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Report No. 0179-0128-3
o December 5, 1980

1 Canadian Marine Drilling Ltd.
P. 0. Box 200
l Calgary, Alberta, Canada T2P 2HS8

Attention: Mr. Muharrem Gajtani

7[7;‘ Geotechnical Investigation
= Boring 6, Kenalooak J-94
- Beaufort Sea

{ b Gentlemen:

r i This report presents the results of our geotechnical investigation

i‘{ of soil and foundation conditions at the above offshore location.
McClelland Engineers, Inc. and EBA Engineering Consultants Ltd. jointly

oo performed this investigation under your Beaufort Sea Coring Services
[i Contract dated June 19, 1979.

; Various preliminary data and information have been provided to you
7| from time to time upon request, including the results of the laboratory
Ell tests performed by EBA Engineering Consultants. All information developed
in the field and laboratory is included here in detail along with our
recommendations for design of conductor pipes and pile foundatioms,

k_‘ We appreciate the opportunity to be of service to you in this
- interesting project. Please call on us when we can be of further assist-
Lt ance,

Very truly yours,

L. McCLELLAND ENGINEERS, INC.

AUVU\:
.L“ : ‘Bérnardo Susi
Geotechnical Engineer

‘ Clarence J. Ehlers, P.E.

L Senior Engineer Manager

- BS/CJE/mmt
' Copies Submitted:

b Canadian Marine Drilling Ltd. (10)
' EBA Engineering Consultants Ltd. (3)
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SUMMARY

A geotechnical investigation of soil and foundation conditions was per-
formed for Canadian Marine Drilling Ltd. at the Kenalooak J-94 exploratory
drilling site in the Beaufort Sea. The study included a foundation boring
drilled to 400-ft (121.9-m) penetration in 221 ft (67.4 m) of water, Field
and laboratory tests were performed on soil samples retrieved from the
boring, and engineering analyses were made of the field and daboratory data
to compute the ultimate axial capacity of conductors and opell-end pipe piles.

The boring disclosed fine-grained soils throughout the 400-ft pene-
tration explored. The soils consist primarily of silty clays, clayey silts,
and silts with some fine sand. The consistency of the clays is very soft
at the seafloor, increasing with penetration and becoming very stiff at
about 90-ft penetration. The sands and silts are generally medium dense to
dense. Temperatures of retrieved soil samples were above the freezing point
(0° centigrade) to about 114-ft penetration. Below 114-ft penetration, the
temperatures decreased below freezing, and the soils were classified as
frozen. The ice content of the frozen soils is low. Visible ice is present
from about 114 to 150-ft penetration. Below 150-ft penetration, the frozen
soils are described as Nbn.

The axial capacity of conductor pipes and open-end pipe piles was
analyzed for three design cases. The three design cases are (1) a driven
conductor pipe with thawing of permafrost permitted, (2) a drilled-and---
grouted insulated conductor pipe whose exterior surface is refrozen after
installation, and (3) a driven open—-end pipe pile assuming good contact
between the pile surface and permafrost with no thawing of permafrost.
Ultimate frictional capacity and unit end bearing curves are presented
herein. : :

The driving of piles or conductors by conventional percussion tech-
niques below cbout 114-ft penetration is expected to be very difficult,
and driving refusal will probably be experienced because of the presence
of permafrost. Methods to ald the driving of piles and conductors include
prethawing or predrilling a hole in the permafrost and using a vibratory
pile driver. An alternate method for placement of a conductor is by
grouting the conductor in an oversized drilled hole.

MCCLELLAND ENGINEERS
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INTRODUCTION

Project Description

Canadian Marine Drilling, Ltd. (Canmar) is developing their oil and
gas leases in the southern Beaufort Sea. The development of these leases
is currently in the exploration phase. Drilling operations for the explo-
ration phase of development have been conducted from a fleet of drill ships
which have been modified to be ice-classed.

, The type of fixed structure that might be constructed at the Kenalooak
J-94 location for support of drilling and production operations has not been
decided. We understand that artificial islands constructed of dredged fill
are being given consideration at this time. At the request of Canmar, this
réport does not present design analyses and recommendations for artificial
islands.

Due to the presence of shallow permafrost soils, design of conductor
pipe and foundation piles presents unique problems. Since the conductor
pipe is supported in permafrost soils, special design precautions are taken.
The design of conductors, therefore, includes the possibility of progressive
thawing around the conductor during fluid extraction. The properties of
thawed soils thus present the controlling factors for design. This report

presents axial design analyses for conductor pipes and open-end pipe piles.

Purposes and Scope of Study

The purposes of this study were (1) to obtain information on soil
stratigraphy and properties at the Kenalooak J-94 exploratory drilling site,
(2) to determine the extent of permafrost within the 400-ft penetration
explored, (3) to establish general geological control and extent of subsea
permafrost from other borings in the southern Beaufort Sea, (4) to predict
the ultimate axial capacity for conductor pipes and foundation piles
installed to various penetrations, and (5) to develop insfallation recom-
mendations for conductors and foundation piles. To accomplish these
objectives, the study was conducted in the following phases:

. drilling of a soil boring to explore soil stratigraphy and
to obtain soil samples

e B8
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. laboratory testing of soil samples to determine pertinent
engineering properties

. engineering analyses of the information obtained from the
field and laboratory phases of the study to develop recom-
mendations to guide axial design and installation of conductor
pipes and foundation piles

Description of Job Responsibility

McClelland Engineers, Inc., BHouston, Texas and EBA Engineering
Consultants Ltd., Edmonton, Canada jointly performed this geotechnical
investigation. McClelland Engineers provided two drillers, two helpers,
one technician, and one geotechnical engineer, and EBA provided one techni-
cian or geotechnical engineer to perform the field investigation. EBA
performed most of the laboratory soil tests with laboratory test assignments
under the general direction of Professor N. R. Morgenstern at the University
of Alberta. This report was prepared by McClelland Engineers. The boring

log and many of the illustrations in Appendix A that present laboratory soil
test results were prepared by EBA.

FIELD INVESTIGATION

An undisturbed-sample boring was drilled at the Kenalooak J-94 location
at Latitude 13943'36.48" N and Longitude 133°58'09.96" W. The water depth
at the site, measﬁred'by wire-line techniques, was 221 ft (67.4 m) at
1130 hrs on July 30, 1979. The drilling and sampling depths were not
corrected for tidal variations. The boring was drilled to a total penetra-
tion of 400 ft (121.9 m) below the seafloor or El -621 ft (-189.3 m).

The boring was drilled with 4-in. IF drill pipe by a skid-mounted
Failing 1500 rotary drilling rig operating through the centerwell in the
deck of the Canmar supply boat, "Supplier V." Marine and drilling equipment
were provided by Canmar. Drilling operations were conducted with a Reed
core barrel equipped with a drag bit. The core barrel and collar have
internal locking devices capable of accepting a wire line-retrievable rotary
core barrel. Unfrozen soil samples were obtained by percussion technique at
3-ft intervals to 48-ft penetration, at 5-ft intervals from 58-ft to 114-ft

penetration. A 2-1/2-in.-OD, 2-1/8-in.-ID liner sampler was used to obtain

MCcCLELLAND ENGINEERS
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samples to 5-ft penetration, and a 2-1/4-in.-OD, 2-1/8-in.-ID thin-wall tube

sampler was used to obtain all other unfrozen samples. These samplers were
operated on a wire line through the bore of the drill pipe and driven with
a 175-1b sliding weight. The weight was dropped approximately 5 ft a suf-

ficient number of times to achieve the desired 24~-in. penetration of the

sampler.

