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ABSTRACT

The Yukon prodelta is exposed to |large stormwaves propagati ng northward
fromthe southern Bering Sea. Shallow water depths of the prodelta enhance
the transfer of energy fromthe surface waves to the bottom As the bottom
deposits are cyclically loaded by large storm waves, potential decrease in
their resistance to shear could ultimately cause liquefaction. A prelininary
assessment of the engineering properties of Yukon sandy silt suggests that the
prodelta deposits may be susceptible to wave-induced |iquefaction during
severe stormevents. In addition, erosion and resuspension of sedinment in the

prodelta may be intensified because of the liquefaction process

| NTRODUCTI ON

The stability of granular sea-floor deposits can be upset by Iiquefaction
of the deposits under cyclic |oading and their behavior as a viscous fluid.
This liquefaction or fluidization of bottom sedi nent nay pose severe problens
to the integrity of offshore installations. The bearing capacity of the sea
floor beneath offshore structures (Lee and Focht, 1975; Rahman et al ., 1977)
may be seriously inpaired if the upper few nmeters of deposits liquefy and mass
flows result. Erosion and sedinent scouring caused by current-induced bottom
shear stresses are other processes significantly related to |iquefaction
vul nerability. The net effect may be the erosion of foundation-bearing
sedi ment beneath platforms sited on the bottom The extent of the damage
potential would depend on the areal distribution of the liquefiable material
and recognition of the liquefaction potential in design considerations.

The liquefaction of sea-floor sedinent results from repeated |oading
during either earthquakes or high-intensity storm waves, when pore-water

pressures reduce the shearing resistance of the material. In this report we




consider the potential of Yukon prodelta deposits (Fig. 1) to l|iquefy under
| arge-anplitude surface water waves. Although Norton Basin does possess

several active faults that could pose a noderate seismic risk, the

liquefaction potential under wave |oading is considered particularly
destabilizing on the basis of sedinent-type (borderline sand-silt) in the
prodelta (Fig. 2) and exposure of the prodelta to large storm waves. Typical
late-fall storms in Bering Seagenerate |arge-anplitude |owfrequency waves
that propagate into Norton Sound fromthe southern Bering Sea. Water depths
(Fig. 1) throughout Norton Sound are also sufficiently shallow (<20 m, that
most , wave-generated surface energy is inparted to the bottom deposits. Under
t hese conditions, bottom deposits may |iquefy during storns. To investigate
this possibility, we have made a prelimnary assessnent of the |iquefaction
potential of Yukon prodelta deposits.

This study was in part based on sanples from and bottom pressure
measurenents in, the Yukon prodelta (Fig. 1). At present, however, no direct
cyclic strength data have been gathered on undisturbed sanples from the area,
and thus our conclusions should be considered tentative. This assessnent of
the |iquefaction potential was supplemented by results obtained by other
investigators on simlar sediment. The dissipation of pore-water pressures
for a typical and an extreme storm event was nodel ed by an isoparanetric one-
di nensional finite-element method (FEM) of analysis. Although our results are
not site specific, they do represent the general sea-floor conditions
t hroughout the prodelta area and provide insights for nore detailed studies
ained at defining the degree of liquefaction susceptibility on a regiona
basi s, using techniques recently devised for onshore deposits (Youd and

Perkins, 1978).




DATA COLLECTI ON

Data for this investigation were collected aboard the research vessel Sea
Sounder during 1976, 1977, and 1978. Bottom pressure neasured at 2.2 m above
the sea floor and current measurenents taken at 1 m above the sea floor were
recorded with a rmulti-instrumented bottomtripod, GEOPROBE (Cacchione and
Drake, 1979), used to investigate sedinent transport on continental shelves.
The GEOPROBE (Fig. 3) collected 80 days of bottom data during Jul y-Septenber
1977 at a water depth of 19 m approximately 50 km south of None, Al aska (Fig.
1). During that time, data were collected on one noderate storm that
generated 3-m surface waves with approximately 10- to 12-s periods (Fig. 4).

