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INTRODUCTION

Environmental geologic studies have been conducted on the Kodiak Shelf,
Gulf of Alaska, to evaluate the potential impact and constraints that geology
can impose on offshore industrial operations (Fig. 1; Hampton 1982a,b). As
part of these studies, cores were taken from the diverse suite of
compositionally distinct and areally restricted sedimentary deposits on the
shelf and upper continental slope. Physical property measurements were made
on samples from the cores, and geotechnical methods were employed in order to
broadly characterize the behavior of the sedimentary deposits under conditions
of static and dynamic loading. The data and conclusions are meant as a guide
for detailed and site-specific studies that accompany resource regulation and
development activities.
GEOLOGIC SETTING

The Kodiak Shelf consists of a series of flat banks, generally less than
100 m deep, separated by transversely trending troughs (Fig. 1). Most of the
seafloor is flat to gently inclined; steep slopes are uncommon (Fig. 2).

The banks are largely covered by coarse gravelly debris, typically less
than 100 m thick, although there are broad areas of bedrock outcrop at the
seafloor (Fig. 3). Local thin deposits rich in shells or volcanic ash are
also present. The troughs contain relatively fine-grained deposits, but
sediment composition is different in each. Stevenson Trough contains
terrigenous sand deposits that are molded into large sand waves, as well as
deposits of terrigenous mud and volcanic ash. The floor of Chiniak Trough is
covered with sediment composed predominantly of volcanic ash, with local
outcrops of a terrigenous mud deposit that evidently underlies the surficial

ash-rich material. Kiliuda Trough is blanketed a.most entirely by a mixture



of fine-grained volcanic ash, diatom tests, and minor terrigenous material.
Samples from Sitkinak Trough contain terrigenous gravelly and sandy mud
(Hampton, 1981).

Most of the unconsolidated sediment was originally emplaced by glacial
processes. Glaciers are believed to have covered the shelf during parts of
Pleistocene time, depositing a cover of till and outwash (Karlstrom, 1964;
Thrasher, 1979). During the Holocene, no major input of terrigenous sediment
has been made, but volcanic eruptions have spread ash across the seafloor, and
biologic activity has produced carbonate and siliceous shell material
(Hampton, 1981, 1982a, b). Marine currents have reworked the surficial
sediment and created a segregation of sediment types. Fine=-grained sediment
particles have been winnowed from the banks and redeposited in the troughs.
The composition of deposits in the individual troughs depends on the locally
available material, with sand-size volcanic ash from the 1912 Katmai eruption
being abundant near Chiniak Trough and finer ash and diatoms near Kiliuda
Trough. Stevenson and Sitkinak Troughs have had essentially pure terrigenous
material accessible to them.

Much r?working of shelf sediment probably was accomplished by waves
during the Holocene marine transgression. The present-day shelf environment
does not include strong geostrophic or tidal currents (Muench and Schumacher,
1980), and sediment reworking probably occurs only occasionally when large
storm waves traverse the shelf.

Convergence of the North America and Pacific lithospheric plates a few
kilometers seaward of the Kodiak Shelf causes strong compressional forces that
have warped and faulted the seafloor. Strong earthquakes are frequent (Pulpan
and Kienle, 1979). They range in excess of magnitude 8 and cause strong

ground accelerations.



METHODS

Geotechnical measurements were made on sediment cores obtained on four
cruises from 1977 to 1980. Cores could only be recovered from four
physiographic areas: Chiniak Trough, Kiliuda Trough, Sitkinak Trough, and the
upper continental slope (Fig. 4; Table 1l). Sedimentary deposits in other
areas are too stiff or coarse-grained to be collected with our coring devices.

Both gravity cores and vibracores were collected in 8.5-cm diameter
plastic liners. Most cores were obtained principally for geological
purposes. Upon retrieval they were cut into l.5-m-long sections and then
split lengthwise into replicate halves. Geotechnical index properties were
measured on these core halves. On some, vane shear tests were made at regular
intervals down-core to give measures of undrained shear strength. Subsamples
were taken for determination of water content, bulk sediment density, grain
specific gravity, and plasticity in the shore-based laboratory.

Several cores were taken expressly for geotechnical testing. Onboard
ship, these cores were cut into 1- or l.5-m lengths, and the ends were
capped. Then each section was wrapped in cheesecloth and covered with
microcrystalline wax in order to prevent moisture loss, and then stored
upright in a refrigerator to retard decay of organic matter. These cores were
later subjected to a suite of geotechnical tests in laboratories at the USGS
and at a commercial testing company.

One-dimensional consolidation tests were run on subsamples from
geotechnical cores to determine sub-failure deformational properties. Tests
were run on an oedometer in a stress-controlled mode (Lambe, 1951). The

consolidation tests measure change in volume with change in applied loac. The



results are typically expressed in plots of void ratio (e = volume of
voids/volume of solids) versus the logarithm of effective (buoyant) vertical
stress (p'). Two useful parameters are derived from these curves. The
compression index (C.) is the slope of the straight-line, virgin compression
portion of the e-log p' curve and indicates the amount of compression produced
by a particular increase in load. The maximum past pressure q;m is the
greatest effective overburden stress that the sediment has ever been exposed
and is determined by a simple graphical construction (Casagrande, 1936). The
ratio of o;m to the calculated effective overburden stress at the time of
sampling 0;0 is the overconsolidation ratio (OCR), which can be, for example,
a measure of unloading that the sediment may have experienced by erosion. A
third parameter, the coefficient of consolidation (cy)s is determined for each
load increment of the one-dimensional consolidation test énd defines the rate
of consolidation.

Static triaxial tests were run on cylindrical samples 3.6-cm diameter and
7.6-cm long in order to determine strength properties of the sediment. Tests
were run under undrained conditions with pore pressure measurements (Bishop
and Henkel, 1964). Most samples were consolidated isotropically prior to
testing, but some were consolidated anisotropically.

Dynamically loaded triaxial tests were also run on some cores, with the
axial stress on samples varied sinusoidally at 0.1 Hz. Both compression and
tension were applied at a predetermined percentage of the static strength.
These tests can be used to evaluate the failure conditions of sediment under
repeated loading, such as by earthquakes and waves.

Early triaxial tests were run on sediment samples that were consolidated

to somewhat arbitrary stress levels. However, the later testing program



followed the normalized stress parameter (NSP) approach (Ladd and Foott,
1974), whereby consolidation stresses are chosen on the basis of maximum past
pressure (q;m), as determined from the one-dimensional consolidation tests.
Typically, the triaxial test specimen was consolidated to four

times q;m, which eliminates some of the disturbance effects associated with
coring. Overconsolidation was artificially induced in some samples by
rebounding to lower stress levels before applying the triaxial load. Measured
values of undrained shear strength (Su) are normalized with respect to
effective overburden stress (q;m). A premise of the NSP method is that the
ratio su/o; is constant for a particular sediment at a particular value of
OCR. Moreover, a relation exists between su/q; and OCR that allows prediction

of sediment strength at confining stresses that exceed those at the level of

sampling (Mayne, 1980).

RESULTS

Lithology of sediment cores is fairly uniform in each physiographic area,
with a few exceptions, but major differences exist amongst the various areas
(Table 1l). Inspection of the geotechnical data gives consonant results;
physical properties are by=-and-large similar within areas, except where
atypical lithology is found, and dissimilar from area to area (Figs. 5-11;
Tables 1-5). Therefore, geotechnical characterization is possible for each
area. That is, representative values of physical properties can be deduced,
and general statements can be made about soil deformation in one area relative

to others.



Index properties: Figure 5 presents index properties for sediment cores.

Individual values are shown graphically at the depths they were measured.
Summary values are also given, as averages for properties that are depth-
independent and as linear-regression estimates at 1 m from the top of the core
for those properties that vary with depth (Fig. 5, Table 2).

Water content is the weight of water relative to the weight of solids,
expressed as a percent and corrected for salt content. Values in excess of
100% are possible; they indicate a greater weight of water than sediment.
Water content typically decreases with depth in a uniform sedimentary
deposit. This is the case for most sediment cores collected from the Kodiak
shelf, although some increases with depth occur.

Water content is highest for cores from Kiliuda Trough, followed by
slightly lower values in Chiniak Trough, then by substantially lower values in
Sitkinak Trough and on the upper continental slope. Water in the terrigenous
sediment of the latter two areas is interparticulate; that is, it exists in
the interstices between grains. But, the ash grains and diatom tests in
Chiniak and Kiliuda troughs accommodate significant amounts of intraparticle
water within voids and recesses in grains. The coarse ash particles abundant
in Chiniak Trough include pumice shards with thin, pipe-shaped vesicles
(Hampton and others, 1978). Most silt- and clay-size ash particles are flat
to curved plates. Diatom tests are perforate and spherical- to basket-
shaped. These nonterrigenous grains, because of their irregular-morphology,
would be expected to pack loosely, in addition to accommodating intraparticle
water. Therefore, the high water contents in Chiniak and Kiliuda Troughs are

related principally to sediment composition.



Note that anomalously low values of water content were measured in one
core each from Chiniak Trough (station 582) and Kiliuda Trough (station
351). Cores from both stations are of terrigenous composition, and their
water content is similar to the other terrigenous cores.

Values of other index properties also can be explained in terms of
composition. Grain specific gravity is low in samples from Chiniak and
Kiliuda Troughs because the amorphous silica that constitutes the volcanic ash
is of low density (~ 2.4 gm/cm3) as is the hydrous silica (~ 2.1 gm/cm3) that
constitutes the diatom tests. Isolated internal vesicles within the coarse
pumice shards in Chiniak Trough might explain the exceptionally low values of
grain specific gravity there. The values of grain specific gravity in
Sitkinak Trough and on the upper continental slope are in accord with the
density of common terrigenous minerals (2.6 - 2.8 gm/cm3).

Bulk density is calculated from porosity (water content) and grain
specific gravity. In normal terrigenous marine sediment, differences in bulk
density mainly reflect differences in water content, because the range of
grain specific gravity is relatively small. But, the exceptionally low bulk
density values in Chiniak and Kiliuda Troughs reflect not only high water
content but also the unusually low values of grain specific gravity.