Frozen soils were encountered below 114-ft penetration. Frozen soil
samples from 114-ft to 168-ft penetration and from 208-ft to 258-ft pene-
tration were obtained with a thin-walled tube sampler by the method discussed
above., All other frozen soil samples were obtained with a Reed wire-line
retrievable core barrel. Core runs of 10 ft were made from 170 ft to 200 ft
and from 260-ft to 400-ft penetration. These runs generally achieved an
average recovery rate of about 48 percent.

The temperature of most .soil samples was measured prior to extruding
them from the sampling tube or core barrel. A thermocouple with a 2-in.-
long probe was inserted into the end of the sample while still inbthe
sampling device., Temperature was then read to the nearest tenth of a degree
Centigrade on a digital indicator. Since this is not an in situ technique
of obtaining temperature, measurements are affected by ambient temperature,
drilling fluid temperature (the drilling fluid was not chilled), and the
time interval between obtaining a sample and making thé temperature reading.
Although temperature measurements are affected by the factors mentioned
above, we feel that these temperature records may be valuable in the assess-
ment of the presence of permafrost.

After the temperature was measured, each sample was removed from the
sampling tube, photographed with a 35 mm SLR camera, and then examined and
classified by our field engineer or soil technician. Frozen samples were
quickly classified, appropriately packaged and stored in a freezer. The
soil samples were then transported to EBA Engineering Consultants in Edmonton
for-subsequent laboratory testing. Photographs of the samples were presented
in a bound report submitted prgviously.

Descriptions of the soils encountered in the boring are presented on the
boring log shown on Plates 1 through 3. The boring log includes soil clas-
sifications according to the Unified Soil Classification (USC) System and

ground ice descriptions. A key to the Unified Soil Classification and Ground

MCCLELLAND ENGINEERS
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Ice Descriptions given on the log is presented on Plate 4., Sample tempera-
tures measured in the field are plotted on Plate 5.

The amount of sampler penetration for driven samples and the number of
blows of the sliding weight required to achieve that penetration is shown on
the boring log. Blow counts with the wire-line sampler do not coincide w%th
those obtained by the Standard Penetration Test (SPT). As an approximation,
limited onshore tests indicate that driving resistance with the wire-line
sampler is about 50 percent of driving resistance (N) from the Standard

Penetration Test. As an example, we believe that 30 blows of the 175-1b

wire-line sampler to achieve a penetratioﬁiof 24 in. is roughly equivalent

to 30 blows for 12-in, penetration for the SPT. We wish to stress that this

is only a rough approximation based upon limited data obtained onshore at

relatively shallow penetrations.

A brief chronological summary of the field operations at this location

is given on Plate 6.

FIELD AND LABORATORY SOIL TESTS

!
The field and laboratory testing programs were designed to evaluate the

pertinent engineering and physical properties of the foundation soils. We
performed three types of strength tests in the field concurréntly with
drilling operations. Undisturbed shear strengths of most cohesive samples
were determined with a motorized miniature vane device while the samples
were still in the sampling tube. Unconfined compression tests were per-
formed on selected specimens of cohesive soils after the samples were
extruded from the sampling tube. Estimates of the shear strength of cohesive

soils were also made using a Torvane.
! {
All other tests, except constant rate of strain (CRS) thaw-consolidation

tests, were conducted by EBA Engineering Consultants. The types and number

of strength, thaw strain, and consolidation tests performed are as follows:
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Number of Tests
Type of Test Laboratory Field

Miniature Vane

Undisturbed 9 18

Remolded 8 0
Torvane 0 26
Unconfined Compression 0 6
Unconsolidated-Undrained
Triaxial Compression 14 0
Direct Shear 4 0
Thaw Strain 5 0
Consolidation 11 0
CRS Thaw-Consolidation 3 0

All strength tests were performed on thawed samples. A description of the
CRS thaw-consolidation test procedure is presented in Appendix A,

Water content and unit weight determinations were made as routine parts
of the test procedures for all specimens subjected to umconfined compression,
triaxial compression, direct shear, thaw strain, and thaw-consolidation
tests. Water content was also measured on the samples used in the miniature

vane tests. Additional laboratory classification tests included the

following:
Type of Test Number of Tests
Water Content 22
Liquid and Plastic Limits 33

Grain-Size Analysis

Sieve Analysis through

No. 200 Sieve ' 16
Hydrometer 20
Pore Water Salinity 17
Specific Gravity ' 3
Bulk Density 8

o P N e
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‘ Most test results are tabulated on Plate A-1 in Appendix A, and most
results are presented in graphical form on the boring log on Plates 1 through

[ ’ 3. Field test results are plotted in red and laboratory tests in black to

| aid in the evaluvation of the effect of thermal disturbance on measured shear

strengths., The results of all tests including grain-size curves, liquidity

: index profile, pore water salinity profile, and specific gravity are pre-

- sented on Plates A-2 through A-18. Results of all strength tests including

S unconsolidated-undrained triaxial compression, direct shear, miniature vane,
o unconfined compression, and Torvane are presented on PlaFes A-19 through
'_ﬂ;; A-28. The results of the thaw strain, consolidation, and thaw-consolidation
tests are presented on Plates A-29 through A-43.
{ ;j In addition to the above physical tests, selected samples were analyzed
for geochemical constituents by Carbon Systems, Inc. of Baton Rouge,
o . Louisiana. The samples were analyzed for light hydrocarbon gases, sulfate,
‘£ " salinity, dissolved inorganic carbon, and total organic carbon. The results
{ - of the geochemical analyses are presented in a report submitted by Carbon
. Systems, Ine. on December 13, 1979.
.
L . SOIL STRATIGRAPHY

The soils at the Kenalooak J-94 location are highly stratified and
consist primarily of fine—-grained soils that vary texturally.from silt to

clay. There are only minor quantities of fine sand, with no soils coarser

ey

! than medium size sand. The soils are frozen below 114-ft penetration. A
generalized summary of the major soil strata at Kenalooak J-94 based on
t the log of the bo?ing presented on Plates 1, 2, and 3 is given in the

following tabulation:

5 McCLELLAND ENGINEERS
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Penetration, ft

Stratum From To Description
1 0 3.5 Very soft silty clay
2 3.5 20.5 Clayey silt
3 20.5 45 Soft silty clay
4 45 72 Fine sand
5 72 116.5 Clayey silt; frozen below 114 ft
6 116.5 156 Frozen very stiff clay
7 156 177 Frozen silt
8 177 213 Frozen very stiff silty clay
9 213 269 Frozen silt
10 269 291 Frozen clay and silt
11 291 300 Frozen silty fine sand
12 300 328 Frozen silt

13 328 400+ Frozen clay and silt

Detailed descriptions that include color and textural variations, inclusioms,
and ground ice for each stratum are noted on the boring log. In addition,
descriptions of sedimentary structure noted in the field are presented in
Appendix B on Plate B-1.

Subsequent recommendations for foundation pile and conductor pipe design
and installation contained in this report were developed assuming the soil
conditions rgveéled by the boring. Considerations of possible stratigraphic
changes, faulting, or other differences in soil conditions that could occur
within the general area of the boring and that could influence foundation

pile and conductor pipe design were beyond the scope of this investigation.

SOIL PROPERTIES

Definition of Permafrost

The classical definition of permafrost is any earth material that has

o .\
been at or below the freezing temperature of water (0 C) for a prolonged
period of time without regard to the state of any moisture present in the

soil fabric. Generally, the smaller the grain size of a material, the lower

‘the freezing point (the temperature at which there is no unfrozen moisture

content). Therefore, a granular material such as sand can appear and feel

McCLELLAND ENGINEERS
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frozen at the same temperature that a clay sample will appear and feel
unfrozen. 1In this report, we have adopted the convention that materials
would be classified as "frozen" if there was visible ice and the measured
temperature of samples was below 0° C.

