In addition to the specific procedures described-in the following sections,
samples programmed for strength and consolidation tests had several other
basic tests performed. These were:

1. Moisture content

2. Bulk density

3. Core photography and radiograph (where practical)

4. Detailed description of sedimentological features, and

5. Identification and preservaf&on of any discrete organic material
encountered. ‘
NOTES: ¥ALl liquid limit determinations were performed with a 3 point
procedure. :

*¥Bylk unit weights were determined directly from external dimensions
and sample weight in air.
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LABORATORY TEST PROCEDURES

Triaxial Shear Tests

Unconsolidated-Undrained Triaxial Tests

Procedure 1*¥ -

Procedure 2% -

Standard unconfined compression test procedure.
Stress-strain curve produced.

Sample mounted in +friaxial cell and jacketed. Cell
pressure equivalent to estimated total horizontal siress
applied without sample drainage. Sample . sheared by

increasing axial stress at contfrolled rate of strain.
Frozen samples permitted to thaw (undrained) before
commencing shear. Stress-strain curve produced.

3

Consolidated-Undrained Triaxial Tests :
Procedure 1 ~- Sambie mounted in triaxial cell and jacketed. Cell
pressure equivalent to estimated jotal horizontal stress
applied with drainage permitted. With consolidation

complete, drainage is shut off. Frozen samples were placed
in a pre-chilled triaxial cell and permitted to thaw before
commencing consolidation. A pore pressure response test
was carried out prior to shearing. If a B value of less
than 0.95 was obtained, back pressure was applied to obtain
saturation. Samples were sheared by increasing axial
stress at a controlled rate of strain. Stress-strain
curves and other diagnostic plots produced. Generally
performed minimum of 2 fYests on each material type Yo
define strength parameters in terms of effective stress.

Eoem
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LABORATORY TEST PROCEDURES

Triaxial Shear Tests

Consolidated-Drained Triaxial Tests

Procedure 1 - Frozen samples required that the triaxial apparatus be pre-
chilled. Sample mounted in friaxial cell and jacketed,
thawed under nominal pressure. Consolidated 1o cell
pressure equivalent fTo estimate horizontal in situ
effective stress. With drainage open, sample was sheared
by increasing the axial stress at a controlled rate of
strain. Stress-strain curve and other diagnostic plots
produced. Generally performed minimum of 2 tests on each

material fype to define strength parameters in terms of*
effective stress.

Procedure 2 - lack of undisturbed samples of sand from certain sirata
required reconstituting disturbed samples for strength
testing. Relative density test conducted on the sand and
reconstituted samples are prepared to approximately 70%

,*ﬁﬁ ' relative density. Sample was consolidated To cell pressure
h equivalent to the estimated in sifu horizontal effective
S stress. With the drainage permitted, the sample was

sheared by increasing the axial stress at a controlled rate
of strain. Stress-strain curve and other diagnostic plots
produced. Generally performed minimum of 2 Tests on each
material type 1o define sirength parameters in terms of
effective stress.

NOTES: 1. Unconso!?dafed—undrained triaxial procedure  according to ASTM
D2850. :

2. Consolidated-undrained and-drained +triaxial procedures follow
those recommended Bishop & Henkel (1969).

B.N Samples reconstituted following procedures outlined in
Bjerrum, Kringstad, and Kummeneje (1961).

4. Tests denoted by asterix were occasionally performed with back
pressure and porewater pressure measurement during shear.




LABORATORY TEST PROCEDURES

Direct Shear Tests

Procedure 1 - Standard direct shear procedure. Frozen samples permitted
to thaw and stage-consolidate under applied normal pressure
before commencing shear. Resheared strength measured on
plane cut after peak sirength had been determined.
Stress-strain curve and other diagnostic plots produced.
Generally performed minimum of 3 tests on each material
type to define strength paremeters in terms of effective
stress.

Procedure 2 - If available sample consisted of disturbed material, Test

specimen was reconstituted and sheared following The same
general procedure indicated above.

