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McClelland éngineers, inc. / geotechnical consultants

6100 HILLCROFT / HOUSTON, TEXAS 77081
TEL. 713 / 772-3701 / TELEX 762-447

Report No. 0179-0128-4
January 14, 1981

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

Attention: Mr. Muharrem Gajtani/'
Geotechnical Investigation

Boring 8, Nektoralik H-28
Beaufort Sea

Gentlemen: -

This report presents the results of our geotechnical investigation
of soil and foundation conditions at the above offshore location.
McClelland Engineers, Inc. and EBA Engineering Consultants Ltd. jointly
performed this investigation under your Beaufort Sea Coring Services
Contract dated June 19, 1979.

Various preliminary data and information have been provided to you
from time to time upon request, including the results of the laboratory
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.

We appreciate the opportunity to be of service to you in this
interesting project. Please call on us when we can be of further
assistance.

Very truly yours,

McCLELLAND ENGINEERS, INC.

/Sfxﬂﬁaﬂédk Ao

Bernardo Susi
Geotechnical Engineer

Clarence J. Ehlers, P.E.
Senior Engineer Manager

BS/CJE/mmt
Copies Submitted:

- 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 Nektoralik H-28 exploratory
drilling site in the Beaufort Sea. The study included a foundation boring
drilled to 318-ft penetration in 193 ft of water. Field and laboratory
tests were performed on soil samples retrieved from the boring, and engi-
neering analyses were made of the field and laboratory data to compute the
ultimate axial capacity of conductors and open-end pipe piles.

The boring disclosed fine-grained soils throughout the 318-ft penetra-
tion explored. The soils consist primarily of clays, clayey silts, and
silts. The consistency of the clays and silts is very soft at the seafloor,
increasing with penetration and becoming very stiff at about 50-ft pene-
tration. The soils from the seafloor to about 50-ft penetration are of
Recent geologic origin, underlain by soils of older geologic origin.
Temperatures of recovered soil samples were generally above or slightly
below the freezing point 0° C) from the seafloor to about 70-ft penetration
and from about 110-ft to 125-ft penetration. From about 70-ft to 11l0-ft
penetration and below 125-ft penetration, the temperature decreased below
freezing, and the soils were classifed as frozen. The ice content of the
frozen soils is low. Visible ice is present from about 125-ft to 175-ft
penetration. Below 175-ft penetration, the frozen soils are described as
Nbn (no excessive ice, well-bonded).

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 techniques
below about 125-ft penetration is expected to be very difficult, and driving
refusal will probably be experienced because of the presence of permafrost.
Methods to aid 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




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 coﬁstructéd at the Nektoralik
H~28 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
report 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 (l) to obtain information on soil
stratigraphy and properties at the Nektoralik H-28 exploratory drilling site,
(2) to determine the extent of permafrost within the 318-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 installation 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

MCCLELLAND ENGINEERS
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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., Houston, 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 technician
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 Nektoralik H-28 location
at Latitude 70027'27233" N and Longitude 136°06'12.32" W. The water depfh
at the site, méasured by wire-line techniques, was 193 ft at 0800 hrs on
August 22, 1979. The drilling and sampling depths were not corrected for
tidal variations. The boring was drilled to a total penetration of 318 ft
below the seafloor or El1 =511 ft.

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 sﬁpply 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 1ine-retrievable‘rotary
core barrel. Soil samples were obtained by percussion technique at 3-ft
intervals to 50-ft penetration, at 5-ft intervals from 50-ft to 150-ft pene-
tration and at lO—ft.intervals below 150-ft penetration. A 2-1/2-~in.-~0D,

McCLELLAND ENGINEERS
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2-1/8-in.-ID liner sampler was used to obtain samples to 8-ft penetration, and
a 2-1/4-in.~-0D, 2-1/8-in.-ID thin-wall tube sampler was used to obtain all
other 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 sufficient number of times to achieve the

desired 24-in. penetration of the sampler.

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 in the
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 the temperature reading.
Although temperature measurements are affected by the factors menticned
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 sampleé were presented
in a bound report submitted previously.

Descriptions of the soils encountered in the boring are presented on
the boring log shown on Plates 1 and 2, The boring log includes soil
classifications according to the Unified Soil Classification (USC) System
and ground ice descriptions. A key to the Unified Soil Classification and
Ground Ice Descriptions given on the log is presented on Plate 3. Sample
temperatures measured in the field are plotted on Plate 4.

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 with
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
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Penetration Test. As an example, we believe that 30 blows of the 175-1b
wire-line sampler to achieve a penetration of 24 in. is roughly equivalent
to 30 blows for 12-in. penetration for the SPT: We wish to stress that ﬁhis
is cnly a rough approximation based upon limited data obtained onshore at
relatively shallow penetrationms.

A brief chronological summary of the field operations at this location

is given on Plate 5.

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 concurrently with
drilling operations. Undisturbed shear strengths of most unfrozen cohesive
samples were determined with a motorized miniature vane device while the
samples were still in the sampling tube. Unconfined compression tests were
performed on selected specimens of cohesive soils after the samples weré
extruded from the sampling tube. Estimates of the shear strength of cohesive
soils were also made using a Torvane.

All other tests were conducted by EBA Engineering Consultants. The
types and number of strength, thaw strain, and consolidation tests performed

are as follows:

Number of Tests
Type of Test Laboratory Field

'~ Miniature Vane

Undisturbed 3 30
Remolded 2 0
Torvane 0 31
Unconfined Compression 0 . 11
Unconsolidated-Undrained
Triaxial Compression ' 18 0
Direct Shear 0
Thaw Strain 0
Consolidation . 8 0

All strength tests were performed on thawed samples.

MCCLELLAND ENGINEERS
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Water content and unit weight determinations were made as routine parts
of the test procedures for all specimens subjected to unconfined compression,
triaxial compression, direct shear, thaw strain, and 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 37
Liquid and Plastic Limits 34

Grain-Size Analysis

Sieve Analysis through

No. 200 Sieve - 7
Hydrometer 19
Pore Water Salinity 23
Specific Gravity 2
Bulk Density 21

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 and
2., Field strength test results are plotted in red and laboratory strength
tests in black to aid in the evaluation of the effect of thermal disturbance
on measured shear strengths. The results of all tests including grain-size
curvés, liquidity index profile, pore water salinity profile, and specific
gravity are presented on Plates A-2 through A-15. Results of all strength
tests including unconsolidated-undrained triaxial compression, direct shear,
miniature vane, unconfined compression, and Torvane are presented on
Plates A-16 through A-26. The results of the thaw strain and consolidation
tests are presented on Plates A-27 through A-37. ‘

In addition to the above physical tests, selected samples were analyzed
for geochemical constituents by Carbon Systems, Inc. of Baton Rouge,
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, Inc. on December 13, 1979.
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SOIL STRATIGRAPHY

The soils at the Nektoralik H-28 location are highly stratified and
consist primarily of fine-grained soils that vary texturally from silt to
clay. The soils are frozen from about 70-ft to 110-ft penetration and
below about 125-ft penetration. A generalized summary of the major soil
strata at Nektoralik H-28 based on the log of the boring presented on