According to the temperature measurements made of samples on the
drilling boat, the temperatures of the sediments to about 114-ft penetration
were above the freezing point (0° C). Below 114-ft penetration, the tem-
peratures decreased below freezing. A plot of temperatures of recovered

soil samples measured during drilling operations is presented on Plate 5.

Unfrozen Soils

As discussed in the previous section, unfrozen soils were encountered
from 0 to 114-ft penetration at the Kenalooak J-94 location. The unfrozen
soils are silty clays, clayey silts, silts, and fine sands. The clays
generally are of low to medium plasticity. Based on measured shear strengths
and liquidity indices, the clays and silts appear to be normally consolidated
with respect to the present overburden pressure. Based on consolidation
tests, the calculated overconsolidation ratio (OCR) is generally near 1.0,
which also indicates the soils are normally consolidated. A plot of over-
consolidation ratio (OCR) versus penetration is presented on Plate A-44 in
Appendix A.

The clays of Strata 1 and 3 range in consistency from very soft to soft.
The clayey silt’of Stratum 2 is loose based upon the driving resistance of
the wire-line operated percussion soil sampler, or is soft in consistency
based upon measured undrained shear strengths. The sand of Stratum 4 and

the clayey silt of Stratum 5 are judged to be medium dense to demse.

Frozen Soils

Frozen soils or permafrost were encountered below 114-ft penetration.
The frozen soils consist primarily of clays and silts of moderate plasticity.
The liquid limits of the soils range from 27 to 57 with plasticity indices
ranging from 8 to 33. The frozen soils contain visible ice from about 114
to 150-ft penetration. Below 150-ft penetration, there is nc visible ice,
and the frozen soils are described as Nbn (no excessive ice, well-bonded).
The permafrost is not ice rich and is considered to be relatively thaw-stable

due to its low ice content.

MCcCLELLAND ENGINEERS
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Based on measured shear strengths on thawed samples, the frozen clay
soils appear to be normally consolidated to slightly underconsolidated.
Incremental and CRS consolidation tests indicate that the clays are under-

consolidated with overconsolidation ratios ratios ranging from about 0.2 to
0.70.

AXTAL CONDUCTOR AND PILE DESIGN ANALYSIS

A significant factor that affects the axial capacity of conductor pipes
and foundaton piles in arctic regions is the thawing of frozen ground, or
permafrost. Because the conductor pipe is used as a conduit to transfer
superheated liquids or gases to the surface, a significant amount of thawing
will occur where such a conductor comes in contact with frozen ground. When
permafrost thaws, strength and volume changes may result, This thawing is
not expected to occur with the foundation piles.

Canmar has requested that three desigﬁ cases be considered in the

analysis of the axial capacity of conductor pipes and foundation piles.in-

frozen ground. The three design cases are:
Case 1: Driven conductor pipe with thawing of permafrost permitted.

Case 2: Drilled-and-grouted insulated conductor pipe whose exterior
surface is refrozen after installation. '

Case 3: ’Driven foundation pipe pile assuming good contact between
pile surface and permafrost with no thawing of permafrost.

Method of Predicting Axial Capacity

Although the method of installation is different for a driven than for
a drilled-and-grouted pile or conductor, we have assumed that the difference
is negligible with respect to the method of predicting axial capacity for
the two installation procedures (Cases 1, 2, ard 3). There are other
analytical methods available for computation of axial éapacity of drilled-
and-grouted piles and conductors; however, we feel that the method used
for this study gives a reasonable prediction of axial capacity for drilled-

and-grouted conductors (Case 2) as well as for driven piles and conductors
(Cases 1 and 3).

MCcCLELLAND ENGINEERS
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The presence of permafrost will affect the axial capacity for the three
design cases. The effect of permafrost is incorporated into the axial
capacity analysis by changing the design parameters within the frozen soils
for the three design cases. The method of predicting axial capacity is not
affected and is identical for the three cases. Therefore, considering the
methods of installation and the influence of permafrost, the parameters used
in the axial capacity calculations are identical except in the frozen soils.

In addition to axial capacity considerations, pile and conductor settle-
ment is an important design consideration. 1In frozen soils of high ice
content, the creep rate under stress may cause excessive settlements over
the design life of a pile-supported structure, which may govern design. For
the low-ice-content permafrost at the Kenalooak J-94 site, settlement of piles
and cénductors is expected to be within tolerable limits if piles and con-
ductors are designed in accordance with the method of predicting axial
capacity described herein.

Foundation Pile. The ultimate axial capacity of foundation piles was

predicted using the static method of analysis as described in API RP 2A
(January 1980)(1). In this method, .the ultimate compressive capacity, Q, for
a given penetration is taken as the sum of the friction on the wall of the

pile, Qs’ and the end bearing, Qp’ so that:
Q = Q +Q

Conductor Pipe. The ultimate axial capacity of conductor pipes also

was predicted using the static method of axial pile capacity analysis. In
this method, the ultimate compressive and tensile capacity, Q, for a given
penetration is taken as the friction on the wall of the conductor, Qs’ =Yo)

that:

The end tearing component, Qp’ of axial pile capacity will not be developed

by a conductor pipe and, therefore, is neglected.

(1)

American Petroleum Institute (1980), Recommended Practice for Planning,
Designing and Constructing Fixed Offshore Platforms, API RP 2A, 11th
Edition, 75 p.

MCCLELLAND ENGINEERS
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Skin Friction

The skin friction, Qs’ is expressed as:
\ Q = fA

where f is the unit skin friction between soil and pile, and As is the
embedded surface area of the pile (or the surface area of the drilled hole
- for the drilled-and-grouted conductor for Case 2). Computations based on
'y the selected strength parameters shown in the left graph of Plate 7 and the
o criteria discussed in the following paragraphs produced the curves of unit
" skin friction shown in the left graph of Plate 8.

Cohesive Soils. Computation of unit skin friction, f, by the API RP 2A

' (January 1980) Method is in accordance with Sec. 2.6.4, Para. b.1. With this
method, the unit skin friction may be equal to or less than the undrained
shear strength of the clay, but may not exceed 1.0 kip per sq ft for shallow
penetrations cr the undrained shear strength equivalent to a normally con-
solidated clay for deeper penetrations, whichever is greater. The values of

1. undrained shear strength used in our computations are based on the inter-

preted shear strength presented on the left graph of Plate 7. The unit skin

f friction values are plotted on the left graph of Plate 8..

Granular Soils. Computation of unit skin friction for pipe piles and

1 conductors embedded in granular soils was in general accordance with

Sec. 2.27, Para. c of API RP 2A (January 1980) and was obtained from the
equation:

f = KO_ tan §
v

where = coefficient of lateral earth pressure

K
Ev = effective vertical stress
[

= angle of friction between foundation material

and steel pile
The value of K was taken as 0.7 for compressive loads and 0.5 for tensile
loads. Effective vertical stress was computed from the submerged unit
17 weight profile shown on the right graph of Plate 7. The angle of friction,
8, as well as the maximum limiting value of unit skin frictiom, f ax® SO0

i» sidered appropriate for the granular materials are presented on the left

MCCLELLAND ENGINEERS
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graph of Plate 7. The values of § and fmax are in accordance with those
cited by McClelland(z).

