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Figure

PHYSIOGRAPHIC REGIONS OF THE BEAUFORT SEA
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TABLE 1

2.1 General Stratigraphy

The stratigraphy of the Amauligak sites, based on the field investiga-

tion*, is characterized by the following sequence:

UNIT I
- Subunit

I
a

UNIT I
= Subunit

Iy

UNIT II

UNIT III

AMAULIGAK A-23 AMAULIGAK F-65
(BH AE84SIO01) (BH AW84SIO1)
LITHOSTRATIGRAPHIC UNIT DEPTH (m) DEPTH (m)

Very soft silty CLAY 0.0 to 4.0 0.0 to 3.0
highly plastie¢, homogeneous

[Remoulded deltaic sediments]

Very soft to firm silty CLAY, 4.0 to 13.5 3.0 to 13.5
medium to highly plastic,

thinly laminated

[Deltaic sediments deposited

during Late Wisconsin]

SAND fine-grained, uniform 13.5 to 31.0 13.5 to 48.5%
[Deltaic sediments deposited

during Late Wisconsin]

Stiff silty CLAY : 31.0fto 51.0% NOT ENCOUNTERED
low to medium plasticity,
[Deltaic sediments deposited

during Late Wisconsin age]

*pfter EBA (1985)
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BOREHOLE AND PROBEHOLE LOCATION MAP Figure 2
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TABLE 2

Borehole No.

Testhole No.

Relative Distance (m)

AW 84SI01 AW 84CIO1 2(E)
AW 84CIO02 11(N)
AW 84CIO3 8(W)
AW 84CIO4 26(N)
AE 84SI01 AE 84CIO1 8(E)
AE 84CIO02 S54(N)
AE 84CIO3 47(W)
AE 8ucCIOd 97(N)
AE B84CIO5 53(E)
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Page 10
THBLE g 852-2007

SUMMARY OF SELF-BORING PRESSUREMETER TESTS

AMAULIGAK SITE

BOREHOLE TEST # DEPTH Oho'  Opy' K, CORRELATION REMARKS
) (m) (kPa) (kPa) BETWEEN
(See below)

AE8U4PIOS 1 1.2 -42 33 - a,b,c

2 2.7 -22 38 - a,b,c

3 4.3 ~33 62 - a,b,c

y 5.8 27 92 0.7 a,b,c

5 7.6 Ly 89 0.9 a,b

6 9.1 64 139 1.1 a,b

7 10.7 68 168 1.0 a,b,c

8 12.2 68 173 0.9 a,b,c

9 13.1 84 195 1.0 a,b,c
AEB4PIOL 1 1.2 -42 -7 - a,b,c

2 2.7 -47 18 - a,b,c

3 3-8 -53 27 - a,b,c

4 5.3 22 87 0.6 a,b

5 6.9 16 106 0.4 a,b,c

6 8.4 36 86 0.7 a,b,c

7 9.9 L6 76 0.7 a,b,c

8 11.4 52 111 0.7 a,b

9 13.0 70 146 0.8 a,b,c
AE84PIO03 1 1.5 5 30 - a,b

2 3.0 0 50 - a,b

3 4.6 19 79 0.6 a,b,c

y 6.1 43 89 1.1 a,b

5 7.6 39 119 0.8 a,b,c

6 9.1 53 89 0.9 a,b,c

7 11.0 55 125 0.8 a,b,c

8 12.5 60 140 0.8 a,b,c

9 14.0 55 125 0.7 a,b,c

NOTE: The reported

values of °ho' and °hy' reflect a 35 kPa membrane

expansion correction.
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Page 11
September, 1985 TABLE 8 (Cont'd) 852-2007