Atterberg limits are used in this study as a measure of the plasticity of
remolded sediment. The plastic limit (PL) is the water content below which
the sediment deforms as a semi-solid when remolded, whereas the liquid limit
is the water content above which the sediment behaves as a liquid. The range
of water content between these limits, where the sediment deforms plastically,
is defined as the plasticity index (PI). The liquidity index (LI) refers to

the relative position of the natural water content (w) to the plastic limit



and the liquid limit. A negative value (w < PL) implies that the remolded
sediment will act as a semi=-solid, a value between 0 and 1 (PL < w < LL)
indicates plastic behavior, and a wvalue greater than 1 (w > LL) indicates
liquid behavior.

Ash-rich sediment from Chiniak Trough is nonplastic; i.e., it is
noncohesive and does not exhibit plastic behavior at any water content.
Therefore, Atterberg limits cannot be determined for this material. The
sediment in Kiliuda Trough has high values of plastic and liquid limits
relative to terrigenous cores. This may be somewhat misleading, because any
intraparticle water that is present probably is passive with respect to
plastic behavior but is measured in plastic- and liquid-limit tests. However,
the high values of plasticity index, which do not reflect intraparticle water,
show that this sediment is generally more plastic than the terrigenous
sediment. The high plasticity indices might be a reflection of clay
mineralogy. Mitchell (1976, p. 173) presents data that indicate a higher
liquid limit and plasticity index for illite than for chlorite. Hein and
others (1977, 1979, and unpublished data) report that sediment from Chiniak
and Kiliuda Troughs contains somewhat larger proportions of illite and less
chlorite and kaolinite than sediment from Sitkinak Trough and the upper
continental slope. GSmectite abundance is similar in all areas. However,
because the clay content in Kiliuda Trough sediment is minor and the variation
in clay mineral populations is small, this mineralogy factor may not account
for all the differences. Variation in organic matter, which was measured in a
few seafloor sediment samples and is slightly greater than 1% in Kiliuda
Trough and on the order of a few tenths of a percent in Sitkinak Trough and on

the continental slope, is another possible cause.



A plot of liquid limit versus plasticity index, called a plasticity
chart, can be used to categorize fine-grained sediment types according to the
Unified Soil Classification System (Casagrande, 1948). Figure 6 shows that
the terrigenous sediment from the upper continental slope covers a range of
sediment types designated as CL to CH (low to high plasticity clay to silty or
sandy clay). The two samples from Sitkinak Trough and the one terrigenous
sample from Chiniak Trough plot similarly to some upper continental slope
sediment, classified as CL and borderline ML (silt, very fine sand, or sandy
mud). The Kiliuda Trough data plot in an entirely separate region of the
chart, as MH (diatomaceous silt and volcanic ash). Comparison is favorable
between the visual sediment descriptions in Table 1 and the classification
according to physical properties in Figure 6. Casagrande notes that samples
from the same sedimentary deposit typically fall in a linear zone parallel to
the A-line (an empirical boundary between sediment types). The upper
continental slope data agree well with this concept, whereas the Kiliuda

Trough data are rather dispersed.

Consolidation properties: Table 3 is a listing of the consolidation

properties as determined from laboratory tests. Most sediment from Chiniak
and Kiliuda Troughs shows high maximum past pressure (o;m) relative to the
insitu overburden stress (o;o)' with consequent high values of OCR. The
implication drawn from traditional theory is that substantial unloading of the
sediment has occurred, by erosion perhaps, but there is no supporting
geological evidence. Instead, the high OCR values might reflect initial
cementation or grain interlocking. Hence, the term "false overconsolidation"”

might be appropriate. Terrigenous cores show lower OCR, and in fact some from



the upper continental slope have values less than 1.0, which indicates
underconsolidation, a condition whereby the sediment has not compacted to an
equilibrium state with the overburden load and some excess pore water pressure
exists. Underconsolidation usually results from high sedimentation rates and
low sediment permeability and can imply low sediment strength.

Compression index (Cc) spans a wide range of values (0.06<Cy<1.06),
beyond the limits computed by Richards (1962) for several marine sediments
(0.20 < Cc < 0.87). The ash-rich sandy core (station 433) from Chiniak Trough

appears to be highly incompressible (low C.), as are many of the terrigenous
cores (Chiniak Trough and upper continental slope). In contrast, the fine-
grained ash and diatom-rich sediment in Kiliuda Trough and the terrigenous
sediment from Sitkinak Trough are moderately to highly compressible.

Skempton (1944) demonstrated a relation between compfession index and
ligquid limit:

Cc = 0.009 (LL-10).
A plot of the Kodiak Shelf data shows a general agreement with this relation,
but with significant scatter (Fig. 7).

The e-log p' plots for consolidation tests of sediment from station 433
in Chiniak Trough continue to curve downward at high load levels, whereas
common sediment behavior yields a straight-line segment (termed the virgin
compression curve) for loads greater than q;n (Fig. 8). A likely explanation
for this curvature, which indicates greater than normal settlement under high
loads, is crushing of fragile, void-rich ash grains. Consolidation of most
sediment types involves rearrangement of grains and expulsion of pore water,

with minor grain crushing.
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Coefficient of consolidation (cv) is variable both within and between
cores, but is generally high compared to reported values for other marine
sediment (Richards, 1962). High ¢, implies that the sediment is permeable
enough to permit rapid pore water escape and fast consolidation. A value of
€y is calculated in a consolidation test at each load increment from plots of
deformation versus time. The sediment at station 433 consolidated so fast
immediately after loads were applied that the proper construction for

calculating cy could not be made. The obvious implication is high c, and

consequent rapid consolidation.

Static strength properties: Sediment properties derived from static triaxial

strength tests are listed in Table 4. The primary measured property is the
undrained shear strength (Su). It is the maximum sustainable shear stress
within a sample subjected to a particular consolidation stress (O;). S, acts
along a plane inclined at 45° to the axial load. The arcsine of S; divided by
the effective normal stress across this plane is the effective angle of
internal friction (¢g'), whose magnitude is an indication of the strength
behavior of the sediment under slow (drained) loading conditions. 1In
conmparison, the ratio su/o; gives an indication of the strength behavior
during rapid (undrained) loading conditions. The difference in drained and
undrained strength behavior depends on the pore water pressure generated in
response to the tendency for volume change when the sediment is axially
loaded. If a sediment has a high tendency for volume change, the difference
in strength between rapid and slow loading can be substantial.

The terrigenous sediment samples from the upper continental slope,

Sitkinak Trough, and station 582 in Chiniak Trough have values of ¢' mostly in
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the 30° - 40° range, common values for marine sediment. The ash- and diatom-
rich sediment in Kiliuda Trough has higher values of @', 40° - 50°, whereas
the ash-rich core from station 433 in Chiniak Trough has values to greater
than 60°. The ash-rich sediment apparently is stronger under drained static
loading conditions than the terrigenous sediment at equal confining stress.

Lambe and Whitman (1969, p. 307) present a relation between ¢g' and liquid
limit for normally consolidated soil. The comparative plot of the Kodiak
Shelf data in Fig. 2 shows that the terrigenous samples fall within the range
of variability of Lambe and Whitman's data, whereas the ash- and diatom-rich
sediment from Kiliuda Trough does not. The drained strength behavior of this
sediment appears to be atypical. It is relatively strong for sediment with
such high plasticitye.

The values of su/o; are highly variable and require some judgement in
order to characterize the sediment types. The tests run at low levels
of o; seem to be the most erratic; these are the tests most likely to
incorporate disturbance effects associated with coring. Other tests, except

L
those at station 433, show fairly consistent values of su/oc between 0.4 and

1.0 for OCR = 1, and higher values for OCR = 6. At station 433, Su/cé has
significantly higher values of 3.8 (OCR = 1) and 16.1 (OCR = 5.8). Relatively
high strength under conditions of undrained loading (because of low pore
pressure response) is indicated for the ash-rich sandy material at this
station. Somewhat surprisingly, the finer ash- and diatom=-rich sediment in
Kiliuda Trough exhibits undrained loading behavior similar to the terrigenous
sediment.

Figure 10 is a plot of the static triaxial data according to the NSP

approach. The slope A of the line for each sample is an indication of the
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change in strength with OCR. The ash-rich cores from both Chiniak and Kiliuda
Troughs have similar values of A, 0.80-0.84. The terrigenous sediment from
station 445 in Sitkinak Trough has a value of A = 0.68, which is near the
average of A = 0.64 for numerous triaxial data compiled by Mayne (1980). An
implication of the data in Figure 10 is that the ash-rich sediment would
retain a larger portion of its strength after unloading compared to the
terrigenous sediment.

Su/o; values were calculated from the vane shear data (Table 2). The
magnitude of strength increase with effective overburden pressure is greater
for the ash-rich sediment from Kiliuda Trough than for the terrigenous
sediment from Sitkinak Trough. This may be related to higher OCR and A for
the ash-rich sediment compared to the terrigenous sediment (Table 3, Fig. 10)
and does not necessarily conflict with the Su/q; values derived from the

triaxial data (Table 4).

namic strength properties: The data from cyclic triaxial strength tests are
prop

given in Table 5. The quantity Téyc/su is the cyclic stress level: the

average value of shear stress (T

cyc) applied sinusoidally at 0.1 Hz as a

percentage of the static undrained shear strength (Su)- Pore water pressure

and strain accumulate with repeated application of Toyc* At some point, the

ycC
pore water pressure approaches the confining stress, strain increases
abruptly, and the sediment fails. In our tests, failure was not a discrete
event, and was arbitrarily defined at 20% strain.

Samples typically fail in fewer cycles at progressively higher stress

levels. Figure 11 shows the number of cycles to failure versus stress level

for Kodiak Shelf samples. All except the sandy ash deposit from Chiniak
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Trough (station 433) fall in a range that shows low to moderate dynamic
strength degredation. For example, after 10 cycles of loading (as might be
imparted by an earthquake), these sediments will not fail unless the applied
stress level is at least from 70% to nearly 100% of their static strength.
Tests on terrigenous sediment from other geographic areas have shown similar
results {(Lee and others, 1981; Anderson and others, 1980).