Plates 1 and 2 is given in the following tabulation:

Penetration, ft

Stratum From To Description
1 0 6.5 Clayey silt; frozen from 1.5' to 5.0'
2 6.5 10.0 Very soft clay; frozen below 8'
3 16.0 12.0 Clayey silt '
4 12.0 + 30.5 Very soft clay
5 30.5 85.0 . Clayey silt; frozen from 58' to 60',
70' to 76' and below 84'
6 85.0 114.5 Frozen clay and silt
7 114.5 119.0 Very stiff silty clay
8 119.0 175.5 Frozen clayey silt with clay layers
9 175.5 185.0 Frozen clay and siit
10 185.0 203.5 Frozen very stiff silty clay
11 1203.5 272.0 Frozen silt
12 272.0 318.0+ Frozen very stiff clay

Detailed descriptions that include color and textﬁral variafions, inclusions,
and ground ice for each stratum are noted on the boring log. In addition, -
descriptions of sedimenfary 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 revealed 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.
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SOIL PROPERTIES

Definition of Permafrost

The classical definition of permafrost is any earth material that has
been at or below the freezing temperature of water (0o 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
frozen at the same temperature that a clay sample will appear and feel
unfrozen. In this reﬁort, 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 on recovered samples in
the field, the temperatures of the sediments to about 70-ft penetration
were variablé, ranging from about -1° ¢ to +1.5°C. The sediments from about
70-ft to 110-ft penetration and below about 125-ft penetration were below
the freezing point with temperatures ranging from about ~1.5 to -2,0° ¢ and
decreasing with depth. From about 110 to 125-ft penetration, measured
temperatures were about 0°c. A plot of temperatures of recovered soil

samples measured during drilling operations is presented on Plate 4.

Unfrozen Soils

Based on temperature measurements discussed in the previous section,
the soils are generally unfrozen from 0 to about 70-ft and from about 110-ft
to 125~-ft penetrations at the Nektoralik H-28 location. The unfrozen soils
are clays and clayey silts of medium to high plasticity. Based on measured
shear strengths and liquidity indices, the clays and silts to about 50-ft
penetration are of Recent geologic origin and are normally consolidated to
slightly underconsolidated with respect to the present over-burden pressure.
Based on three consolidation tests, the computed overconsolidation ratios
(OCR) range from 0.5 to 1.0, ﬁhich also indicates the soils are normally
consolidated to slightly underconsolidated. (A plot of overconsolidation

ratio (OCR) versus penetration is presented on Plate A-38 in Appendix A.)
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Below about 50-ft penetration, the soils appear to be overconsolidated and
are probably of older geologic origin.

The clays of Strata 2 and 4 are very soft in consistency. The clayey
silt of Strata 1 and 3 is loose based upon the driving resistance of the
wire-line operated percussion soil sampler, or is very soft in consistency
based upon measured undrained shear strengths. The clayey silt of Stratum 5
becomes denser and stronger at about 50-ft penetration, changing in con-
sistency from very soft to very stiff and reflecting a probable difference

in geologic origin as discussed above.

- Frozen Soils

Frozen soils or permafrost were encountered from about 70 to 110-ft
penetration and below about 125-ft penetration. The frozen soils consist
primarily of clays and silts of moderate plasticity. The liquid limits of
the soils range from 22 to 67 with plasticity indices ranging from 8 to 44.
Measured shear strengths of thawed samples generally range from about 2 ksf
(100 kPa) to 4 ksf (200 kPa). '

The frozen soils contain visible ice from about 125 to 175-ft penetra-
tion. Below 175-ft penetration, there is no 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.

Based on measured shear strengths on thawed samples, the frozen soils
appear to be normally consolidated to slightly overconsolidated. Incremental
consolidation tests indicate that the scils are normally consolidated to
underconsolidated with overconsolidation ratios ranging from about 0.25 to
1.05.

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 coﬁductor 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 permafrost. When
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permafrost thaws, strength and volume changes may result. This thawing is
not expected to occur with the foundation piles.

Canmar has requested that three design cases be considered in the
analysis of the axial capacity of conductor pipes and foundation piles in

permafrost. 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 Predictihg 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 wifh respect to the method of predicting axial capacity for
the two installation procedures (Cases 1, 2, and 3).  There are other
analytical methods available for computation of axial capacity 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).

The presence of permafrost will affect the axial capacity for theAthree
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. In frozen soils of high ice
content, the creep rate under stress may cause excessive settlements over
the design life of a pile-supported étructure, which may govern design. For
the low-ice-content permafrost at the Nektoralik H-28 site, settlement of
piles and conductors is expected to be within tolerable limits if piles and
conductors are designed in accordance with the method of predicting axial

capacity described herein.
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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’ so

that:

The end bearing component, QP, of axial pile capacity will not be developed

by a conductor pipe and, therefore, is neglected.

Skin Friction

The skin friction, Qs’ is expressed as:

Qg = f A,

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
the selected strength parameters shown in the left graph of Plate 6 and the
criteria discussed in the following paragraphs produced the curves of unit
skin friction shown in the left graph of Plate 7.

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.l. 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 or the undrained shear strength equivalent to a normally

(1)

American Petroleum Institute (1980), Recommended Practice for Planning,
Designing and Constructing Fixzed Offshore Platforms, API RP 2A, 1llth
Edition.

McCLELLAND ENGINEERS




1
consolidated clay for deeper penetrations, whichever is greater. The values
of undrained shear strength used in our computations are based on the inter-
preted shear strength presented on thé left graph of Plate 6. The unit
skin friction values are plotted on the left graph of Plate 7.

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

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 K = coefficient of lateral earth pressure
5v = effective vertical stress
8 = 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
weight profile shown on the right graph of Plate 6. The angle of frictionm,
8§, as well as the maximum limiting value of unit skin friction, fmax’ con—

sidered appropriate for the granular materials are presented on the left

graph of Plate 6. The values of § and fmax are in accordance with those

cited by McClelland(z).

Frozen Soils. The frozen soils encountered at the Nektoralik site range

in grain size from clay to silt. The method of computation of adfreeze
bond or unit skin friction, f, for frozen granular soils was assumed to be
the same as described above for unfrozen granular soils. The maximum

limiting values of umit 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:

(Z)McClelland, Bramlette (1974), "Design of Deep Penetration Piles for-

Ocean Structures,”" Journal, Geotechnical Engineering Division, ASCE,
Vol. 100, No. GI7, pp. 705-747.
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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 1.1 kst 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 Nektoralik
location, the frozen granular soils consist primarily of clays and silts.
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 pro-

portioned to the values for sand in accordance with the proportions cited
by McClelland(z)

soils.

for limiting skin friction values for unfrozen granular

The adfreeze bond and correspondiﬁg 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. In the future,
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:
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where Ap is the gross end area of the pile and q is the unit end bearing.
Computations based on the selected strengtl parameters shown in the left
graph «f Plate 6 and the criteria discussed in the following paragraphs
produced the curve of unit end bearing in the right graph of Plate 7.

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 limiting 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:

1T 7 8y Nc
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 S,
correspond to the shear strength profile plotted on the left graph of
Plate 6.