Core samples were taken with a variety of coring devices including
shal low grab sanplers as well as 2- and 5-m vibracoring sanplers (Fig. 1).
Only rarely did core stratigraphy appear to be disturbed by coring.

The cores were subsampled at sea immediately after collection, typically
at the core surface and at 0.5-mintervals thereafter, and above and bel ow
distinct stratigraphic changes. Gain-size distributions were deternined from
subsamples uUSing wet-sieve splits nade at 2 mm (Sieve 18) and at 0.0625 nmm
(sieve 230), and the nud fraction was run in a hydrophotonmeter measuring silt
and clay grain sizes less than 0.0625 nm (Clukey and others, 1978).

Bul k densities were deternmined on a few whol e-core sections before
opening. Cenerally, the in-situ density was estinmated by taking small plugs
of known volume. The densities of sanples could also be determined fromtheir
wat er content (assuming 100-percent pore-water saturation). Appropriate
corrections were nade in all cases for the salinity of the pore water.

M ni mum and maxi mum densities were calculated on the basis of nean grain size
and sorting characteristics of the deposits, and from results obtained by

other investigators on approximately simlar types of deposits.



GEOLOE C AND OCEANOGRAPHIC SETTI NG

The Yukon prodelta is in the southwest part of Norton Sound in the
northern Bering Sea (Fig. 1). During the Pleistocene, tundra-derived peat
deposits formed when the entire northern Bering shelf, including Norton Sound,
was energent because of lowered sea levels (Nelson, in press). These peaty
deposits generally overlie Pleistocene glacial and alluvial deposits that are
underlain by pre-Quaternary bedrock. About 12,000 years B.P. Sphanberg Strait
(Fig. 1) was flooded during sea-level transgression, and transgressive fine
sand and silt began to be deposited there. By 9500 B.P. Norton Sound had been
i nundat ed by water, and nodern Hol ocene sandy-silty nmud began progradi ng over
the Pleistocene freshwater peaty nud (Nel son and Creager, 1977). The nodern
Yukon subdelta noved north to its present position about 5000 years B.P. or
later.

The Yukon River presently carries 60to 100 mllion tons of sediment into
the Bering Sea each year (Lisitsyn, 1966). Currents transport much of the
Yukon-derived sedinment into the Chukchi Sea (Drake and others, 1980).

Sedi ment remaining in Norton Sound is deposited onto a deltaic wedge that

t hi ckens from2- to 10-m depth toward the nodern Yukon subdelta (Fig. 2)

(Nel son and Creager, 1977). The southwest margin of the prodelta consists of
wel | -sorted silty sand grading northward to noderately sorted silty sand and
eastward to poorly sorted sandy silt and silt (Dupre and Thonpson, 1978). The
Hol ocene sandy and silty mud of the Yukon River (Fig. 2) covers central and
northern Norton Sound with surficial deposits as thick as 2 m  Chirikov
basin, west of Norton Sound is entirely bypassed, and no nodern very fine sand
and silt are deposited there (Nelson, in press).

Investigation of large-scale current patterns in the northern Bering and

Chukchi Seas were summarized by Coachman and others (1976). The regional




circulation is relatively sinple: Bering shelf water flows northward into the
Arctic basin throughout nost of the year. This flow is principally driven by
sea-level differences across the Bering Strait and is nodified by surface-w nd
stresses generated by |arge-scale atnospheric-pressure systens. Surface-w nd
stresses associated with the predom nant northerly w nds decrease the

magni tude of this nrthward flow and occasionally reverse the surface-current
direction. Wen the flow is northward, topographic constriction approaching
the Bering Strait effectively enhances the current speed north of about
|atitude 64°30" N. Bottom deposits in the approaches to the Bering Strait are
predom nantly made up of sand that has been nolded into a variety of bedforms
characteristic of progressively stronger bottom currents.