In contrast, the ash-rich sediment from Chiniak Trough is highly
suseptible to failure under cyclic loading. Its dynamic strength at 10 cycles
is only about 12% of its static strength. Recall that the static undrained
strength of this material is relatively high, but under repeated loading it

becomes highly suseptible to liquefaction-type failure.

DISCUSSION

Three sediment types have been tested in this study: 1) muddy
terrigenous sediment collected throughout Sitkinak Trough, along the upper
continental slope, and at one station each in Chiniak and Kiliuda Troughs, 2)
muddy ash- and diatom-rich sediment with minor amount of terrigenous minerals
from Kiliuda Trough, and 3) ash-rich sandy mud with a minor amount of
terrigenous minerals from Chiniak Trough. Each has a distinctive set of
physical properties, and some differences in deformational behavior can be
expected.

The terrigenous sediment cores have physical properties that by and large
are within normal ranges measured on terrigenous sediment elsewhere, except
that several samples exhibit low compressibility. This implies relatively
small settlement when subjected to sub-failure loads. The reason for this

behavior is not evident.
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Steep seafloor slopes exist in Sitkinak Trough and along the upper
continental slope, so, given the geotechnical properties and the tectonic
activity, slumping of the terrigenous sediment is possible. Large slumps have
in fact been observed in seismic-reflection profiles along the upper
continental slope, and a geotechnical analysis by Hampton and others (1978)
indicates that earthquakes and removal of support by faulting are the likely
triggering mechanisms. Seismic profiles in Sitkinak Trough have not revealed
large slumps, but the existence of steep slopes warrants concern. Static
stability can be crudely evaluated by performing a simple factor of safety
calculation:

F=(Su/o:7) / (SinY.cosY) where F is the factor of safety and Y is the
slope angle of the seafloor. F= 1.0 indicates incipient instability, whereas
higher values indicate stability.

The steepest slopes in Sitkinak Trough are on the order of 50% (27°)
(Figs 2). From Table 4, a minimum value of Su/q; is about 0.4, which will
give F=1 at a slope of 18.4°. This implies that steep slopes are statically

unstable under conditions of undrained loading if underlain by the weakest
sediment. Under conditions of drained loading, the critical slope angle is
equal to ¢g', which is 26° - 37° and greater than slope angles likely to be
encountered in the trough.

The effects of earthquake loading can be evaluated for a simplified two-
dimensional model by the method developed by Lee and others (1281):

' L] 2

k= AAS 0-. .
(y /v) « Ao u/ ~siny cosY)/cos” Y

where k is the pseudo-static horizontal acceleration (expressed as a percent

of gravity) required to cause failure, A, is a correction factor for the

strength difference between isotropic (laboratory) versus anisotropic (field)
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confining pressure, Ap is a correction factor for cyclic strength degredation,
and Y'/Y is the ratio of buoyant total to bulk densities.

The core from station 445 has enough data for analysis. An
anisotropically consolidated triaxial test was run at a horizontal to vertical
stress ratio of 2, which models the field confining-stress conditions. The
ratio of static strength (51.8 kPa) determined in this test to the static
strength (58.4 kPa) determined for a sample consolidated isotropically to the
same stress level, gives a value of 0.89 for A,. From Figure 11, the cyclic
strength degredation is seen to be slight; it is about 0.98 of the static
strength at 10 cycles (a reasonable number of load applications by an
earthquake). Using the bulk density at 1-m depth from Table 2,.

Y'/Y= 0.45. Determination of k for several values of seafloor slope are given
in
Table 6. Using the data from Seed and others (1975), the distances (d6.5)
from an earthquake of magnitude 6.5 that would experience accelerations equal
to k can be estimated (Table 6).

The above analysis of dynamic loading involves many simplifications and
works best where k values can be calculated for an area of known instability
and compared to k values from a nearby area of potential instability (Lee and
others, 1981; Winters and Lee, 1982). Moreover, a state of overconsolidation
was measured in oedometer tests at station 445 (Table 3). If this condition
continues with depth, greater stability than calculated above would exist. On
the other hand, the cyclic strength degredation is exceedingly small, and
values of 0.60 to 0.80 are more typical for terrigenous sediment. Stability

would be reduced as a consequence of greater cyclic degredation.
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Both static and dynamic analysis indicate potential instability in the
steepest areas of Sitkinak Trough. The fact that no large sediment slides
have been observed points to the need for further study.

The fine-grained sediment in Kiliuda Trough, which is composed of
volcanic ash, siliceous diatom tests, and a minor quantity of terrigenous
minerals, plots with sediment of similar composition on a plasticity chart
(Fig. 6; Casagrande, 1948). It has high water content and, because of the low
grain specific gravity, a low bulk sediment density. This indicates a low
increase of overburden stress with depth and a consequent low increase of
dependent properties such as consolidation state and shear strength. However,
values of compression index (C,) are the highest measured on the Kodiak Shelf
(Table 3), which implies relatively large amounts of settlement under a given
load.

The sediment is highly plastic (Fig. 5) and, compared to other sediment
of similarly high plasticity, it is relatively strong under conditions of
drained loading. Its undrained static loading behavior is similar to the
terrigenous samples that were tested (Table 4). In dynamic, undrained
triaxial tests, the Kiliuda Trough sediment has somewhat more strength
degredation at low numbers of cycles than terrigenous samples, but is by no
means unusually suseptible to repeated loading.

The sandy, ash-rich sediment fron Chiniak Trough (station 433) is
different in most respects from the other sediment types. Clay content is
low, so the sediment classifies as noncohesive according to plasticity
tests. 1Its water content is lower than that of the sediment from Kiliuda
Trough, but due to low grain specific gravity, the bulk density is comparable

(Table 2). In contrast to the samples from Kiliuda Trough, station 433
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material is highly incompressible, similar to the underlying terrigenous
material sampled at station 582 (Table 3). But, the downward concavity of the
virgin compression curve (Fig. 8) suggests that excessive settlement (perhaps
due to grain crushing) occurs under high loads. Rapid consolidation also is
indicated by oedometer tests.

High static strength was measured in triaxial tests on samples from
station 433 for both drained and undrained conditions (Table 4). However,
dynamic loading causes severe strength degredation, to 12% of the static
undrained strength at 10 cycles (Fig. 1l1). Earthquake-induced sediment slides
are not likely, because the seafloor is generally horizontal where the ash-
rich sediment occurs. However, loss of bearing capacity due to liquefaction
is possible, which could cause sinking and failure of pipelines.

Ash-rich material covers most of the floor of Chiniak Trough
(Table 1; Hampton, 1981), but the deposit pinches out near the trough margins
and may only be several meters thick. Seismic-reflection profiles show that
the terrigenous core at station 582 is near the lateral edge of the trough
sediment fill and probably represents a sedimentary deposit that underlies the
surficial ash deposit and extends a few tens of meters to deeper, presumably
strong and stable glacial material. The ash was erupted in 1912 from Mt.
Katmai on the Alaska peninsula (Hampton and others, 1979), and the fine-
grained terrigenous section as sampled at station 582 may represent the normal
Holocene sedimentary environment in Chiniak Trough. Buried ash deposits from
earlier volcanic eruptions may be present.

The ash-rich sediment from both Chiniak and Kiliuda Troughs has similar
values of the normalized strength parameter A (0.80 to 0.84) (Fig. 10). The

one terrigenous sample for which determination could be made has a more normal
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value of A = 0.68. Overconsolidated ash-rich sediment would strengthen more
than the terrigenous sediment would. Oedometer tests indicate various levels
of overconsolidation for ash-rich sediment, but there is no geologic evidence
that unloading has occurred. Perhaps the overconsolidation is only present at
shallow depths, or it may reflect a physical phenomenon other than unloading.
It is evident from the geotechnical framework study of Kodiak Shelf that
a variety of fine-grained sediment types with different physical properties
exists. The deposits cover a minor area of the shelf when compared to the
extent of coarse-grained glacial deposits and sedimentary bedrock that
probably have favorable geotechnical properties. But, where the fine-grained

sediment is encountered, it can present special engineering concern.
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Table 1. Locations of sampling stations and descriptions of sediment types.

Physiographic Station North West
area number latitude longitude Sediment type
Chiniak Trough 329 57° 38.95' 151° 58.03' sandy mud with ash
and terrigenous minerals
432 57° 25.50' 151° 23.43" sandy mud with ash and
terrigenous minerals
434 57° 26.71° 151° 25.26" muddy sand with ash and
terrigenous minerals
582 57° 29.7°' 151° 38.6° sandy mud with terrigenous
minerals; ash-rich only at
top of core.
Kiliuda Trough 343 56° 39.37°' 153° 04.72' mud with ash and
terrigenous minerals
344 56° 39.47' 153° 05.63' mud with terrigenous
minerals and ash
347 56° 36.76' 153° 17.92" mud with terrigenous
minerals and ash
348 56° 37.66' 153° 18.89°' mud with terrigenous
minerals and ash
349 56° 38.24' 153° 19.80' mud with ash and
terrigenous minerals
351 56° 46.86' 153° 11.02" gravelly sandy mud with
terrigenous minerals and mud
439 56° 08.13' 154° 17.33' mud with ash and
terrigenous minerals
440 56° 39.15°' 153° 06.36' mud with ash and
terrigenous minerals
441 56° 39.50°’ 153° 04.62' mud with ash and
terrigenous minerals
578 56° 39.5' 153° 05.2' mud with ash and

terrigenous minerals
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Table 1 (continued)

Physiographic station Nor th West
area number latitude longi tude Sediment type
Kiliuda Trough 579 56° 54.9' 152° 32.6' mud with terrigenous
(continued) minerals and ash
Sitkinak Trough 355 56° 08.53' 153° 29.41! gravelly sandy mud
with terrigenous minerals
356 56° 05.55' 153° 31.28" gravelly muddy sand
with terrigenous minerals
357 56° 07.56" 153° 38.46" muddy sand with terrigenous
minerals
445 56° 11.17" 153° 17.28" sandy mud with terrigenous
minerals
455 56° 12.44" 152° 58.36" mud with terrigenous
minerals
Upper Continental 224 56° 46.3" 151° 34.5' mud with terrigenous
Slope minerals
225 56° 47.5' 151° 37.5! mud with terrigenous
minerals
226 56° 48.3" 151° 40.9' mud with terrigenous
minerals
239 57° 50.7" 149° 07.4" mud with terrigenous
minerals
240 57° 48.3! 149° 05.4' mud with terrigenous
minerals
336 57° 46.60' 149° 02.08° mud with terrigenous
minerals
340 57° 17.48" 150° 24.92' sandy mud with

terrigenous minerals
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Table 1 (continued)

Physiographic Station North West
area number latitude longitude
Upper Continental 450 55° 56.06' 154° 14.13'

Slope (continued)

26

Sediment type

sandy mud with

terrigenous minerals
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Table 5. Dynamic triaxial strength test results.