Frozen Soils. The frozen soils encountered at the Kenalooak site range
in grain size from clay to fine sand. The method of computation of adfreeze
bond or unit skin friction, £, for frozen granular soils was assumed to be
the same as described above for unfrozen granular soils. The maximum
limiting values of unit skin friction, fmax’ were assumed to be different
for unfrozen and frozen granular soils. The limiting values of adfreeze

bond (fmax) used for design Cases 1, 2, and 3 for different gradations of

frozen granular soils are tabulated below:

Fine Sand Silty Sand Sandy Silt Silt and Clayey Silt
¢ = 35° ¢ = 30° ¢ = 25° ¢ = 20°
| Case 1 0.80 ksf 0.70 ksf 0.55 ksf 0.40 ksf
Case 2 1.25 ksf 1.10 ksf 0.90 ksf 0.65 ksf
Case 3 1.80 ksf 1.60 ksf 1.25 ksf 0.90 ksf

The limiting adfreeze bond values for sand were used in our 1978 geotech-

| nical investigations at Ukalerk, Tarsiut, Kopanoar, and Natsek where the
frozen soils consisted primarily of fine sands. These limiting adfreeze
bond values were based upon research conducted at the.University of Alberta
and were conferred to us by Professor N. R. Morgenstern. At the Kenalooak
location, the frozen granular soils consist primarily of clays and silts
with some silty sand. The adfreeze bond between the pile surface and

soil is dependent on soil grain size and decreases with decreasing grain

size. The limiting adfreeze bond values presented above for silty sand,
' sandy silt, and silt were proportioned to the values for sand in accordance
with the proportions cited by McClelland(Z) for limiting skin friction values
for unfrozen granular soils.
The adfreeze bond and corresponding axial load capacity of piles in
frozen soils is temperature dependent. The warmer the temperature, the

lower the adfreeze bond. The adfreeze bond values presented herein assume

that the frozen soils are warm, i.e.,slightly below freezing. 1In the future,

(2)

McClelland, Bramlette (1974), "Design of Deep Penetration Piles for Ocean
Structures," Proceedings, ASCE, Vol. 100, No. GT7.
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if in situ measurements of temperature indicate that the frozen soils are
colder than assumed, an increase in the adfreeze bond values may be possible.
The ice content of the frozen cohesive soils was low, and based on
field descriptions, a portion of the moisture present in the soil fabric was
unfrozen. Therefore, when computing adfreeze bond in frozen cohesive soils,
we assumed that the soils would behave similar to unfrozen cohesive soils.

Therefore, unit skin friction was computed using the same procedure used for

unfrozen cohesive soils.

End Bearing

The end bearing, QP, is expressed as:

Q = a4,
where Ap is the gross end area of the pile and q is the unit end bearing.
Computations based on the selected strength parameters shown in the left
graph of Plate 7 and the criteria discussed in the following paragraphs
produced the curve of unit end bearing in the right graph of Plate 8.

For the conductor (Cases 1 and 2), there will be no end bearing. For
driven open-end pipe piles, the end bearing must be limited to the frictional
resistance of the soil plug inside the pile. This 1iﬁiting value was taken
as the cumulative frictional resistance along the embedded length of the pile.

Cohesive Soils. The unit end bearing of piles in clay was computed using

the following equation:

= N
1 Su Ve
where s, = undrained shear strength
Nc = a dimensionless bearing capacity factor

A value of 9 was used for Nc as recommended by API RP 2A. The values of Sa

correspond to the shear strength profile plotted on the left graph of
Plate 7.

Granular Soils. The unit end bearing for piles in granular material was

computed from the equation:
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where Ev = effective vertical stress

N' = dimensionless bearing capacity factor which is
q a function of ¢, the angle of internal friction
of the material

The effective vertical stress, Ev, was calculated using the submerged unit
weight profile given in the right graph of Plate 7. Values of N& selected
for the granular materials are taken from API RP 2A (January 1980) and are
presented on the left graph of Plate 7 along with the maximum limiting
values of unit end bearing, Uox® considered appropriate for these materials
(see McClelland(z)); Full end bearing as computed for granular strata cannot
be relied upon unless the pile has penetrated a distance of at least three
pile diameters into the strata, and the strata continues at least three pile

diameters below the pile tip.

Frozen Soils. The bearing capacity of frozen soil is a function of

many variables including temperature of permafrost, ice content, salinity of
pore water, rate of loading, and grain size. Generally, the bearing capacity
of soil in a frozen state will be higher than in an unfrozem state; however,
the axial pile movement or deformation required to develop the higher bearing
capacity in frozen soils is expected to be greater than in unfrozen soils.
As a simplifying assumption to reduce pile movements, the end bearing for
soil in the frozen state was assumed to be the same as in the unfrozen state.
An important consideration pertaining to end bearing in frozen soil is
resistance to pile driving. We anticipate that refugal to conventional
percussion pile driving will be encountered in the frozen soils below about
114-ft penetration. Installation techniques to aid pile driving in perma-

frost are discussed in a subsequent section of this report.

Ultimate Frictional Pile Capacity Curves

Using the design criteria discussed above, the ultimate frictional
capacity was computed for a unit circumference pipe pile or conductor (12-in.
circumference) assuming the three design cases previously discussea. Cases 1,
2, and 3 differ only below the depth of initial contact with permafrost due
to the changes in limiting adfreeze bond, fmax’ in the frozen granular soils.
There is a very small difference between the compressive and tensile capac-

ities for Cases 1 and 2. Therefore, we have assumed that the ultimate
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frictional compressive capacity is the same as the ultimate frictional
tensile capacity for these two cases. Curves of ultimate frictional pile

capacity are presented on Plate 9.

The ultimate frictional pile capacity curves may be used in determining
the frictional capacities for any other size pile or conductor by multiplying
the curve coordinates by the ratio of the new pile circumference to a 12-in.
pile circumference. The resultihg curve will depict total axial pile capacity
for Cases 1 and 2, while for Case 3, end bearing must be added. End bearing
may be computed by multiplying the gross end area of the pile tip by the value
of unit end bearing shown on the right graph of Plate 8. The end bearing
component of capacity must not exceed the frictional resistance of a soil plug

inside the pile at any penetration.

PILE AND CONDUCTOR INSTALLATION CONSIDERATIONS -

As defined by the three design cases, there are two proposed methods
of installation for the conductor pipes and foundation piles, namely: (1)
driving and (2) a drilled-and~grouted technique. Comments and recommenda-
tions concerning the two installation techniques are discussed in the

following paragraphs.

Driven Piles and Conductors

Installation of driven piles and conductors at the Kenalooak J-34
location is éomplicated by the presence of frozen soils. Below about 11l4-ft
penetration, the advancement of piles or conductors by conventional percus-

sion driving is expected to be very difficult, and driving refusal will

probably be experienced because of the presence of permafrost.
Alternate methods used onshore to aid the advancement of driven piles

in permafrost are many. Some of these methods are:

. prethawing a hole in permafrost with a steam jet, either
larger or smaller than the pile, and driving the pile in
place

. rotary drilling a hole and driving a pile in an undersized

hole, or "slurring" back in an oversized hole

. driving piles using a vibratory pile driver
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Some of these techniques could be adaptable for use offshore. The most
feasible alternatives would probably be pile driving assistance by vibratory
techniques or predrilling of a pilot hole. The availability of high energy
vibratory hammers capable of driving large diameter piles offshore is doubt-
ful, but the possible use of a vibratory hammer should be given further
consideration.

Predrilling a pilot hole, having a diameter less than that of the pile
or conductor, may aid the advancement of a pile because of the reduction of
end bearing. Caution must be exercised to insure that the pilot hole is not
drilled larger than the pile or conductor, resulting in reduced skin friction.
The optimum diameter of the pilot hole is primarily a function of the pile or
conductor diameter, the strength and temperature of the permafrost, and the
energy and type of driving hammer. 1If pilot holes are used as an aid to
driving, we recommend that pilot holes have a diameter approximately one-half
the diameter of the pile and be drilled no deeper than 10 pile diameters
below the pile tip. 1If pile driving is not aided, additional increases
(about 10 to 15 percent of pile diameter) in the size of the pilot hole may
be made up to a maximum of 90 percent of the pile diameter.