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

computed from the equation:

= g N?
q Gv q
where EV = effective vertical stress
N& = dimensionless bearing capacity factor which is

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 6. 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 6 along with the maximum limiting
values of unit end bearing, Upax? 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.
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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 unfrozen 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 refusal to conventional
percussion pile driving will be encountered in the frozen soils below about
125-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 frictiomal

capacity was computed for a unit circumference pipe pile or conductor (12-in.

circumference) assuming the three design cases previously discussed. Cases 1,
2, and 3 differ only below 203.5-ft penetration where the frozen soils were
assumed to behave as granular soils. There is nc difference between the
computed compressive and tensile capacities for Cases 1, 2, and 3. Curves
of ultimate frictional pile capacity are presented on Plate 8.

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 resulting 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 7. The
end bearing component of capacity must not exceed the frictional resistance

of a soil plug inside the pile at any penetration.
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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 end (2) a drilled-and-grouted technique. Comments and recommerda-
tions concerning the two installation techniques are discussed in the

following paragraphs.

Driven Piles and Conductors

Installation of driven piles and conductors at the Nektoralik H-28
location is complicated by the presence of frozen soils. Below about 125-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

Some of these techniques could be adaptable for use offshore. The most

feasible alternatives would probably be pile driving assistance bty 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 temperatﬁre of the permafrost, and the

energy and type of driving hammer. If pilot holes are used as an aid to

MCCLELLAND ENGINEERS




16
driving, we recommend that pilot holes have a diameter approximately one-half
the diameter of the pile and be drilled in increments no deeper than 10 pile
diameters below the pile tip. If 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 penetratiom.

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 installationm.

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:

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

(3) Utilize grout plécement techniques that minimize drilling fluid
contamination of bondiﬁg surfaces. _ .

(4) Control drilling procedures that could influence borehole stability
and create mechanical disturbance of soil fabric.

(5) Insure 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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Date

August 20, 1979

August 21, 1979

August 22, 1979

August 23, 1979

August 24, 1979

Time

From

0500
0830
1130

1915

0000
2215

0000
0300

0330
0800

0915

0000
0745
0845
1945

2000
2115

0000
0345
0445

0830
1200

To

0830
1130
1915

2400

2215
2400

0300
0330

0800
0915

2400

0745
0845
1945
2000

2115
2400

0345
0445
0830

1200
2400

Description

Traveling from Admiral's Finger Pingo
to Explorer I

Standing by at Explorer I to offload
passengers

Traveling from Explorer I to
Nektoralik H-28

Waiting on weather

Waiting on weather

Anchoring

Anchoring

Rigging up equipment and measuring
water depth

Resetting anchors

Attempting to pick up core barrel;
boat motion prevents safe handling

Waiting on weather

Waiting on weather
Pulling anchors to change heading
Anchoring

Rigging up equipment and measuring
water depth

Running pipe to mudline

Drilling Boring Nektoralik H-28 to
24-ft penetration

Drilling Boring Nektoralik H-28 to
44-ft penetration

Replacing fuel filter and dewatering
fuel lines '

Attempting to restart rig; hydraalic
starter inoperable

Locating replacement engine starter

Standing by for replacement starter
and installing fuel/water separator

(continued on Plate 54)

PLATE 5
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i Date

August 25, 1979

August 26, 1979

August 27, 1979

August 28, 1979

August 29, 1979

Time

From

0000

0300
0400
1300

0000

0015
0200

2345

0000

0130
0600

0900
1130
1830
1915

0000
0230
2245

0000
0900

(Continued on Plate 5b)

To

(Continued from Plate 5)

0300

0400
1300
2400

. 0015

0200
2345

2400

0130

10600

0900

1130

1830

1915
2400

0230

2245

2400

0900
1500

Description

~abandon hole

.Traveling to Kaglulik A-75

Replacing engine starter; arrived
at-0005 hrs via helicopter
Pulling pipe partially

Replacing fuel injectors

Waiting on weather

Repositioning Supplier V due to I
surveying equipment malfunction
Running pipe to mudline

Redrilling Boring Nektoralik to 47 ft;
drilling boring to completion depth
of 318 ft

Fishing sampler; unsuccessful

Attempting to drill past sampler;
unsuccessful; bent three joints of
pipe

Pulling pipe

Waiting on weather; too rough to set
down drill collar; requested to

Pulling anchors
Traveling to Explorer I
Standing by at Explorer 1

Traveling to Kaglulik A-75 to locate
marine riser package

Locating marine riser package;
standing by for orders

Traveling to Tuk Base

Traveling to Tuk Base

Standing by at Tuk Base

PLATE 5a



Time

i Date From To Description
s Lrom =9
g (Continued from Plate 5a)
g . August 29, 1979 1500 1700 Demobilizing personnel and storing
R equipment
.5 e ‘ 1700 2100 Standing by for transportation to
5 Edmonton
s
5 2100 2400 Traveling to Edmonton

; August 30, 1979 0000 0200 Traveling to Edmonton

B 0200 0700 Standing by in Edmonton

: 0700 1700 Traveling from Edmonton to Houston

i

f
H
i

CLELLAND PLATE 5b



Interpreted Shear Strength, Kips Per Sq Ft

Submerged Unit Weight, Kips Per Cu Ft

0 1 2 3 4 5 0.020 0.030 0,040 0,050 0,060 0.0%0
O L3 ]
A , Clayey Silt | -
= | Frozen Very Soft Clay | &
Clayey Silt
T | Very Soft Clay |
50 50
— Clayey Silt
v
\ )
100 — 100
~ Frozen Clay and Silt 5
8 150 el 150 2
Z 3
2 [«}
O o
E o 3
5 200 Y . 200 .8
E= i o
2 ¢ =20% 6 =15% N'q=8; Fma =0.40 Case 1; q =40 ksf %
2 ¥=0.65Case2 "X S
Q.
- =0.90 Case 3 Frozen Silt
250 250
' cnE
[

300 Frozen Very Stiff Clay 300
350 350
STRENGTH PARAMETERS SUBMERGED UNIT WEIGHT

. Sand Silty Sand  Sandy Silt  Silt and Clayey Silt
Case 1: § (ksf) = 0.80 0.70 0.55 0.40
Case2: o (sfl= 1.25  1.10 0.90 0.65
Case 3: f (ksf) = 1.80 1.60 1.25 0.90 INTERPRETATION OF DATA
i Boring 8, Nektoralik H-28
Beaufort Sea
ReinEERs PLATE 6



Unit Skin Friction, Kips Per Sq Ft Unit End Bearing, Kips Per Sq Ft
0 1 2 3 4 5 0 10 20 30 40 50
0 Clayey Silt 0

. !

1 Frozen Very Soft C'lay‘]
Clayey Silt
- , y Very Soft Clay [ =

Clayey Silt \S

Wi

50

/

\ Frozen Clay and Silt |
150

s}
n
<

/ 200 .