SUMMARY OF SELF-BORING PRESSUREMETER TESTS

AMAULIGAK SITE

BOREHOLE TEST # DEPTH Ono'  Opy' Ko  CORRELATION REMARKS
(m) (kPa) (kPa) BETWEEN
(See below)
AEBUPIOZ2 1 1.4 -14 16 - a,b
2 2.9 -24 22 - a,b,c
3 4.y 11 51 0.4 a,b,c
4 5.9 31 76 0.8 a,b,c
5 7.5 40 120 0.8 a,b,c
6 9.0 50 115 0.9 a,b
7 10.5 50 110 0.8 a,b
8 12.0 60 125 0.8 a,b,c
9 13.0 67 147 0.8 a,b,c
AE8U4PIO1 1 1.5 ~40 -5 - Unreasonable data.
2 3.4 -35 -5 - Pressuremeter was acci-
3 4.9 ~-34 6 - dently dropped 1.2 m as
y 6.4 1 86 - it was lowered into cas-
6 9.4 - - - ing when a chain slipped
7 11.0 -375 - -
8 12.5 -390 - -
AWBL4PIO1 1 1.7 3 T7 - a,b
2 3.2 43 123 1.7 a,b,c
3 L.7 48 173 1.3 a,b,c
4 6.3 62 112 1.3 a,b,c
5 7.8 67 177 1.2 a,b,c
6 9.3 T7 142 1.1 a,b,c
7 10.8 97 170 1.2 a,b,c
8 12.3 72 212 0.8 a,b
9. 13.9 66 236 0.7 a,b

NOTE: The reported values of °ho' and °hy' reflect a 35 kPa membrane
expansion correction.

‘ f
) f A Ohy
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0 2
0 » J
W [7s]
[ 4 W
a [ 4
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(a) (b) (c)
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changed from soft to very soft. The cone penetration testing reflected
an undrained shear strength (based on an Nk factor of 14) ranging from a
maximum of about 40 kPa at the 5-6 m depth to minimum value of 17 kPa at

the base of the layer.

The sand unit (II), consists of a compact to dense uniform, fine-grained
sands containing generally less than five percent fines (i.e. particles
less than 75 um). Minor interbeds contain between 10 and 20% fines.
Median particle sizes (Dg,) range from 130 microns to 300 microns.

Water contents vary between 20 and 30%.

The underlying stiff to very stiff, silty clay unit (III), encountered
at 31.0 m below seabed in Borehole AE84SIO1, exhibited water contents
between 27 and 34%. This unit, described as being of intermediate
plasticity was found to have liquid limits ranging from 40 to 51%. The
plasticity index varied from 15 to 29%. Undrained shear strengths, as
determined from Pilcon vane tests, ranged from 44 kPa at the surface of
the unit to 110 kPa at the bottom of the borehole, generally averaging
77 kPa throughout the unit.

4,0 LABORATORY TESTING PROGRAM AND PROCEDURES

The current laboratory investigation was carried out>in two separate
stages. The first stage consisted of oedometer tests to delineate in
situ effective stress conditions, yield stresses and undrained shear
strength profiles based on the yield stresses. The second stage

involved +triaxial testing wunder appropriate stress conditions to
determine yield/deformation and strength characteristics of the major
units within the foundation clays. The triaxial test program
concentrated on defining yield envelopes in units associated with

different Ko values.

The general stratigraphy consists of three basic soil units denoted as

I, II and III and is characterized by a 9 to 16 m thick layer of clay

Golder Associates
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4.0 LABORATORY TESTING PROGRAM AND PROCEDURES

The current laboratory investigation was carried out-in two separate
stages. The first stage consisted of oedometer tests to delineate in
situ effective stress conditions, yield stresses and undrained shear
strength profiles based on the yield stresses. The second stage

involved triaxial testing under appropriate stress conditions ¢to
determine yield/deformation and strength characteristics of the major
units within the foundation clays. The triaxial test program

concentréted on defining yield envelopes in units associated with

different_Ko values.

The ggnerél stratigraphy consists of three basic soil units denoted as
I, 11 and I1I and is characterized by a 9 to 16 m thick layer of clay
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B gremi

overlying sand. The upper clay layer (unit I) has been sub-divided into
two zones Ia (thin surficial zone) and Ib. Each of the basic clay units
I and III were investigated, however, emphasis was placed on sub-unit Ib

which dominates the clay stratigraphy and governs the foundation design.