Depth Cycles

Physiographic Station in oc- Induced Téyc/su to
area number core (cm) (kPa) OCR (%) failure

Chiniak Trough 433 76 347.2 1 12 12

85 344.2 1 6 230

582 77 165.3 1 74 14

92 165.3 1 53 58

Kiliuda Trough 578 55 241.0 1 77 1

68 75.8 6 60 21

84 75.8 6 41 520

135 241.0 1 50 35

579 75 248.1 1 75 9

89 248.1 1 45 242

Sitkinak Trough 445 60 137.8 1 93 16

60 134.1 1 51 410
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Table 6. Values of variables in dynamic slope stability analysis.

o k dg,5 (km)
1e 0.15 28
50 0.12 34

100 0.08 51

150 0.05 80

200 0.014 240
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FIGURE CAPTIONS

]‘

10.

1.

Location map of the Kodiak Shelf, Alaska, showing physiographic features
and bathymetry.

Map of seafloor slopes. Coverage extends from 3-mile limit to 100 m
water depth. Contours in percent.

Generalized thickness map of unconsolidated sedimentary deposits.
Contours in meters.

Locations of sediment sample stations. (See Table 1.)
Index physical properties of sediment samples.

Plasticity chart and sediment classification according to the Unified
Soil Classification System. (See Casagrande, 1948.)

Compression index versus liquid limit for Kodiak Shelf sediment
samples. Empirical relation derived by Skempton (1944) is shown for
reference.

Oedometer consolidation test results, plotted as logarithm of the
effective consolidation stress versus void ratio: (Note that unload-
reload cycle was performed once during each oedometer test.) A) Station
433, showing continuous downward curvature of loading curve. B) Normal
loading curve, showing straight-line relation between void ratio and
effective consolidation stress at loads exceeding approximately 100 kPa.

Effective angle of internal friction versus placticity index. Center
line is the empirical relation derived by Lambe and Whitman (1963), and
upper and lower lines show range of variation of their data.

Normalized strength versus overconsolidation ratio. (See Mayne, 1980.)

Stress level versus number of cycles to failure.

37



Molbl Mo@¥i Nol$S Mo6¥l Mo0SI MolSI Mo2SI No9S MoEGI
z W A o 4 7 7 < 7

S¥313N0TIN 0S S2 0
y y . %9
S3TW IVIILNYN OF Sl 0

VNSVYV

ssoyivaly
NY3IHLNOS

021.._9%

JONIYIHD,

‘bho

L L VN
Mob¥ | Me06) MolG! NogbS

MoP Sl  NoBS MeSEI Mo9G1

38



z 814

anNv sl
AVIAOM

/

T oMo



Molvl Medvi NolS Mob ¥l MoOSH MolS! MoZ61 No9G MoEG!
7 T ~x 7 7 < 7
—
uisoq ut gy SHILINOTIN 06 ¢z o
UOIID[AWADID ISIYIIL
S3TIN TWOILAYN OF sl 0
Yeog ( wioqos| w00
& {DAJUI J2J3W O
$ 1D JNOJUOD SSINDIYL —~0p —
NOILVYNY1dX3
Qoaoﬂv
N
2
¥
Vi L L S L .
WYY Yyl MalG! NeBE MG MekEI MovEl  NeWt MesSi

*31

d



% 3814

Molti MoBPi NoldS Mo6 P! Mo06! MolGl Mo2Gl No9G Mo€EGH
Z y ¥ 7 7 7 7 ,
DaJy -
P 7
SHILIWOUN OG T4 (o]
)
A SITUN TIVIILNYN OC G o]
ke s SChe
3 VISV IV b22Ze Shbe 9ce
¥ S gcee, 1G¢
0? 7= °9
9¢¢ w0?. 922 woor s,
¢ ovz
&cz
6L
GNvISI
JOMINIHD
00”
é0

"°0‘/ S

SQQN

L3

Mo0GH

MoiSl NobS Mo2 G

Mot Gl NoSS MoGSH Mo96GH

41



(08--z% *d) ¢ 813

€g I
pinbiy aboidaay
A 61°1 6C Ve ju
W) §D :K}In04D :'w| 40 :Xapul oyso|d abbJieAy
yibuaiys oip0eds uloib xapul  A}dysoid T TF _:rw) D O T rwj D
J09YS BUDA aboieay Aypinbin aBoJoAy juajuod JBOM Kiisuep ying Enoow
oo (] . _l_“ M i
° L . He ° h
. ° o He o )
(] ) o e (] ]
-
. “ H 3 N Joosg
Y [ [ ] el [ J .“
]
1002
[ ] PY ° E
° ® o “— ° >
Py o o o L4 )
Jool
]
¢ o ° oo 1
L4 1 1 ....._..-_ Y PTUTY PO PN »Ib.-.._ P.»W—...._..- aad el LOREOV
0os 0 O¢ g2 02 02010 oS 0O 0SI 00t 0S o oe sl ol yidag
(od¥) (14b1em Aip %) (gwo/wb)
yibuays K11ADaD xXopuj| Xapuj — spiwi] Bisqueily Aj1suap wing
JDAYsS aubp  dij109ds uinig Aupnbiq knoy4sold e JUBjuod JIBJOM

—sdoTs  TeIusuUTIu0) aadn . DOJD diwydpaboisAyd

vze

uoipig

42



0g 4l
pinbi} aboiaay

LT LT 49 I e L
:*Wj 4D :K}In04D W] §b :X3pul oyso|d abpieAy
yibuesys 9poeds uioab xapu!  Ajonsold —7<%¢ :w) o 761 rw) o
JD9YS BUDA aboieay Kupinbin eboieay ju9juod JI9DM Kysuep jying 00
14
]
-100¢
1002
]
LA
o o . o ° )
400!
L L ° o (] .
® ° ° o ° ]
-4
o e e { an] ® .L,
“ oo oo ooﬂ oo ]
I T W | W W R PP PP P I | I A T W U JOAEQV
(0]¢] 0 O¢ g2 0¢ 0201 O 0s 0 0GI 00l 0S 0o (90r4 13| o'l yideqg
(od¥%) (uBram Aip %) (gWwo/wb)
yibusyys K11A010 Xopu| Xapu| — sjiw| Bieqieily Kjisuap ying
JO8Yys 8uDA  Ji}108ds uipi9 KupnbiT STLITES I e |UQiU0d I9JOM

—vdoTs—TeTUSUTIWOY ISddr 994D 9i1ydoaboisAyd 57z uoi}nis

43



QI
v__.w_.w__ ooSa><

VLT 0" T ST LT i
Wy o :K}In0 4D W) 4o :X3apui aisojd abbasay
yibusijs J108ds uloab xapul  Kpousold T gc_rw| o TSgr1  Fw) 4o
J09YS BUDA aboieay Aypinbin aboioay jUdjuod JBiDM Kiisuep 3ng 00b
]
-100¢
U
Jooz
]
111
. ° ° o ° . 00!
H : : i . ]
L4 o o o [ ] .
o o o o—| ] “
: ¢ ° i H .
| W W N | ....-P.-b. PN PYUTS PUTT P o N Y A " Y *OAEOV
oS 0 O¢ ¢2 02 0201 O cs 0 061 00! 0S o 02 Sl ol yidag
(od%) (ubrem Aip %) (gwo/wb)
yibuaiys K1iAD4D Xopuj Xepuj — sjiw| Biequeily Ajisuap ying
JDOYs aupp  dldoads ulpig Knpnbi k319145014 e JUBJUOD JIJIOM

5doTs TejusuTIuc) iaddny  D84D d1ydoaboisAyd 572 uoi4b}s

44



i3 i
pinbi) aboiary

LT ST LT spuny
"W |0 :K}IAD 4D ') 4D :X9apu| o)sojd aboieay
yibuails Jij0eds uipib xaput  Ayoysoid T z¢ :rwjip T 161 rW] o
JDBYS BUDA aboieay Kupinbin eboueay JUd U0 J3DM Kjisuep ¥|ng 00b
.
]
Uloog
. o ° o e ’
: $ . " . ]
[ J [ [} o [ ] 4
° ¢ e o S 1002
H . . & . ]
° ° o ]
400!
N W | saaa b0 T PP P I AT WY AT Y T NN JOAEQV
0s 0 0O¢ g2 02 02010 oS 0 O0SlI 00l 0§ 0 0¢ 13 ol yideq
(od¥%) (+ubtem Aip %) (gwo/wb)
yibuauys K}AD4b Xopuj X3pu| — Sjiwi Biaqiaily Kysuap wing
JD3Ys Jupp  dj10ads uloi9 Kyipnbiq LSTE T R * JU3jU0d J9)DM

TeTUsuTIuo) raady 084D oiydoiboisAyyd 652 uoiinis

45



Sy 41y
pinb1 aboiaay

o0v

00¢

002

001

6.°C 171 LT 0z i
W) D :K}IADID ;W) §0 :Xapul Jusojd aboieay
yibuess Jppoads uinib xapul  Ajoysold 9% w0 I8°1 ruj Jo
iD3ys SUDA aboieay Kypinbin aboaaay JUBjU0dD 18)DM Kjisuap yng
-
]
]
/]
o ) o o L 4
® [ L u
PY ) ) o — ) 7
L1 1 1 sada bl N PP P P ' W [T A A N TR W
0s 0 O¢ g2 02 0201 0 0]+ 0 0sI OO 0S o 02 Sl ol
(od¥%) (ublam Aip %) (gwo/wb)
yibuaiys K41aD 2D Xopu| X3puj| —— sjiwy Bieqieiiv Kpsuap ying
JD3YS 3uDA  21}103ds uipIg Kypnbiq Knoypsold e |Udjuod 13|DM