8
|

—Case |

—Case 2 » f
td—Case 3 Frozen Silt
250

Penetration Below Seafloor, Feet
Penetration Below Seafloor, Feet

=

250

s aumso s

£

Frozen Very Stiff Clay 300

300

emm— | R SO G R G | S,

Note: 1, Tension and compression curves coincide. Note: Limiting values of end bearing available from frictional
. resistance of soil plug inside various pile sizes will govern
2, Case 1, 2 and 3 coincide except were shown Pvs P 9°

, at shallow penetrations.
b ]

350

350

UNIT SKIN FRICTION UNIT END BEARING

UNIT PILE DESIGN DATA
Boring 8, Nektoralik H-28
Beaufort Sea

MECLELLAND PLATE 7
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Ultimate Frictional Capacity, Kips

0 100 200 300 400 500
Clayey Silt

ﬂFrozen Very Soft Clcy]-r
Clayey Silt

_I Very Soft Clay

A

Clayey Silt

50

L4
A

100

Frozen Clay

\ and Silt
150

200

Penetration Below Seafloor, Feet

\ Case 2 Frozen Silt

250 \V -

L | ‘C\\’/ o v

s ‘ } \ /

‘ Case 1 — '\ Frozen Very
| . AN Stiff Clay” ]

300 S
NN\
z R R \l — _L

—

- 350

ULTIMATE FRICTIONAL CAPACITY CURVES
P 12-in.-Circumference Pile
' API RP 2A (January 1980) Method
L Boring 8, Nektoralik H-28
Beaufort Sea
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APPENDTIX A

ILLUSTRATIONS

Summary of Laboratory Testing Results . . . . .
Grain-Size Curves . . . « ¢ + + ¢ ¢ o o o o o .
Liquidity Index Profile . . . . «. . -4 ¢« ¢ & &
Pore Water Salinity Profile . . . . . . . . . .
Salinity Test Results . . . . . . « . « ¢+ « . .
Specific Gravity Test Results . . .« « « « « « &
Unconsolidated-Undrained Triaxial Test Results
Stress~Strain Curves, Unconsolidated-Undrained

Triaxial Compression Test . .« « « « « + &
Summary of Direct Shear Test Results . . . . .
Field and Laboratory Vane Shear Test Results .
Field Unconfined Compression Test Results . . .
Field Torvane Test ResultS .« « + ¢ ¢« « o & o &
Thaw Strain Test Results . . . + ¢« « &« ¢« « o .
Consolidation Test Results . . . ¢« ¢ ¢« « « & &
Overconsolidation Ratio vs Penetration . . . .

Plate

A-1

. A-2 thru A-11

A~-12
A-13
A-14

- A-15

A-17
A-22

A-27
A-30

A-16

thru A-21
and A-23
A-24

A-25

A-26

thru A-29
thru A-37
A-38
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SALINITY TEST RESULTS

DEPTH SALINITY CLAY FRACTION
(metres) (feet) (ppt) (%)
0.3 1.0 12 * 60 **
2.7 9.0 34 65
3.7 12.0 33 * 65
4.9 16.0 34 65
10.1 33.0 33 * 63
13.7 45.0 35 * 61.
1 19.2 63.0 31 % 53
22.3 73.0 19 * 39
28.3 93.0 23 * 57
28.5 93.5 23 57
28.5 93.5 34 57
32.9 108.0 29 * 65
33.1 108.5 33 65
39.0 128.0 28 * 68
0 39.3 129.0 20 68
60.4 198.0 16 66
60.4 198.0 22 66
64.0 210.0 33 * 33
69.5 228.0 36 * 7
75.9 249.0 21 19
78.6 258.0 26 26
84.7 278.0 29 * 27
87.9 288.5 29 35
NOTE: *Test performed by Carbon Systems, Inc.

*¥*Clay fraction interpolated.
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NEKTORAL 1K

UNCONSOL IDATED =~ UNDRAINED

Vit Bl V., P X1

TRIAXIAL TESTS

i

(including laboratory vane shear tests)

3
3
o]
o]
B . ' —_
Iy SAMPLE DEPTH usc MO STURE INITIAL CONF INING AXTAL UNﬁﬁWﬁNEQ
E NUMBER CONTENT BULK PRESSURE STRAIN SHEAR STRENGTH
- DENSITY AT
? ‘FAILURE JACKETED LABORATORY
TRIAXIAL VANE SHEAR REMARKS
3 (metres) () (Mg/m3) (kPa) £ (kPa) (kPa)
5
K
5
[N
S-14 2.7 cH 75.6 1.47 290 30% 14 -
5-17 4.0 cH 71.9 1.61 - 300 9 5 - bulged
5-23 5.6 cH 61.7 1.63 310 11 2% - bulged
§-27 6.7 CH 51.6 1.67 320 9 22 - bulged
5-30 7.6 CH 57.1 1.69 325 12 8 - bulged
$-30 7.6 CH 59.9 - - - - 5.3
) $-33 9.1 CH 61.4 .- - - - 6.4
£ S=34 9.3 MH 69.8 - - - - 5.7
© $-40  11.1 MH 52.3 - - - - 8.7
- - S=45  12.8 ML 36.7 1.84 " 360 9 9 - bulged
S-52  14.6 ML 25.9 1.93 380 8 73 -
$=59  19.4 ML 22.7 2.01 420 13 216 -
E $-61 20.7 ML 27.8 1.92 430 16 35 -
S-65  22.4 ML 30.7 1.96 440 12 108 -
: 5-69  23.9 ML 30.6 1.95 450 16 62 - bulged
$-73  26.8  .CL 34.0 - - - - 130
EE $-74  27.0 cL 3.9 1.89 480 16 94 -
S-78  23.7 cL 27.8 1.99 490 20 82 -
o 5-80 29.3 cL 28.1 1.95 500 16 63 -
F
b $=109 57.3 cL 21.5 1.99 740 23 203 -
[ .
5-124 75.7 ML 22.4 2.01 890 28+% 119 - laminated

EBR Engineering Consvitants Ltd.
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FORM DFT-1.1 (1878) Job No. 0l 19- Q (28
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GBA Saglaceriag Conrvitants 4.

838 = 118th AVENUE
EDMONTON, ALBERTA

. A A
Phone (403) 4512121 Prone {403) 263-7121

5684 BURLEIGH CRES. 8.€.
CALGARY,

UNCONSOLIDATED — UNDRAINED TRIAXIAL TEST

Test No.: 1

Test How No.: 5-14

20 No. = Depth of Sempiam,; 2. T=3 .2

Do Toec: EIRRIIRNE oy H.R.H. contning Prsssureupe Z8R.B
Chant: WaerComenioi I8.B

Peak Suress kPy;

kPa

DEVIATOR STRESS

EBA Sagiacering Conrvitants 4.

14535 ~118th AVENUE
EDMONTON. ALBERTA

Bakme e e
Phone (403) 451-2121

Prone (403)263-7121

UNCONSOLIDATED — UNDRAINED TRIAXIAL TEST

Toat No. 11

TestHowNo:— S=17 0

Job No.: = Depth of Sampte m.: J—Y—!—

O Tosreo: ERIRIIZR 5y H.B.H.contrngprossurnipn 38881

Chnt: water Conem s 71 .8

WotDenstyMpm L .EBB7

Ansntion. Poai Stress kPy: _LH...BJ—
-y

kPa

@ -0

DEVIATOR STRESS

kT

AXIAL STRAIN
Raviewss by

EBA Saglacering Conrvitants d.

