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1.0 INTRODUCTION

1.1 General

The results of a geotechnical study relating to
proposed Radwaste and Off-Gas Buildings for the Oyster Creek
Nuclear Power Station are presented in a report prepared by
Woodward-Clyde Consultants (WCC), dated 4 February 1975. The
study was based on the design assumption that foundation
media of Seismic Category I structures (such as the proposed
Radwaste Building) would have to be resistant to liquefaction
during the Safe Shutdown Earthquake (SSE). At the Oyster
Creek site, the SSE has a magnitude less than 5.0, and an

associated peak ground surface acceleration of 0.22 g.

In order to complete their review of the WCC study,
NRC requested answers to questions relating to the study outlined
in the 4 February 1975 report. However, the current NRC staff
position with regard to the seismic design requirements for the
proposed Radwaste Building, is that the foundation media shall
not liquefy during the Operating Basis Earthquake (OBE). The OBE
would produce a peak ground surface acceleration of 0.11 g; i.e.,

one~half of that of the SSE.

The results of detailed response analyses are presented
in the 4 February 1975 report. These analyses are based on a
peak ground surface acceleration twice that associated with the
OBE. For the depth range of interest at the Oyster Creek site,

the shear stresses produced by ground motions may be considered
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to be approximately proportional to ground surface acceleration.
Based on this premise, the shear stresses induced by the OBE
were taken to be one-half those determined in the response

analyses made previously for the SSE.

Evaluating liquefaction potential based on a peak
ground surface acceleration of 0.11 g required changes in the
figures and tables presented in our report of 4 February 1975.
These changes are described below.

1.2 Evaluation of Liquefaction Potential During OBE Based
on Simplified Procedure Using Relative Density Data

The method of analysis is the same as described in
Section 1.10.3.1 (p. 43) of the 4 February 1975 report, except

for the following changes as compatible with current NRC position:

1. A peak ground surface acceleration of 0.11 g was
used (compared to 0.22 g used originally). An average grain
size of 0.25 mm was used in the new analysis for both the
conservative and the less conservative approaches (compared to

0.1 mm and 0.9 mm, respectively, in the 4 February 1975 report).

2. Strength at 10 cycles was used (compared to strength
at 5 cycles, as used in the 4 February 1975 report). The choice
of 10 cycles is compatible with the acceleration ratio (aave/amax)

of 0.65 used in the simplified procedure (Seed and Idriss, 1971).

3. A constant correction factor Cr of 0.57 was used,

regardless of the relative density.

)
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The results of calculations based on the modifications
referred to above, are shown in Fig. 1.10.2A, wherein relative
densities determined in laboratory tests on undisturbed samples
are plotted versus depth, along with curves defining zones of
different liquefaction potential; refer to Section 1.10.3.1 of
the 4 February 1975 report for discussion of the significance
of the three zones indicated. The plot includes data from both
the proposed Radwaste and Off-Gas Building sites. It should be
noted that all of the data points plot in Zone III (liguefaction
unlikely).

1.3 Evaluation of Liquefaction Potential During OBE Based
on Simplified Procedure Using N-Value Data

The relative density versus depth curves defining the
three zones of different liquefaction potential shown in
Fig. 1.10.2A were converted to N~-value versus depth relation-
ships, by means of correlations developed by Gibbs and Holtz
(1957), as reported by Seed and Idriss (1971). The results of
these calculations are shown in Fig. 1.10.3A, together with
N-values measured during the 1973 exploration program, along
with N-values measured in the exploration programs of 1964 and
1968. This plot includes N~-values associated with the proposed
Off-Gas site. All of the N-values plot in Zone III (liquefaction
unlikely).

1.4 Overall Evaluation of Liquefaction Potential During
OBE Based on Simplified Procedure

As evident from the data plotted in Fig. 1.10.2A and

Fig. 1.10.3A using the simplified procedure, all measured
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relative densities and N~values fall in Zone III, indlicating
liquefaction of the Cape May, Cohansey Formation and sand in-
¢lusions in the Upper Clay Layer to be unlikely during the OBE.
1.5 Evaluation of Liquefaction Potential During OBE of

Upper Portion of Cohansey Formation Based on Response
Analyses and Laboratory Cyclic Tests

The approach that was used for the OBE was similar
to that described in the 4 February 1975 report for the SSE,
except for the following changes as compatible with the current

NRC staff position:

1. The peak shear stresses summarized in Table 1.10.2
of the 4 February 1975 report were divided by 2.0 to obtain
shear stresses compatible with a peak ground surface acceleration
of 0.11 g. The peak shear stresses associated with the OBE are
summarized in Table 1.10.2A. The computed equivalent uniform
shear stress amplitudes (associated with the OBE) are summarized

in Table 1.10.3A.

2. A correction factor C,. ® 0.57 was used (compared to

the value 0.66 referred to in the 4 February 1975 report).

The calculated safety factors against liguefaction
during the OBE are summarized in Table 1.10.6A and Fig. 1.10.5A.
1.6 Conclusions With Regard to the Liguefaction Potential

of Upper Portion of Cohansey Formation Based on Response
Analyses and Laboratory Cyclic Tests

As shown by Table 1.10.6A and Fig. 1.10.5A, the factors

of safety against both initial liquefaction and the development
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of +10% average strain are high., This indicates that thé sand
deposits underlying the Oyster Creek site are non-liquefiable
with respect to the OBE, a conclusion compatible with that based

on the qualitative analyses using the "simplified procedure".

2.0 RESPONSE TO QUESTIONS RAISED BY MRC
2:1 General

In Enclosure 1 of a letter by Mr. George Lear, Chief,
Operating Reactors Branch #3, of Division of Reactor Licensing
of NRC to Jersey Central Power & Light Company, dated 14 August
1975, a series of guestions are raised related to the WCC report
entitled "Geotechnical Study, Proposed Radwaste and Off-Gas
Buildings, Oyster Creek Nuclear Power Station", dated 4.February
1975. 1In Enclosure 2 of that same letter, it is stated that
"the foundation media of structures housing the radwaste systems
should not liquefy during the Operating Basis Earthquake". The
evaluations of liquefaction described in the WCC report of
4 February 1975 assumed a peak ground surface acceleration of
0.22 g, which corresponds to the SSE, as opposed to the current
criterion of 0.11 g, which corresponds to the Operating Basis

Earthquake (OBE).

In responding to the series of questions raised by
NRC, we have reevaluated the liquefaction potential of the
foundation media at the site of the proposed Radwaste Building,

using a peak ground surface acceleration of 0.11 g; refer to
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Section 1.0 of this report.

The responses to the NRC guestions

are based, in part, on this reevaluation.

"Unless a figure or table number, which is not in the

324 series", is followed by the letter "A", the figure or table

is in the WCC report dated 4 February 1975; the letter "A" per-

tains to figures or tables resulting from the reevaluation of

liquefaction potential using the operating basis earthquake as

described in Section 1.0 of this report.

2.2 Responses to Questions

Question 324.1

(a) "You have not adequately sampled and evaluated
the natural deposits directly below the proposed )
radwaste building. Thirteen borings are shown
on Fig. 1.3.1 at this location. Only twc
borings (Wl and W4) of 13 completely sampled
the entire subsurface materials of interest in

a meaningful way."

The scope of the exploration program at the Oyster
Creek site is described in Section 1.7 of the report, dated
4 February 1975. The program consisted of 13 borings made during
' November and December 1973, and in early 1974, and nine borings
i made in October 1974, The latter borings were made to "expand
g the data bank", a suggestion which was made by the NRC staff ‘,

Response
|
during an informal meeting on 15 August 1974. At that meeting,
|
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it was pointed out by members of the NRC staff that relatively

few borings had been made within the proposed building area

(Wl, W4, and Wll). The suggestion was made that more information
was needed concerning the details of stratigraphy of the Upper
Clay Layer, and that more samples be obtained for cyclic testing.
No indication was given, at that time, that the number of standard
penetration test (SFT) results was deficient, or that that type

of test be emphasized in the evaluation of the ground stability

of the site. Although we believe that the SPT can provide useful
input to a liquefaction evaluation, we also believe that the
properties (relative density and cyclic undrained shear strength)
of undisturbed samples provide a more detailed basis to evaluate
the ligquefaction potential. Liquefaction assessment based on
N-values is very useful in a preliminary evaluation of liquefaction
potential. However, in planning our exploration program, primary
emphasis was given to obtaining undisturbed samples, with second-

ary emphasis being given to SPT.

Expansion of the data bank required that undisturbed
samples be obtained to: (a) assess the in-situ relative density
of the site soils; (b) perform additional laboratory cyclic
strength tests; and (c) assess the continuity of sand inclusions
in the Upper Clay Layer, The three borings that had been made
within the building area, as well as those made outside of that
area, consistently exhibited high SPT values in the Cape May

Formation, clearly demonstrating (as discussed in the 4 February

1975 report) the non-liquefiability of that deposit for the
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postulated earthquake. Consequently, no additional information
on the Cape May Formation was considered necessary, and no
samples were taken in that deposit during the October 1974 boring
program; the borings were drilled through the Cape May Formation
in order to expedite the exploration program. Virtually con-.
tinuous undisturbed samples were taken in the Upper Clay Layer
in all of the borings made in October 1974. In all but two of
those borings (W16 and W17), undisturbed samples were taken

down to the very dense portion of the Cohansey Formation, the
denseness of which was confirmed by means of an SPT. The
undisturbed sampling frequency was high, with the distance
between sampling operations being only 1 ft to 2 ft. It is our
opinion that a distance between undisturbed samples of less than

1 ft might contribute to sample disturbance.

The borings made in October 1974 were not extended
much below a depth of 50 ft, since the results of previous borings
clearly showed that there is a marked increase in the relative
density of the Cohansey Formation below that depth, confirming
the adequacy (but not necessarily the necessity) of founding

Seismic Category I structures at, or below, that level.

In summary, a very detailed boring program was
carried out within the site of the proposed Radwaste Building;
furthermore, the borings that were made outside of that site
penetrate deposits that liave the same depositional history as

those underlying the proposed building site, and provide data
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that can be used to evaluate site subsurface conditions, We
acknowledge that relatively few SPT were made in the upper
portion of the Cohansey Formation in borings located within

the site of the proposed Radwaste Building, but we believe

that this is more than offset by the 14 direct relative density
determinations made in the laboratory on undisturbed samples
from borings made within the proposed building area, and the

32 such measurements on undisturbed samples from borings in
close proximity to the proposed building site. It is our
opinion that the SPT provides useful data which can be used in
evaluations of in-situ relative density and in liquefaction
analyses. However, conversion of the results of SPT to relative
density requires the use of a correlation (e.g., that proposed
by Gibbs and Holtz) which necessarily has its own errors and
uncertainties. It is our opinion that direct determination

of relative density from laboratory tests on undisturbed samples
is a more reliable approach than indirect determination from

SPT results.

(b) "You have almost ignored the use of the standard
penetration test (SPT) sampler in your investi-
gation of the subsurface conditions immediately
under the proposed site. Much of the data
presented to evaluate liquefaction conditions

are based on SPT data."
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Response

We agree that much of the data presented to interpret
liquefaction case histories was obtained by means of the SPT.
However, as indicated in our response to the previous question,
we believe that the properties (relative density and cyclic
undrained shear strength) of undisturbed samples provide a
more reliable basis to judge liquefaction potential than does
evaluation based on N-values. This opinion appears to he
consistent with the current position of NRC; refer to NRC

Standard Review Plan, Subsection 2,5.4.8, dated June 1975.