Energetic atnospheric stornms normally transit the northern Berng Sea with
increasing frequency, commencing in Septenmber. Typically, these early storns
have |ow pressure centers that pass north of Nome, Alaska. These storm tracks
are favorable for the formation of |arge surface waves by sustained strong
sout hwesterly w nds blowing across a relatively uninpeded fetch that
termnates along the outer northern margin of Norton Sound (Fig. 1). Such
conditions have historically caused intense storm surges and extensive wave
erosion of the None coastline (Sallenger and Dingier, 1978).

Monthly averages of sea state and winds conmpiled by the Arctic
Environnental Information and Data Center (1977) indicate that over the |ast
35 years, in the northwestern Bering Sea (the area contained within latitude
60°N and the coastline to longitude 175° W. the maxi mum observed wave heights
have been 7 min Septenber and 8 min Cctober. The statistical recurrence
interval for extrene waves of 24-m height in the deeper southernnost part of
the study area is only 5 yr; the maxi mum significant wave height for this same

recurrence period is 13.5 m (Arctic Environnent Information and Data Center,




1977, p. 438). At Nome, Alaska, the recurrence period for sustained

wi ndspeeds of 50 knots is 5 yr. W note that during the period Novenber 11-

13, 1974, astorm surge estimated to be a once-in-30-yr occurrence severely

damaged the None area; during this storman estinmated water rise of 7.6 m

caused extensive flooding over the entire north margin of Norton Sound

(Sallenger and Dingier, 1978). Normal tidal range for that period was 1.2 m
These data indicate the extreme inmportance of w nd-driven and wave events

in the study area. Estimates of bottom erosion and sedinent transport nust

i nclude neasurenent and evaluation of not only normal fair-weather turbulent

shear stresses but also excessive stresses induced by high waves.

LI QUEFACTI ON OF A SEDI MENTARY DEPCSI T

Tenporary or permanent loss in the strength of ocean deposits generally
occurs in |l oose fine-grained sand to coarse silty sediment (Lee and Fitton,
1969). In extreme cases, this loss in strength can cause liquefaction of the
deposits. Liquefaction is controlled by the buildup of excess pore-water
pressures, that is, above hydrostatic, as the deposits are subjected to
cyclically induced shear stresses. As the material responds to these shear
stresses, the particles tend to conpact. |If the perneability of the deposits
is insufficient to allow for instantaneous reorientation of the particles,
excess pore-water pressures develop. As these pressures increase wth
successive cycles, the deposits weaken and become less resistant to the
i mposed load. The shear resistance is then associated with a critical Ievel
of repeated |oading (Sangrey and others, 1978). As pore-water pressures
di ssipate over tine, the particles tend to nove closer together, and the
deposits becone nore stable. If the rate of pore-water-pressure dissipation

is sufficiently rapid relative to the rate of pore-water-pressure generation,




the deposits will remain stable under the prevailing load. |f,  however, the

applied load is sufficient to overcome dissipation effects, the deposits will
tend to fail and may ultimtely Iiquefy.

The perneability of the deposits controls the rate of pore-pressure
di ssi pation. Thus, the nore perneable the deposits, the greater will be the
critical level of repeated loading required to induce liquefaction. In an
earthquake-related situation, in which the frequency of loading is relatively
hi gh, pore-water-dissipation effects are generally negligible. The |oading
frequencies for storm waves, however, can be an order of nmagnitude less than
those associated with earthquake frequencies, so dissipation of pore-water
pressures over time nust be considered.