NOTES: 1. Standard direct shear procedure according to ASTM D 3080.

2. Samples reconstituted following procedures outlined in
Bjerrum, Kringstad, and Kummeneje (1961).
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LABORATORY TEST PROCEDURES

Consolidation Tests

Procedure 1 - Sample set up in 64 mm (2.5 in) oedometer with dry stones.
Load increments incressed by 50% were applied fo obtain a
specified vertical effective stress exceeding The estimated
in situ effective overburden pressure. The oedometer was
then flooded, unloaded and permitted to rebound.  After
rebound, The specimen was reloaded in 50% increments until
a vertical effective sfress of approximately 400 kPa was
obtained. Thereafter, the standard doubling of pressures
was resumed to test completion. An e-log p' curve, cy,
k, my,, and estimate of preconsolidation. pressure
produced.

Procedure 2 - Sample set up frozen in oedometer, then moved from cold
room to standard apparatus. Moderate siress was applied to
seat load cap, and sample was then thawed under nominal
pressure. Procedure then continued as outlined above. An

e-log p' curve, cy, k, m,, and estimate of
preconsolidation pressure produced. Thaw strain data also
obtained.

NOTE: Modifications made to standard procedure (ASTM D 24335) taken

from Andresen et al. (1979) and Broms (1980) as recommanded for
overconsol idated soils. .

~
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Procedure 1 -

Procedure 2
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LABORATORY TEST PROCEDURES

Pore Water Salinity Tests

Samples trimmed to remove disturbed material. Porewater
extruded from thawed sample. Titration was then performed
to establish equivalent salinity (NaCl).

Salinities originating from Carbon Systems, Inc. were

determined using a modified Mohr titration and verified by
conductivity.

NOTES: 1. A silver nitrate fitration was performed to determine the
.. chloride ion content (chlorinity) following ASTM D 512, Method B.

2. Chloride ion content was converted fo an equivalent salinity
using the empirical relationship that follows.

Salinity (o/oo) = 0.03 + (1.805 x Chlorinity (o/00))
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A geotechnical investigation of soil and foundation conditions was performed
for Canadian Marine Drilling ttd. at the Kopanoar [-44 exploratory drilling
site in the Beaufort Sea. The study consisted of a foundation boring
drilled to 122 m seabed penetration in 55 m of water. Laboratory fests were
subsequently performed on tube and core samples recovered from *This
borehole.  Geophysical logging was performed following complefion of The
borehole. ‘ '

The sequence encountered is predomfnafed by fine grained soils that vary

texturally from silt to clay, and confains occasional interbeds of fine
sand. The surficial soils consist of very soft, highly plastic silfs and
clays to a depth of 7.7 metres below seabed. This s wunderlain by

approximately 10 metres of fine sand, in a loose to compact density state.
Interbedded, uniform, low plastic silts and clays are present in the 18 to
70 metre depth interval. Well bonded, nonplastic silt with frequent
laminations and interbeds of fine sand were encountered from 70 to the final
penetration of 122 metres below seabed. Discrete ice crystals were also
noted throughout this interval.

Field and laboratory tests were performed on soils samples retrieved from
the boring. Field testing included determination of moisture content, bulk
density, core temperature, core photography, and measurement of the
undrained shear strength with the torvane and minjature vane apparatus.
Laboratory testing conducted in Edmonton consisted of additional classifi-
cation and index Testing, more sophisticated shear strength testing, and
consolidation festing.

The most significant findings emerging from the geotechnical information
presented in this report are listed below:

Te Six to eight metres of very soft, highly plastic, homogeneous
clay are present at the seabed. This clay is underlain by
10 metres of loose to compact sand. Sedimentary structures
such as laminations and Thin bedding were noted at all depths
greater than about 2 metfres.