The state-of-the-art concerning evaluation of lique-
faction potential has advanced considerably since the earlier
studies were made, which were based solely on SPT results.
Major steps in this advance have been the development of cyclic
laboratory test procedures to evaluate liquefaction resistance,
and more recently, the recognition of the importance of using

undisturbed samples in those laboratory tests.

On the other hand, we acknowledge that the SPT can
provide useful input to a liquefaction evaluation. 1In line
with this, the use of the SPT was not "almost ignored". This
is evidenced by the fact that all the available data were used
in the qualitative evaluation of liquefaction potential; refer
to Section 1.10,3 of our report. As indicated previously, we
believe that the information obtained in borings outside the

proposed building area can be used to evaluate conditions below
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point falls within Zone II, and that is very close to the
boundary of Zones II and III; refer to Fig, 324.1,1. Further-
more, as indicated previously, we believe that data obtained
from borings made outside the plan limits of the proposed
building should also be included in the ligquefaction evaluation,
since the geologic histories of the deposits, both within and
outside of the proposed building limits, are the same. We say
this despite the fact that most of the less favorable SPT data
were obtained in borings located outside of the proposed building
limits. Considering all the data, only few data points were
plotted in Zone II1 where liquefaction can be considered as
possible; refer to Fig. 324.1.2. At the time we were making our
evaluation of ligquefaction potential during the SSE, we inter-
pfeted the data plotted in Fig. 324.1.2 to indicate that a more
detailed analysis was required and, therefore, we made a quanti~-
tative evaluation of liquefaction potential of the upper portion
of the Cohansey Formation based on stresses determined in a
response analyses and strength based on cyclic triaxial tests

involving undisturbed samples.

In addition to the above line of reasoning, an evaluation
of liquefaction case histories demonstrates that the upper portion
of the Cohansey Formation would not liquefy during either the SSE
or the OBE, The upper portion of the Cohansey F-rmation at the
proposed Radwaste Building site has an average N-value of 22 bl/ft.

The SSE has a magnitude less than 5,0 and a peak ground surface




73C807B 14

acceleration of 0.22 g, Case histories referred to by Castro ‘)
(1975) have been reevaluated by Yegian and Oweis (1975), taking

magnitude into account. Magnitude is an important consideration

in the evaluation, since most of the earthquakes referred to by

Castro (1975) have large magnitudes; i.e., 7.0, or greater.

The reevaluation of these earthguake data, as applied to the

Oyster Creek site and SSE, is illustrated in Fig. 324.1.3. This

figure clearly demonstrates that, even for the SSE, an N-value

of 22 bl/ft would be more than sufficient to preclude 1 .que-

faction; it follows that the same conclusion is drawn .or the¢

OBE. These conclusions are compatible with those draw ir our

report of 4 February 1975; namely, that both gualitative and

guantitative liquefaction evaluations indicate that the Cohansey

Formation is non-liquefiable relative to the SSE, and, therefore, )

non-liquefiable relative to the OBE.

The procedure suggested by Yegian and Oweis is similar
to a suggestion made by Whitman (1971). In interpreting earth-
guake data, Whitman normalized the shear stresses to a standard
20 cycles employing the strength relationship by Lee and Seed
(1967) for 20% double-amplitude strain. For example, the Alaskan
earthquake of 1964 was estimated to have 120 significant cycles.
To convert to an equivalent earthquake of 20 cycles, the shear
stresses causing failure will be approximately 50% greater than

those corresponding to 120 cycles.

A copy of the Yegian and Oweis (1975) reference is

o

included in Appendix 324.A.
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(A respect to liquefaction, was adequately developed. This' is
apparent when reading the PSAR, wherein liquefaction is not a
major consideration. Based on the results of liquefaction
studies for the Radwaste Building, it is possible that much
shallower foundations would be possible for the structures

referred to in the question.

Question 324.2

"You have not provided sufficient evidence to support
your conclusions regarding the previous loading of

the clay in the upper clay formation, Only one con-
solidation test is provided for materials under the
Radwaste Building. Provide additional data to support

‘ your evaluation of previous loadings."

Resgonse

Three consolidation tests were made on specimens of
the Upper Clay Layer, two from within, or near, the site of the
proposed Radwaste Buvilding, and one from the site of the pro-
posed Off-Gas Building. The preconsolidation pressures and
overconsolidation ratios (OCR), along with various index prop-
erties (initial water content, liquid and plastic limits and
liguidity index) are presented for these three specimens in
Table 324.2.1, Although the samples involved were taken at
three different locations within the same geclogic deposit, the
test data are gquite similar. In each case, the preconsolidation

( pressure is 10 ton/ftz, or greater (rénge 10 ton/ft2 to 12 ton/ftz)
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with the liquidity index ranging between 0.08 and 0.23, Both
the very high preconsolidation pressure and very low liquidity
index are indicative of a highly overconsolidated soil. This
is further evidenced by the values of OCR presented in

Table 324.2.1; the values range between 8 and 10, The sample
taken from within the proposed building area (boring W4,
Sample U3C) had a preconsolidation pressure (11l ton/ftz),
ligquidity index (0.18) and OCR (8), all of which are repre-
sentative of the characteristics of the three specimens of the
Upper Clay Layer on which consolidation tests were run. This
is further demonstrated by the similarity of the consolidation

curves plotted in Fig, 324.2.1.

The heavily overconsolidated character of the Upper
Clay Layer is further demonstrated by the liquidity indices of
the 15 specimens for which such determinations were made; see
Table 324.2.2. The liquidity index is typically less than 0.4,
indicating a heavily overconsolidated clay. The contention
that the Upper Clay Layer is heavily overconsolidated is further
supported by the ratio of undrained shear strength to vertical
consolidation pressure (su/av) for the Upper Clay Layer. 1In
cases where clay is normally loaded, the ratio lu/3v is given
reasonably well by the following empirical relationship (Bjerrum

and Simons, 1960):

au/ov = 0,10 + 0,004 Ip H

where Ip is the plasticity index expressed in percent.
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The samples listed in Table 324.2,2 have plasticity
indices that are typically less than 45%., Using a plasticity
index of 45%, the above relationship yields a ratio .u/av of
0.28., This suggests that ratios of I“/Ev much in excess of
0.3 indicate heavily overconsclidated clays. The ratio is
summarized in Table 324,2.3 for 14 samples of the Upper Clay
Layer for which undrained shear strength was determined and

the actual value of su/av could be calculated.

Examination of the data in Table 324.2.3 reveals that
all values of the ratio are 0.5, or more, with values typically

0.7, or greater, indicating heavily overconsolidated clay.

We conclude that the Upper Clay Layer is heavily
cverconsolidated. The results of the three consclidation tests
performed on samples of the layer are very similar evenvthough
they were obtained at different locations. These test results
provide sufficient data to evaluate the compressibility of the
Upper Clay Layer, including the portion that underlies the site

of the proposed Radwaste Building.

Question 324.3

"The clays are described as organic deposits. Organic
s0ils are generally poor foundation materials. Evalu-
ate secondary campression which can be very large for

organic soils, Discuss the results of your evaluation."”
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Response

The view expressed in Question 324.3 is certainly
valid for normally consclidated soils, However, organic clays,
when heavily overconsolidated, as are both the Upper and Lower
Clay Layers, are relatively incompressible and have small rates
of secondary compression, The coe’ficient of secondary com-
pression (Ca) of the Upper Clay Layer determined in the labora-

4

tory tests varied from 5,5x10" " in./in./log cycle of time to

4

7.3x10" in./in./log cycle of time within the range of stress

levels of interest; the corresponding value determined for the

‘ in./in./log cycle of time. However,

Lower Clay Layer was 3,3x10"
because of its considerable depth and high degree of overconsoli-

dation, the Lower Clay Layer would contribute very little to the )
settlement of the Radwaste Building.

Taking an average thickness of the Upper Clay Layer to

¢ in./in./log cycle of time, we

be 15 ft, and assuming Ca = 7x10°
calculate the secondary compression of that layer to be 0.126 in./
log cycle of time. We estimate that primary consclidation of the
Upper Clay Layer will take about one year., Conseguently, we
estimate that secondary compression will contribute about 1/8 in.
to total settlement between the first and tenth year and about

1/4 in. between the first and 100th year. Our estimate of the
total settlement of the Radwaste Building indicated values between
2-1/2 in. and 4 in, Consequently, settlement due to secondary

compression of this heavily overconsolidated soil would be but d)

a small fraction of the total amount.
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Question 324.4

"The data provided regarding the continuity of the
deposits of the sand included in the upper clay is
not sufficient, Provide cross-sections to show the-
sand strata in the upper clay. The boring logs do
not contain a detailed description terminology
required to assess the continuity of these strata.
Provide detailed stratigraphic information to support

your conclusions that these strata are not continuous.

Resgonse

Cross-sections on which detailed stratigraphy is
indicated for each boring are presented in Appendix 324-B. As
concluded in Section 1.5.2.6.2 of the 4 February 1975 report,
the sand deposited in the Upper Clay Layer is typically in the
form of lenses and inclusions. In Section 1.10.3.1.2 of the
same report it is concluded that such inclusions are non=~
liquefiable under the SSE and would therefore be non-liquefiable

under the OBE,

guestion 324.5

"Provide copies of boring logs and reports for the
proposed Oyster Creek Unit No. 2. Also provide copies

of the Casagrande report for this site."”

Response

Copies of both the logs and the Casagrande reports are

presented in Appendix 324-C,.
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Question 324.6

*Based on the boring loges presented we cannot assess
the depth of the fill encountered. Document your
evaluation of the depth of the fill encountered and

discuss the methods employed."

Reuponu

The distinction between the fill and underlying
naturally deposited soil was made based on field and laboratory
examination of the spoon samples recovered, The fill is a re-
worked material with no identifiabie structure and is generally
mottled in color. Occasionally, pieces of wood were encountered
in the fill. 1In most cases, the underlying natural soil was of
the Cape May Formation, which has a more identificable structure
and colors which are banded or are uniform, In two cases (W2
and W5), the underlying natural soil was the Upper Clay Layer;
the latier is readily identifiable. 1In three cases (W3, W4 and

OWl), no fill was encountered.

Question 324.7

"The data in Table 1.8,2 dnes not support your state-
ment that the undrained shear strength ('u)' indicated
values of S, between 1 and 2 tsf, The average triaxial
shear and vane shear strength is less than 1 tsf.

Explain, "
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Re nse

The range given in the report is correct if all of the
strength -data are considered, including that determined by the

63 Torvane tests and the 62 pocket penetrometer tests.

Question 324,8

"Discuss the possibility of the groundwater level
increasing during the life of the plant, and the

effect on the liquefaction potential."

Response
The Oyster Creek Nuclear Power Station is underlain by
two aquifers. These are the Cape May aquifer and the underlying
Cohansey aquifer. The Cape May is a water table aquifer while

the Cohansey is a confined (or artesian) aquifer.