For a foundation pile where an appreciable amount of end bearing is
counted upon for capacity, we recommend that drilling of pilot holes be kept
to a level of at least 10 ft above design tip elevation and that driving
alone be used to advance piles for the final several feet of penetration.

The soil plug that results from this final driving should be left in place

and a cement grout plug should be placed in the bottom of the piles to restore
end bearing. The length of the grout plug will depend on the end bearing
capacity of the soils beneath the pile tip. We recommend that an engineer
familiar with pile driving and the effects of predrilling on pile design

parameters be on site at the time of pile installation.

Drilled-and-Grouted Conductors

An alternate method for placement of the conductor pipe is by grouting
the conductor pipe in an oversized drilled hole. During the installation of
a drilled-and-grouted conductor, a number of construction-related phenomena

can influence its axial capacity. Some of these phenomena are:
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. stress release due to drilling

. mechanical disturbance to the soil fabric

. formation of a mudcake on the borehole wall

. _interference of drilling fluid with the development

of grout-pile bond

migration of soil, water, and cement due to chemical
potential gradients

When conductors are drilled and grouted in frozen soils, additional problems
related to thawing of frozen materials may occur,

To minimize construction problems and develop the maximum axial capacity
for drilled-and-grouted conductors, the following recommendations for con-

struction surveillance are made:

(1) Minimize the amount of time between the completion of the drilled
excavation and the completion of the grouting activities.

(2) Monitor the viscosity and weight of drilling fluid during con-
structioh, weighing the benefit of the drilling mud's reduction of stress
relief versus its detrimental effect on grout-pile bonding.

(3) Utilize grout placement techniques that minimize drilling fluid

contamination of bonding surfaces.,

(4) Control drilling procedures that could influence borehole stability

'and create mechanical disturbance of soil fabric.

(5) 1Insure that the entire length of the annulus has been grouted and

grout returns to seafloor.

(6) Design grout mixes to promote water migration from soil to grout.
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BOREHOLE LOG AND LABORATORY TEST RESULTS
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LOCATION: BORING 8, KENALOOAK J-94 BULK DENSITY (Mgm'™') & UNDRAINED SHEAR STRENGTH °
: s . KIPS PER BQ FT
LAT, 439,43’ 36.48" N LONG. 133° 58' 09.96" W WATER DEPTH: 67.4m** 4 1818 20 20 a0 eo 14
& U cottiten | S <
» Lim jar=
usc | & SOIL DESCRIPTION BLOW | GROUND ICE . > . KILOPASCALS 5
0 3 COUNT 100 200 300 0
" n N T
CL FJd CLAY -silty, trace organics, shell fragments, grey (3.5") 0 NOT FROZEN |
ey < SILT - clayey, trace to some sand, sandy silt 0
= = - interbeded with soft clay, grey 0
ML L4 9/24”
- dark olive grey 5Y 3/2 10/24"
5 ”L N - 8.5% organic content :\uw:
o] (205, | 7/24 Sea Plate 3 for ~ 20
T CLAY - silty, trace sand, some silt seams snd pockets, 7/24" detailad plot of ¢
”wu soft, very dark grey, 8Y 3/1 /24" tost results vo
- grey 5Y 5/1, medium plasticity 24 15 m penstration
0 le J - - organic streaks in top 0. 61 m 5/24"
Q- - some organics from 105 mto 111 m /24"
Ly - dark olive grey 5Y 3/2 7/24" s
Lo - 11,1% organic content 8/24" I c r~ 40
- olive grey BY 4/2, olive grey 5Y 5/2 (457) | 8/24” ¢
mw_ H SAND - trace silt, fine-grained, uniform, olive 8Y 4/3 30/20"
5= 30/12”
mv i ~
e g ] 30/12 ‘QO
20 b~ = d 30/24”
by (72) 25/24
C mn SILT - clayey, stiff, some silt seams and pockets to 17/24" s
29 m, dark olive grey, 5Y 3/2, grey 5Y 6/1
~J - T 17/24"
25 - 80
=0 - very stiff, medium plasticity 17/24" c
ML Lo "
-4 - very dark grey 5Y 3/1, grey Y §/1 17/24 j
La- 25/18" _ c
30 - = o - 11.4% organic content 25/24" 4 s 120 ]
e ¥ ¥
~d |_ - high plasticity 25/24 f s !
_MH wn - olive BY 4/3, light grey 5Y 7/1 30/12" QAS
- random shear planes
- PF- - {MLJ}, trace organic streaks 116.5 | 30/12”
35 - ( Vx 10% °
7 CLAY - silty, random shear planes, dark olive grey v Ts.C
5Y 3/2, grey 5Y 6/1 30/15 Vr5-10% 120
F 127
- clear ice 3012 Vx N |
-pE - {CL), olive grey Y 4/2, olive grey BY 5/2, v Vr ! s
40 4 ice 159 to horizontal 30/12 V. Vr ,
o CH 30/18 | M
[£3] . i
° greyish brown . 140 .
b Lpgdd 30/18" Vx,Ve-10% ) w
o 45 - or ) ) CRS %
uﬁs HPF - dark ofive grey 5Y 3/2, olive grey, 5Y 5/2 30/12" Vs-5% Ts.C -
% (156') m
lw] -4 SILT - trace clay, trace sand, nonplastic, dark olive ve O
ol grey, BY 3/2 30/ -160
bl Nbn [¥ 9
< 50 1M «
b= J - " s
Lz - some sand to sandy with silty clay seams and 30/6 0
= bl
m Ly pockets (177 \Ov
o BE e ~Jd - CLAY - siity, trace sand, numerous silt seams and pockets 180 -
Wm pockets, gas bubbles, organic stains, blocky %
structure to 58 m, dark grey 5Y 4/1, grey AS.S
P S 5Y 5/1 Nbn GAsS, -
O - TS.C Q
m 60 cL ) - dark olive grey, 5Y 3/2 ~as m
oo | pE jeul
o s 200 =
g g
o
Ld lpr .1 30/18” W ~
® 65 |- " (219 M | o
SILT - some clay, some ¢lay seams, trace fine sand, w
L pE- some organics, nonplastic, greyish brown 30/12” s !
t~ 220
70 |~ i - laminations and Interbedding with light 30/18" N 7S.C,CRS
greyish brown silty clay, organic streaks, Nb
ML dark olive grey BY 3/2, gyrey 5Y 6/1 " n
Lped - sandy, clay and silty clay seams and pockaets, 30/12 :
dark grey 5Y 4/1, grey 5Y 5/1 240
75 -
Lpe - some very fine sand, greyish brown with light 30/18" Nbn TS.C
brown horizontal banding {1 mm) and grey
clay lenses to 3 mm
80 - 30/12 b 260
- black 5Y . 2.5/1, 7.9% organic content (289')
"PF- CLAY AND SILT - medium plasticity, black 5Y 2.5/1
Nbn
85 =~ cbL Lppd - wood and shell fragments, nonplastic,dark olive
grey 5Y 3/2, grey 5Y 6/1 280
(291")
SAND - silty, trace clay, fine-grained, uniform, dark
Q0 | SM S olive grey 5Y 3/2 Nb
by 4 , n
LPF- (300") .
SILT - trace sand, trace clay, nonplastic, very dark 300
grey 5Y 3/1, light brown horizontal banding
IL -t
95 ~m )
L, Nbn NOTE'
14 All strength tests performed N
on thawed samples 320
100 VAR A N L
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EBA JOB NO. 101-2581 GRAIN SIZE SHEAR STRENGTH TEST IDENTIFICATION
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PENETRATION BELOY SEAFLOOR, METRES