2. Undrained shear strength increases slightly from 8 kPa at
seabed to approximately 12 kPa at a penefration of 7.5 m.
Within the silt and clay strata penetrated below the sand at
depths of 18 to 70 metres, undrained shear sirengths measured
in laboratory tests increased gradually from 50 kPa To about
120 kPa at a depth of 45 m. Below that, some lower strengths
were obtained, but the lithology was also slightly siltier.
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On the basis of shear strength and consolidation data, soils
to a depth of at least 70 m below seabed exhibit normally
consolidated to slightly underconsolidated behaviour. Below
that depth, permafrost conditions dominate Thawed
properties. ‘

Ground ice and ice bonding were encountered from about 70 m
below seabed to the end of the borehole. The Transition to
permafrost conditions was abrupt.

Test results demonstrate that sample disfurbahce has probably
had a significant effect on both shear strength and

consolidation properties. The magnitude of fthese disturbance
effects has not yet been defined,

i




LABORATORY TEST RESULTS

4'Permafrosf and Ground lce

Permafrost is defined as any earth material fhat has been at or below 0°C

for a prolonged period of time without regard to the phase composition of

moisture present in the pore spaces. For the purposes of this report, soils

have been classified as frozen only if either visible ice or ice bonding was

encountered concurrent with core temperatures of less than 0°C.

lce bonded sandy soils were encountered first at a seabed penefration of

70 m below seabed. The overlying silts, clays and a sand stratum from 7.7

to 17.7 m showed no evidence of bonding or visible ice. Core temperatures
recorded at surface generally fell between 0°C and +1°C over the 0 to 70 m,

interval from seabed. Between 65 and 70 m, core temperatures fell rapidly

to -2°C or slightly colder and remained constant there to 85 m penetration.
s Below that depth, core returned to surface was frozen so hard that the hand
: probe should not be inserted far enough to permit reliabje temperature
,readings. This notation ’suggesfs that even colder “tfemperatures are

encountered between 85 to 122 m penefration.

Soil ProperTies

Silts, silty clays, fine sands and (surficial) clays were the predominant
soil types encountered. These can be separated into three distinct units on

“the basis of soil properties.

The first unit consists of soils encountered from seabed to penetration of
7.7 m. These soils are characterized by water contents well in excess of

the liquid limit, high plasticity, and c!ay contents -of 50 to 80 percent.
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Bulk density increases from about 1.50 Mg/m3 at seabed fo 1.75 Mg/m3
just above the sand contact af 7.7 m. The consistency remains very soff
over +he entire inteval, with undrained shear strength increasing only
slightly from an estimated 8 kPa at seabed to 12 kPa at 7.7 m penetfration.
The compression index of 0.58 at seabed is significantly higher than values
obtained in the deeper silfs and clays. Liquidity indices and estimated
preconsolidation pressures infer a normally consolidated or even

unconsol idated state.

~The second unit consists of a fine-grained sand from 7.7 m to 17.7 m. Note

+hat a 1 metre layer of sand was also penefrated (5.9 - 6.9 m) in the
overlying clay. Blovw counfs to advance a 2 1/4 inch (57 mm) thin-walled
tube infer a loose to compact density state in situ. Fines contents vary
from 10 To 40 percent. Consolidated-drained friaxial tests on samples
reconstituted at a relative denéify of approximately 70% defined an

effective friction angle of 33° for the sand.

The third unit consists of silt and clay over The inferval from 17.7 m fo

122 m final penetration. The sequence generally fines upward from a silt

with sandy beds and laminations to a silfy clay, again with silt and sand

lenses and laminations. From 17.7 m To 70 m, USC classifications falls near
the borderline between low plastic silt and clay. Below 70 m, fhe silt is
occasionally nonplastic. Liquidity indices generally fall between 0.5 and
0.7. The lithology throughout this unit is dominated by silt sizes, and
variations in plasticity are quite closely Tied To small vairations in ciay
content. Moisture contents generally vary'beTween 20% and 30% with long
intervals remaining nearly constant at 22% fo 25%. Bulk densities average
about 2.0 Mg/mB. Consistencies vary from stiff to very stiff: The
corresponding undrained shear sirengths range from 50 kPa fo 175 kPa, with

occasional values in excess of 300 kPa. The data indicates a trend for

bl
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gradually increasing shear sirengths with depth, defining a minimum

Cy /Py of approximately 0.15, which seems |low for even a normally

" consolidated profile in low plastic silts and clays. Consolidated-undrained

tests on silts in the 80 to 90 m depth interval defined effective friction
angles of 30 to 33 degrees. Compression indices throughout this unit fall
within the narrow range of 0.15 o 0.19: values at the lower end of the

range are invariably associated with silt.