The plant site is bordered on two sides by tidal rivers
and on a third side by Barnegat Bay. The Cape May is hydrau-
lically connected to these waters, and its water level is,
therefore, in part, controlled by sea level. At the plant site,
this formation is directly recharged by rainfall, and large rain-
falls can cause short duration increases in water level (approxi=-
mately a 2 in, rise in water level for each inch of rainfall,
assuming a 50% recharge (Hardt and Hilton, 1969) and a 25%
porosity). However, due to the plant site's proximity to tidal
water, excess water in the Cape May will rapidly discharge to
these tidal water bodies. Unless there is a change in sea level
relative to the Cape May aquifer, it is not likely that there will

be any long-term increases in the water level of the Cape May.
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The main recharge area for the Cohansey is to the
northwest of the plant site in the Pine Barrens, The USGS has
an obseryation well in Whiting, New Jersey, approximately
10 miles from the plant site, which is completed in the Cohansey.
Continuous water level records have been obtained from this well
since 1952 (see Fig., 342.8.1). Between 1952 and 1972 inclusive
(21 years of record), the total water level fluctuation was
8.75 ft, and the maximum 1972 water level was only 0,63 ft less
than the maximum level recorded in that well. Another USGS
observation well, located near the Garden State Parkway, is
approximately two to three miles from the plant site. Water
levels have been measured sporadically in this well since 1967
(see Fig. 324.8.1). Between 1967 and 1973 inclusive, fluctuation )
was 2.22 ft (compared with 4.22 ft for the Whiting Well for the
same period) and the maximum water level for the period was
recorded in 1972. The maximum water level for 1973 was only
0.42 ft less than that for 1972. The rainfall for 1972 was
approximately 15 in. above the mean (see Fig. 324.8.1), while the
rainfall for 1973 was less than that for 1972, but still well
above average. Piezometer Pl, which was installed in 1973, has,
during a period of over one year, fluctuatec very little (about
1l ft; ie, between el 6 ft and el 7 ft). The records of the two
USGS observation wells indicate that the maximum piezometric level
in the Cohansey Formation in 1973 was within about 1 ft of the
maximum level recorded since 1952, The rainfall records suggest
that the 1972 piezometric level is probably within about 1 ft of :}’

the maximum level since 1952, 2
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Based on the above data, which are illustrated. in
Fig. 324.8.1, we conclude that water levels in the Cape May
and Cohansey Formations are not likely to rise above el 13 ft
and el 8 ft, respectively, during the life of the proposed
Radwaste Building. The effect on liquefaction potential would
be minimal., If one conservatively assumes the piezometric
level in the Cohansey Formation would rise to the same level
as the Cape May Formation (say to el 13), then the factors of
safety against liquefaction summarized in Table 1.10.6A and
Fig. 1.10.5A would be reduced by 8% to 10%. The resulting
factors of safety would still be very high, and quite satis~

factory.

Question 324.9

"Describe the backfill procedure used to place the
fill near boring W2, W5, and W9. Explain the reason

for the extremely loose condition of the fill."

Response
The area near borings W2, W5, and W9 is remote from
the original Oyster Creek Unit 1 structures and as such back-
fill was required by applicabie specification to provide for a
plant yard area backfilled and smooth graded but without

specific density requirements.
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Question 324.10

"Your evaluation of the significant number of cycles
in the liquefaction analysis is not consistent with

Lee and Chan data for a /amax equal 0.65. A

ave
number of 10 appears more reasonable for the sim-
plified procedure. This higher value will result in
an increase in the likelihood of ligquefaction for
each strata. Evaluate and compare the results based
on 5 and 10 cycles. Duplicate the apprcpriate
figures in the report at 10 equivalent stress cycles,

Use a C. value of 0.57 in all calculations and report

the results.,"

Response

As explained in Section 1.2, a qualitative evaluation
of ligquefaction potential during the OBE was made using the
simplified procedure (Seed and Idriss, 1971) based on 10 cycles
and Cr value of 0.57., The results are summarized in Fig. 1.10.2A
and 1.10.3A. An evaluation based on five cycles was used in our
report, dated 4 February 1975, and was somewhat less conserva-
tive. However, the laboratory (uncorrected) cyclic stress ratio
for 10 cycles is 0.246 for a relative density of 50% (Seed and
Idriss, 1971) based on an average grain size D50 = 0,25 mm. The
corresponding value for five cycles is approximately 0.27; the
degree of conservatism involved is quite small. The figures
(Fig. 1.10.2A and 1.10.3A), however, are based on 10 cycles and

Cr = 0.57 as requested.
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Question 324.11

"Less than half of the relative density test data is
representative of the Radwaste Building location.
Discuss the justification for using any data other
than that obtained at this location. Provide a

correlation with SPT data and relative density data."

Response

Relative density data from borings W3, W9, and W10A
were used in evaluating the liquefaction potential at the site.
Thes2 borings are located 50 ft to 120 ft from the proposed
Radwaste Building locaticn. The relative density measurements
from those borings, together with data from the borings located
within ihe proposed building area, are presented in Fig. 1.10.2
of our report and also Fig. 1.10.2A presented here; it should
be recognized that these values are based on direct determina-
tion of the relative density in the laboratory using undis~-

turbed samples.

Examination of Table 1.8.3 of the report dated
4 February 1975 reveals that there were six relative density
measurements involving undisturbed samples which are less than
60%. Five of these values are associated with borings outside
the building area (W2, W3, W9, and W10A). It is our opinion
that, in evaluating liquefaction potential, not considering
data from borings W2, W3, W9, and W10A would be imprudent and
unconservative, since the soil strata underlying those boring
locations (which are relatively close to the location of the

proposed Radwaste Building) have the same geologic histories



73C807B 32

and involved the same depositional processes as the corres-

ponding strata underlying the proposed building area.

A correlation between the SPT data and relative
density data (obtained from laboraiory tests on undisturbed
samples) is given in Fig. 324.11.1. This plot indicates that
both sources of relative density data have similar distribu-

tions of values.

Question 324.12

"Recalculate the uniform shear stress amplitude given
in Table 1.10.3 using five cycles for conversion

(p. 52) and report the results."”

Response

The uniform shear stress amplitudes given in
Table 1.10.3 of our report have been recalculated using five
cycles for conversion. As explained in Section 1.0, the shear
stresses were reduced to be compatible with the current NRC
position with regard to the design earthquake. This position
resulted in assigning 0.11 g for the peak ground surface
acceleration instead of the 0.22 g used in the 4 February 1975
report. The results of the recalculation are presented in

Table 324.12.1.

Question 324.13

"Provide the pore pressure, stress, strain, and the
number of cycles data in graphic format for the
cyclic tests used in this evaluation. Provide the
factor of safety against 10% double amplitude

strain."
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Response

The factors of safety (best estimate and lower bound)
against 10% double amplitude (:5% average) strain were calcu~-
lated in accordance with the procedures outlined in our report,
but using induced shear stresses based on a peak ground surface
acceleration of 0.11 g (instead of the 0.22 g used in our
report, dated 4 February 1975) and also using a Cr value of
0.57 instead of 0.66. These results are presented in
Table 324.13.1. The best estimate refers t» the average
strength value, while the lower bound is based on the average

strength minus one standard deviation.

Graphical presentations of the results of the cyclic

strength tests are given in Appendix D.

Question 324.14

(a) "Designate a maximum, total, and differential
settlement criterion for this structure."”
Response

Settlement criteria have been established as follows,
based on a design check for anticipated settlement:

a. Maximum total settlement - 3-1/2 inches

b. Maximum differential settlement - 1-1/2 inches.
In establishing these criteria, the foundation mat was modeled

as a plate on elastic springs with wall stiffness considered.
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The soil was modeled to 700 ft, in diameter and 1000 ft, in
depth to achieve good boundary conditions for both upper
bound and lower bound soil module. A realistic load distri-
bution from the super structure and equipment was established.
The computer program stardyne was used to perform the calcu-

lations.

It should be noted that previously identified esti-
mates of maximum total and differential settlement had been
made assuming uniform load distribution and without considering

the effects of wall stiffness.

It has been verified that the structures and other
design features, such as interconnections, will accept the
total and differential settlement thus calculated with appro-

priate safety margin.

'(b) "Provide a settlement monitoring program for

the life of the structure."

Resgonse

A settleme it monitoring program will be carried out.
Markers will be placed at 25-ft spacing around the perimeter
of the proposed structure. Vertical movements will be mcasured
by taking level readings using remote benchmarks. It is anti-
cipated that readings can be taken to within #0.1 in. accuracy.
In order to measure movements of the mat inside the building,

a hose level instrument will be used. An accuracy to within
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+0.01 in. is anticipated. 8ix pins will be installed at appro-
priate locations inside the building and readings will be taken

at reqular intervals.

Measurements will be made on weekly to bi-weekly
basis during the first year. Depending on the progress of
settlement, an appropriate interval will be selected after the
first year. We plan to start taking readings following the
completion of the mat foundation for the proposed buildings as

soon as placing markers and pins becomes possible.
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TABLE 1.10.2A

CALCULATED PEAK SHEAR STRESSES FOR THE
OPERATING BASIS EARTHQUAKE (OBE)

Calculated Peak
Shear Stress, T

max
(1b/f£t?)
Depth (ft)
Method of Analysis Acceleroyram
Site Response Analysis State Building 297 375 403 425
Parkfield 346 415 444 473
Artificial 336 406 450 491

Simplified Procedure of

Seed & Idriss (1971) Not Applicable 375 441 463 484
using- average stress

attenuation coefficient



TABLE 1,10.3A

COMPUTED EQUIVALENT UNIFORM SHEAR-STRESS AMPLITUDES AT

VARIOUS DEPTHS WITHIN THE UPPER PORTION OF THE
COHANSEY FORMATION FOR THE OPLRATING BASIS EARTHQUAKE (OBE)

Equivalent Uniform
Shear-Stress Amplitude, 1

(1b/ft?)

d

bep%éfﬁelow Ground Surface (ft)

Accelerogram

48

State Building
Parkfield

Artificial

Maximum Value

302
364
364

364



TABLE 1.10.6A )

SUMMARY OF CALCULATED FACTORS OF SAFETY
UPPER PORTION OF THC COHANSEY FORMATION
POR THE OPERATING BASIS EARTHQUAKE (OBE)

Calculated Factors of Safety

Initial

Depth Below Liguefacfion +10% Average Strain
Ground Surface Best' Lower? Best' Lower?
(ft) Estimate Bound Estimate Bound
Lscimate SR Lstimate 20unc

32 2.43 2:08 3.68 2.97

40 2.36 1.96 3.60 2.88

44 2.38 1.97 3.59 2.90

48 2.40 1.98 3.63 2.90

'Based on average strength value.

‘Based on strength value equal to average minus
one standard deviation.



TABLE 324.2.1
SUMMARY OF CONSOLIDATION TEST RESULTS
UPPER CLAY LAYER

Liquid  Plastic Preconsolidation  Overconsolidation
Boring Sample Depth  Water Content Limit Limit  Liquidity Pressure
No. No. (ft) (%) (%) (%) Index (ton/f12) Ratic (OCR)
w3 U4cC 336 421 72 33 0.23 10 10
w4 U3C 211 453 84 3?7 0.18 11 8
w8 UGB 28.6 451 92 41 0.08 12 10
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TABLE 324.2.2
SUMMARY OF LIQUIDITY INDICES

Natural Liquid Plastic
Boring Sample Depth Water Content Limit Limit Liquidity
No. No. (ft) (%) (%) (%) Index
wl v2c 178 47.9 77 40 0.21
87 19.0 49.7 54 29 0.83
s8 23.7 39.1 65 32 0.22
w2 U2B 20.8 41.3 79 39 0.06
W3 §7B 18.0 41.0 70 34 0.19
58 2.2 45.6 78 32 0.30
S9A 29.7 43.9 71 32 0.31
v4c 33.6 41.4 72 33 0.22
w4 u3c N v 51 R | 44.3 B84 37 0.16
S8 25.7 44.2 77 36 0.20
W5 U6eC 33.3% 28.0 54 28 0.00
S10A 34.0 27.8 38 20 0.43
wé s7 24.7 45.6 77 34 0. 27
s9 34.7 45.4 65 33 0.39

w8 U6B 28.6 42.6 92 41 0.03
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Boring No.