5doTS TeIuRuTIWD Toud peJp diydoiboiskug 0vz uoin}s

0 (w?)
Yideg

46



|
pinbi} abbiaay

oov

00¢

002

00l

0 (wW9)

92 au )
W) {0 :K}IADID s'w| o :Xapul ausoid abpieay
yibuays 9y0ads uinab xaput  Ajouso|d <6 _+rw| {0 TS T rwi o
J09YS BUDA aboisay Kypinbin eboisay JUd U0l I9|DM Kjisusp ying
}
.
[ [ J |...
[} o .. “
: o’ : .
oo ®e ° L 4 p
[ ) [ .
o -
.O [ ] ¢ [ ] u
'y ° ° B
° ° ° P
[ J [ L] .
° ° d 4
° ° ° ‘
| I I I | N W N PVTTY PO PN ' | N TN TR aal e aa by
oS 0 0O¢ g2 02 02010 oS 0 Ost o0l 0S (0] 02 Sl o'l
(od¥%) (4ubtem Aip %) (gwo/wb)
yibuaays [SYVY-P].) xopu| X8pu| —— sjiwl Biegqrally Kusuap wing
Joeys aupp  9ijidads uipig KyipnbiT Knoysoid ® jU9juOod JBJDM
q3MOTL e TUTY) paip diydoiboishud 675 uoiybis

yidag

47



09 )
pinbi) aboiany

69°¢C 6¢C T 6C il
W) Jo :K}1AD 1D W] §0 :X9pu| olsojd abpisay
yibuaays Ji09ds ulolb xapul  Apousold - N TTT I 1) TvL 1 rw) o
J0BYS QUDA aboieay Kyipinbin aboJaay JUd jU0d 194DM Kjyisuap yng 00b
-t
-00¢
—-002
U
]
4
o ® Py In. oo—
]
[ [ J [ ] E
° — ]
| I S T | .-.._—L-b- N POUTY PO P ' AT Lr>Lp>b->..-—»>_. _._._..._p-»r AOAEQV
oS 0 0¢ g2 02 0201 0 (0] O 0SI 00l 0S o oe Sl ol yidag
(od¥) (ybtem £ip %) (gwo/wb)
yibueays K11ADIb xopuy Xapu| — sjlwi) Biaquapy Kjisuap wing

JOBYS BUDA  213193ds ulpig Kjpnbiq

—SdoTS TETwsUTIUw0) Xaddn DeJD diydoaboisAyg

K3914s01d4 ® jU9jJUOD JBIOM

uoyIDIS

48



)
pinbij aboiaay

62" 11 1L°2 ST
W) |o :K}IAD4D ;W) o :Xapul Juso|d abbieAy
yjbuaiys 90eds uipib xaput  A}1o1so|d T TT :w) D TI6° T rwj] D
1D9YS BUDA aboieay Kyipinbin ebpiany JUa U0 19 DM Kjsuep jing 00b
Joosg
1
[ ] p
° ° ° ]
1002
[ ] .
]
. ° ° ]
o ]
]
n 00l
[ J h
° ° ° ]
-
i1 1 _. ....._.L»F N TS PR P ' _...\._...._..—_. »-Pr.hb-—__.. JOAEOV
0s 0 0O¢ g2 02 0201 O o¢ (oI o }+] B o T0 | (019 0 02 ¢l (o)} yideg
(od¥) (Wy61em Aip %) (gWwo/wb)
yibueys K}1ADID Xopuj| Xapu| — syiwi Biaqueiy Kyisuap ving
JDOYS aupp  91}108ds uipig Kypnbiq Kyousold ® {UBjuO0d JBiDM

—SdoTS T TeIUSUTIWw) T3ad - DaJD 91ydoiboishyd

ove uoiynis

49



|
pinbi} aboiany

6961 Jac Hwly
T :K}1A0 10 :'W| 40 :Xopul ousold eboaeay
ysbuasiys 9yy0eds utoab xapul  K}1014s0|d SoL W) {o Teyr rw) o
JD3YS 3UDA aboieay K3ipinbin aboaasAy TUETULLIST-YU.J VY Kjisuep ying
]
°]
1]
PY [ J [ [ J m
) o ) .U
e ]
° ° ° ]
e .m.
° o o .
4
[ [ J [} [ ] u
[ [} [ ] “
L 1 | 1 N N PO PN P ' e booos s s baa s baags ' BT NN
0s 0 0¢ g2 02 02010 0S 0 O0SI 00l 0S (o) 02 Sl o'l
(od¥) (4yb1am Aup %) (gwo/wb)
yibuaiys K31A040 xopuj Xapuy| — sjiwyy Baaguay Aj1suap ying
JDays aupbp  d13108ds uibiI9 Kyipnbin Kpoysold ® {UB4UOD JBIDM

Tsnox; epntity DOJD diydpiboishyd

uo1D}s

ooVd

00¢

002

001

0 (w9)
yideg

50



811 4|

pinbi) aboiany

1L°91 PERE 0S g9 :hwy
W) 4D :K}1A016 :'Wj 4D :X9pul aso|d abbiaay
yibuaiys o0ads uipab xaput  Aj1o14so|d T <¢z1  rw| o /¢ 1 rw) o
JD3Ys JUDA abpigay Kypinbin aboiaay Juajuod J8ioMm Kjsuap ying 00
Joog
[ LA
° ]
o ° ° ° ]
° ° ° ]
1002
] ] ° ]
¢ ° ° ° B
. . ° ]
o o ° o — o -] (0]0]!
° ° ° ]
¢ b
]
Il & | ...-—..... P FUUTE FOU PN Ml A _...h-_r_.h_.... .._h..._...—_ AOAEOV
0s 0 0O¢ g2 02 0201 0 (0] 0 0sl 00 0S o) 0e Sl (o] yidag
(0d¥) (tybram Aip %) (gwo/wb)
yibuayys K31n01B Xapuy Xopu| — sjwip Biagueyly £ysuap yng
JDAYS JUDA  91}109ds uplg Kjpnbi Kyo1so1d ° JUBJUOD JBIOM

YSOXT EPITTTY

paip 2i1ydoiboishyd

Ve uoiiois

51



41t
pinbi} aboiaay

iy
W) §D :K11nD 1D ;W] o :X9pul Jlso|d aboasay
yibuaiys Jyj0eds uloib xapul  Ajdusold TV R} rwj 4o
J09YS BUDA aboieay Kypinbin) eboieay {uajuod 19 0M Kjsusp ying 00
Joog
1002
)
~oo!
Iy
. ]
[} [ [
- | 1 1 gl NPT T P ' A oo baga ol aay N WY T AOAEOV
oS 0 0¢ g2 02 02010 oS 0O 06l 00l 0S () 0'¢ 14 ol yideg
(od¥) (dubram Aip %) (gwo/wb)
yibuoeyys K} 1AD4D Xopu| X9pu| — sjiwi Baequeiiy Kiisuap ying
JOBYS 3uDA  dlj109ds uipig KypnbiT Ki1014s01d e JUBJUOD JBJOM
UBNOIT EPITTTY paip oiydoisboishyyg Sy uolynis

52



iy
pinbiy aboiaay

oL 65¢C T U TT]]]
W) {0 :K}1ADID "Wy §o :Xapul auso|d ebbieAy
yibuasys Jy00eds uinab xapul  A}1014s0)d 66w b “vp1 rw] oo
iD9YSs BUDA abpieay Kipinb1q ebp.iaay jusjuod 19jpm Ajisuep jing 00
]
]
—100¢
]
—1002
/4
® ® [ ] 1
[ J ~
o
o ° oo “ )
[ .
-] 00l
.O [ J ° ._ _ [ -
[ ] [ ] E
. :
i1 1 1 .___-..-.— N PUOTY FOUN P o T »...-.—....h.... »-.PL.__._L. OAEOV
oS 0 0¢ g2 02 0201 O oS [ B o 1] I 0 [0 0S o o2 gl ol yidag
(od¥) (JyBlem Kip %) (gwo/wb)
yibueuys Ky1nD4D Xopuj| Xapu| — siiwi| Biequelly Apsuap ying
JDOYS QuUDA  91}109ds uipig Kypnbiq Koysoid e Jusjuod J8iDM

USMOI epTTTY paJp diydoisboishygd 7vs uol4bis

53



VT 4
pinbi| aboiaay
00° 21 65 ¢ 85 o5 s
T :KADID 'W| 0 :X3apul o1so|d ebpiaAy
yibuess 9p09ds uipib xapul  Apousoid TTZZT sw) D 7S 1T rwi| io
J09YS BUDA aboieay Kpinb1q eb0idAy fudjuod I8 DM Kjisuap ying 00
]
LUoog
° ° ]
° ¢ r— ° B
. ]
® ° 4
° ° 1002
. ]
.. .. “ “
[ . .
[ ] [ ] [ ) -
—00l
o ]
L ) o ]
J. o o -
e e ° o, ° ]
y S W B | NS NN Y Y PO PO PN il _...r.~t-._.>»L F»-.......pb LOAEOV
(¢]°] 0 o¢ g2 02 0201 0 o¢ 0O Osl OO0l 0S o o2 Sl ol yidag
(od%) « (4yblem Aip %) (gwo/uwb)
yibuaiys K}1ADID xepuj X3apu| — sjiwi) Buequatly Kusuap ying
JDOYS auDpA  91j108ds uinig Kyipnbiq [STLITES I ® JU3JUOD JIJIOM
Q3TOXT EPIITTY paip 9d1ydoisboishud 3T uolnis