U535 -118th AVENUE
EDMONYON, ALBERTA

CALGARY, ALBERTA

Phone {403) 451-2121 Phone (403) 263-7121

56684 BURLEIGH CRES. SE.

UNCONSOLIDATED — UNDRAINED TRIAXIAL TEST

Teat No.: 12

Teat Hole No.: ... 5-23

Job No.: = Depth of Semple m.; 2B

OseTees: BRASRR o H.R.H. contining Pressurs wpe: 318 . B

Ghlent: Water Contant %: 1.7

WotDecaty Mgy | BB

Peak Stress APs: M3.37

AXIAL STRAIN
Raviewsd by

14535 - 118th AVENUE
EDMONTON, ALBERTA

5864 BURLEIGH CRES. SE.
. CALGARY, ALBERT/
Phone {403) 451-2121

A A
Phone (403) 2831121

UNCONSOLIDATED — UNDRAINED TRIAXIAL TEST
Project:
Adoress: Test No.: 13
Teat Hole Ho: S-27
soono; IBI~ESEL oot sempiem: 5.7
DuteTosteo: BEIIBA 5, H.R.H. confining Presaurs upe: 328 . B
Cinnt water Contento:— 51 .5
wet Density Mgrms, | . B
Attention: : Peak Stress kPa: he & 1

kPa

e-o

DEVIATOR STRESS
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EBA Saplaceriag Conrvitants W,

835 ~ 118th AVENUE
EDMONTON. ALBERTA

Fone 1403) 481-21 Prone (403) 283-1121

sees MLEIGH CRES. SE.
CALGARY, ALBERTA

UNCONSOLIDATED — UNDRAINED TRIAXIAL TEST

Tort No.: 19

Test Hote No. 5-38
Job No,; = Depin of Sempie m. — 1.5
me_m_ayMwmnwnm"m 325.2
‘Water Conteni %: 57 l
Wet Dansty Mg/ms: | . BEM
Poak Suress Py: iB.

SBA Sagineering Consuitents Wd.

M55 = 118th AVENUE
EDMONTON, ALBERTA

Prone (403)481-2121

5854 BURLEIGH CAES. B.E.
Phone (403) 2837121

UNCONSOLIDATED — UNDRAINED TRIAXIAL TEST
Project:.
Addrss: TestNo.: 15
Tos! Hoie No.: —L
Jow No.: Depmotsemplem: 128
Dats Toatec: _ﬂm.l_af _S.K. cotmngrressceire B8 000
Ciient: Watet Contert %: .
Wat Denaity wm- RN Y - . |

P-lﬁtl—ln

*Pa

o-m

DEVIATOR STRESS

ABR Eaglacering Conrvitants I,

4538 116t AVENUE
EDMONTON, ALBERTA

Prone (403) 4812121

UNCONSOLIDATED — UNDRAINED TRIAXIAL TEST

LT | -
Tﬂimm.i_L—
o8 No: = DepthotBampiem. 1M B
Do Toew: BRRAIAL gy S.K. contringPresuewre 38R 8

15
AXIAL STRAIN
Reviewsd by

5664 BURLEIGH CRES. 8.E. 14535 = 1Bth AVENUE
CALGARY, ALBERTA

Prone (403) 283-1121

GBA Saglasering Conrvitants W,

ﬁ 8684 BURLEIGH CRES, BE.
. CALGARY, ALBERTA

Phone (403}4st-2121 Phone {433)263-1121

UNCéNlOLIDATED = UNDRAINED TRIAXIAL TEST

17

DoteTontea: AR gy: H.R.H.comungremuern 420,08
22.27

Crignt: — Water Content %:

kPa

v-o

DEVIATOR STRESS

15

AXIAL STRAIN
PReviewed by
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FOBM DET-1.1, (1878) Job No

34 Saglasering Conrvitaats L.

Phone (403) 4512121 M 1403) 253-n121

14535 - 118th AVENUE W BURLEIGH CRES. SE.
A . ALBERTA

UNCONSOLIDATED — UNDRAINED TRIAXIAL TEST

Test No: 18

Test Hole No.: s-sl—

Job Mo.: = DeototSemplem; @87

DaaTesos: BRIBIIAL 5y, S5.K.  contining Pressure kpa: H3B . &

Client: water Corant . 27,8

wet Doy g L BIS
N - - -

Peak Stress kPa:

14835 ~118th AEM.E

CALGARY, ALBERTA
Phone (m)tM—aZI

Phone (403) 283-N121

SBR Saginsering Consvitants W4,

14535 - 118th AVENUE
EDMONTON, ALBERT/

Pnone (403). 45‘-2‘2!

5864 BURLEKGH CRES. 6.E
Phone (433) 263-N121

UNCONSOLIDATED — UNDRAINED TRIAXIAL TEST

Job No: Dot of Sampiam; . BB,
Date Teatsc: ﬂmﬂ_ay _5.K.  conangpesum BB 00000
Chent: wiorComemw— Q.7
wetDwaiymgns, | [ S8EB
Aftention, PakStemsihs 1B MG 000000000

kPa

-

DEVIATOR STRESS

5884 BURLEIGH CRES. 8.

UNCONSOLIDATED — UNDRAINED TRIAXIAL TEST

Toat No.
. Test Howe No.: 5-59
Job No.: Deoth of Bamplem.; — 3. 3
Dae Teswd: _m__ur_SJL_mnnxn Precsure kpa; H50. B
wowrConamw— 8.6
wnbmulywm’J_ﬂ_____
[Ty SR b~ P . I,

1

AXIAL STRAIN
Reviewsd by

GBA Saginceriag Conrvitents Ud.

14535 = 118th AVENUE
EDMONTON, ALBERTA

5064 msn:u OEB 8E.
CALGARY, ALBE|
Phone (403)481-2121

e (st e T
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Job No.: :

Date Tewtsa: mﬂ_w _B.K.  coninngPreswrerra: R, 00
Chlort. wiweConentow 0.8
wetDenstyMgrs; B3 000 -
poaxsimeanen (E7.88 200

WPa
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UNCONSOLIDATED — UNDRAINED TRIAXIAL TEST
Project:.
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SHEAR STRESS (kPa)

SHEAR STRESS (kPa)

160 101 - 2581
140 B8 NEKTORALIK .~ PEAK
S-96 40.5-40.8m

120

100 ~

RESHEARE

0 RN TN WO NS SN SN WS NN NN S S S
0 20 40 60 80 100 120 140 160 180 200 220 240 260

NORMAL STRESS (kPa)

¢y’ = 29° Cp =0 kPa
¢ =11"° ¢’ =22 kPa

160 B8 NEKTORALIK '
$-119 69.6-69.8m RESHEARED -

140
120
100

80

40

20

1 IR i | | I |

1 [
0O 20 40 60 80 100 120 140 160 -180 200 220 240 260

1 1 1 1 [ |

NORMAL STRESS (kPa)

$p =34° €p'= 10 kPa
¢, =30° c, =16 kPa

SUMMARY OF DIRECT SHEAR TEST RESULTS

EBA Engincering Consvitants Wtd. =7
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Sample Number