Wl
W3
w4
wl2
W13A

wWl4
Wlé

w17

W18

w19

SUMMARY OF RATIO -“/c':v

TABLE 324.2.3

Sample No. Depth (ft)
U3B 21.6
U4B 33.0
U3B 20.7
S2B 20.3
s2C 20.1
S2E 20.6
§2C 20.2
S1D 18.4
83C 21.8
S1D 19.0
83C 22.3
S1B 18.2
S2E 21.3
82D 20.7

8,/%0

0.53
1.14
0.80
0.85
1.03
1,35
0.77
0.69
0.61
0.55
0.67
0.92
0.71

0.48



TABLE 324,12,1

COMPUTED EQUIVALENT UNIFORM SHEAR~STRESS AMPLITUDES AT
VARIOUS DEPTHS WITHIN THE UPPER PORTION OF THE
COHANSEY FORMATION USING 5 CYCLES FOR CONVERSION
FOR THE OPERATING BASIS EARTHQUAKE (OBE)

Equivalent Uniform
Shear~Stress Amplitude, T4

i (1b/£t?

Depth Below Ground éuf?ice (Tt)

Peak Amplitude of 0.22 g) "EL!! 40 43 1
State Building 196 251 270 284
parkfield 261 313 335 357
Artificial 268 329 366 399

TABLE 324.13.1

SUMMARY OF CALCULATED FACTORS OF SAFETY IN UPPER PORTION OF
COHANSEY FORMATION FOR 10% DOUBLE-AMPLITUDE (:5% AVERAGE)
STRAIN FOR THE OPERATING BASIS EARTHQUAKE (OBE) =~ sy * 0.11 ¢

Calculated Factor of Safety

Depth Below

Ground Surface Best Lower
(ft) Estimate Bound
32 2.72 2.26
40 2.66 2.19
44 2.68 2.19

48 2.69 2,23
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vSOoL'L Oid

Depth Beiow Ground Surface (Ft)

Initial Liquefaction ~ 10% Awverage Strain
Shear Stress (1b/ft2)
Best'!! | Lowert? Best'!! Lower'2!
Estimate Bound Estimate Bound
243 202 368 297
2.36 1.96 360 288
2.38 197 358 290
2.40 1.98 363 2.90
(1} Based on average strength
See table 1.10.5, 4 Feb 1975 report
{2) Based on average strength
minus one standard deviation

EVALUATION OF LIQUEFACTION POTENTIAL
IN UPPER PORTION COHANSEY FORMATION DURING OBE
BASED ON SITE RESPONSE ANALYSES
AND LABORATORY CYCLIC TESTS

See table 1.10.5 4 Feb 1975 report
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EFFECTS OF SAND COMPACTION ON LIQUEFACTION
DURING THE TOKACHIOKI EARTHQUAKE

YORIHIKO OHSAKI®

1. FOREWORD

During the Tokachioki earthquake of 1968, a site of sandy ground showed a variety of’
damage features due to liquefaction. A part of the ground consisted of loose sand and
the other part was of dense sand, the latter suffering little damage. The part of loose
sand had been compacted locally by means of vibroflotation, which demonstrated its
effectiveness for preventing liquefaction.

In this paper, the characteristics of sand deposits before and after the earthquake and
the features of damage are described to offer field-observational information useful for
the establishment of criteria concerning the occurrence of liquefaction.

2. SITE AND SOIL CONDITIONS
The site of 1.2 paper-manufacturing plant is located in the city of Hachinohe which lies,

\!‘ -
~ .
-
~ & - -~
i :
T EPICENTER OF
HACHINONE  TORACHIOR!
EARTHQUARE
3 \
J
£
I‘.
I
¥ Roeann
’ 4 ¢
“t,’ " .
)
'ﬂVO’\_ >
e
™
/'L 0 100 2V Mok

Fig. 1. Location of Hachinohe Clty

* Dr, Eng., Head, Structures Division, Building Research Instiwute, 4-394, Hyakunin<cho, Shinjuku-ku,.
Tokyo.
Written discussions on this report should be submitted before January 1, 1971,
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as shown in Fig. 1, about 560 kilometers north of Tokyo.

The site with an area of about 660,000 m* is a flat, sandy beach fronting on the Pacific
Ocean, its ground elevation being in the range from 2.5 to .0 m. The west side of the site
is bordered by a diluvial, coastal terrace of elevation 20 to 25 m.

The ground of the site consists of sands almost entirely down to a depth of more than
20 m from the ground surface, containing a large quantity of iron sand. Eight explora-
tory borings P-1 through P-8 were performed in the site at the locations shown in Fig. 2,
and an example of the boring logs is represented in Fig. 3, in which it will be noticed
that N-values of the standard penetration test are extremely small down to a depth of about
5 meters from the ground surface. This portion had once been excavated to collect
iron sand and backfilled with the waste sand. Such excavation and backfilling had
been made almost all over the site, as shown in Fig. 4, except in a wood at the central part

@©f the site and along a few paths within the site. There were several swampy places along
the west border of the site.

The ground water table is not deeper than 1.5 meters everywhere in the site and, there-
fore, almost entire mass of the sand is saturated with the ground water.
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Fig. 2. Site and Locations of Exploratory Borings
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3. EXPIRIENCES OF THE NIIGATA EARTHQUAKE OF 1964

The construction of the manufacturing plant was schemed in the carly fall of 1964,
which was immediately after the Niigata earthquake of June 16, 1964,

Being asked engineering advices in connection (o the problems of liquefaction of sandy
ground, the writer tentatively pointed out, based on the experiences of the Niigata earth-
quake, the following five items as the conditions under which the ground would liquefy
during an earthquake of a considerable intensity, resulting in heavy damage 1o structures:

(1) Most of the soil from the ground surface down to a depth of 15 to 20 m consists
of sands.

(2) It is submerged under the ground water table,

(3) Its age of deposition is young.

(4) It consists of pure, uniform sands of medium grain size, i.e., i) the content of silt
and/or clay is less than 10 per cent, ii) its 60-per cent grain size is in the range of 0210
2.0 mm, and iii) its coefficient of uniformity is less than 5. In other words, its grain-size
distribution curve lies in the hatched zone in Fig. §.

*



Fig. 4. Excavated and Backfilled Areas

Fig. 8. Critical Zone for Grain-Size Distribution Curves
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(5) Its compactness is loose and the N-values of the standard penetration test are smal-
ler than the critical value represented by an expression

Nn = 22 (l)
in which z denotes a depth in m.

4 FOUNDATION PLANNING

When the soil conditions in the site are compared with the criteria in the preceding
section, it is readily apparent that (1) the constitution of the ground, (2) the ground water
condition and (3) the age of deposition are completely the case.

As for the grain-size of the sands, the grain-size distribution curves for samples taken
from the top $ m of the ground lie in the hatched zone in Fig. 6, indicating that most of
them are within the critical range represented in Fig. 5.

Furthermore, if the line of the critical N-values expressed by eq. (1) is drawn overlap-
ping the curve of actual N-values, for instance, of Fig. 3, then Fig. 7 is obtmined, which
indicates that the actual N-values are smaller than the critical ones in a range from the
ground surface down to a depth of approximately 5 m.

Based on the above considerations, a possibility was foreseen quite definitely that the
soils in the site, specifically the loose sands near the ground surface, would liquefy during
a future earthquake and cause heavy damage to buildings and facilities.

As a result, an adoption of pile foundation wis suggested to support vertical loads from
buildings and facilitics and it was confirmed by a pile Joading test that a reinforced con-
crete pile of 30 ¢cm in diameter and 7 m in length could develop an allowable bearing
capacity of 22 tons, ;

Even if piles are used, however, the experiences of the Nagata earthquake indicate that,
if the mass of soil around the piles was hquehicd, the bearing capacity was reduced because
of the loss in surface friction and overburden effects upon the pile point and, at the same
time, the lateral resistance of the pile disappeared almost completely.

To provide against such destructive situations, it was decided 1o compact the loose
sands between the piles so that they possessed N-values larger than the critical values
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expressed by eq. (1). As a method of compactic.i, a vib-oflotation process was finally
suggested ufter technical and economical compai sons wit . several other methods.

5. VIBROFIOTATION TESTS
Prior to the actual application of the vibroflotation process, a series of field tests were
carried out in the site. Namely, as shown in Fig. 8, the mass of loose sands was com-
pucted by a vibroflotation equipment at 19 points of a regular, tnangular configuration.
The pitch and the filling material for cach test were as tabulated in Table 1.

Table 1. Pitches and Filling Materlals

for Vibroflotation Testy
Test Pitch (m) Filling Material
No. | 1.20
No. 2 1.5 Sand
No. 3 1.80
No 4 1.20 Gravel

Qutlines of the vibroflotation equipment are as follows:

Effective length 7.00m

Outer diameter 17.78 cm

Driving power 15 HP .
Eccentric weight 23.4kg

Eccentricity 47 mm

Amphtude 4.3mm

Speed 1260 rpm
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Before and after the compaction, densities of the mass of sands were measured at
intermediate points shown in Fig. 8 by means of a cone penetrometer to check the effects
of compaction. The results of tests were as shown in Fig. 9. It was known with respect
to the cone penetrometer that, between the penetration resistance ¢, and the N-value of
the standard penctration test, a relation

g, = 4N
held approximately. Therefore, from eq. (1),

(9. )eriviens = 82 @)

where z denotes & depth in meters. A “target” line, i.c., & line expressed by eq. (2) 1s
drawn in each of Fig. 9. It is observed in Fig. 9 that the loose sands have been compacted
beyond the target line irrespective of the pitch of vibroflotation, and that gravel is more
eflective as filling material than sand.

6. CONSTRUCTION OF FOUNDATIONS
Apparently it should be recommended to apply, if possible, both pile-driving and com-
paction to all buildings and faciliues. However, by reason of economy and time limita-
tion the actual construction of foundations was performed in the following way:
Group I—For structures of primary industrial importance such as pulping plant, paper-
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. Fig. 10. N-Vaives after improvement
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making plant, power plant, etc., 8 compaction by means of vibroflotation was first per-
formed covering all building areas in a triangular configuration of 1.55m in pitch and
using sands as filling material, and then reinforced concrete piles of 30 cm in diameter were
driven to the bearing stratum at a depth of 6 to 7m.  Pile-driving was performed afier the
completion of vibrofiotation process in expectation of further compaction effects by pile-
driving.

After compaction and pile-driving the densities of thus compacted mass of sands were
measured by the standard penetration tests. The results are shown in Fig. 10(a), indicat-
ing that the sands were fairly successfully compacted beyond the critical N-value.

Group 11—For structures of secondary industrial importance such as warehouses, office
buildings, etc., the ground beneath the columns and the grade beams was compacted
stripwise by means of vibroflotation with 1.55-m pitch down to a depth of 6 to 7m. As
filling material, gravel was used and the effects of compaction was as shown in Fig. 10(b).
Then, footings of the building were placed upon thus compacted ground without piles.
Most tanks for chemicals were included in this group.

Group 111—For structures of minor industrial importance, neither pile foundations
nor compaction process were adopted.

PACIFI
(CEAN
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Thus, the total number of vibroflotation processes amounted to 16,841, that is,

for Group | 13,354
for Group II 3,487

A forGr_oup i el '_-_0 -
Total 16,841

The locations of structures belonging to the above three groups are illustrated in Fig. 11.