54



voT
pinbi} aboiaay

o0V

00¢

002

00l

0s°¢ £9°¢ Zs —zg  :hwy
T :K}1n040 :'wj §0 :Xapul oisoid aboisay
yibussys iy9ads uloab xapul  Ajoysold T sl rw o 8CT rw| b
JD9YS BUDA aboieay Kppinbiq eboiany JUB U0 J3IDM Ky1suap jing
# tm
% o ]
. . 3
) .oI.L 1
° ° o ]
o ° ]
o
O. “
° o 3
° ° Pe ° ]
. L l.
° ° . ° ]
o o o 3
l ]
° ° ° .
j W T | —.h__.>>.P NN POUTY P PN ' A i .... N Y N ._"-u i ]
0s 0 Oo¢ g2 02 0201 0 oS 0 06l OO 0S o) oe Sl 0 )]
(od%) (tubram Aup o) (gWo/wb)
yibuayys K11AD 46 Xapuj xopuj — sjiw) Baequayiy Ajpsuap ying
JDays 8uDA  9j10ads uipig K ipnbi Knaysoid e JUBJUOD JBJDM

UBNOIL epnTTLy

paip 921ydoiboishyyg

uolDIS

0 (w)
yidag

55



|
pinbi aboiaay

5S¢ I T[T ]
:'Wj| {D :K}1ADI0 "Wy 4D :X3pui ouso|d abosaay
yibuaiys 9poads uipib xaput  Ayo)sold ——:w| }p rw| o
JD3YS BUDA aboieay K3ip)inb aboiaay jusjuod 18jom Kjisusp jy|ng 00
p
Joog
)
Hoo2
,700I
® L ® e .
® L o ™ )
y U W S | N N N TP PO P __.._.. [T AT e aa b e alai gy AOAEOV
0s 0 0O¢ g2 02 02010 0] 0 06l 00l 0§ 0 )4 Sl o'l yidag
(od¥) (ubiam Aip %) (gWo/wb)
yibuaiys K41ADID xapuj X8pu| —t sjiw Bieqiajly Ayjisuep Wing
JD8Yys 8upbp  91}108ds uipig Kyipnbin k319148014 e Judjuod J9ibm

USNOTL EPATTTY paip 921ydoiboisAyd 0SS uoi4bis

56



]
pinbi| aboiaay

L7708 SL°T |
W] D :K}1AD 0 :'w) o :X9pul ouso|d aBoisAy
yjbuayys yoeds uipab xapul  Kjoysojd —7¢ _:ru) |D TTBSTT rw| 4D
J09YS SUDA aboieay Kppinbiq aboaiany JjUB U0 18i0M Kiisuap ying 00b
Hoog
4
\\\m
* . . . —ooz
[ J [ J [ J “
° .m 00l
[ ) [ ] [ ..,
| W S | T T " PPN T A i s | ST IR R N P IOAEQV
0s 00eg g2 02 02010 (o] 0O OSI 001 0§ o] oz Gl o1 yideg
(od¥) (tubrem Aip %) (gwo/wb)
yibueuys K}1n04DB Xapuj Xapu| —— s{iwl Biequajiy Apsuap ying
JO3Ys aubp  9d1j10ads ulni9 Aypnbi Kuaysold *  JUdJUO0D JBIOM
onox] epntiiy D9ID O_SQOLOO_mxcm uoiinis

57



Juy
pinbi| eboiany

S SL°T 4wl
W 0 :K41A0 10 W) 4D :Xapul ouso|d abosaay
yibusiys Jyoeds uinib xapul  Ayoysoid TGS Wy o g8 1 rWw| o
JD3YS 3UDA aboieay Kyipinbin aboieay JU9ju0d I8|DM Kyisusp ying 00
/17
° o ° ° ]
Hoo¢
. ]
° o o oTn._ ¢ -1002
° Jool
L ° . M
. ]
R T . | .....~.>;I I TOUY PP N Lo 1 »»I.P—I-.»F—LI.PP» .—.b.-»—pb.— AOAEOV
0s 0 O0¢ g2 0O0e¢ 02010 1014] 0 061 o0 0% o) 02 Sl 0] yideq
(od¥) (dybram Aup o) AnEO\ES
yibuayys K41n040 Xapu| X3pu| — syiwl) 619quaiiy K}1sudp ying
JD3Ys Juop  91310ads ulbig Appnbiq K119)4sold ° jU3juod J3JoMm

UBN0IL JYeuIy3I 1S

pa.p oiydpiboishyd

5S¢

uonDis

58



2L
pinbi| aboiaay

0L°¢ iy
Wy §o :K}1IAD 4D "Wy o :X9pul oysojd eboJeAy
ysbusiis oi09ds uipab xapul  Ayd1sod 9 W] |p o931 rwy o
iD8YS BUDA aboieay Kypinbin aboueay juajuod isiom Kiysuep jying 00b
142
. . . Joog
1002
400l
° ° ° p
[ o ) “
-4
]
I I | sl T PUUTY PO PN [ A | Low o beaa ol g a0y Y WY N JOREOV
0s 0 0¢ g2 02 02010 0s 0O OSI 00l 0S 0 0¢ Sl ol yjdeqg
(Dd¥) (4ybram Aip %) (gwo/wb)
yiBueyys K$1n040 Xapu) X3apu| —— sjiwi Baequelly Apsuap ying
JO3ys JuUDA  dij19ads ulpig KypnbiT [STLTIES P e JUBIUOD JBIDM

YSNOIL, Yeury3Is

paip 21ydoiboishyd

95¢ uoiynis

59



il
pinbij aboiaay

ey S9C )y
W) §o :K41AD 1D ;W §o :Xapul oso|d sboiaay
ysbuasis d1j100ds uioub xaput  Ajd1soid 9 _:wj o 931 rw| 4o
JDBYS QUDA aboieay Kiipinb1n CL YNV JU34u0d 19{DM Kyisuep jying 00b
—100¢
]
-]00¢
27
o ° ° ° ]
° . 00l
-
° ° ° ]
. ]
11 | 1 P.-.P—..h I PO P P P A | ...r—l—»»l»_..... .-—-L..—_.». AOAEQv
oS 0 0¢ g2 02 0201 O 0¢ 0 O0Gt 00l 0S 4] 02 Sl ol yidag
(od¥) (ybiam Aip o) (gwo/uib)
yiBuoayys Kj1a0ab xepu| Xopu| — sjiwn| Buequeliy Kjisuap ying
JD3Ys BUDA  d1}199ds uini9 Kypnbiq [STEITT THE) e |UBJUOD JBIDM

[BNOIT euT31s

paip dwydoiboishuyd

LSt uolinis

60



|
pinbi| aBoiaay

€T il
:'W| J0 :K}1AD 40 :'w| §0 :Xapui ouso|d eboieay
yibuasys 900eds ulosbd xapui  Ajdysold 18 W) b T Iv 1 rw] o
J09YS BUDA aboieay K3pinbiq 8fpueay jua juod 13,0M Kiisusp j|ng 00
]
-
—00¢
-002
.E.woo_
[ ] -
o o ]
([ ] .
° ] ]
L4 1 1 sl g NN POUTY PO PN a b i | W W W S S FUWYY N OAEOv
os 0 O¢ g2 02 0201 O oS 0O 0sl 00l 0s o 0 Sl o1 yijdeq
(0d¥) (ybiem Aip %) (gwo/wb)
yibua.ys K31n040 xopuj Xapu| —— Sjlwi| Biequeiiy Kjisuap yng
JOBys 8ubp  J1j109ds uipig Kypnbiq £11914s01d e JUBJUOD JBIDM
Y3NoXT YeTuTy) Da.1D o_—._QOuOO_mb.—& uolinis

61



QI
pinbi| aboiany

0g°2 sHwi|
Wi §p :K}1AD 40 w40 :XapUl oysojd aboieay
yibuaays Jp09ds uipib xapul  Ajousoyd T 9g _ :w|}o T ¢G 1 rw] b
ioays auoA aboieay Kppinbi eBoiany JU8 juod 18joM Ajisuep j|ng .
Hoos
—~002
1]
[ ] ® “
. . . Jool
° ] L ]
| TN W 1 NN BY YW aadaaadbads FT Y W BT B R TE N T IOAEOv
oS 0 O¢ g2 02 0201 O oS 0 0st 00l oS 0 0¢ Sl (o] yidag
(od%) (4yBram Kip %) (gwo/wb)
yibuayys £}1n04B Xapu| X3apu| — sjlwij Biaquaiiy Kpsuap ying
JDOYsS aupbp  9i}198ds uipig Aupnbiq K11214so1d e jUBJUOD JIJOM

USNoIT e TUT paib 921ydoiboishyd 75y uolinis

62



Huy
pinbi| aboidny

0¢°¢ Y L
"W §0 :K}1n04b ;W] §D :Xapul olsojd aboasaay
yibuaays o00eds uipab xapui  Aj1o1sod 79 _+wj o rwj jo
109YyS QUDA abpigAy Kyipinbin eboieay JU8juod I8 0M Kjisuap Wing
]
]
]
p
11
[ [ ] 4
[ ) “
L1 1 1 waaad e N T P PN I A Y T aalsaaa i aa b
0s 0 o€ g2 02 0201 0 oS 0 06l 00l 0S o 0¢ Gl (0 )]
(od%) (ubtam Aip %) (gWwo/wb)
yibuoys K31n04b Xopu| X9pu| — sjiwy Bieqieyiy Aj1suap ying
JDOYsS eupp  91}198ds uipig Aupnbin Kyoy4sold e JUBJUOD DM
USNoIL YeTuti|) peip d1ydosboishyd cop uoi4nis

0]0) 4

00¢

002

00l

0 (W)
yideqg

63



Rl
pinbi) aboiary

1€°2 T sy
W] {0 :K}1A04D ;W) §o :Xepul olsoid sboaieAy
yjbuesyis diyd0eds uipib xapui  Apousold 79 rw) o *Wj o
JD8YS BUDA abpisay Kppinbin ebDJieAy §Ua}juod 19joM Kjisuep ying 00%
Joog
1002
p
o -
P
Jool
° ]
| U S | S SNt Y PPN T PR ' A [T T W T FEwTE TN AOAEOV
0S 0 0¢ ¢e¢ 02 0201 O oS 0 O0sl 00l 0S 0 02 Sl ol yideqQ
(od¥) (ubiem Kup %) (gwo/wb)
yibueyys Ki1apab Xopu| xapuj — syl Biequeily Kusuep ying
JOoeys eupp dHjloeds unig Kipnbin £119)4s01d e |UBJUOD JBIOM
UonoiL e TuTy) paJp 2i1ydoiboishyyd uoynis