The frozen silts (and sandy interbeds) below 70 m were generally classified
as containing little or no visible ice. Ground ice encountered consisted of
of nonvisible bonding (Nbn) with rare crystal inclusions (V ). AThe high
bulk densities and low moisture contents are characterisitc of an ice-poor
soil. Settlements resulting from thaw would be in the order of 1 to 2

percent, and tThis is borne out by vertical strains measured during phase

change in oedometer tests. All samples recovered from This zone were sfored

in freezers maintained at about -18°C. All subsequent strength and

consol idation tests were preformed on Thawed samples.

Sample Quality

The soi{ properties discussed in this appendix are directly affecfed by

'sampie quality. The two most significant factors influencing sample

quality in the context of This project are:

1. The method of sampling, and

2. Samp le storage and Transport procedures.

Emrich (1971) conducted a study of the performance of a wireline percussion

- sampler similar to the one used in connection with This project. Resultfs of

‘his comparative studies indicate that the 2.25 in (57 mm) wireline
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percussion sampler produces measureable disturbance in clays. However,

cince the level of disturbance is usually consistent, he suggests that
application of appropriéfe correction factors to measured shear strength

values should permit selection of suitable design shear strength paramefers.

An appropriate correction factor has not been determined for use of this

sampler in Beaufort Sea sediments, so this report presents uncorrected shear

strength results. Neither has the consolidation data been corrected to take

into account the effects of sample disturbance.
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GEOTECHNICAL CONSIDERATIONS

Soft Seazbed Soils

Six or eight metres of very soff 7o soft, highly plastic, homogeneous clay

are present at seabed. This unift will have a significant effect on the

~design and stability of bottom-founded structures. Since there is a

transition fo fine sand within a few metres of seabed, a reasonable solution
+o the problems associated with t+his soft clay can be obtained by simply
removing it over those area critical to the stability of a gravity
structure. Soundings to establish The depth to sand would be. used to
specify the thickness of clay that would have fo be removed prior To

construction.

In order to specify the depth of the subcut required, it is important fo

bear in mind that all clay would have To be removed. In this instance, the

clay bed between 6.9 m and 7.7 m would have a negative effect on foundation

“stability if it were inadvertently left in place. Therefore, a cutterhead

“dredge might afford the best means of achieving the required subcut

dimensions. If left in place, this clay would drain both upward to the fill

and downward into The sand stratum.

Normal Consolidation

Normal consolidation of the seabed soils can be inferred from both The
undrained shear sfrength profile (in silts and clays) and consolidation data
fo penetfrations of at least 70 m. This preéenfs a departure from The
overconsolidation +hat has been inferred at several other locations. Still,
the e-log p' curves show definite signs of sample disturbance.
Interpretation of consolidation “Tests on thawed permafrost is less

definitive in terms of implied stress history.
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Permafrost

Frozen and well bonded silt encountered at a penetration of 70 m implies
+hat for preliminary sefttlement calculations, a rigid base can be assumed at

the permafrost table.

Longterm performance of any gravity structure will require a comprehensive
geothermal investigation fo assess the impact of any changes in thermal

regime that may occur. It may also be necessary to reassess stability under

+hese condifions since any thermal degradation means that the different soil

properties will be encountered upon phase change. No attempt has been made
to characterize the sirength or deformation behaviour of soils encountered

in a frozen state in situ.