340

=360

~ 380

= 400

LOCATION: BORING 6, KENALOOAK J-94 BULK DENSITY (Mgm™'} & czom).nmvom wmm>mﬂmm.4mmzoqz o
LAT, 139 43' 36.48" N LONG. 133 58’ 09.96" W WATER DEPTH: 64.7 m** 4 18 18 20 20 40 60 o
2 : "R coNtiTg | s <
usc | & SOIL DESCRIPTION ow_.%zéﬂ GROUND ICE " . " KILOPASCALS i
100 & 20 40 60 80 100 200 300 @
L} L ¥ ¥ T L ¥ v
CLAY AND SILT - medium plasticity, stiff, numerous Nbn / s
silt seamns, dark olive grey 5Y 3/2, light grey \
, 5Y 6/1 . \
P ' .« | ¢
| [
108 = - laminations st 25° to horizontal, some organic 11 os
nm_mu stroaks, very stiff, dark grey 5Y 4/1, grey 6Y 6/1 | Nbn ! b/ﬂ / AA s
\
/ \ \
J ! \
110 ¢~ Nbn am \ .
\
2 gy \ s
b \
» i\ \
115 o Nbn __ /._
Lpe-] N
- some horizontal partings _, //
\
Vi
b (I
120 b | Nbn N A
. - dark olive grey 8Y 3/2, olive grey 5Y 5/2 w rv
g 400" |
a (400") ,A ] c.s
1114
END OF BOREHOLE
125 =
*Number of blows of a 175-1b weight dropped mnn&x-
imately 5-ft as required to produce a 24-in. penetration,
except as noted, of a 2.25-In.-0D, 2,125-in.-1D thin- ! w
L wall tube sampler. A 2.5-In.-0D, 2,125-in.-1D liner | i i
sampler was used to 5-ft penetration,
“*Water depth measured at 1130 hours on
" July 30, 1979,
-
, !
-
Boasim
- |
|
I
|
i ]
M ﬁ
NOTE
All strength tests performed
on thawed samples
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cL Ly CLAY - silty, trace organics, shell fragments, grey 0 NOT FROZEN T T =T _\.. —T T — T 0
.|L -
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SILT - clayey, trace to some sand, sandy silt 0 L
d interbedded with soft clay, grey |
Ly 4 0 S
2 -
3 ;] X : V
- . " !
ML ! 0/24 | -10
» o 1.
w4 |- 9] 10/24” 1
o« ] =
= - dark olive grey 5Y 3/2 | w
w " | 15 W
= 5| Lo 11/24 _ S W
" -
) (oo
[0dd i " !
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o o _ 9
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o T C
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w T @B
m 9} \
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Z ] b o
= 10 | cL . some organics from 106 mto 1.1 m / =
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o -35 =
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a 12 | i o
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Penetration Below Seofloor, Feet
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n “... SUMMARY OF LABORATORY TESTING RESULTS — PERMAFROST
m
nr SAMPLE pertH  |moist| suik | crounoice | AT EASERC DT AIUToN  |ORGANIC
"» INTERVAL | CONT.| DENS. | DESCRIPTION M T re T 5r—ciAv] siLT |5AND [GRAWICONTENT|SOIL DESCRIPTION
X ] NO. | TYPE Tmetres) % | (Mglm) %) Rl | %) | 4% | % | %) ] %) | (%] %]
"° V{903 100 | |Hot Frozen | | |
33 | Tw | 0.5 _____{Not Frozen _
29 Jes T 7e | et Frozen | [T |
S| Tw V2 .| Not Frozen e -
36| Tw ,_._. Not Frozen
iw.u Jv | 1.5 INm Not Frozen
an J F”w 28 Not Frozen | Nonplastilc 61 71 231 o0 (ML) SILT
T 26 | [MetFremen || ¢ 1|
lgl Jv NN 33 Not Frozen | Nonplastilc (ML) SILT
Iw! J N.-m Not Frozen .
IRTFEEX 32 Not Frozen | e7] 2] 0 (ML) SILT
71 d |3.8-40 |uw| |Z.Mn.. i_.-.ON@_._ : .
J 26 Not Frozen |Nonpllastil | 6| 76| 18f o (ML) SILT
Not Frozen
29 Not Frozen
" Mmmwx .z;ﬂ.ni_....ONm:
4 35 Not Frozen (26 |20 | 6 6.5 (CL-ML) SILT
m 32 Not Frozen |Nonpllastik 122 | 76 | 2| 0 (ML) SiLT
m i5|(q |7.6-7.8 hs [1.72 |Not Frozen
S o 2 I
o :| Jv ,W;. 39 Not Frozen |37 [19 |18 {cL) -cLAY
m _m.w m[ m.m - 8.7 i_.*,ml Not Frozen
W 19 | q 9.3 - 9.5 Not Frozen
M. 20 |v .m.m;l-.-ll |_.w| .zon Frozen B
W. PROJECT NUMBER _101-2581 SITE NUMBER __KENALOOAK BOREHOLE 86
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SUMMARY OF LABORATORY TESTING RESULTS — PERMAFROST

R

P11 71uoYnsuo) Suposvibuz Byas

SAMPLE ‘pepTH  |moist)| sutk | Grouno ice | ATTRABERS pURAINSIZE  |oRcanic
INTERVAL | CONT.| DENS. | DESCRIPTION T T vi TF—Teav SicT TsAnD Joraw|CONTENT|SOIL DESCRIPTION
NO. | TYPE Tretret) Tl | (Mgl %] Tl | ) | % | %) | % | %] | %) %]
21 19 10.3-.10.5 |33 _j ... _|Not Frozen _
22 |Jv _llo.5 b1 _|Not Frozen B5 21 ik |43 156 | 1 |0 (cL) ciay
23 _1q 1.4 - 11,6 __| Not Frozen
.N_ul Jv_ [il.6 39 | |Not Frozen o
mm!- G 12.0 Not Frozen
26 |Q 12,2 = 12.4 30 |1.88 Not Frozen
27 |dv 12.3 57 Not Frozen
28 |qQ 12.4 -« 12.6 b  N.77 Not Frozen
29 |Jv _Nm - q.mll .zIOn Frozen o . 1.1
30 |9 |42 20 Not Frozen - 14 (96 |o (sP) SAND
3|0 ikl 20 Not Frozen - |4 |96 [o (SP) SAND
2 39 14 1180 o Not Frozen - 13 l97 |0 (SP) SAND
40 |J 19.7 24 Not Frozen - 4 |96 |0 (SP) SAND
41 | 21.0 24 Not Frozen - 3 197 (o (sP) SAND
b2 |Q  [22.4 - 22.6 |32 [1.92 |Not Frozen
h3 v [22.6 39 Not Frozen o
Wb 9T [23.9 35 Not Frozen
b5 |dv . 32 Not Frozen _
W6 | 5.6 - 25.8 (36 .88 |Not Frozen .
AP W7 |dv  [25.8 32 Not Frozen |41 [28 |13 (ML) SILT
8 10 ~R6.9 - 27.1 3h  }1.93 Not Frozen
e T R7.1 36 Not Frozen
ko |uv 7.3 35 Not Frozen
proJECT Numper 101-2581 §ITE NUMBER _KENALOOAK BOREHOLE 86
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SUMMARY OF LABORATORY TESTING RESULTS - PERMAFROST

SAMPLE perTH  |moisT| suLk | Grounp ice | ATIRISERG puRRIBTZEy  |omaanic
INTERVAL | CONT.| DENS. | DESCRIPTION ™ TU T pL | 71 [CLAY] SiLT ]5aND [oraw|CONTENT|SOIL DESCRIPTION

NO. | TYPE Tmetran) %l | (Mgrm3] %) %) | 1% | (% | (%0 | (% | %) | (%) %)