Deposits that are sufficiently dense before | oading do not generate long-
term positive excess pore-water pressures. The soil particles in these
deposits after finite displacements tend to dilate when sheared and thereby
generate a negative pore-water pressure that tenporarily increases the
strength of the deposit. The relative density D, nunerically expresses the
relation of the onsite density to the maxi mum and mnimum densities of the

deposits; that is,

Y=Y )]
'Y .
D = ma}(< _mln ) (1)
Ymax Ymin

where: y = the in-situ dry unit weight
(vy= pg, where = density and

g = acceleration due to gravity)

ymax = the maxinmumdry unit weight of sedinent

and  y pip = the mininumdry unit “eight of sedinent

This relative density conmmonly is used as an index for the density state of

granular nmaterial. Deposits with greater relative densities tend to be less




susceptible to liquefaction and therefore require higher critical |evels of
repeated loading in order to liquefy. The liquefaction potential then depends
on the integrated effects of:

(1) the density state of the deposits,

(2) the level of loading inposed by storm waves,

and

(3) pore-water-dissipation effects.

A fourth parameter, the relation between the effective confining stress
and the density state of the deposits, is also inportant in evaluating the
liquefaction potential. Unfortunately, nore detailed |aboratory data are
necessary before its inportance can be assessed. In the absence of these
data, in the present study we consider the deposits to be normally
consol i dated, and so the density state, |evel of l|oading, and dissipation
effects will govern the response.

LI QUEFACTI ON  ASSESSMENT

To evaluate the liquefaction potential from wave |oading, we can
effectively apply techniques used in earthquake engineering with some m nor
nodi fications (Nataraja and Singh, 1979). Once the level of inposed stresses
has initially been determned, the nunber of cycles required to liquefy the
sedi nent cal culated under undrained conditions, at a given relative density,
can be calculated (Seed and Rahnan, 1978). The effects of drainage on bed
response can then be nodel ed by an FEM analysis (Seed and Rahman, 1978). This
model includes the dissipation of pore-water pressure after the passage of
each wave. The total pore-pressure buildup as a function of the overburden
pressure is then continually nonitored throughout the duration of the storm or
until 100-percent pore-water-pressure response is achieved. Although

100- percent pore-water-pressure response is not necessarily sufficient for




liquefaction, it does represent a condition whereby at |east a tenporary |oss
in strength occurs as a result of excess pore-water pressures
WAVE- | NDUCED STRESSES

Several techniques are presently available to deternine both the pore-
wat er-pressure response and the cyclically inposed shear and normal stresses
in the deposits (Fig. 5). Mshagen and Tgrum (1975) used the heat-conduction
equation, together with the assunptions that the pore-water is inconpressible
and that the porous bed is unreformable, to predict the transitory wave~
i nduced pore-water-pressure response; these responses are infiltration pore-
wat er pressures, not those associated with shear stresses. This approach
however, does not predict the induced stresses in the deposits. Oher
investigators (Prevost and others, 1975), concerned with bed deformation and
the resulting stresses, assumed the bed to be elastic and not to interact with
the pore-water; the conclusions reached from this approach are those derived
from classical solid mechanics. Mre recently, Yamamoto (1978) and Madsen
(1978) have used a three-dimensional consolidation nodel for the bed to
predict the wave-induced pore-water-pressure and effective-stress changes in
the bed during a single wave cycle. The results of their work indicate that
the bed response is strongly affected by the perneability and stiffness of the
sediment as well as by the thickness of the bed

None of these solutions, however, considers the response of the bed under
repeated |oading. Pore-water pressures would increase under application of
cyclic shear stresses. This increase in pore-water pressure varies as a
function of the nunber of applied |oads, that is, waves, and reduces the
normal effective stresses acting on the bed. This increase in pore-water
pressure al so depends on the drainage characteristics, frequency of |oading

and duration of loading. Seed and Rahman (1977) considered the cyclic-Ioading
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effects of stormgenerated waves and proposed an FEM solution to nodel the
pore-wat er-pressure dissipation effects throughout a storm In their solution
the wave-induced stresses were calculated by considering the total stress
state in the bed and applying an appropriate stress function. Their solution
is simlar to that proposed by Prevost and others (1975). Were the deposits
are idealized as a sem-infinite half-space, the expression for the horizontal