64



il
pinby abosany

L
‘W) §o :K}1AD 4D W] }D :Xapui ouso|d abpieAy
yibuayys Jo0ads uipab xapul  Ayoysopd T rwy o —_rw)] o
JD9YS JUDA aboieay Kypinbiq ebouany {udjuod 19ioMm Kiisuap ying 00
]
Joog
-
-1002
400!
i
L1 1 1 ...»-».~P aadabaa ol 1l ...._.....—-FL- T FWETY FTw loAEOV
oS 0 0¢ g2 02 02010 0s 0 06l 00l 0S o) (0 )r Sl (0 )] yidag
(od¥) (14b1om Kup %) (gWwo/wb)
yibuays K1Ap4b Xepuj| X3pu| — sjiwij Baaqieiiy Kpsuap ying
JDOYS 8uDA  91}193ds uloi9 Kyipnbin Kpoysold e JUBJUOD JBIDM

y8roTT e TaTY paip Jiydoiboishyd 757 uonpis

65



i)
pinbi abosaay

)
2wy §b :K}IADID ;W §0 :X9pul Juyso|d eboieay
yibuails y0eds uinib xapul  Apoysoid W) |D T rw)| D
1D8YS BUDA aboieay £ypinbin eboieay JUauod 49\DM Aiisuep yng 00
-
]
:
Hoo¢
1002
o 4400I
° ]
[ W T | TN W Y YT U PN N W [T Y W W e RN TN |OAEOV
0s 0 0¢ g2 02 02010 01 O 08I OO0 0S 0o (0 )/ Gl 0l yideq
(od¥) (Wubtam Aip %) (gwo/wb)
yibuauys Ky1a0aB xopuj x8pu| — sjiwi) Bieqially Kjsuep ying
JD8Ys euDA  d109ds uipig AupnbiT Kyoyisoid * JU3juod J8jom

yBnoil yetury, DOJD oiydoiboishyd Sch uoi4nis

66



011 |
pinbi| abosaay

Zr o1 Ls'¢ €T 47 T L9 Hu
W) {0 :K}1n040 W) §o :Xopu| 21 sojd aboieAy
yibuesis 9p00eds uipisbd xaput  Ajoysold TTooT w0 7S 1 rW| 4D
J08YS SUDA aboieay Kypinbin eboiany juajuod 49 0M Kjsusp ying
114
° ° o | ]
E
. ° . ]
° L ° ® H———f 1
e d 3
] ) o oH—— J
. ° ° ° b o H— ° ]
° ° o ——o ]
[ J Py u
L1 1 _u NI W N PO POV PN Lig 11 | I AT B Y Y W ]
0] 0 Oo¢ ge 02 0201 O 0% 0 06l 00 0S o) 0 Sl (0 )]
(od¥%) (WyBiam Aip %) (gwo/wb)
yibusyys K41n01D Xapu| Xopu| — sjiu| Bisqieliy Kyisuap Wing
JO8YS aubp  913198ds uibi9 Kyipnbiq [STETTES P e |UBJUOD UBIDM

UBNOXL, epnti iy

paJp oiydoiboishyyd

%3 uoynis

0]0) 4

00¢

002

00l

0 (o)
yideg

67



]
pinbi| abbiaay

75 ¢ Hui)
Wy Jb :K}In040 W] §b :X3pu| aysoid eboieAy
yibuaiis Jy0eds uipab xapui  Aj1d1sold T 66 W] b T rw)| o
iJ08Ys BUDA aboieay Ky1pinbin eboioay jua jUOd J9 DM Kjisuep yng 00b
]
]
]
Joosg
. 144
L ° —-1002
]
[} [} “
. 400!
o . ]
. “
o o ]
| S T S | Y NN N PP PO T Tl N [ WY TN AT N T AOAEOV
oS 0 0¢ ¢e 02 0201 0 0s 0 Osl 00l 0s 0 (0 0r4 Sl o) yideqQ
(od¥%) (yBrem Aup ) (gwo/wb)
yibuayys K41ADAD xepuj X3pu| —— s}iwi) Biaequely Ajisuap wing
Jooys supp  91}193ds ulpig Kyipnbiq K11o14s01d e JUBJUOD IBIDM

SN0 epnTi iy pe.bp 2iydoisboishuyd 6ct uoi4nis

68



iy
pinbi} aboiaay

S ¢ il
Wy J0 :K}HADID TN :Xapu| slso|d aboieay
yjbualys J0ads ui04b xapui  Ajoysod 001w jo T rw) D
iDBYS BUDA aboieay Kjipinb1n aBoaeay Jua juod J8ioMm Kjisuep ying 00b
]
Joog
4
. -
moom
o o “
° ]
400!
[ J Py “
. p
J
[ ] [ ] <
[ N N NN aadaaaadel, 14431 W WY . W N T T AOAEUV
oS 00eg ¢2 02 02010 0S 0O O0GI 00l 0S (o] oz Sl ol yidag
(od%) (ubiem Aip %) (gwoswb)
yibuaiys Kyin04b Xepuj Xapu| — s{lwy Biaquayly Kysuep Wing
JDOYS JuDA  91}1d8ds uibiIY Aypnbiq K41914s01d e jU3jUod JBjOM

qSOTTePITTTY peip Jiydoiboishyd 0v¥ uoyois

69



)
pinbi} e8boiany

09°¢ |
:°Wj 40 :K}1AD 4D W 40 :X9pul oysojd aboisay
yibuesls o00eds uinab xapul  K}1014s0id 76 W jo rwj io
409Ys BUDA aboieay Kupinbin abosany juejuod J8ioM Kusuep ying 00
Hoog
:m
° -
-1002
]
° o )
o ]
-100l
o N ]
o “
) [ “
L4 1 1 RN TN A PO P P 'S AT T e W W e Ty P IOREQV
oS 0 0¢ g2 02 0201 O (0] 0 06l o0l 0S o 02 Sl 01 yidag
(od¥) (brem Aip %) (gwo/wb)
yibueuys Kja04b xopuj Xepuj — s} Bueqieiiy Kjsuap ving
loeys auop  dij108ds uibi9 Anpnbi fiousold * |U9juod Jelom
ySnoz] EPNTTTY ps.p d1ydoiboishyd Tob uoiID4s

70



)
pinbi) aboiaay

=y
W) §o :A}1AD 4D :'wj o :X3pul ousoijd aboiaay
yibusays 0eds uinib xaput  Ajpoysoid oL rwpo rwy| o
JD8YS BUDA aboieay Kypinbin aboieay §U9juod J9 DM Kysusp ying 00b
3
—-100¢
002
]
11]]
° - 0]0]]
o ]
| N S W | saaa bl e N PPN TOUT PN [ [N Y T W Y FETEY W AOAEO&
0s 0 O¢ g2 02 02010 oS 0 0sI oo oS o (0 44 Sl o1 yideq
(od¥) (iubrem Kip %) (gwo/wb)
yibuaiys K}1n0 4B X8puj| X3pu| — sjiw) Biaqially Kpsuap wing
JD9YS JuDA  91}10ads uibig A} ipnbi Knoysoid * JUBJUOD JB|OM

yBnoxL epnirry D840 oiydpiboishyg

v uoiinis

71



53 |
pinbi) aboiaay

UBNGIL YeUT31g

paip 9di1ydoiboishyg

8061 |74 z8°1 01 T 7z :ha
"W o :K}1AD1D ;W) §D :Xapu\ oyso|d aboleay
yiBuaiis o)y09ds uipib xapul  AKyoyso|d 07 w0 TT¢g 1 rw) 4D
JD9YS SUDA aboleay K3ipinb)T aboasay jua juod 48 oM Kiisusp ying
]
.
/A
[ ] o [ o B “
o’ * ¢ ¢ oo )
[ ]
% o o o p
[ J P “
L/ ° ° : 4
||_r|L|LI.—I|h ELlL.F-Ir.—ILI N PO T P ' —....’._.I[IPIPI_ILILILLI ' TR
0s 0 O¢ g2 02 02010 0s 0 0sl o0l 0S o 02 Sl (o)
(od¥) (WBam £ip %) (gwo/wb)
yibueyys K11ADab X9pu| Xapu) — sjiwiy Bisqie iy Ausuap ying
JDBYS auDA  21}109ds uipig Kiipnbi Kousold e JU3dIUOD IBIOM

uoNDIS

0] 0) 4

00¢

002

oot

0 (w3)
Yidag

72



0z i
pinby aboiany

v 61 Ay
W) b :K}1A0 40 Wy Jo :Xapul Juso|d abpaiaay
yibuesys Jyj99ds uinib xapul  A},o1sold iz rwj b rWwj 4o
JD03Ys BUDA aboigay Kupinbin abpaaay JUd JU0D 18DM Kyisuep ying 00
]
—100¢
-002
4 00!
* o’ m o o 1
[ ] ° [ ] [ ] i
4.1 1 NTETENE TSR abaaalai ol ' A Loaaaa bo ool 0y W NN NN AOAEQV
os 0 Oo¢ g2 02 02010 0s O O0SslI 00l 0S o 02 Sl ol yidag
(od¥) (ybtem Kip %) (gwo/wb)
yibuays £31AD1D xepuj Xapu| — sjiwi Baeqlelly Ajisuap ying
JD3Ys 3ubp  91}108ds uibig KjpnbiT Ko)soid e JUdjuod oM
5doTS TesUsuTatoy isaan DOJD o1ydpaboisAyd 0Sv uoljnis

73



o¢ 4u)
pinbi| aboiaay

€7°S1 69°¢ yZ°1 Z1 AL L
W) 4D :K}IAD 4D W) o :X8pul ausol|d aboiaay
ysbuais oyp0ads uipbab xapul  Aj1014s0)d TSP rw) o T 7.1 rwj o
JD9YS QUDA aboieay Kypinbin abp.sAy Ju8juod 19,DM Kysusp ying 00b
Joog
B
1002
° ° ° - ]
]
L ° )
) o o noi .
¢ o . o . Jooi
° ° ]
[ J [ ...
[ ] PY -
| Y R . | NENE B RN TP PO P | AT | T AT | Y LOAEOV
0S 00 €2 02 02010 06 O O0Sl 001 0 O 0z ¢ 0l yideg
(od¥) (ybrem Kip %) (gWo/wb)
yiBuauys K41aD1B Xapu| Xapu| — siiwi Baaquely Auysuap ying
JDOYS 3uDA  Jij108ds uiDI9 Aypnbi Knoysoid o JUBIUOD JBIDM
USNoIL YEUuTYITS paip 21ydoiboishyd £ 7 uonbis