7. DAMAGE BY TOKACHIOKI EARTHQUAKE
The paper-manufacturing plant was completed in January, 1967, and about one and
half years after the completion it was attacked by the Tokachioki earthquake of May
16, 1968, The seismic data of the earthquakz were as follows:

Epicenter ........... 40.7°N, 43.7°E
Focal depth . ........ approximately 20 kilometers
Magnitude .. ........ M == 7.8 by Guienberg-Richter scale.

The location of the epicenter was as previously shown in Fig. 1 and the distance from the
city of Hachinohe was approximately 180 kilometers. According to the record of a
strong motion accelerograph installed at the harbor of Hachinohe, the maximum accele-
ration was 225 gals.

Structures, underground pipings, roads, private railway tracks, timber yards and so
forth in the plant were more or less damaged during the earthquake. The damage was
mostly due to liquefaction of the sandy ground. A certain vibrational damage such as
failure and buckling of steel bracings, shearing failure of rivets, fulling of a ceiling duct,
cracking of cover-concrete in steel columns, was also involved ; however, it was quite minor.

The damage due to hguefaction will be described in some detail in the following:

(1) Excavated, backfilled and not compacted portion of the ground liquetied almost
all over, causing subsidence and cracking as shown in Photo |, and eruption of sand and
water as shown in Photos 2 and 3. The distribution of liquefied zones and major crack-
ing of the ground is roughly skeiched in Fig. 12. It was clearly observed that liquefac-
tion took place most intensively at formerly swampy places.

(2) In the wood and along the former paths, where the ground had not been excavated,
no liquefaction occurred. Therclore, at the boundaries between those areas and adjacent
liquefied zones, there appeared fault-like differences in the ground surface elevation as
shown in Photo 4, amounting to about 50 cm at a maximum.

(3) No visible, structural damage was caused to the structures belonging to Group I,
except slight settlements of the floor slabs which were placed directly upon the compacted
ground surfuce. According to a precise leveling after the earthquake, differential settle-
ments in the structures of the Group were 9.8 mm on an average and 14 mm at a maximum,

(4) To the structures belonging to Group !l the damage was also slight. However,
the settlements of floor slabs placed on the not-compacted ground surface were considerably
large and the maximum settlement amounted to about 40 cm. A warehouse of the Group
moved horizontally by about 40 cm. Differential settlements in the structures belonging
to the Group were 150 mm on an average and 103 mm at a maximum. The warehouse
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Fig. 12, Liguefaction and Cracking of the Ground

which settled the most is shown in Photo §.

(5) Structures and facilities belonging to Group 11 were damaged heavily. An
example of the tilting of tanks is shown in Photo 6. Fortunately, however, no overturn-
ing occurred since every structure of the Group was not so heavy in weight.  Furthermore,
two important features of damage were observed in relation to the piping system of the
plant, that is, fuilures of pipings at the entrance into structures, as shown in Photo 7, due
to displacement of the structure and subsidence of the liquefied ground adjacent to the
structure, and failures of underground pipes which were running through the not-com-
pacied ground. These two features may be a trivial matter from a structural wewpomt
but, in faci, were important in the sense that the operation of the whole plant had to be
stopped for about a month efter the earthquake because of such failures of the piping
system.
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Pooto 1. Cracking of the Ground

Photo 2. Sand-Crater
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Photo 6. Tilting of Tenks
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Photo 7.  Failure of Piping

8§ CHANGE IN SOIL CONDITIONS

Approximately 20 days after the carthquake, borings were carried out in the site at the
locations P- 1, P-2, P-4, P-5 and P-6 previously shown an Fig. 2, the results of which were
quite interesiing and important in that they furnished information on the change in soil
conditions before and after the carthquake. P
Location P-6:

At this location the ground was apparently liquefied.  As shown in Fig. 13, N-values
of the standard penetration test, which had been extremely small before the earthquake,
increased to considerable values, indicating that the loose sands were liquelied, consoli-
duted and. as i result, were corapacted by the earthquake motion. Increased N-values
are around the critical N-values of eq. (1), suggesting that the latter represents a stable
state,

Locations P-1 and P4

At these locations the loose sands down to a depth of 510 6 m had been compacted by
means of vibroflotation, owing to which no liquefaction took place during the earthquake.
As shown in Fig. 14, the densities are suill affected by the earthquake motion.

Locations P-2 and P-5: ’

As previously shown in Fig. 2, these points are located in the wood at the central part
of the site, where fairly dense sand had not been disturbed by excavation or backfilling.
Therefore. there occurred no liquefaction during the earthquake. The changes of N-
values before and after the earthquake are shown in Fig. 15, in which it can be seen that
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the dense sand near the ground surface was rather loosened.

At every boring location the ground water table became somewhat shallower after the
earthquake.

9 CONCLUDING REMARKS AND ACKNOWLEDGEMENTS

In the preceding sections, features of damage to sandy ground during a severe earth-
quake and several related matters have been discussed. It is the writer's viewpoint,
however, that this paper is of interim nature at the present state since the experience at
this site would become more contnibutory to the solution of liquefaction problems, pro-
vided that more accurate and reliable determination of the field density of sand would be
performed.  Such a supplementary and, at the same time, more essential measurement
program is now being projected.

This paper has been written based on a monograph which the writer presented at the
Second Seminur on Soil Behavior and Ground Response During Earthquakes held in
August, 1969, at Berkeley, U. §. A., under the auspices of Japan-U.S. Cooperative Science
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Program. The writer wishes 10 express his appreciation and thanks to the participants
in the Seminar for their discussions and encouragements.




LIQUEFACTION AND CYCLIC MOBILITY
. OF SATURATED SANDS'
Discussion by Mishac K. Yegian,? A.M., ASCE

and Issa S. Oweis, ' M, ASCE

The author presented a valuable plot (Fig. 8) for
evaluating liquefaction potential based on reported field
case histories.

The writers attempted to employ this plot in their
liquefaction studies for a site along the east coast of the
United States. The postulated earthquake for this site is
of magnitude 5.0; with a peak ground surface acceleration
of 0.22 gravity at the site, A liquefaction analysis was
made of a sand layer extending from 32 ft to 50 ft below
ground surface. The water table is at a depth of 11 ft
below ground surface. The average standard penetration
resistance, N, in the sand layer is 22 blows/ft. Measured
relative densities from undisturbed sample had an average
value of 75%. Results from dynamic response analyses and
liquefaction testing on "undisturbed" samples indicated

ample safety factors against liquefaction. Usindg the

! June 1975, by Gonzalo Castro (Proc. Paper 11388).

? genior Staff Engineer, Woodward-Clyde Consultants, Clifton,
N.J.; Graduate Student, Massachusetts Institute of Technology.

' project Engineer, Woodward-Clyde Consultants, Clifton, N.J.



authbr'spdot, the likelihood for liquefaction would be
marginal at a depth of 32 ft and strong at a depth of 50 ft.
The discrepancy between the two conclusionn prompted the
writers to examine the assumptions made by the author with
regard to the use of a constant conversion factor of C.7
for all magnitudes and the calculation of shear stresses
pased on a rigid body assumption.

whitman (1971), who used a format very similavr %0 Fig. 8 for
organizing field observations, introduced the effect of
earthquake durations by correcting the dynamic shear stresses
" to correspond to a standard duration. To correct the maximum
dynamic shear stresses to a duration which would produce ten
uniform significant cycles, the author acknowledged that an
earthquake magnitude-dependent conversion factor R should be
employed. However, because of the scatter present in Lee and
Chan's (1972) data, the author decided to adopt a constant
factor of 0.7. In doing so, in effect, the author did not
take into account the influence of earthquake duration in
his interpretation of the §ata. Figure 12 presents the
relationship between R and earthguake magnitude M as
suggested by the average relationships from Lee and Chan
(1972). This figure indicates that the shear stress
conversion factor, R, on the average, varies between 0.65 and
0.85 for magnitudes ranging between 5.2 and 7.2. This range
of values of R may even be larger if greater magnitudes are
also considered. Inasmuch as 80% of the case histories cited

by the author are for magnitudes qgreater thon 7.2 and about



93% of the data points plotted within or close to the
critical band suggested by the author also correspond to
magnitudes greater than 7.2, it is the writers' opinion
that the author's choice of a constant value of R equal to
0.7 is overly conservative.

The writers reexamined the data used by the author and
decided to employ Fig. 12 to incorporate magnitude~dependent
shear stress converson factor R. For the cases involving
magnitudes greater than 7.2 which, as previously stated,
 constituted 95% of the critical data points, a constant
value of R equal to 0.85 was adopted. This value of R
corresponds to a magnitude of 7.2 as suggested by Fig. 12.
For the rest of the available data, the value of R was
chosen on the basis of Fig. 12. Figure 13 presents the
writers' data and suggested critical band.

The position of the critical band is dictated primarily
by the data points corresponding to magnitudes greater than
7.2. The critical band thus obtained by the writers could
have also been arrived at by shifting the critical band
suggested by the author vertically up by the ratic of 0.85
to 0.7 as shown in Fig. 14. To use the plot sugyested by
the writers, it is essential that the user employs a con=-
version factor of R = 0,85 for cases involving magnitudes
greater than 7.2 and Fig. 12 for magnitudes less than 7.2.

The author assumed that the stress attenuation with

depth for the case histories studicd was ncglicible.  Thf



assumption is certainly reasonable for near-surface (up to

25 ft) conditions which constitute the great majority of

the case histories cited by the author. However, the writers

believe that for depths greater than 25 ft, a stress re-

duction factor should be used in conjunction with Fig. 13.
Finally, the liquefaction potential of the sand layer

described was reevaluated based on the writers' recommendation

described above. The value of the stress conversion factor

R was obtained from Fig. 12. The stress attentuation factors
as obtained from dynamic response analyses varied from 0.78 at
‘a depth of 32 ft to 0.75 at a depth of 50 ft. From Fig. 14,
it is clear that the sand layer in question would be safe
against liquefaciton; a conclusion compatible with response
analyses and liquefaction cyclic laboratory testing on

undisturbed samples.
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A

Paoto 7. Faliure of Piping

8. CHANGE IN SOIL CONDITIONS

Approximately 20 days afier the carthquake, borings were carried out in the site at the
locations P- 1. P-2, P-4, P-5 and P-6 previously shown in Fig. 2, the results of which were
guite interesting and ymportant in that they furnished information on the change in soil
conditions before and after the earthquake. .

Location P-6:

At this location the ground was apparently liquefied.  As shown in Fig. 13, N-values
of the standard penctration test, which had been extremely small before the earthquake,
increased to considerable values, indicating that the loose sands were liquefied, consoli-
dated and. as a result, were corapacted by the earthquake motion. Increased N-values
are around the critical N-values of eq. (1), suggesting that the latter represents a stable
state.

Locations P-1 and P-4:

At these locations the loose sands down to a depth of 510 6. m had been compacted by
means of vibroflotation, owing 10 which no liquefaction took place during the earthquake.
As shown in Fig. 14, the densities are still affected by the earthquake motion.

Locations P-2 and P-5: v

As previously shown in Fig. 2, these points are located in the wood at the central part
of the site, where fairly dense sand had not been disturbed by excavation or backfilling.
Therefore. there occurred no liquefaction during the carthquake. The changes of N-
values before and after the earthquake arc shown in Fig. 15, in which it can be seen that
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the dense sand near the ground surface was rather loosened.
At every boring location the ground water table became somewhat shallower after the
carthquake.