4
7
13
15
18
22
25
25
28
31
31
35
47
44
47
50
53
55
60
62
67
70
72
75
79
82
84
87
89y
91
99
103
108

Penetration

(meters) (feet)
0.3 0,5 1.0-1.5
1.1 =1.2 3.5-4.0
2.3 -2.4 7.5-8.0
3.2 -3.4 10.5-11.0
4,2 -4.4 14.0-14.5
5.00-5.2 16.5-17.0
5.9 =6.1 19.5-20.0
5.90-6.1 19.5-20.0
7.00-7,2 23.0-23.5
7.8 -7.9 25.5-26 .0
7.8 -7.9 25,5-26.0
9.4 -9.6 31.0-31.5

11.2 -11.4 37.0-37.5
12.2 -12.3 40,0-40,5
13,1 -13.3 43,0-43.5
14,0 -14.2 46,0-46.5
14.8 -14,9 48,5-49.0
16.3-16.5 53.5-54.0
19.5 =19.7 64.0-64.5
20,9 -21.0 68.5-69,0
22.7 =22.9 74.5-75,0
24,0 -24.2 79.0-79.5
25.4 -25,6 83.5-84.0
27.1 =27.3 89.0-89.5
28.8 -29.0 94,5-95.0
30.2:-30.3 99.0-99.5
31,7 =31.8 104.0-104.5
33.2 -33.4 109.0-109.5
34,6.,-34,7 113.5-114.0
36.1.-36.3 118.5-119.0
43.6 -43,9 143.0-144,0
48,5 -48.6 159.0-159.5
54,6 54,7 179.0-179.5

Water Content, %

61
65
79
39
72
58
67
67
57
69
69
65

48
44
43
31
29
26
29
30
32
33
30
32
36
33
30
28
30
37
30

Miniature Vone

Peak Remolded
(kpa) (ksf) (kpa) (ksf) Sensitivity
5.3 0.11
6.9 0.14
7.7 0.16
5.7 0.12
9.6" 0.20"
9.6 0.20
9.1 0.19 ‘
7.0% 0.15*% 2% 0.04* 3.5*%
7.0 0.15
8.9 0.19
2.0% 0.04 1% 0.02 2.0
9.6 0.20
16.3 0.34
23.4 0.49
26,8 0.56
22.0 0.46
135.0 2.80
145.6 3.00+
239.5 5.00+
124.5 2,60
149.9 3.10 Notes:
84,8 1.80 1. Tests performed on samples that were either
57.5 1.20 thawed subsequent to recovery or not frozen
84.8 1.80 in situ.
127.4 2,70 2. Asterix demotes tests performed in EBA lab-
89.1 1.90 oratory, All other tests were performed in
122,1 2.55 the field.
143.7 3.00
239.5+ 5.00+
239.5+ 5,00+
239.5+ 5.00+
120.7 2,52
50.8 1.06

FIELD AND LABO‘RATORY VANE SHEAR TEST RESULTS
Boring 8, Nektoralik H-28
Beaufort Sea
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SrIT \IDIU) uwwoave. Vg F SiOC T

A Penetration Shear Strength
Sample Number (meters) (feet) (kpa) (ksf)
7 1.2 4,0 1.9 0.04
13 2.4 8.0 5.7 0.12
15 3.3 11.0 6.7 0.14
18 4.4 14.5 6.7 0.14
22 5.2 17.0 5.7 0.12
25 6.1 20.0 3.8 0.08
35 9.6 31.5 11.0 0.23
39 10,7 35.0 13.9 0.29
41 11.4 37.5 11.9 0.25
47 13.3 43.5 24.9 0.52
50 14,2 46,5 22.0 0.46
53 14,9 49.0 83.8 1.75
55 16.5 54.0 165.7+ 3.46+
60 19.7 64.5 203.6 4,25
62 21.0 69.0 136.5 2.85
67 22,9 75.0 110.2 2.30
70 24,2 79.5 95.8 2,00
72 25.6 84.0 93.4 1.95
75 27.3 89.5 112.6 2,35
79 28.8 95.0 110.2 2,30
82 30.3 99.5 131.7 2,75
84 : 31.9 104.5 131.7 2.75
87 33.4 109.5 160.5 3.35
89 34,7 | 114.0 239.5+ 5.00+
91 36.2 119.0 239.5+ 5.00+
92 37.8 124.0 239.5+ 5.00+
95 39.5 129.5 239.5+ 5.00+
96 40,8 134.0 239.5+ 5.00+
99 _ 43.9 144.0 155.7 3.25
102 49.5 159.0 88.6 1.85
108 54.7 179.5 35.9 0.75

FIELD TORVANE RESULTS
Boring 8, Nektoralik H-28
Beaufort Sea

SRS . | PLATE A-26



N

Sy

_—— S e e e e )
NEKTORALIK
THAW STRAIN TESTS
(€, = A+ g.a,)
SAMPLE DEPTH usc MO1STURE DENSITY A ag EFFECTIVE o k!
NUMBER CONTENT FROZEN DRY NORMAL
INITIAL FINAL BULK STRESS
(Uv)
(mefres) (%) %) (Mg/ms) (Mg/ms) (kPa) (mz/yr) (m/s)
S-83C 31.4 cL 31.5 33.8 t.88 1.46 3e2 0.01 S0
1.4 S.0E-11
100
1.1 8.1E~-11
150
§-92C 37.5 “MH 67.5 37.1 V 1.51 1.41 34 0.02 50
0.57 1.6E-10
100
0.40 5.3E=-11
150
§-97 42.1 MH 46.5 35.4 1.69 1.43 12 0.05 50
0.80 2.5€£-08
100
0.58 8.4E-09
200
s-114 63.6 ML 27.2 27.7 1.84 1.53 4.6 0.01 50
500 2.5E-08
100
330 3.4E-09
- 200
§=-122 72.7 ML 27.1 25.4 1.86 1.61 5.4 0.03 50 (1.26-09)
: 3.3 4.3E~10
100 (9.6E~10)
9.4 8.4E~-10
200 (5.3E-10)
S-136 91.0 CL 24.3 24.3 2.0t 1.72 2.9 0.02 50 (7.0e-10)
0.46 2.2E-11
100
3.8 2.1E~10
200

} Permeapilities shown in parentheses represent

direct cermeaedility readings; the remainder
have oeen calculated.