(1977), is identical to that of Yamanoto (1978) and Madsen (1978); that is

z 2
T, = 2mAp () exp(y- z), (2)
wher e: p = the bottom wave-induced pressure,
L = the wavel engt h,
and z = the depth in the sedinent.
The geonetry is illustrated in Figure 5. If we subtract the pore-water

pressures determ ned by Mdshagen and Tdrum (1975) fromthe total stresses, the
effective principal stresses are also identical to those determ ned by

Yamarmoto (1978) and Madsen (1978).
The horizontal shear stress can then be normalized with respect to the

overburden stress ¢’ {pat is,
u _ 3
o, 2 (3)

where: Yy = the buoyant unit weight of the sediment
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The resulting expression then gives the maximum shear-stress ratio at a depth

depth z:
T vy
,h = 2 P exp —{——-—29 z} . (4)
a Y
v 1

Once the maxi mum shear-stress ratio has been deternined, the number of cycles
required to cause liquefaction under undrained conditions (for a given
relative density) can be calculated from an experimental curve simlar to that
shown in Figure 6. Although data from actual tests perforned on Yukon
prodelta sediment may differ from these results, the curve in Figure 6 can be
used to make a prelimnary estimate of the response characteristics of sandy

mari ne deposits under cyclic loading. The shear-stress ratios (Tc/o'V )s with
0
depth for 3- and 6-m surface waves are shown in Figure 7. The 3-m wave was

selected to represent the maxi mum storm conditions recorded by the GEOPROBE,
whereas the 6-mwave would have a |-percent occurence frequency for the nonths
of Septenber and Cctober (Arctic Environmental Information and Data Center,
1977).
DENSI TY STATE

The relative density of the sediment nust be determned to correlate the
nunber of cycles required to cause liquefaction at the inposed-stress |eve
(Fig. 6). Hgher relative densities would transpose the curve in Figure 6
upward, whereas |lower relative densities would transpose it downward. Typical
mexi mum and mi ni num density val ues can be estimated fromthe grain sizes and
sorting characteristics of the deposits. The grain-size analyses of severa
grab sanples are summarized in Table 1. The average-uniformity coefficient c,
for this sand (2.2) indicates a well-sorted naterial. On the basis of data
presented by Johnston (1973) for a simlar sand, the respective mninm and

maxi mum densities for Yukon prodelta material were estimated at between 1280-
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1320 kg/m3 and 1600-1630 kg/m. These values were increased slightly to take
into account the average percent fines in the sanples tested (Townsend
1973). The final mninmm and nmaxi num densities were then estimated to be 1370
and 1760 kg/m, respectively. These values were somewhat corroborated in
tests by other investigators (Lee and Focht, 1975) on narine sedinment from the
North Sea with simlar grain-size characteristics (dsg = 0.11 nm C = 2.0).
Their results show nini mum and maxi nrum densities of 1340 and 1740 kg/m3,
respectively, in good agreenent with the values in this study.

Thus, relative density of typical Yukon prodelta sediment can be
cal cul ated on the basis of estimated mnimm and maxi mum densities, and the
in-situ densities determned from water-content or bulk-density estimates
(Table 2). Athough the relative densities obtained using the above mnethods
rely on limted data and are initial estimates, they do suggest that the
relative density of deposits throughout the study area varies considerably and
is not restricted to a unique value or range of values. Thus, pockets or
| enses of |oose material could conceivably exist throughout the prodelta that
woul d be susceptible to pore-water-pressure generation and possible
liquefaction. Despite the variations in the data, a relative density of 54
percent is considered an approximate upper estimate for the sediment within
the prodelta. Several of the higher relative densites listed in Table 2 are
attributable to dense layers of different material within the stratigraphic
section, or to conpaction due to vibracoring action.