9 CONCLUDING REMARKS AND ACKNOWLEDGEMENTS

In the preceding sections, features of damage to sandy ground during a severe earth-
quake and several related matters have been discussed. It is the writer's viewpoint,
however, that this paper is of interim nature at the present state since the experience at
this site would become more contributory to the solution of liquefaction problems, pro-
vided that more accurate and reliable determination of the field density of sand would be
performed. Such a supplementary and, at the same time, more essential measurement
program is now being projected,

This paper has been written based on a monograph which the writer presented at the
Second Seminar on Soil Behavior and Ground Response During Earthquakes held in
August, 1969, at Berkeley, U, 8. A, under the auspices of Japan-U.S. Cooperative Science
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LIQUEFACTION AND CYCLIC MOBILITY
OF SATURATED SANDS'
Discussion by Mishac K. Yegian,? A.M. ASCE

and Issa S. Oweis, * M. ASCE

The author presented a valuable plot (Fig. 8) for
evaluating liquefaction potential based on reported field
case histories.

The writers attempted to employ this plot in their
“liquefaction studies for a sit~ zlong the east coast of the
United States. The postulated earthquake for this site is
of magnitude 5.0; with a peak ground surface acceleration
of 0.22 gravity at the site. A liquefaction analysis was
made of a sand layer extending from 32 ft to 50 ft below
ground surface. The water table is at a depth of 11 ft
below ground surface. The average standard penetration
resistance, N, in the sand layer is 22 blows/ft. Measured
relative densities from undisturbed sample had an average
value of 75%. Results from dynamic response analyses and
liquefaction testing on "undisturbed" samples indicated

ample safety factors against liquefaction. Using the

! June 1975, by Gonzalo Castro (Proc., Paper 11388).

? genior Staff Engineer, Woodward-Clyde Consultants, Clifton,
N.J.; Graduate Student, Massachusetts Institute of Technology.

' project Engincer, Woodward-Clyde Consuitants, Clifton, N.J.



authbr'-;ﬂot, the likelihood for liquefaction would be
marginal at a depth of 32 ft and strong at a depth of 50 ft.
The discrepancy between the two conclusions prompted the
writers to examine the assumptions made by the author with
regard to the use of a constant conversion factor of C.7
for all magnitudes and the caiculation of shear stresses
based on a rigid body assumption.

Whitman (1971), who used a format very similar to Fig. 8 for
organizing field observations, introduced the effect of
earthquake durations by correcting the dynamic shear stresses
" to correspond to a standard duration. To correct the maximum
dynamic shear stresses to a duration which would produce ten
uniform significant cycles, the author acknowledged that an
earthguake magnitude-dependent conversion factor R should be
employed. However, pecause of the scatter present in Lee and
Chan's (1972) data, the author decidef to adopt a constant
factor of 0.7. In doing so, in effect, the author did not
take into account the influence of earthquake duration in
his interpretation of the Qata. Figure 12 presents the
relationship between R and earthquake magnitude M as
suggested by the average relationships from Lee and Chan
(1972). This figure indicates that the shear stress
conversion factor, R, on the average, varies between 0.65 and
0.85 for magnitudes ranging between 5.2 and 7.2. This range
of values of R may even be larger if greater magnitudes are
also considered. Inasmuch as 80% of the case histories cited

by the author are for maqnitudes gqreater than 7.2 and about



95% of the data points plotted within or close to the
critical band suggested by the author also correspond to
magnitudes greater than 7.2, it is the writers' opinion
that the author's choice of a constant value of R equal to
0.7 is overly conservative.

The writers reexamined the da.a used by the author and
decided to employ Fig. 12 Lo incorporate magnitude-dependent
shear stress converson factor R. For the cases involving
magnitudes greater than 7.2 which, as previously stated,

. constituted 95% of the critical deta points, a constant
value of R equal to 0.85 was adopted. This value of R
corresponds to a magnitude of 7.2 as suggested by Fig. 12.
For the rest of the available data, the value of R was
chosen on the basis of Fig. 12. Figure 13 presents the
writers' data and suggested critical band.

The position of the critical band is dictated primarily
by the data points corresponding to magnitudes greater than
7.2. ‘The critical band thus obtained by the writers could
have also been arrived at by shifting the critical band
suggested by the author vertically up by the ratio of 0.85
to 0.7 as shown in Fig. 14. To use the plot suggested by
the writers, it is essential that the user employs a con-
version factor of R = 0.85 for cases involving magnitudes
greater than 7.2 and Fig. 12 for magnitudes less than 7.2,

The author assumed that the stress attenuation with

N, "M

depth for the case histories studicd was noglicible P



assumption is certainly reasonable for near-surface (up to
25 ft) conditions which constitute the great majority of
the case histories cited by the author. However, the writers
believe that for depths greater than 25 ft, a stress re-
duction factor should be used in conjunction with Fig. 13.
Finally, the liguefaction potential of the sand layer
described was reevaluated based on the writers' recommendation
described above. The value of the stress conversion factor
R was obtained from Fig. 12. The stress attentuation factors
as obtained from dynamic response analyses varied from 0.78 at
va depth of 32 ft to 0.75 at a depth of 50 ft. From Fig. 14,
it is clear that the sand layer in question would be safe
against liquefaciton; a conclusion compatible with response
analyses and liquefaction cyclic laboratory testing on

undisturbed samples.
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UPPER CLAY LAYER
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ARTHUR CASAGRANDY.
LEO CASAGRANDE

Picrce 1ol
Cambridge, NMa.s 02138

October i1, 1968

Mr. P, Nardone
Projcct Manager
+Burns and Roc

700 Kinderkamnack Road
Oradell, N, J. 07649

Subject: Oyster Creek No, 2
Relative Density Tests on Undisturbhed
sand Samples from Borings 19 and 20

Dear Mr., Nardone:

In accordance with your letter of September 30, we have
perforned rclative density tests on the ten undisturbed sanples
of sand which were taken from borings 19 and 20. Those sanples

‘'were brought (Lo our laboratory by car on September 30,

Five of the samples were taken in steel tubes with an out-
siac diameter of three inches and a wall thickness of one-
eighth .nch, and five sanples in brass tubes having the samc
dimensions., All tubes were 30 in, long.  They were taken with
a Model 200 Mayhew trucke-mounted drill rig, using an Osterborg

sampler with a 3.125 in, diameter piston,:

d

The actual length of the samples indide the tubes ranged
between 12 in, and 24 in. The por‘ion of ecach sample that
appcearcd sufficiently undisturbed 42 permit vwelative densit)
deteminations ranged between 5 in, and 14 in. All sowples L4
disturbed rnaterial in the upper portion, and several showed

also sampic dicturbance in the hottom porti.on,



Mr. P. flaxdouc . -2= "~ October 14, 1968

The sands in these samples were generally clean, i.e.
containing less than 5% passing a No. 200 sieve. The majority
of the samples were fine to medium sands having uniform
gradation. Several samples containcd layers with a wider
gradation which ranged into fine gravel, as can be seen in
Figs. 1 and 2. All changes in gradation were gradual, without
distinct stratification. However, some of the samples showed
color stratification of yellow and gray. All these character-
istics, and particularly the absence of distinct stratificaticn
and cross-bedding, and also the high relative densitics vhich

are reported below, are typical for beach deposits.

The results of 13 relutive density detcrminations on
gections of the samples which appeared to be sufficiently un-
disturbed, are listed in Table 1, together with othcr pertinent
information. Grain size analyses were performed on all test

specimens and the results are plotted in Figs. 1, 2 and 3.

As can be seen in Table 1, the relative densitics of the
test specimens ranged between 80% and 103%, with an arithmetic
mean of 93.5% of all results. There appears to be no distinct
variations in relative densities of the sands betwoen the

depths of 43 and 74 ft, .

-

It is of intexcest to compare vhese rasults with relat:v-
densit.cs reported in Table 4 of our report <ated Scptembe:
1968, for the sand layers between the depths of 81 and 92 £,
The principal purposc of that repovt was to investigate the



Mr. P, Nardone -3~ October 14, 1968

properties of clay layers. However, since some of the un-~
disturbed samples of clay contained sand layers, we performed
on four specimens the relative density tests shown in that
Table 4. Relative densities ranged between 87% and 103%, with
an arithmetic mean of 95.2%; i.e. these results are similar to
those listed in the appended Table 1. However, the sand layers
between the clay layers were finer and contained about 7 to &%

of material passing a No. 200 sicve.

It is concluded from the relative density determinations
that all sands below a depth of about 43 ft are dense to very
dense and that they are safe beyond human doubt against

liquefaction when subjected to a very severe carthquake.

Bincerely yours,

17 q
j(f;’mﬂm.q 7y

A. Casagrande
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TABLE 1

RELATIVE DENSITY TESTL ON UNDISTURBED

SAND SPECIMENS

BORINGS NO, 19 AND NO, 20 (El.~+20)

8::;1293. Dex;:h Drylg;i:cx ;J:ight Relativ; Density

Section No,
20-28B 43.0 113.5 95
20-2C 43 .4 105.0' 103
20-2D 44,2 117.0 96
19-2C 44 .8 104.5 99
19-2D 45.6 103.0 92
20-3D 40.6 118.5 81
19-3D 49.5 121.2 101
20-4C 51.6 104.8 80
19-4B 52,8 100.5 81
20-5B 54 .8 101.5 92
20-9D 69.2 109.0 100
20-10C 72.4 122.3 103
19-10D 73.5 115.0 90
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1. XNTRODLCTION

-
-

Juring May 1967, exploratory bors. ngs No. 1 to 16 woere
carricd out at the gite for Unit No. 2 by the horing contractor
Warren Geoxge. In )5 of these borings, standord gplit-spoon
samples were taken at approximntely 5 £t intervalg, except at
elevations where 3 in., undisturboed samplec were taken in five
of these borings. In only one horing were cpnsecutive undic-
turbed sanples token from the stratun boetween depths of about
£0 and 100 #t, which vas found to contain clay laycrs.

Of thce 16 borings, seven were stopped at a dopth of about
51 ft, one at 75 f£t, onc at 102 f£i, five at 150 ft, on2 ot
200 It and evae vas auvanpcoea to a depih oL 402 Li.

In June 1960, ve received the logs of borincgs 1 to 16 ond
the gplit-gpoon saples fron borings 4 ahd 5. Exomimngtion of
these saples disclosod the prescoce of thin layors of ouconice
clay at a depth of about 100 £t. Furthgzaoce, the boring lugs
indicated that stnilar thin clay layecs may be found boetweon
the depths of ebout G0 and 100 5, mhcro}orc, we requegted
that t™c nine undicsturbed sanples frmnlinﬁmelh, vhich wora
taken botween the depihs of 80 and .02, be sent Lo us for 2.
tatled caanination and testing. 'heco somples vere trausporicd

te us by Ex, W, G, Yhoxpe by autonniiie on July 8, 1960,



The puvrogse of this report is to present the following

data dnd results of our investigations:

1. The description, Vith a few classification tests, of
the split-npoon samples from borings 4 and 5. |

2. The detailed description and classification tests of
the undistucbaed sanples from bdring 14, 1hc1uding relative
density tests on undisturbed specinens of sand layers,

3. Coupressive strength tests on undisturbed specivens of
the organic clay layers from roring 14,

4. Congolidation teste on undisturbed gpocimens of oxdaenic
clay layers from borxing 14,

5. Computation of contribution to setilemente fvoa con-
solidation of the clay layors, ¢

6. BEstimation of probwable range of gottlenents for Unid
No, 2 vased on (1) a conparison of the borings from Units Ho.
1 and No., 2 and (2) a revicw of'thc obsérvcd scottleinents of

Unit No. 1.
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11, CANFRAL JBSCRIMYION OF SOLT, STAA

The ground surface for all borings 1 to 16 was approipato-
1y El, 20, %Thercfore, it is convenicnt to use for refoerence
- " —
depths from the ground surioecc.
All gubsgoll strata are found to eztend horizontally acroos

the entive site. They are descreibed uvnder the following sub-

headinas, '

$tratom A - Corpy.sifand
Thie strotun is probably a boach sanc depogit., It extandy
to an avorave depth of 17 £t (81, 43), with a winjvun ¢a2pth oOf
14 (El. +6) end a naximam depth of 20 £t (Ei. zero),
The majority of the standarxd penetration resigtance valoow
"

UN" averagoes betveen 25 and 40 blows/it. The windsan "d% valuos

in all bovinga, oatiting oine exteome value, range boetvoon 20

DA

anc¢ 51, Tho mpadxinmua "d" valuzs range between 34 and 70,

Slratwa R_- Mark-colored Oiganic Clay
This stratum ranges between the avdhrage depthes of 17 and

34 £t (BLl. +3 to El,. =14), thus averaging 17 ft in thickness.