Samp le Disturbance

The consequences of sample disturbance present a strong argument for the
continued development of experience with in situ Testing devices. Virtually
aii sampling methods expose the soil to  some - degree of mechanical
disturbance and stress relief. Suitable correction factors: can be
developed from in situ fests fo account for these disturbance effects. With
the improvement and standardization of in situ testing techniques, higher
quality samples and fesffng procedures  can be developed for wuse in

conjunction with empirical corrections based on performance and experience.

[+ is considered that thermal disturbance of unfrozen soils has a damaging
effect on soil 'structure. Unfrozen soils exist in situ at temperatures

ranging from about +2°C o -1.5°C. These samples can be exposed To
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temperatures as high as 30°C in transit. Even though the specimens are
stored at a temperature of +4°C, tests are routinely performed at +18°C.

Temperature increases are known to result in accompanying increases in

‘porewater pressure, and hence, in decreased effective stresses, reduced

shear strengths, and volume change (Mifchell and Campanella, 1968).
Therefore, this cycling and net increase in sample temperature undoubtedly
affects the results of both shear strength and consolidation tests. Frozen
soils exist in situ at temperatures ranging from -1.5°C to -6°C, and are
routinely stored in a freezer at -18°C for an extended period of time prior
to 'TesTingi in a thawed condition. In this process, moderate to poorly
bdnded soils become completely frozen.  The disturbance associafed with
subjecting specimens to a complete freeze/thaw cycle can also resulf in a

significant reduction in undrained shear sfrengfh;

For the present, i1 should be noted +that both the shear strength and

consol idation data reported herein have probably been significantly affected
by sample disturbance, so design parameters selected on the basis of these
tests should be tempered accordingly. It is clear that some research and

deve%bpmenT +to reduce these effects could be exfremely cost effective.

[f the issue of disturbance becomes more critical, one alfernative fo long
term research and development of appropriate in situ testing tTechniques may
be to mobilize a modular (frailer) testing facility to Tukfoyaktuk, or even

on board the coring vessel. This would permit immediate testing and

 specialized Temperature-confrolled sample handling procedures.

Ground Temperatures

To date, core temperatures measured on deck with a hand probe constitute the

principal method of collecting soil Temperature data. Geotechnical
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‘characteristics of these seabed soils are highly temperature-dependent, and
it is felt that core temperatures do not accurately represent the in situ
thermal regime. Improved drilling techniques combined with in sifu
temperature measurements could provide representative in situ soil
Temperature data. Soil temperatures measured in this manner can exert a
direcfkimpacf on the selection of appropriate geotechnical parameters for

designe

- Clay Mineralogy

X~ray diffraction data from samples selected throughout the ‘borehole
indicate no significant variations in «clay mineralogy with depth.
Typically, the relative proportions of clay minerals were 65% illite, 30%

kaolin, 5% chlorite and occasionally trace amounts of monimorillonite.
N

Porewater Salinity

Salinities of 35 ppt or higher are typical of the values measured from
seabed to a penetration of about 70 m. Below this depth, somewhat lower
salinities are indicated. This could reflect a change in depositional

‘environment, but perhaps by coincidence, the change occurs at the transition

to bonded permafrost conditions.

Sediment Gases

Methane, ethene, ethane, propane, and I|-butane are the hydrocarbon gases

that were detected. Methane concentrations of 1 to 260 ppm were measured

~with most values falling between 1 and 10 ﬁpm. These concentrations are 1

"o 2 orders of magnitude greater than for ~any of tThe other hydrocarbons

detected. The highest methane conceniration detected was at the bottom of

the borehiole.
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‘Methane concentrations measured here are significantly lower than Those

obtained for samples taken from similar depths at either the Tarsiut or

Kaglulik locations.

Methane pressures observed represent the lowest excess pressure that could
develop from the biological production of methane. All values obtained were
negative, indicating that there is insufficient methane present for bubbie

formation. Bubble formation in the sediments during sampling would seem fo

be a reasonable criterion for signalling geotechnical concern regarding gas-

‘charged sediments. In situ, the cold temperature and the presence of

frozen sediments at depth has minimized the formation of free gas that might

otherwise influence excess pore water pressures; however, this situation can

change when large temperature changes occur.
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