LI QUEFACTI ON  SUSCEPTI BI LI TY

We can assess the liquefaction susceptibility for undrained conditions by
correlating the number of cycles necessary to cause liquefaction with the
shear-stress ratio (Th/c'vo), as shown in Figure 6. The 3-m stormwave hei ght

woul d appear to require an extrenely large nunber of cycles to cause
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liquefaction, and the deposits would be even less susceptible if drainage were
allowed to occur throughout the storm Failure, as defined by Egan and
Sangrey (1978), could possibly occur, however, if an effective-stress approach
simlar to vamamoto's (1978) and Madsen’s (1978) were used and the entire
stress state were considered in the analysis. On the basis of our analysis,
the likelihood of liquefaction from storm waves of 3-m height appears
extremely small.

For the 6-m storm wave height, however, full pore-water-pressure response
could occur in the upper several neters of sedinent within a relatively snal
nunmber of cycles under undrained conditions in the bed. [If drainage were
al l owed, a greater nunber of cycles would be necessary to |iquefy the
deposits; an FEM analysis can then be used to investigate the effects of
drainage during the storm The 6-m storm wave height was investigated with
this technique for a storm duration of one hour. Because the dissipation
ef fects depend on the perneability and conpressibility of the deposits, two
different perneability-conpressibility conbinations were used in the
analysis.  The buildup of pore pressure for each tine increment was governed

by the equation

/28

2 . 1
r, =7 arc sin(x z) (5)

=
@
@
-
1

the ratio of excess pore-water pressure to initial vertical
effective stress,
Xx = the ratio of the applied cycle (n) to the nunber of cycles (n)
required to cause |iquefaction,

and 8 = an enpirical shape constant for the pore-water-pressure

curve (1.2 in this analysis).
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The results of the analysis indicate (Fig. 8) that even with pore-water-
pressure dissipation taken into consideration, the deposits will liquefy to a
depth of 3 to 3.5 m The perneability of the material significantly
influences the time required for liquefaction to occur. For a coefficient of
perneability of of 5 x 10™%m/s, whi ch woul d correspond to a medium- tO coarse-
grained sand |ike that encountered in Chirikov Basin, the sedinent woul d not
liquefy. The coefficients of perneability, derived from |aboratory
consolidation test results (1.5 x 10° "1.5 x 10" 7ms), that represent a range
of values typical for Yukon prodelta sandy silt show that |iquefaction is
possi bl e. In this case pore-wateer pressure dissipation effects do not
preclude full pore-water pressure response and possible |iquefaction.

CGEOLOG CAL | MPLI CATI ONS;  HAZARD POTENTI AL

The present anal ysis suggests that nodern Yukon prodelta sedinent could
at least tenporarily liquefy to significant depths during severe storms. The
wi despread distribution of thick stormsand |ayers within 50 km of the nodern
prodelta shoreline (Nelson, 1977) suggests that |iquefaction and mass movenent
processes may be inportant nmechanisns in the novement of major sheets of sand
of fshore. These sand layers range from 1 cmthick in central Norton Sound to
over 20 cmthick within 30 kmof the delta (Nelson, 1977). The nore nassive
sand layers close to the delta may in part result from mass movenent of
liquefied material under major stormwave and surge conditions. Bottom-
friction velocities fromtidally dominant bottom currents are insufficient to
transport massive quantities of material. Drake and others (1980) suggest
(from GEOPROBE data) that the very fine sand constituting about 50 percent of
the sediment on the outer part of the Yukon prodelta is nostly transported
during a few late sumer and fall storns each year. The nmean transport

velocities for the September 1977 storm that generated 3-mhigh waves, as
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recorded by the GECPROBE, were well in excess of those required to initiate
transport of sedinment (Cacchione and Drake, 1980). The effects of this
transport mechani sm during nore severe storm events would be nagnified if the
bed were partially softened by liquefaction and the zone of naterial
influenced by the nean transport velocity were several meters thick.
Integration of the liquefaction susceptibility with the critical nean
transport velocity in future sedinment-transport nodels could provide useful
insights into the rate and anount of sediment transport in this area.