The Ltop surfasc varics batveen the depihs of 14 and 20 ¢,

(El. 46 an” ¥1, zero) and the bobliom surface belween tho dopths

of 25 and 40 £ (£)1. =5 and k1. =.13). )



The consistency of this clay staiitua varics erratically
petween stiff and medium soft, indicating that during its depo-
gition, it hau baen subjocted to drying cycles,

The standard penetration resistance values "N" range be-
tween the extremes of 3 and 32, with the mujority of the blow-
counts ranging batween 10 and 20. The higher blovwcounts are:

undoubt=dily influenced by interbedded laycrs of sand.

Stratun € - Compact Fine Sand

This strotua of light-brown, medium to fine sand extends
from the Hottow of the overlying organic clay to an average
depth of about &0 ft (&1, ~60).

Burns and Ro2 hag tentatively pfOposed to excavate all
soils to a deplh of 50 £t (El., =30), and then backiill to fouvr-
dation grade El. =20 with propercly compacvoed ¢ranular naLeriala,
Therefore, it ie of intercst Lo review the "@" valucs in this
sand strutum separately between the depths of 40 and 50 ft

!
(since excavation to a depth of 40 f¢ would be nccessary to el~
iminate all cluy) and below a depth »f 50 fl.
The "H" values Between the dop hs of 40 aﬁd H0 Lt uLe
listed below for all Yorings, using tae abbreviation "R" foo

‘B values greater than 100, whici is usvilly relerred to as

"Rofuweal™,



Boring “o. "N' Values DBetwaen Denths of 40 and 50 ft
1 37
2 66-60
3 ' 49-R
4 | R-R
5 ' 96-85
6 .ll-R
7 : ; 47-43-61
0 58-57 '
9 4442
10 59-62
11 R-40
12 51-42
13 35~30
14 Re-R
15 28-—21

U - O —

The "N" values bolow a depth of 50 tire listed for the eight

deep boriis in the following swwnary.
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Boring No. *N* Values Bebtvinen Depths of 50 and 00 £
2 29-N~-R-70~72~20-34
3 49-R-N-R-72.-40
5™
4 R=9% ~R-1=R=R
S
5 91-22-R~R-59-64
6 85-R-Rk-03=73-N-54-R
10 58-29--R~62~85-0"
14 70-E-R-R-89~77
15 EETR‘"“R°R*R

In the gl borinee uhich wera gtepped ot rhout 51 £f, 4ha

gingle "H" value obtained in each boring, gtorting with the

L4
blovcount at a depth of 50, vag as follows:

Boring Ro. | 8 9 11 12 13
"RY Value 37 R 33 32 6 R [l
h——

Of tho total of 29 "R" values rnco:d;ﬂ batween thoe doptls
of 40 and 50 ft, there wore six rvfusals’and only three valucs
lJess than 30,

C7 the total of 57 "N" valucs determined in this siratan

.
1 (%),




and only five values legs than 30, Four of these five “N"
values range between 22 and 29, and they were preceded or

follovwed by very high blowcounts.

1he lagst split-spoon sanple which was taken in boring 12

from depth 50.0 to 51.5 £, showed blowcounts of only 3/3/3,
i.e. N= 6. ‘'"mis ebsence of any increase in resistance hotween
the successive blowcounts for 6-inch penetrations, indicates

that the blowcount wag taien in badly disturboed sand, probubly

gand which had bzen subjected to a “guick" condition created

by fanlty techuique.

As dincloesed by the "N" values, it can be seen that there

-~

is no diffcrence. in.ihe conppgtness oF

-

the gand stratun hetveen
. e ® - -

the depths O.'_’O to 50 £t and bolow b)) fiL,

Bagea LSS pnmm—————— R Sl
Yhe boring contractor, Varren George, uscd boring  cqguip-
ment and techmiques for determining the "R valuves which are
gimilar to those usced by the Rayieond Conpuny. Since we have

exlensive cryarience with "H" values in sands obtainad by the
-

A

Rayisond Coupany, we assuine that the "N" values obtained by these
two contraztors are comparable On thin bnsis; ve concludce that
a sond stratum wvith "B" values as Misted above, and with onTy
occasionat blowecounts falling below 30, has relative dousitices

gubstanti: 11y greater than 704, hic conclusion is also



gubstantiared by the results of reletive density deteonirations
of undistu-hed samples of the sand from Stratum D (87% to 103/),,
in which the average "N" values were actually smaller than in
Stratwa C, as presented under the next headiny.

On the basis of this roview, it is concluded that the gsand

- e

g

deposit below a depth of 50 ft is generally vory conpact.

W -

b — - ———

Stratwm D -~ Stratificd Fine Sands and Thin Loyers of Clay

e

Betwoen the average depths of 080 fL and 105 £t (E1. 6O to

£). -85) there is a stratum of dark-gray and brown fine sands,

a 1nvers ©f daxk-krown

usui.lly siiehtly giliy, ceatalining tu yoers ©F arxk

organic c¢lay. In the und ubod samples froin boring 14, the

greatest thickness of a clay layer was found to b2 5 in., Yhe?
majority of the clay layers wore less than one inch thick.

Pascd on accurate measurements of the thickness of &ll cliy

layers in the nine wadisturbed sanples from boring 14, it is
estimated that the coabined thickness of ull clay layers in this
gtratum is Lpproximatclx_iég_iﬁh e
Tha "W" values in this stratuw varicd cfrqticully bety wen
the extromes of 124 and Refusal, depending on vhether thy roiic-

.

tance was develoved chieflv in the compact sand layers or vi.athor

clay layors were cncountexcd,



The "H" values in this stratwe ranged as follows:

Boring No. “N" Values in Stratumn D
2 34-40-66
3 25-26
4 26-27-26~Gi
5 26 -1 ‘
6 54-R-§
10 14-20-69-CY
14 . 44 (one determination intczrupting
sequencs of undiscvibad saolos)
15 23-23-R

-

Of the total of 22 “W" wvalues, four were in cxcess of 100 (rof
usnl) end 10 values were smaller than 30,
The clay layers were found to be harxd and brittle in the

undisturbed stote, Purther infomaation oh the propertics of

these clay 'ayers arc presconted in Chaplltxs V and VI,

Stratue 1 - Vory Compact, Fine to boediuwn Sands

— - ——

Underlying Stratum D is a massive siratum of very coapect,

gray, firc to madivm zand. In boring 2, it was found to c:teond
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to the botiom of the boring, depth 200 £t (Ll. -100) . In bor-
ing 4, this stratwn vas found to extoend t§ a depth of 218 £t
(21, -190).

The majority of the "R" values are in excess of 100, i.e.
refusal, The single relatively low value of N = 40, in boring
15 was obtaincd iwmncdiately bencath Stratum P, at a depth of
105 to 106.5% ft., ‘Whe other nin2 "R values al greater depths

were all refusalg, i.e. in excess of 100,

Stratun P - Voerv Deen Cloy Lavess in Poriag 4

i
o--._ - ——— . —— - . - — —

T Ypenring /," twn very hard elay laveve worg sneonniaved
baetween the depths of 213 and 230 £u (4L, 190 and B1l, -210),
and betueen 243 and 251 £t (Br, =223 tuc Bl 231). "YThe "¢

valuces in these clay layexs ranged beiveon 69 and 93,

TEI,  SPIAT-6U000 S2UDLES Fidy DOITHCS 4 AMD 6

]
Only ivom borings 4 and 5 were the gplit-spoon samploes
\ >
sent to us jor examination. The drsceription “of these sanplos,

togaeihoy vith other pertinent info.aation and the results of

sone classification tests are recorded in Tables L and 2.




v, ESCRY PPION OF UMM STURBED 6700008 POk BORTNG 14, AN

CILASEIFICATTION TELTS

Nine undistéhbed 3 in. diameter samples were obtained from
boring 14 betwecen the depths of 80 and 102 f£t. In our labora-
tory these samples were cut into sections averaging 6 in. long,
and cach gection wag extruded and cxanined. All clay laycers
vwere recoveroed with great care and vaere used for varioué teuts,
Several layers of sand that appearcd to be quite vadistuchoed
and vhich showed no significant varviations in g¢radation, were
used for relative density toests,

A gumnacy of all pertinent infouuation on thoese cemples,
including the resulis of the clasuificet{on tests, is contaiugﬂ
in Table 3.

The in situ dry uait welghts and co:ruuponding relative
density tests on four sand gpociiens, cut from sand layers vhich
vere of sullicient thickness to pemnit such Jdeterminations, wce
Jisted in Table 4. Yhe relative Congatitis ranved Lotween 87
and 103%. The grain gize curves J¢. the same and also several
other sand specimers arc plotted in Fug. 1 and 2.

Table S contains @ list ng of “he thicknesc of all clay
Jayers which vere found in the und.:lurhed sawples, togethor

with their natwral vater contents and ihe httoecberg Limil .,



In th2 plansticity chart in Fig. 2 aﬁe plotted, in the co. -
vcntiogal manner, the results of the Atterberg Limit tests
deternined on "undricd" specimens. As can be secn, aluost all
points fel) slichtly to congidcrably balow the A line. Thig is
typical for organic clays. On this plot arec also shown the
results of tests pecforued on oven-dricd material. These
pointu are connected to the positions of the "undried" materinl
by daghed lincs., Ag can be seen, the plasticity index is re-
duccd by more than 504 by ovendeying, which is also typical for

orgunic clays.

V. COLPRUSSIVE HTRUCINS o UL STURED CLAY SPRCHT . Lig

’

The resulis of unconfined conpression tests are listed in
Table 6, and three representative strecss-strain curves are nlot-
ted in Fig. 4, As indicated in Table G,"four of the toest upoci-
mens broke poacaturely by splitting and g?ve the lowest strongth
values. Those specimans vhich failed vith well-developed sheny

'
pPlancs gave compressive strengths betwoer 6 énd 8 kqg/uq e ‘iuf),
Tt was observed that the most brittle clay layers had 1ot-

ural water contents below the plastic linit. A specinen of such

a layer vog kept under woter for a period of four weeks and



wlde

phowed no s!uas of swalling. By camparison, other clay laynirs
were found to have water contents substantially higher thian the
plastic limit. It is believed that guch clay layers had sul-
fered oxcessive strains during sempling which broke the strué-
tural bonds, relcasing the swelling potential and cougina water
to be absorhad from the adjacent sand layers, Thorcfore, the
conpressive strength results repocted Lolow are probably on an
average subsiantially smaller than the in situ stroength of thoese

clay layecrs.