20
o0
-r
2m

-

-
my
o2
nO

EBA Engincering Consultants td.
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6
NEK -§- 83
I 31.4-317m
= 4
Z
<
E 2 €,=32+.01330,
Y =1.88 Mg-m3
0 I | 1 |
50 100 150 200
STRESS (kPa)
40 o
3 30 NEK - S - 92
| - 375-37.8m
2
< 20
o
o
10 €,=34+.0240,
Y% =151 Mg.-m3
. 0 1 T T 1
50 100 150 200
STRESS (kPa) '
25 ‘
NEK -S-97
20 421-425 m
& 15
Z
= 10
[
[72]
5 €,=12.5+.0485 0,
% =1.69 Mg-m3
0 | ] T b
50 100 150 200
STRESS (kPa)
THAW STRAIN TEST RESULTS
€BA Engincaring Consultants Ltd. "E
» |
m
ENeimeEnS PLATE A-28



STRAIN (%)

STRAIN (%)

STRAIN (%)

10

NEK-S-114 e
63.5-639m '

2 4
o

€,=4.6+.008 0,
Y =1.84 Mg-m3

T T | 1
0 50 100 150 200

STRESS (kPa)

NEK - §-122
727-73.0m

€,=54+.0275 0,
Y= 1.86 Mg- m3

T T T 1
0 50 100 150 200

STRESS (kPa)

- - NEK-S-136
91.0-913m

u ‘ €,=29+.016 0,

Y =2.01 Mg-m™3
| | | I
0 50 100 150 200

STRESS (kPa)

THAW STRAIN TEST RESULTS

EBA Engincering Consuitants tid.
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FORM DFT-1.1 (1978) Job No.

o7

9 .-0IsS

LX)
-

DA Saglaceriag Conrvitants Wi,

14835 - 118th AVENUE
EDMONTON., ALBERTA
Phone (403) 481- 2121

&

8684 BURLEIGH CRES. 8.E.

A A
Phone (403) 283-7121

Prower .
Address:

Powcho: _ \BI=PSBI__ .
DeeTossd _ EERISES sy H.R.H.

CONSOLIDATION TEST RESULTS

Test No.: I -~ |

BorsholeNo.: . __ Sl hEK._
Depth imi: H 22

Grameter (mm): _

sv-nr-r.mmr Z.E —_

2.5%

INITIAL FINAL
woignt mmy: 28,6 o
Water Content {%}: B5.1
wetDonsity wipmy_L B2
Ory Densitytdgin®y; _ &7

Overburden Pressure Po
Swelling Pressure Py # (LY

Prassure  Pc kPy

Void Ratio
Seturation (%):

Compression Index Cc

Note: 1 kPe=1.088x 107 Tym?

Teetad n aceorOMnce with ARTI Renders DZNOG ursen otherwsee hoted,

4B8 Saginssring Conrvitants Ltd.
14535 - 118th AVENUE ’ 5664 BUALEIGH CRES, S.E.
EDMONTON, ALBERT/ ﬁ EALGANY. aLbeRTA O F
Pro (403 45151 Phone (403) 2637121
CONSOLIDATION TEST RESULTE
Project . ___ Teto: .. ____ 23
Addreea: BoreholeHo: . . . G-t NEK,
. Depth Iml: I m___~___
nohn No: lﬂJ .ZSEL._. Diamater (mm): _

142

Oate Tosted ﬂ ___,ayH:R H. mmmcmny Z.E

<__‘_.

INITIAL
Height {mm}: .5
ater Cortemext:
Wet Density inig/m’ 5L
Ory Density(Mg/m®):
Vold Ratio
Sawrstion (%):

ea.7

Tavond I smpedosnss with ASTM smnderd D2635 uniem otherwiet Noted.

Overburden Presaure Po — kP2
Swalling Pressure p 3.5 «Ps
Pre-C Premure  Pc Pa
Comprassion index Co -

Now: iPe=1.084x 107 Ty !

.EBA Saginccring Consvitants WWd.

14535 - 1Bth AVENUE
M(m)ﬂl-?‘!‘

&

$884 BURLEIGH CRES. S.E.
CALGARY,
Prone (403) 283-N21

CONSOLIDATION TEST RESULTS
TestNo _ . 21

PO 15[
Dete Tested __ ERIDRRIL g,-H R.H. Ammtaiplﬂﬁ:tindly 2.8
2.57 - .
! ! |
z.mB, . - '

Paight (mm):
Water Content(%): _’
Wet Density (dgim®y:_ 1 ¢
Dry Denaity(Mg/m?):
Voud Ratio

Saturevon (%):

Py _ e
L. [ - T
l [ — - ]
1 ce

1

. Now: 1ihe= 10K K 107 TR

Tt in eccoraence with ASTM smndard DIEED nkees OEWreies NOGIS.

SBA Sagincesring Conrviteats Wi,

HE3S5 - 10th AVENUE
Phone (403)5!-2&1

&

$654 BURLEIGH . 8.E.
" CRES. 8.€
Prone (40312837121

Project: _ . .

CONSOLIOATION TEST RESULTS

Project No:
Date Tested

Void Rriko

L

Hexght (mm):
‘Water Content (X): _=
Wet Density (Wg/m®}
Dry Denalty(Mg/m?):
Voks Ratio

Saturation (%}:

Pressure  (kPa)

Overdurden Pressure [ J— ]
Swalimg Presaure b 7.8
Pro-Consolidation Pressure Pc Py
Compresson Index Ce

Now: 1kPe=1.084x 107 Tym?

Testec in MCOrGRnCe T ASTM F180Card D24I0 Unkees Ctharwits AOLC,

PLATE A-30



FORM DFT-1.1 (1878) Job No. 0179~ DI

e

[ %]
-r

DA Saglaceriag Conrvitants Uid.

&

CONSOLIDATION TEST RESULTS

4838 ~ 118th AVENUE
ALBERT/

5684 BURLEIGH CRES. SE.
3 CALGARY, ALBERTA
Prone (403} 451-2121

Phore 1403) 2837121

Promct . Test No- RO - IS
Adorees: BoreholsNo.: . 5-H2 _NEK
P Depth im): 3.8 __
Prowane: VB ~25B1 Owmeterimmi: ... YHR,B

Assumed Spectfic Gravity: . B.8_

INITIAL Sampie Descrintion: .CLAY SILT
vogm tmmy; 2B [
warer Contentt¥: _ S Owrburden Pressurs Po
Wt Denaity (Mgim® & Swelling Pressure Py
Dry Denghy(Mgim®): _4 - Pre Presaurs  Pc
Void Ratlo Compression index Cc —_—
Saturation (%1 2.8

Nom: 1kPy=1.064x 107 Tym?
oot in accondence with ASTM rmnderd DMIS uniew Dtherwier noted.
SBA Saglaceriag Consuitant, Ltd.
14535 = 118th AVENUE 86884 BURLEIGH CRES. 8.E.
. ALBE! CALGARY, ALBERTA
Phone {403) 481-2121 Phone (403) 253-N121

CONSOLIDATION TEST RESULTS

LT | - E
Borwoiea: . . S=1Z2 NEK
Deptn {m): E.ﬁwﬂ_.__.___
Duametorimmi: . 49,8 =

Assumed Sencitic Grmity: 2+ B

R SO T

INITIAL FINAL

Height (mm): 2.5 Z3.1 U
waer Contort o) _E7.8_ ZL.E overtiurden pressure Po WP
wet Destymgir_L .84 2,12 Swelling Prosaurs pe BB
Dry Density(Mg/m®): 1.52 .74 Pre- i Pressure  Pg kPa
Void Raike . I Campression index (>
swmon: 81,8 (2.0

Now: 14Pe= 1.064x 107 Tyme.? .