In total, 28 samples were forwarded by EBA as instructed by GCRI (BH
#AEB4SI01 - 17 samples; BH #AWBUSIO1 - 9 samples; BH #AD 84SI05 - 1
sample from BH AMBUSIOS5). These samples were received in good condition
in unopened stainless steel 76 mm diameter Shelby tubes. The ¢tube
samples were immediately stored in a humid room until selected for
testing. Subsequent to extrusion from the tube, a portion of the sample
was immediately used for oedometer testing. The remaining sample was
then stored on special PVC tube trays, inserted into 1long plastic
sleeves, sealed and stored in the humid room for further testing. The

temperature in the humid room is maintained at approximately 12°C.

4.1 Phase I - Oedometer Tests

The main purpose of the ocedometer test program was to define both the
in situ current effective and yield stress profiles at the Amauligak
site. In addition, the usual suite of consolidation parameters (e.g.
cv, ms k and Cc) were determined and the undrained shear strength
profiles estimated from correlations between strength and yield
stresses. The 'results of vertically trimmed (VTO) and horizontally
trimmed (HTO) oedometer tests (Figure 3), coupled with the results of
the self-boring pressuremeter testing, provide a reliable indication of
the in situ Ko profile. As demonstrated in previous studies (Golder
Associates, 1984c), the effective current and yield stresses can be
reasonably estimaped from oedometer test data provided the results are
interpreted using the strain energy approach developed by Golder
Associates. This allowed representative consolidation conditions to be
used in the Phase II triaxial test program. It has been demonstrated in
previous studies that it is important to properly account for the in

situ stress state in tests which examine strength/deformation behaviour

Golder Associates
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of the Beaufort Sea clays (Golder Associates, 1984a; Jefferies et al.

1984).

From each 76 mm diameter tube sample, two adjacent oedometer test speci-
mens (typically 12 mm high and 50 mm in diameter) were carefully hand
trimmed, but at perpendicular directions (i.e. a HTO and a VTO). The
trimming operations were performed using a sharp razor and/or thin wire
in a "shaving" manner to produce a circular (in plan) test specimen
section with the diameter being only slightly larger than the diameter
of the oedometer "ring". Prior to pushing the ring which has a sharp
leading edge, onto the test specimen, the inside wall of the oedometer
ring was lightly greased to reduce friction between the soil and ring
wall interface. To minimize the amount of moisture lost from the
sample, trimming and other sample preparation operations were carried

out in a controlled temperature humidity room.

The tests were carried out using conventional oedometer equipment with '
fixed oedometer rings and double drainage. The duration of each load
increment was sufficient to permit primary consolidation to take place.
To this end, plots of dial reading vs. log time and/or square root time
were maintained during testing. In some tests involving small load
increment ratios, the resulting dial reading - log time curves were not
of the classical "S" shape thereby making the determination of the end
of primary consolidation by conventional methods, ambiguous and
uncertain. In these cases, the rectangular hyperbola fitting method
proposed by Sridharan and Sreepada Rao (1981) was utilized. This
fitting method was found to be extremely useful in providing an
unambiguous definition of the end of primary consolidation for both
small load increment ratios (LIR) and the conventional LIR = 1.0 (Becker
et al. 1985). Typically the load duration was approximately 30 minutes

but varied between 20 to 100 minutes.

A total of 10 to 12 load increments of varying load increment ratios

followed by unloading were used during the test. In the stress range

Golder Associates
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corresponding to the anticipated in situ and yield stresses, the number
of load increments were increased so that a better definition of the
strain energy-stress relationship could be obtained. The in situ cur-
rent and yield stresses are determined from this relationship according
to the procedures developed by Golder Associates (Golder Associates,
1984c; Becker et al. 1985). '

The measured in situ temperature of the soil lies in the range of -2 to
0°C. However, oedometer tests are generally performed at room tempera-
ture. For this investigation, no precautions were taken by EBA to keep
the specimens themselves at their in situ temperature prior to shipping
or prior to testing. The‘results of a previous laboratory investigation
on samples of clay from Tarsiut P-45 indicated that the effect of
ambient test temperature (i.e. below 0° and 20° C) has little effect on
the magnitude of the consolidation parameters (cv, m» k and Cc) and
the values of in situ and yield stresses determined using strain energy
considerations. Consequently, for this study the oedometer tests were
carried out at ambient temperatures of 20°C (room temperature). A total

of U46 oedometer tests were tested according to the following schedule.