Severe erosional effects can be observed in the delta area in the form of
| arge scour depressions (Larsen and others, 1979). These depressions, which
range as large as 250 min dianeter and 1 min depth, are triggered by |ocal
topographic disruptions in prodelta areas where strong currents shear against
steeper offshore topography. The potential for liquefaction in this area nmay
greatly enhance the formation of these scour depressions. Wakening of the
deposits by increased pore-water pressures, along with mixing of the deposits
with water by stormwave action, could lead to erosion and transport of
sedi ment from scour depressions.

Liquefaction to a depth of 2.5 to 3 m and consequent novenent of massive
stormsand sheets could cause severe hazards to sea-floor structures; this is
particularly true if the protective sedimentary cover were renoved from buried
pi pelines, or the sea floor around foundations were undermned. The
undermning of a foundation can be partly predicted by nmore extensive and
detailed site investigation, whereas pipeline construction nust rely on a nore
regional data base and interpretation. Techniques simlar to those presented
herein woul d be useful in the selection of possible pipeline routes leading to

onshore termnal facilities.
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Prelimnary strength tests on several sanples fromthe study area (d sen
and others, 1979) suggest that some of the Yukon prodelta sediment may be
significantly overconsolidated. This overconsolidation is due to the renoval
of past higher stresses from the deposits or the effects of a constant wave
stress over a prolonged period. The overconsolidation |eads to increased
shear resistance in the deposits. For deposits with the same relative
density, those that are overconsolidated would be Iess prone to liquefy (Seed,
1977) than those that are normally consolidated. Additional tests are
required, however, for a nore conprehensive assessnent of such
overconsol idation effects on the liquefaction potential.

SUMVARY

The vul nerability of Yukon prodelta sandy silt to wave-induced
l'i quefaction has been eval uated using engi neering analysis and data on storm-
wave and sedinent characteristics. The conbination of sedinent type, exposure
to large storm systems, shallow water depths, and at |east some fairly |oose
layers of material suggests that the prodelta nay be susceptible to the
generation of excess pore-water pressures and to consequent |oss in strength
and ultimate |iquefaction. Ceologic evidence of potential [iquefaction
effects includes the presence of prograded storm sand sheets and fairly broad
scour depressions throughout the prodelta area.

W adapted methods currently practiced in earthquake engineering to our
anal ysis, which considers two sinplified storm systenms. The principal
di fference between the earthquake- and stormwave-based analyses is a |onger
duration for the stormevent and consequently greater dissipation of pore-
water pressures. A 3-msurface wave height was found to be insufficient to
liquefy the deposits, even when the effects of pore-water-pressure dissipation

were neglected. However, a storm event with 6-m wave heights theoretically
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woul d generate 100-percent pore-water-pressure response and |iquefaction in
the sedinment to a depth of approximately 3.5 min one hour. Recent
prelimnary strength tests, however, indicate significant overconsolidation of
the same Yukon deposits that may decrease the |iquefaction danger, although
the significant reduction in strength within the upper several neters of
sediment may remain as a hazard to construction in the study area
Li quefaction, coupled with the shallow gas-charged deposits that are
wi despread in this area, (Nelson and others, 1979), nmay further conplicate
foundation engineering. Additional testing, however, is clearly needed before
any final assessnent of the extent of hazard potential can be properly made
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TABLE 1

Table |.--Results of grain-size anal yses of sedinment

sanples fromthe vukon prodelta

Box core Core Depth Sand Silt d ay 6 0 o C, =D60/D101 ‘
(cm =) (9N (9 (mm) (mm)