5V 1@ [28,4 -28.6 | 31 |1,95 _|Not Frozen —_—
52 | Jv_[28.6 _26__ _|Not_Frozen

53147 _)30.0 24 Not Frozen . |G|

54 | Jv_|30.] 32_|___ |Not Frozen |48 30 |18 |8B ® |0 [0 | 1.k (ML) SILT
55 1Q 31.5 - 31.7 Not Frozen
56 Jv |31.7 33 Not Frozen |57 {32 {19 (MH) SILT
57 |G 33.0 Not Frozen . i

58 {Q 33.0 - 33.2 | 28 _.m._ml.. Not Frozen . -

59 [Jv |33.2 30 Not Frozen
(60 |PF |34.9 26 (1.93 Vx 10 :
61 |4 |[35.0 28 vx 10 |49 (29 (20 . (ML) SILT
62 |PF 136.2 - 36.5 | 36 |1.82 |[vr 5-10 56 {26 {30 (cH) CLAY
63 |PF 137.8 Vx
6h |PF 139.3 - 39.6 | 28 |1.96 vr 48 |23 |25 (CH) CLAY
65 |pF |40.8 Vx - Vr

66 |[PF |43.9 - 44,3 35 [1.79 Vs=Vr 10. |57 {24 [33 [65 |35 [0 0 (CH) CLAY
67 [PF |45.4 - 45.7 | 25 |2.03 Vs-5 -
mml J 48.4 34 Nbn Nonplastid 9 |89 |2 0 (ML) SILT
69 |J |51.5 L5 Nbn Nonplast 13 (85 12 |o (ML) SILT
70 [J  |53.5 33 Nbn

71 |J 54.9 29 Nbn 38 {22 |6 {cL) cLay
72 |G 57.0 Nbn
73 {4 |57.3 22 Nbn
74 |PF |57.9 - 58.1 |25 |2.00. Nbn

75 |J 60.0 25 Nbn 30 j22 8 135 |63 [2 ) (ci) clay
PROJECT NUMBER _101-2581 SiTE NUMBER __ KENALOOAK BOREHOLE B6
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SUMMARY OF LABORATORY TESTING RESULTS — PERMAFROST

SAMPLE DEPTH  |MoisT| BULK | Grounp ice | ATTEASERG pnaiNIiEn  |oRrGaNIC
INTERVAL CONT.[ DENS. | DESCRIPTION [T PL P1_|GLAY] sILT | SAND [GRAw |CONTENT|SOIL DESCRIPTION
NO. | TYPE Tmetres] 1% | (Mgim3] % %) | %) | % | % ] (% | (6 | %) (%)
J6fPF 161.0 |26 |1.87 Non —
7| PF_{63.7 - 64.1 . _Nf 27 |17 |10 (CL) CiAY
J8 | PF_[66.7 |31 [).67 )| _NF 12 |84 4|0 (ML) SILT
19| PF_169.8 - 70.2 |26 [1.98 § Nf__ |Nonpjasti (ML) SILT
80 |PF 172.8 - 73,1 36 ]1.78 Nbn -
81 |PF_175.9.- 76.3 28 [1.98 Nbn 15 |77 8|0 (ML) SILT
82 14 8i1.7 35 Nbn Nonp |ast i 13 | 84 3]0 7.9 (ML) siLT
83 PF 82,3 - 82,5 |29 |1.87 Nbn 28 |16 12 |36 |64 | 0 | O _ | (eL) cray
85.2 - 85.4 32 [1.86 Nbn .
85.3 28 Nbn 25 [Nonplasti¢ . . (CL) CLAY
90.5 - 23 Nbn 6 (27 |67 |0 (SM) SAND
91.3 - 91.6 |31 [1.73 | Wbn
88 |4 M_L. 27 Nbn Nonplastid (ML) SILT
8914 (9.0 24 Nbn
90 |PF_ |94.5 30 |1.81 Nbn Nonp lasti g 4 |89 710 (ML) SILT
m 9|y [97.2 4 Nbn
3 92 PF_ |97.5 Nbn
m 93 |PF [100.1 Nbn _
.m. 94 |pF |100.6 Nbn 4 _
m 95 [Q  [102.8 - 103.0] 22 |2.08 Nbn
..w.. 96 |JT [103.0 27 Nbn 33 20 (13 [40 |60 | 0 |0 | (cL) cLAy
o 97 [PF [103.6 - 103.7| 24  [i.99 Nbn
m 98 |PF [106.1 28 [1.96 Nbn 38 19 |19 (CL) cLAY
4 99 |a  |106.4 - 106.6 |25 [.05 Nbn
2 100 [T i06.7 Nbn
.m PROJECT NUMBER _101-2581 SITE NUMBER __KENALOOAK BOREHOLE B6 m
i
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o SUMMARY OF LABORATORY TESTING RESULTS — PERMAFROST
.-I
- SAMPLE DEPTH  [mMoIST| BuLk | GROUND Ice | ATIRREERG ) - BRANSIZE  |orcaNic
~p INTERVAL | CONT.| DENS. | DESCRIPTION [TTC T rL | Pl |GLAY] SILT [SAND joraw |CONTENT|SOIL DESCRIPTION
»z NO. | TYPE Tmetres] 1% | Mg/m3) %) % %0 | (% | % | %) | % | %) 1%
[ -] X
100 [J___]109,6 _ __ .. 25 __Nbn 35 (24 _[ni (cL) ciay
102 | PF__{109.7 - 109.8] 25_ Nbn 38 |20 |8 ) (cL) cLAy
103 |J 112,6 A28 _-Nbn
lob |y f112.8 (31 __|_.. ._.| . _.Nbn_- 37118 |19 (CL) CLAY
105-|PF__[115.7 - 115.8 Nbn 33 |67 |0 [0 (CL) cLAY
106 | J 115.8 27 Nbn 30_ (19 |11 (cL) ciay
107 14 [118.6 27 Nbn .
108 [PF[118.9 - 119.1] 25 [1.76 | vs 5 [y |20 |21 . (cL) cLay.
109 |Q 121,1 = 121,31} 2] 2.15 Nbn ho |21 19 [45 |55 |0 0 (CL) CLAY
1io | JT 121.3 21 Nbn
Vil |PF 121.9 22 2.04 Nbn 48 |52 0 0 (cL) cLay
m R
- _
- d L
v,
4
n
a
>
("]
n
o
2 p
< , |
o
2>
<
m g PROJECT NUMBER _101-2581 SITE NUMBER __KENALOOAK BOREHOLE B6
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TRIAXIAL TESTS
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SAMPLE DEPTH usc MOISTURE INITIAL CONF INJNG AX IAL UNDRAIMED
NUMBER CONTENT BULK PRESSURE STRAIN SHEAR STRENGTH

DENSITY AT (JACKETED . REMARKS

FAILURE TRIAXIAL)
(metres) (5 - tHg/m>) (kP2) 13 kPo)

§=26 12.2 cL - 325 . 1.88 100 13 29 slit/cley contact
s-42 22.4 . 32.9 1,93 500 s 16
s-48 27.0 uL 3402 1.93 530 240 55
s-38 33 M 2844 1.94 580 12 183 .
$-62 36.3 cH 2804 1.93 610 12* 80
$-64 39.3 cH 26.2 1297 640 14 216 leminated
5-67 4.4 cH 24.8 1,96 690 20* 14
§-80 12.8 ML 3%5.8 1.78 920 13 125 laminsted
§-84 85.0 cL 307 . . 1.86 1020 12 23
$-9%  102.9 cL 21.7 2.08 170 15 173 laminated
§-97  103.6 cL 2147 2.04 1180 20 123 iominated
5-99 106.4 CL Nu.u. 2.05 1200 20 a4 tamingted
§=109  121.2 cL 19.3 . 2,13 1320 T 204
S=111  121.9 cL 19.9 2.07 1340 BT 97 slickensided