BH #AE84SI01: Sa# 3, 4, 6, 7, 9, 10, 11, 13, 14, 16, 27, 28, 29, 30
(14 HTO and 14 VTO tests)

BH #AWB4SIO1: Sa# 2, 3, 4, 5, 6, T, 9 (7T HTO and 7 VTO tests)
BH #ADB4SIO5: Sa# 2 (1 HTO and 1 VTO test)

BH #AMBUSIOS5: Sa# 2 (1 HTO and 1 VTO test)

4.2 Phase II: Triaxial Tests

The results of the triaxial testing program provide information on the
yield characteristics, stress-strain-strength behaviour and porewater

pressure response.

Golder Associates
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Tne specimens selected for triaxial testing were carefully hand trimmed
from the 76 mm diameter tube samples using conventional soil trimming
equipment and a razor and/or thin wire. All specimen preparation opera-
tions were carried out in a controlled environment humid room to mini-
mize moisture losses from the sample. The 50 mm diameter cylindrical

specimens had a height to diameter ratio of approximately 2.

Both strain-controlled anisotropically consolidated (CAU) triaxial com-
pression and extension tests were carried out with porewater pressure
measurements. The term "extension" refers to testing carried out in
negative "q" space with the major principal stress, o'r (radial) being
constant and the minor principal stress, o'a(axial) decreasing (q =
(o'a- o'r)/Z). The average rate of strain was approximately 2 %/hr.
This strain rate was considered to be sufficiently slow to ensure
porewater pressure equalization throughout the specimen. The axial load
was measured either with an electronic compression load cell or by a
calibrated proving ring and the porewater pressure was measured with a
pressure transducer. Both the load cell and transducer were connected
to a digital multimeter readout unit. Axial deformations were measured

with a dial gauge capable of detecting movements of 0.01 mm.

All specimens were enclosed in thin rubber membranes and provided with
filter paper drains. Drainage of water from and to the specimen was
effected through top and-bottom porous stones. A back pressure approxi-
mately equal in magnitude to the calculated in situ hydrostatic pore-
water pressure corresponding to the depth of the sample below sea level
was used in all tests to ensure saturation and good quality porewater
pressure measurements. The degree of saturation, as indicated by

measuring Skempton's B value (B = Au/Ac., = 1.0, if fully saturated) was

checked for each sample before and aftei the saturation stage. In all
tests it was observed that B > 0.96 (typically 0.98 - 0.99) after satur-
ation and prior to shear. Consolidation of the specimen was allowed to
continue until primary consolidation was essentially complete as indica-~

ted by volume change - square root time relationships.

Golder Associates
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At various stages during undrained compression, relaxation tests were
performed to monitor the porewater pressure response during relaxation
(a form of undrained creep). The relaxation test is implemented by
simply stopping the constant deformation (i.e. feed-rate) of the tri-
axial ram but continuing to monitor axial load, dial gauge and porewater

pressures.

In general, the specimens were anisotropically consolidated (i.e. at a
constant stress ratio defined by o'r/o'a equal to the magnitude of KO)
to its corresponding in situ current effective stress state or to its in
situ yield stress state prior to shearing. Zero lateral strain consoli-
dation was not effected as changes in radial (lateral) strains were not
prevented. Anisotropic consolidation was implemented through appro-
priate combinations of axial loads on the piston and of applied cell
pressure. The top loading platen and the piston were physically con-
nected with a threaded bolt which enabled the necessary "pulling" or
upward force to be applied to the sample to reduce the effective axial

stress on the specimen to less than the cell pressure.