164 4 96.9 2.6 0.4 0.187 0.101 1.83

166 11 92.6 6.3 1.1 0.135 0.072 1. 86

162 12 86.0 12.3 1.7 0.108 0.042 2.58

168 11 90.6 7.9 1.5 0.109 0.062 1.76

157 4 77.2  22.1 ().7 0.101 0.035 2. 89
1Average = 2.18




Table 2. --Density data on sanples from Norton Sound

Lle Depth  Water content (% Dry unit weight Dry density Relative density
jnation (cm corrected Y (1lbs/ft) (Kg/ m Drl
L47 2-6 30. 9 96 1.54 51
c 149 Sur f ace 106. 1 45 0.72 *
L54 4-5 43.0 72 1.15 *
13- 14 56. 1 70 1.12 *
10- 18 46. 6 77 1.23 *
26- 29 45.0 80 1.28 *
L56 33-35 81.7 55 0. 88 *
161 2-12 51.8 73 1.17 *
ACcore
L7 6- 8 37.6 87 1. 39 9
23-25 37.8 85 1.36 *
40- 42 31.6 94 1.51 42
54- 56 34.5 90 1. 44 26
72-74 32.3 93 1.49 39
90- 92 31.7 94 1.51 43
123-125 73. 3 59 0.95 *
134-136 26.5 102 1. 63 *
17 0-2 35.9 89 1.43 18
8- 10 49.1 75 1.20 *
13-15 39.5 84 1.35 *
18- 20 38.0 86 1.38 '
24- 26 29.1 99 1.59 58
19- 21 42.7 81 1. 30 '
acore
16 10- 12 30.6 96 1.54 49
29-31 33.3 92 1.47 33
39- 41 26.9 101 1. 62 69
49-51 29. 2 98 1.57 57
64- 66 28.3 99 1.59 62
74-76 27.2 100 1. 60 68
84- 86 26. 6 101 1. 62 71
109- 111 22.0 109 1.75 98
119-121 19.3 114 1.83 100
129-131 28.7 98 1.57 59
139- 141 24.0 106 1.70 87
27A 0-3 44.7 77 1.23 .
5-7 37.6 84 1.35 -
15-17 35.4 87 1.39 22
18- 20 41.1 82 1.31




Fi gures

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Station locations for core sanples taken during 1976, 1977, and 1978
field seasons; site of GEOPROBE depl oynent during Jul y-Septenber
1977.  The Yukon prodelta extends out to 90 kminto North basin;

i sopach contours in Figure 2.

surficial sedi ment distribution in Norton Sound (nodified after
Nel son, 1980) and isopach thickness of Hol ocene-Yukon derived
sediment (nodified after Thor, in prep. ).

GEOPROBE tripod during launch into Norton Sound, July 1977.

Hori zontal distance between attachment points of footpads is 3.2 m
overall height is about 3.5 m Flotation package in upper part of
phot ograph rests on plastic (PVC) buckets containing recovery
line. Current sensors are visible within center of tripod.
Undersea strobe attached to leg at right; pressure cases contain
el ectroni c systens and sensor packages (see Cacchione and Drake,
1979).

Current-neter and pressure data taken with GEOPROBE during storm on
Sept. 14, 1977, in Norton Sound, Alaska. Data were taken every
second for 60 s. Current speeds (computed from north-south and
east-west conponents) at 0.2, 0.5, 0.7, and 1 m above sea floor are
designated by cm1, CM2, CMB, and cM4, respectively. Pressure (PRS)
is nmeasured at 2 m above sea floor and expressed in equival ent
meters of water. Averages have not been renoved from data.

Simplified wave profile used in liquefaction-potential analysis.
Bottom pressure wave data were obtained from |inearized wave
theory. Bottom pressures induce horizontal shear stresses that
cause a pore-water-pressure response and reduced strength.

Normal i zed cyclic horizontal shear-stress ratio (¢ /s, ) vs nunber
of cycles required for initial liquefaction Y
(undrained conditions) for deposits with a relative density of

54 percent (Seed, 1977).

Wave-induced shear stress ratio (t /0\'/ ) vs depth (2) for 3- and
6-msurface wave heights during bV stormevents.

Results of prelimnary analysis of wave-induced |iquefaction
potential of Holocene Yukon sandy silt near Yukon prodelta: H wave
hei ght; T, wave period; D, relative density; K, coefficient of
permeability: u/cy ratio of wave-induced excess pore-water
pressure to initiaf effective overburden stress.
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