No peak obtained, ' Test terminated
at indicated strain. - .
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nD T EFFECTIVE EFFECTIVE
SAMELE R usc HOISTURE DENSITY OVERBURDEN  PRECONSOLIDATION NORMAL
LR COHTENT INITIAL INITIAL  PRESSURE PRESSURE STRESS
THITIAL  FINAL BULK DRY ) A <. to, <, . X
(muirus) (§ 3] (1) .za\;u_ .:a\au. (kPa) (kPs) (kPs) .anx:. (1/4Ps)
5-15 7.6 cL 51.9 1.72 1.13 72 38 0.39 10 .
1.2 2.1 7.9€-10
23
1.6 2.0 9.7€-10
50
1.6 1.9 7.3E-10
100
1.9 0.90 4.2€-10
200
1.8 0.57 3. 1E-1C
400
2.3 0.28 2.0€-10
800
2.6 0.16 1.36<10
1600
m
W s5-20 12.5 cL 46.7 33.3 1.77 1e21 96 100 0.41 23
D 14 0.26 1.2€-09
w. . 50
O . 4.9 0.52 7.26-10
5 . 100
a 2.1 0.68 4.%e-10
= 200
.w 1.9 0.59 2.7€-10
P 400
o 1.7 0.32 1.76<10
2 : 800 .
< 1.9 0.17 1.06-10
T 1600
>
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- - : EFFECTIVE EFFECTIVE
SANPLE v usc M1 S funE DLNEITY OVEABURDEN  PRECONSOLIDATION NORMAL
NUMBER COUTEHT (HITIAL IHITIAL  PRESSURE PRE §SURE STRESS
INVEIAL FINAL BULK ony . Pe) o) e o) e, ., x
tmetres} ) (50 (Mg/md)  (Mg/m) tkPa) (kPs) tkPs) (n/yr) (1/74P8) (m/s)
—— e e
§-46 25.6 ML 3742 3146 1.88 1031 227 400 0.32 10
29 0.47 4.3€-09
23
b Y 0.44 4.4E-09
30
36 0.41 4.5€-09
100
4 0.29 4.0E-09
200
31 0.18 2.9€-09
400
a“ 0.15 2.1E-09
800
37 0.13 1.3£-09
1600
§-951 28.5 ML 31.4 28.7 1093 1448 250 176 - 273 0.22-0.27 23
. . ! T4 0.2) 9.96-10
50
n 0.22 1.8E-10
100
9.4 0.2% 7.36-10
200
. 10 0.20 6.4E=30
400
12 0.13 4.9E-10
800
1" 0.08 3.0E-10
1600
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z7 * CONSOLIDATION TESTS
L ! :
"y
uN - . o e s sue
wD oo EFFECT)VE EFFECT I VE
SAilI vLi I use MO IS TUNE DENSITY OVERDURDEN  PRECONSOLIDATION NORMAL
HUNBER content INITIAL INIT)AL  PRESSURE PRESSURE STRESS
INITEAL  FINAL BULK ) P ) P L (o, ) c, " k
{moltrus) A3 ($ R :E\su. :3\.__.: (kPa) (kPa) (kPa) ....n\f... (1/MPa) (m/s)
L ]
5-62 36.3 CH 2643 24.8 1.97 1.56 mn 120 = 190 0.16=0,22 10
1.9 0.09 3.%€-11
60
3.1 0.26 2.9E-10
100
: . 3.0 0.20 1.86-10
200 .
3.8 0,13 1.36-10
400
3.2 0.08 T.7E-11
800
3. 0.0% 4.7E-11
1600
5-67 45.4 CH 24,6 21,4 2.03 1.63 397 : 162 - 257 0.1%5-0.20 10
2.3 0.05% 3.56-1)
@ 60
D . 7.2 0.16 3.66-10
m 100
a 8.4 0.13 . 3.3e-10
5 200
A 8.6 0.09 2,36-10
m... 400 ]
3 ' -
9.7 0.06 1.9€-10
.Wa . 80O
) 9.1 0.0% 1.3£-10
2 1600
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CONSOL IDATION TESTS .
croTmrTmmT T mmmmmmmm CFFECTIVE KFFECTIVE
SANILE [T usge 1o 13 TURE DENSITY OVERBURDEN PRECONSOLIDATION NORMAL
WU R conTLur INVEIAL  INETIAL PRESSURE PRESSURE STRESS
MITIAL  FiNAL BuL K ORY ..1.0. .v.n. . te,? <, LI x
{metros) ts) ) .z=\su. .Zuxau. T {kPa) (kPa} {(kPs) .;~\<1~ (1 /MPa) im/3)
S-74 57.9 cL 9.2 22.4 2400 1.60 512 686 -~ 109 0.12-0.14 10 .
. 14 0.46 2.0E-09
HE)
13 0.44 1.8€-09
50
R 0.29 1.0€-09
100
9.6 0.16 4.9€-10
100
14 0.09 3.8E-10
400
9.2 0.0% 1.%€-10
800
s 0.03 1.6£-10
1600
$-179 69.8 ML 29,1 20.6 1.9% 1.54 600 200 - 270 0.16-0.18 10
\ 9.6 6.3 1.9€~08
2%
' 8.8 1.2 3.2E-09
%0
1.7 0.62 1+%€-09
too
7.4 0.38 B.BE-10
200
7.5 0.21 4.8€-10
400
. B.7 0.13 3.46-10
\ 800
9.8 0.08 2.4€-10
1600 :
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2™ CONSOL IDAT (Ol TESTS
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"~
mp
»2 e ae wevm e o e imim
D EFFECTIVE CFFECTIVE
SAMPLE DEPIN usce MO I S TURE DENS 1Y OVERBURDEN  PRECUNSOL IDATION NORMAL
HUM LR COHTENT INITIAL  IKITIAL  PRESSURE PRESSURE STRESS
INITIAL  FINAL BULK DRY (P P <. to,) c, ., .
(melros) 5 () (Mg/m?)  (Mg/m™) (kP o) (kP a) (kPa) (md/yr) (1/uPa) (m/s)
5-41 7549 ML 27.2 2342 2.00 1457 670 800 0.18 10
1.9 1.2 2.9€-09
23
747 0.76 1.2€-09
50
7.2 0,44 9.96-10
100
. 9.6 0.27 8.2E-10
200
12 0.17 6.0£-10
400
14 0.10 4.4E-10
800
18 0.07 3.8E-10
1600
ﬁ 5-91 103.6 cl. 24.7 21.9 1.99 1,60 898 . 100 = 15 0:13-0.17 10
D 8.3 0.25 6.5£-10
M : 30
.m.. oo 7.9 0.27 6+5€-10
a 8.9 0419 S.2E-10
2 200 v
£y 1" 0.1 3.6E-10
o 400
& " 0.07 2.4e-10
2 800
g 1" 0.04 1.4€-10
= 1600 )
5
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5
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T CONSOL IDATIUN TESTS
"
LB .
e ,
»e CTTTrmmmmm o e an mm EFFECTIVE EFFECTIYE
SAMPLL CEP TN "5 HO IS TURE OVERBURDEN  PHECONSOL IDATION NOHMAL
NG CHONTENT PRESSURE PRESSURE STRESS
11T AL FinAL ..1.ov :.:nv nn { c.c ) n< ...< R
tmotrus) t (%) tkPa) (kPa) thPa) tm2/yr) t1/MPa) tm/s)
L)
5=111 121.9 cL 22,2 2.2 1053 103 ~ 149 0.12-0.13 10
3.1 0.02 2.2e-11
30
2.0 0.20 1.2e-~10
100
249 0.16 1.0E-10
200
3.9 0.09 S.4E -1
400
4,2 0,50 7.CE-118
600
4.3 0.03 4.3E-11
1600
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