In addition to the strain-controlled CAU triaxial tests, stress-control-
led anisotropically consolidated drained (CAD) triaxial stress probes
were also conducted. In generél, the samples were first consolidated to
their in situ .effective stresses under a constant shear stress ratio
equal to Ko. At this point predetermined effective stress paths were
followed in drained stress probes which "radiated" from the in situ
stress state. The yleld point along each effective stress path (ESP)
was determined. From these measured discrete yield points, the yield
envelope was determined. Yield was also determined from the ESPs asso-
ciated with the CAU triaxial compression and extension tests. Strain
energy was used as the criterion for determining yield in the CAU and
CAD stress paths (refer to Beaufort Sea Clay Study, Task #2, Golder

Associates, 1984a).

Golder Associates
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Although the CAD stress probes are idealized as a straight line in p' -
q stress space the actual ESP has a "zig-zag" shape. As a specific load
increment in terms of both axial load and radial stress is applied, an
excess porewater presure is set-up which causes the ESP to diverge from
the straight-line path. After complete dissipation of this excess pore-
water pressure the ESP once again lies on the desired straight-line
drained stress probe. Thus the actual ESP point is only known at the
end of each 1loading increment when excess porewater pressures have
dissipated. The duration of each load increment was sufficient to
permit primary consolidation to occur. To this end, plots of Dboth
observed volume change and axial deformation of the sample against the
square root of time were maintained. The next increment was imposed
when these relationships indicated a "levelling-off" behaviour. The
load duration'period varied depending on whether the effective stress
state was inside or beyond the yield envelope. Within the vyield
envelope (i.e. in the overconsolidated range) the time required to dis-
sipate the excess porewater pressures was approximately 30 to 60
minutes. In the normally consolidated state (i.e. beyond the yield
envelope) the required load duration was 2 to 3 hours and in some cases

even longer periods of time were necessary.

The various CAD ESPs were effected by appropriate combinations of axial
loads on the piston and of applied cell pressure. The axial load on the_
piston which may be either a net downward or net upward force was
achieved by a lever arm system in a modified ELE oedometer frame. By
adding weights on the appropriate side of the lever arm, the required
net upward or downward force could be easily and reliably applied to the
piston and hence to the sample. The accuracy of this dead weight system
was checked by firstly locking the piston and then applying a cell pres-
sure which acted on the area of the piston thereby producing a net up-
ward thrust onto the piston. The calculated weight required to balance
this thrust was applied onto the lever arm and the piston was then un-
locked. An gppropriately mounted dial gauge indicated that no movement

took place thereby indicatiﬁg that the applied forces from the cell

Golder Associates
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pressure acting on the piston and the lever arm weight to counteract it
were in equilibrium. The results of this simple exercise provided con-
fidence that the proper applied loads and their direction could be im-
posed on the piston using the modified ocedometer equipment. For cases
in which a downward force would always be in effect a simple tray system
securely fastened to the top of the piston proved to be adequate and
quite effective. This system was also checked by applying a known cell

pressure to the piéton.

Subsequent to anisotropic consolidation to the desired stress state
using the modified oeodmeter frame, the triaxial cell with the sample
inside had to be transferred to the strain-controlled triaxial test
frame so that the compression and extension tests could be carried out.
Prior to the transfer and dismantling of the cell from the oedometer
frame, the piston was locked. After the cell was in the triaxial frame
the same force and its direction was again applied to the piston follow-
ed by the unlocking of the piston. In all cases, the attached dial
gauge indicated that no movement took place. This procedure ensured
that the same.stress state induced during consolidation was in fact

maintained and existed in the sample prior to undrained shearing.

A total of 21 triaxial tests were performed according to the following

schedule:
UNIT Ko Borehole CAU/CIU CAD
I, 1.0 AWBUSION SA# 2 (1 test) -
1.0 AESUSIO SA# 4 (1 test) -
Ib 0.8 AEBUSION Sa#t 14, 16 Sa#13, 16
' (3 tests) (3 tests)
I, 1.0 AWBUSIO1 sa# 5, 6 sa# 4
(3 tests) (2 tests)
Ib 1.07 AEB4SIO Sa# 6, 7, 14 -
(3 tests)
III 0.8 AEBUSIMN Sa# 29, 30 Sa# 27, 28
(3 tests) (2 tests)

All tests were conducted at room temperature.