74



SR Ul
pinbi} aboiaay

06°SI 8S°C 970 47 T L
N TTTIT) :K}1AD 4D Wy 40 :Xapul suso|d ebpiaay
yibuadis Jy0ads uloib xapul  Ajdusod <01 _:rwj 4D T6C T rwy o
J09YsS BUDA abpieay Kyipinbiq aboJiany jUaju0d J8j0M Kjisuasp jing 00b
Joog
77
° . ° o——j ° ]
[ ] [ ) [} -
L] o ) ]
) ® L -
° ° o 1002
® [} L o— L .
® L J b
® ° .A‘
e ® 4
Jool
° . . ——| ) ]
[ g ° b ® ]
” ® o PY ]
[ ] [ ] ® E
L4 1 1 s sl WY POUTY PO PN 1.8 _...._*.'..JI..-:.... e ST N AOAEOV
0s 0 O¢ ge 02 0201 O 0]] 0 0OslI 00 0s (0] oe Sl o} yidaqg
(od¥) (ubram Aup o) (gWo/wb)
yibussys Kao4b Xapuj| X9pu| —— sy Baaqaaly Ay1suap ying
JDOYs 8upp  d1j109ds b9 Kiipnbin [STLITES AR e JUuBjuod JIIOM

ysnox], epniyTy

pa.p diydoiboishyyg

8LS uoi4nis

75



TCO0T uay
pinbij aboiaay

06°SI LY 1 47 09 sl
;W) Jo :K}IAD 4D :'wj §o :Xapul ouso|d aboisay
yiBuasys J09ds uipib xapul  Apoysoid T ZzI W jo rWwj o
JD8YS BUDA abpieay Kipinb1 aboianay Jus juod JI8DM Kjsuep ying
]
112
[ ] [ R
® PY “
[ ) P I...
° ] ] o — ]
. ° ]
® ® 4
° ° ]
° . o o—— |..
[ ) ° “
[} PY . “
° L4 ]
. ° . ° — )
1 1 1 W NN N TP T P ' T Y W W e FUETE I ]
0s 0 0O¢ ge 02 02 01 0 oS 0 06l OO0 0S 0 0¢ Sl ol
(od%) (yblem Aip %) (gwo/wb)
yibuays K31A016 x8puj| Xopu| —— s{iwyj Biaqueliy Kiisuap ying
JDOYS Jupp  91}108ds uipig K4ipnbiq Kyousold e jUBjuod J9jbMm

UBMOIL BpNTTTY

paiD 921ydpiboisAyyd

8LS uoynis

¢] 0] 4

00¢

002

010]]

0 (w)
yideQg

76



L8 i)
pinbi| aboiaay

v9°¢C 270 %3 S i
W) §b :K}1AD 4D ;W] D 1X3pul o)sojd ebBosany
yibusesis 9yoeds uinib xapul  A}1d14sojd 1 __rwj o Ty W] o
1D9YS QUDA aboieay Kiipinbi eboJleay U juod J8j0M {isuap yng 00
Hoog
[12
1002
o ° ° to— L ]
[ [ J [} E
L ) o ~
° )
J ° ° +o— . 1
i o bt - 00l
[ J [ ® -
o o o )
[ J e [ ] .
([ ] ® ) -
e ® m
i | 1 TR YW AN PPN T T 1 _.‘.— } .._.—ﬂl.lnlr.. 'Y wd e sl g AOAEOV
oS 0 O¢ g2 02 0201 O o]+ 0O 06l o0l 0s 0 o2 Sl (o) yideg
(od%) (Wbiem Aip %) (gwo/uwb)
yibuaeuys K41n046 X9pu| xapu| — spw Baequeyiy Aysuap ying
JDJYS 3uDp  91j199ds ulbag Kppnbi [STETIT I ® |UBJUOD JOIOM

Usnox] epntiriy D81D O_zao..oo_m>.._& 6LS uolinis

77



4lun)
pinby} abpiaay

€9°¢1 s jlul
N TTTIFL) :K}1A0 10 W) o :XOPUI Jlyspid ebpieAy
yibuasys Jy193ds uioab xapul  Apdusoid 00T Wy 4D rwj o
409YS BUDA aboieay Kypinbi 8bD oAy jus juod J9|OM Kysuep jying 00b
Ny
Joosg
"
[ J ° ....
[ ] ® |... OON
[ ] ° “
[ PY “
o o ]
° . Jool
[ J ° “
[ ] ° “
[ J ° ”
s ] ]
L1 1 1 W EEE N N P T P ' Y oo b s b sy N TN SN E T .*OAEOV
oS 0 O¢ §2 02 02010 0] 0 06l 00l 0S 0 (o)r4 Gl (0} yijdeq
(od¥) (4ubram Aip %) (gwo/wb)
yibueuys Ki1n04bB Xopu) X3pu| sywi) Biaqaually Ajisuap ¥ing
JDOYs aupp  91}109ds ulbi9 Aypnbiq Ky19)4s014 Jjusjuod JI9JoM

Uonouay TPHTTLN

peip 9d1ydoisboishyyg

6LS uoiinis

78



o0+

00¢

002

00!

< 4wy
u__..nr__ aboiaay
VI L9970 €T 8T g
*w) §o :K}IAD A0 :'W| }0 : X8 pul ausold ebossay

ysbuayys 9y109ds uioib xapul  Ajoyso|d Z¢ Wy D TG 1 rw| o

JD9YS QUDA aboieay K3ipinb1q abousay Judjuod 48 0M m._acou ying
\\-
o ° ° He ° i
[ ] [ [} .
° o o .
[} [} [} E
[ J ° [ “
o ) ° “l_ .0 I..A
o o o )
.. [ [ J -
o (Y ° u
. — ]

[ D . | WY W N TPUTY PP P [ T Laoasa b s oo by sy WY T

oS 0 0¢ ge 02 0201 O oS 0 O0si o0 oS o 0¢ 1 o'l
(od¥) (ub1em Aup %) Amso\Eov
yibuauys Ki1n04B Xopu| x8puj — S}lwi| Bioqiaily Aj1suap ying
JO8ys aupp  d1j10ads ulnig Kypnbiq Knoy4sold e {UdJUOD JBIOM

oo L] Jeltutyy

paJp 921ydpiboishyy 735G

uolDIS

0 (w)
yideg

79



)
pinby aboiany

iy
T :K}in04b W) 40 :Xapul ayso|d abbaieAy
yjbuaiys Qyyo08ds uipab xapui  Aydysoid —7¢ W D rwj 4D
JDBYSs SUDA aboieAy Kipinbin abpJasay fuajuod 18i0Mm Kisusp ying 00b
]
-100¢
1]
* —-002
[ ] 4
. ]
. p
°® -
. ]
- 00l
L4 -
° B
¢ p
[ ] B
L1 1 1 paaala aaba b d, ' T T ' T W AOAEOV
0s 0 0¢ ge 02 02010 0s 0 0sI 0ol 0S 4] 02 Sl 01 yjdag
(od¥) (4ybtam Aip %) (gwo/wb)
yibueuys KyinDubD Xapu| Xapu| —— sjiwy Bieqieiiy Aysuap ying
JO8YS 8uDp  91}10ads uipi9 Aypnbiq Kpayisold e jU3IUOD JBJDM
gdmorr YeTuTyy - D8JD diydoiboishyyg C8S uolybis

80



70

60

50

\

40

30

Plasticity index

20

10

& Sitkinak Trough
o Kiliuda Trough

© Chiniak Trough (terrigenous)

B Upper Continental Slope

Fig. 6

o]
CL
00
o ML
1 - | 1 1 1 1 1 { t |
10 20 30 40 50 60 70 80 90 100 110 120
Liquid timit

8l



1.2
1.1
1.0
0.9
0.8
0.7
0.6

0.5

Compression index (Cc)

0.4
03
0.2

0.1

Fig. 7

o Sitkinak Trough \V
e Kiliuda Trough o
© Chiniak Trough &

O Upper Continental Slope o S

| T— | 1 A J 1 1 I L 1 |

10 20 30 40 S50 60 70 80 80 100110 120

Liquid limit (LL)

82



1.8

1.7

1.6

1.5}

VOID RATIO

| Illlllll 1 Jllulll A LlJlllll 1 Illllll‘ L 111l
.1 1 10 100 1eee

A STRESS(kPa)

1.2

.s =

‘a i

VOID RATIO

.7 I

.6 i

JJllHlll _LJ]HIIII 1 Illlllll A llllllll JE R
.1 1 1@ 180 1eee

B. STRESS (kPa)

Fig. 8

83




o Sitkinak Trough
0.2 e Kiliuda Trough

© Chiniak Trough

O Upper Continental Siope
] 1 1 1 1 11 1 0 1 1 11

1 1 11
5 6 7 8 910 15 20 30 40 50 60 7080 100 150

Plasticity index

Fig. 9

84



(Su/Ov’)/Snc

10

Fig.

O 678 Kiliuda Trough
® 579 Kiliuda Trough
® 433 Chinlak Trough
& 4485 Sitkinak Trough

10

85



B $78G2 Kiliuda Trough

1.0 e §79G2 Kiliuda Trough
© 582G2 Chiniak Trough

o.sh © 433V1 Chiniak Trough
-~ & 445G1 Sitkinak Trough
=
® 0.8
o O
>
g o7
$ 06
2
® 0.5
(4
-
® 04
L
4
o 0.3

0.2

o1k — —o__ Chiniak Trough (ash)

e o S
1 i | 13 1 41111 1 1 1L 4 1111 i 1 i 1 1 4141
1 10 100 1000

Number of cycties to failure

i,. 11

86