Towust In Soverdence with ASTM fiasderd D24YS ursest Gtherwies hoted. -

SBA Eaglasering Conrvitants Ud,
14535 - 1181h AVENUE‘ ﬁ 5664 BURLEIGH CRES. BE.
X , A
Phone (403) 451-2121 Prone (403) 253-7121
CONSOLIDATION TEST RESULTS
Project Tent No: _ 2
Addrees. BorwhoieNo: . S=112 NEK.
Depth (m): . BR3x
Project No: 1at-2581 Dametermm): W@ 8
DaeTested ERARSAL By H.R.H. Assumed Spactfic Grawity: _ 2, B
.Ba - o — - ; T
' ;
7= e —
B 1
el
8-
2
=
3 :
3
i x
: : t
: i |
i 1
NS & Thaw strain fn permode
10*
Proaurs  (kPa)

INITIAL
Height trmi: Z5.8
water Contem 61: 22 .5

‘Wel Density (Mg/m’E 1.83
18-

Sempie Descriotion: . S LLT—SHND,

.. JIRACE LAY 0000000
Ovetbiurden Pressure P
Sweiting Prossura Py BB s

Pressurs Pg s
Compression index Ce

Note: 1hfe=1.084x 10" Ty

Toowd 1n svcoraefios with AFTM veariiers D35 urdew Othwrwies Seted.

3R MWW.

&

5884 BURLEIGH CRES. S.E.
CALGARY, ALBERTA
Phrone (403)283-7121

CONSOLIDATION TEST RESULTS

Diameter {mm}:__ 4§ 5

X Stendard oadometer test
® Thew strain in permode

FINAL

23.6

.&2.B6
.67
RESIR

lap.p

Pressurs  (ikPa}

Overburcen Prassure Po S
Swelling Pressure Py __ P
Pro-Consofidation Prassurs  Pe kP2

Cornpression Ingex

[ ——

Now: 1iPes 1.064x 107 Tym?

Toatar! in grcorgance with ASTA Feencerd D235 uniem Otherwits notes

>
14835 ~118th AVENUE
EDMONTON, R/
Prons (403) a51-212"
Project . __ .
Asdrees: -
rowcitio: 1B I-2KBI
Do Tened: BORASAE. .
88 T Tl
o
am- -
o
[
e oA .
# % " .
3 a
EB| -
_____ b
L
9 . ) s e
ME 1
0
Nots; Mndiisd it procedure
INITIAL
Heught tmm): 28.8
water Comenit%): 2B Y
wet Deenty (wpn’ Lo B
Ory Denuityidg/m®s: 1. 43
Voxt Rauo -
Saturation (%): B2.8
w72

PLATE A-3l




'FORM DFT-1.1 (1978) Job No. IOITOIA -0l B

RN —

oo et

14835 = 118th AVENUE 8884 BURLEIGH CRES. 8E.
CALGARY, ALBERTA
Phone {403) 283-1n21

L RTA
Phone (403} 481-2121
. CONSOLIDATION TEST RESULTS
Test No..
Borehole No.:

IO Owpthim):
Dxameter (men): ___

Duts Teswd___EEPM1S_n, H.R.H.

Pressurs  (kPa)

INTIAL FINAL Samow Dsscriction: CLHAYEY SILT
Height (mmi: 6.6 4.3

Overburden Pressurs Po kP

‘Watsr Content (%):

Wt Denaity (Mg/m? i Swelling Pressure pg_ L1.3
Dry Densirytiigmdy; | .87 _ Pre-Coraglidation Pressurs Pc kP
Void Ratto Compression Index Ce

swurstonix): B8.7
Nom: 1APy= 1.084x 107 Tyl

SBA Eaglaseriag Conrvitanty Ud.
14535 = 11Bth AVENUE % 8664 BUALEIGH CRES. BE.
EDMONTON. ALBERTA CALGARY.
Phona (403) 451-2121 Prone (403) 283-T121
CONSOLIOATION TEST RESULTS

Projct: .____ .. Tenno.__ L33 i

Adarees: - . Bomciedio: S=13F NEK

- E— . Dapthim): Mi

fromctNo:  LBL-ZSEIL . Owmmerimm:___ 4K, &

Do Teoeo BRBEAE = 6y 5K Anumed SpacicGravity: __ 2 BB
BB

i
i
: I
e Pl
¢ BB
]
i
8]
-]
a8
Mow. “'-l-—ﬂ"
INITIAL FINAL
Height {mm]: 288
waterContent(x): _BE.B  21.5 . Overburow Presaure Po___ wm
wetDensty gy LBA = Z.2A Swalling Preesure [ Y
Dry Deostyim®y: &7 LBL  preconsclicationPressure Pc kM
Vord Ratio _B.E30H AENIB  Ccompresion intex Ce

swratonrs:  _HAE.H _(HAA.A

Now: 1ihwe .06 x 107 T

Torsect In mcerdence with ARTM penderd U2436 Unlem CIWrwies ROTRG.

"Totad h ScCOMMNCE with ARTM Snderd DALIO Uriess Cherwies nosed.
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APPENDIX B

LOG OF SEDIMENTARY STRUCTURE
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LOG OF SEDIMENTARY STRUCTURE
BORING 8, NEKTORALIK

onto &S T TR T

BEAUFORT SEA
[
[T (_3' ﬂ .
A DESCRIPTION OF BEDDING
Rt
Homegeneous
Homogeneous
Homogeneous
- 10 ~ Homogeneous
Homogeneous
Even, parallel
20 - | Homogeneous
Homogeneous
I Homogeneous
130 7 Homogeneous
] Homogeneous
Curved, nonparallel
40 - Wavy, nonparallel, discontinuous
Even, parallel, discontinuous
50 Homogeneous
Homogeneous
60 7 .
Wavy, parallel, discontinuous
70 - Even, parallel
— Even, parallel
.80 - | Even, parallel
Even, parallel
o0 - Even, paraliel
Even, parallel
100 - L ra
(Continued on Plate B-1b)
MeCLELLAND PLATE B-la
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LOG OF SEDIMENTARY STRUCTURE
BORING 8, NEKTORALIK
BEAUFORT SEA

T »

.| 5 |

E g S DESCRIPTION OF BEDDING

A
110 - Homogeneous -

Homogeneous
120 7
| Homogeneous
130 Homogeneous
] Homogeneous
140 - Homogeneous
Homogeneous and even, parallel
150 -
160 Homogeneous
[170- Homogeneous
80 N Wavy, parallel
1904 H Even, parallel
200- H Even, parallel .
(Continued on Plate B-1c)
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LOG OF SEDIMENTARY STRUCTURE
BORING 8, NEKTORALIK
BEAUFORT SEA

DEPTH, FT
SYMBOL
SAMPLES

DESCRIPTION OF BEDDING

2104 H Even, paraliel
220 F Even, parallel
230 H Even, parallel

240 i Even, parallel

950+ i Even, parallel

1960 B Even, parallel

20- H Even, parallel

290 4 i Even, parallel

580 - B Even, parallel -

500- h Even, parallel

(Continued on Plate B-1d)
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LOG OF SEDIMENTARY STRUCTURE
BORING 8, NEKTORALIK
BEAUFORT SEA
-
'R 51 g
Zlz e DESCRIPTION OF BEDDING
>
B 5
310, N
2201 N
330
340-
3501
260+
970
380
3904
400
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