Golder Associates
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APPENDIX 2

UNDRAINED SHEAR STRENGTH PROFILES
AND BOREHOLE LOGS






APPENDIX 4 - Diagnostic Profiles
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APPENDIX 5

- Self-Boring Pressuremeter Data
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SUMMARY OF SELF-BORING PRESSUREMETER TESTS

AMAULIGAK SITE

BOREHOLE TEST # DEPTH Gho' ohy' Ko CORRELATION REMARKS
(m) (kPa) (kPa) BETWEEN
(See below)

AEBLPIOS 1 1.2 -42 33 - a,b,c
2 2.7 -22 38 - a,b,c
3 4.3 -33 62 - a,b,c
4 5.8 27 92 0.7 a,b,c
5 7.6 uy 89 0.9 a,b
6 9.1 64 139 1.1 a,b
7 10.7 68 168 1.0 a,b,c
8 12.2 68 173 0.9 a,b,c
9 13.1 84 195 1.0 a,b,c
AEBLPIOY 1 1.2 -42 -7 ~ a,b,c
2 2.7 -47 " 18 - a,b,c
3 3.8 -53 27 - a,b,c
y 5.3 22 87 0.6 a,b
5 6.9 16 106 0.4 a,b,c
6 8.4 36 86 0.7 a,b,c
i 7 9.9 46 76 0.7 a,b,c
8 11.4 52 111 0.7 a,b
9 13.0 70 146 0.8 a,b,c
AE8B4PIOS 1 1.5 5 30 - a,b
. 2 3.0 0 50 - a,b
i 3 4.6 19 79 0.6 a,b,c
e 4y 6.1 43 89 1.1 a,b
5 7.6 39 119 0.8 a,b,c
' 6 9.1 53 89 0.9 a,b,c
} T 11.0 55 125 0.8 a,b,c
8 12.5 60 140 0.8 a,b,c
9 14.0 55 125 0.7 a,b,c

b NOTE: The reported values of °ho' and °hy' reflect a 35 kPa membrane
expansion correction.
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SUMMARY OF SELF-BORING PRESSUREMETER TESTS

AMAULIGAK SITE

BOREHOLE TEST # DEPTH Oho ohy Ko CORRELATION REMARKS
(m) (kPa) (kPa) BETWEEN
(See below)

AEBYUPIQ2 1 1.4 -14 16 - a,b
r 2 2.9 -24 22 - a,b,c
3 4.4 11 51 0.4 a,b,c
4 5.9 31 76 0.8 a,b,c
5 7.5 40 120 0.8 a,b,c
6 9.0 50 115 0.9 a,b
7 10.5 50 110 0.8 a,b
8 12.0 60 125 0.8 a,b,c
9 13.0 67 147 0.8 a,b,c
AE84PION 1 1.5 -40 -5 - Unreasonable data.
: 2 3.4 -35 -5 - Pressuremeter was acci-
3 4.9 ~34 6 - dently dropped 1.2 m as
y 6.4 1 86 - it was lowered into cas-
. 6 9.4 - - - ing when a chain slipped
i 7 11.0 -375 - -
- 8 12.5 -390 - -
AWBUPIO 1 1.7 3 T7 - a,b
2 3.2 43 123 1.7 a,b,c
3 4.7 48 173 1.3 a,b,c
1 4 6.3 62 112 1.3  a,b,e
¢ 5 7.8 67 177 1.2 a,b,c
- 6 9.3 77 142 1.1 a,b,c
, 7 10.8 97 170 1.2 a,b,c
@Q 8 12.3 72 212 0.8 a,b
b 9 13.9 66 236 0.7 a,b
%f NOTE: The reported values of g,,' and °hy' reflect a 35 kPa membrane
i expansion correction.
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