VI, QONSOIaMATECH Tiy's O UNDTSMINIED CILY BPECLE .S
The resulis of six congolidation (csfs on spoecimaens cud
fron those clay layers vhich appenred to b2 least dilstuched,
arc shown in Table 7 and in Ficu. 5 to 10, As can be soeen, the
void ratio-pressure curves disclose a vell-develoged proconsoli-
dation prescace, vhich are 3nﬂ|;ntcd in the figuccs by a heavy
horizontal bag, and which are gwasarized in Table 7. They in-
dicate a j r.ronsolicdation pressure ranging botween 10 and L3 tsf,
From vhese few consolidation tegts, it is not poasible to
conc.ude vhether the preconsolidation was produced by drying or

by @ gubsti ntie' thickness of additional overburden which wvas




o) =

latoer eroded., 1t would be of intercst to cbtain the” opinion ~f
o geol;gint who has gpecialized in thne soil deposits of the
cast coast.

In the consolidation test shown in Pig. 9, the swelling
and reccompression characteristics vore determincd within the
load range of 9.0 and 0.75 tsf., The slope of this rehound loop

vields the recompression inde:x Cr = 0,022,

VII. ESTIMACION OF SEWLRIZINS

The most reliakle basis for en cstimation of the settle-
ments of Unit No, 2 arxo thc obscrved settlements of Unit Mo, ),
provided it is proven that the subsoil conditions at holh wnits
arc similoar., In addition, our meagsurcuznts of the thickneess
and conpressihility of the e¢lay layers permit eén analysis of
the contirihution to the scttlomeats fron consolidation of thuso
clay laycrs. Thege two avenues §f analysis are presented under

!

the following sub-headings.

J. Conpurison of Subsoil Conditicng at Uaitg Mo, 1 and W, .

.
- —-—

Vhan conparing the descriplion of the goil strata and tlo
"N" values vhich are contained in the boring logs for Unit o, 1

with those for Unit No. 2, onc muant keep in nind that thesoe two



gots of borings woere carried out by different boring coatvac-
tors uecing different equipment, The soil names which are uned
by boring foremen are "highly individualistic". Such men have
no training in soil mechanics, Partiéulurly the older boring
foreinen are accustomed to using the termw "silt" for all organic
finc-yrained soils which in soil nechanics are clussificd agu
organic clays and organic silt-clays.

The borings for Unit No. ) were made by ﬁﬁfﬁgﬂe & Henvood,
and in their logs the term "silt" is used both for the uppoer
organic clay stratum ag well as {foxy the clay layers which ve
foung petuctn the dogths of 80 and 105 £ at 2itn foy Mt Vo,
2, 1.e, in Stratum D ag designated in this repost. Thig Stratuum
D can he identified clearly also in all those bocings Lfor Uait
No. 1 vhich citend to suflicient depthe whoen kecping in wind
vhat de meant by the term "silt" in those boring loos,

From such a ecomparison, thoe uonclumion is justified that
all subgsoil strota extend essenlially horizontally boncath beih
units and have similar proportics. Howeyer, thg "H" values can-
not be used to dunenstrate this sanisarity because the standiard

penctration registances values "N" copend greatly on tle Cfuip-

rent and tochniques uweed for deternining the loveount. Fo.s



exanple, we have made comparative Investigations hetween tle

“N" valucs obtained at another site by Sprague & Henvwood and

S — -

other boring contractors, and we have observed that (1) the

YN" valucs obtuined by Sprague & chvooa are COHS‘B(LHL]Y and

e ! LR L e
—’

very substantially greater than tho (&) obtuincd h/ the other

e R
L

contractors, and (2) that even the pane confractor us'ing tvo
Aifforent types of equipment will obiain gnite diffcrent "0"

valucs at the same location and within the same stxatum.

LY

fottlenents of Reoctoe Unit Mo, 2 Fstieated frop Ohnexved

sottremonty of Koactor nit po, 1

Aecording to the data contained in the Burng and Roe loetier
of Mugust 16, addressced to the vriters, the scttloaoents of
Resctor Unit No. 1 from start of construction until May 1903
have ranged batween 0,055 and 0,062 ft, DBy conpavison, we have

estinated geticlements of "less than one inch" in our leiter LO
c'.
™ L -

Burns and Roz dated July 3, 1964, Ve agree vith’ your conclusicn

-

that the settlements of it No, 1 have approached their ultli-
wate value, Cectainly any additionl total and diffcrential
settlewente will be negligible.

Since Reactor Unit Mo, 2 will Lo founded at an clevetion
about 11 £t higher than Unit No. 1, and also, because it wviil
apply o sliehtly greater unit load ot foundution grade B, -20,

the settlewants of Unit No. 2 would re cocroopondingly greatoer,




-

On the basis of these considerations, we conclude that t.e
pettlements of Reactor Unit No. 2 will probably range well below

1.5 in., and that they will be very uniform.

Contxibution to the Scttlements from Conzolidation of Clav Joycers

The conbined thickness of all clay laycrs listed in Table
5 is 48 in. Dy incrcasing thic thickness in the ratio of the
total thickness of Straitwi D to the total length of the undic-

turbed samples from 2.0 o 15, L ives at an esitinate fox

the total thicknesy ot all clay luycss of 5.0 fit.

The Lottow of the mat for Ioactor Unit Fo. 2 will ba at
El, ~20, i.e. 11 £t hidher than the botiowm ol the wei for
Reactor Unit o, L. y

Atexr excavation to Ll, -20 is completed, the elfcective
streus in the middle of Stratum D will be p = 1,67 tol., NAosun-
ing that Unit No, 2 wil) apply a lOddin(';' of Ap = 4,0 tul, we
obtain an cflective stress of 5.067 tsf in, the middle of stratwun
D, This increase in cffective stress widl cauge.a decrcease nh

in the total thickness Il = 5.5 £t of the wlay layers vhich *.

computed as follows:

Cc
& P + N -
= - —— — e e $
FANE | I 3 Loy 0.39 in,



( ' paced on thi. result, it is concluded that only abowt 0.3 in.
of the total settlements of Unit No, 1 was caused by conpres-
gion of the highly compact sand strata, and the ronainder was

causced by consolidation of the organic clay layers in Stratua D,

VIII. SUAMARY 21D CONCLUSIONS

Comparison of the borings and soil test data for Units
No. 1 and No. 2 shous that both arcas are - aderlain by the same
seqguence of horizontal strata,
Below tho proposcd foundation grade f£ox the Recctor Unit
No., 2, i.e. El, -20, to approxirnately EL. -60, there is a con-
pact stratum of sand, '.f]wis sand stratwe ig underlain hy strati-
fied cunpact sand and thin layors of'c]ay, extending to an
average Rl1, -85, Below that stratum thers are very compact
sands and occasional vory hard clay layers extending to great
depth., '
?
Prom tl.c standpoint of the perforwance of thae structures,
v
the significant subsgoil strata are the t;amd;; and che thin clay
layose whica extend frow the betron of the mat for the Reacior
Unit Yo, 2 at E)., -20 down to EL. -C5.
From 111 available informntion and test results, we con-
clude thht the yalative density of the sande below Bl, =20 are

LBh o averase ::\:].\_:.t:n;l wlly grentoy than 700,



e

The compressibility of the thin clay layers will contri-
bute only about 0.4 in. to the settlements of the Reactors Unit
No, 2.

The total sottlement of the reactor Unit Ko, 2 will prch-
ably range well below 1.5 in., and they will he very unifomn.
For practical purposaes, thege 5et£lcm:ntu will occur dueing the
conntruction period, and pout-cansiruction settlensnts will be

of neqgliagible magnitude,
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Ground El,
Depth to Viater Level

“+20

11.0 £t

Al A -~

Exploratory Boring Ho. 4

Project i, 0313

. —— b ————

ample
No.

Pepth
ft

Humbhey
of

Blouy

per fikz

6“

pegeription

w0

>

0

9

10

11

10-21.4%

15-16.5

2UnEl

30-31.5

13=36.0

10..4).

“("5). .5

156,95

N |

63=2210

79-1860

30,-40-54

33-44..51

-

Light brovn subangular and subrow ed sli-
ghtly silty £ine to madiwe gand coentoining
numarcus subancular and guhroand s conree
sand and gravel particles wp to 0.7" gine.
vellow subengular and subxoanded gilly
fine sand, '

Daxk ¢ray clay contadning oecagionnl layes
of dar) ¢ray clayey silt up o DAY Lt
ness., The clay is five &s recolvoo $
vhan renoldzd. ‘

S

Lari Groy stcacaniec Cluy ann il Tl

sond. ae clay ds fien op roesivon R TERE T
wien reaoldad, Senpla conlalng Gull O
conplets loyar of cavh pataovial elny Ly
1.2" thiek, epad daver 0,0% e, five 62,
PL-32.3; untor coptoal = 470,

. .
adwilar to Saenlo de. 4. Clay ) FIEIES ST R
2 ", pand layuxs 0.2 %,

Weoun girntificd silty fin? vond and sule

anguliar eilty £in2 to nodive snind.

Light brow. sukangular slightily siliy
to wedivn sand,

Similar to Cample Mo, 7.

Light brow. subanguldar slightly ailty finc

to wedivi, sand,
Light brom siluy fine sand,

Giwmilar to Sample 1o, 10.

& o o e S BRI Es 514 O RS SO B NS SN B S SIS G ER R S ASEn ERee -




Ground El,
Deplh to Viater Level

+20

11,0 ft

Exploratoxy Boring Ho. 4

Project

ia, G613

- g

No.

Bample

Deptih
L

Numhae:
of

Blovws

per fik

6”

Degcription

-

12

13

14

16

X7

»

A

2%

60’0155
65~6605

1H576.5

3081 .5

O =05
QO=91,5

10 0=
\\‘” ¥ 3

L0 -
1065

X1 %

Jar

\.

31-43-64
32-AL+67
26-49-t4

q
241=36~79
11-12-14

11-13=17

B -
e Fyow

undisituhs
tuab

gamnle

100004
AQLGD=07
vl w224 <200

LT E T B

Cray brown silty fin® sand.
Similar to Sample No. 12,
Dark gray siliy f£ite sand,

Doxk gray very silty fine gand

Daxlk Yy kine

sand

gray etratified claye
and silty eclay.

Simdlas to Saiple Fo,

Dax% ¢ruy very sidiy §

Similar Co ey le $idy Lua

Dark cray sclangular silty fine d

.y -
£anG,

s, 1§

(undicturoed nople not roceivad)
~

b Al
196 o

Sintlar 10 :‘-«'lxl‘:ll(.’ 21.

Dk gray very giloy *fine sand,

Gray siioty fine sand.

i Sdd s i

Geay subangalar silty fine Lo o

D) ity very edliy fine sand coa ydnlne
A" leyar of agxl ¢ray orgdalc car,- %
and brittls as recolvad, vory & an

ot icky vhon rosoloca,

- — - —_—

Lo uadiuw

O Ja2C v

 § T

TIR B T 41

- ————— .

e



Ground El,

+20

AN

Exploratory Boxing o, 4 J

AWildsesin Wy

Mo, C %2

- —

bepth to Viatis Level 11,0 Lt Projcct
Mun'ex
Bample | Depth of .
No. ft Blov Description

per fikk
6“

26

27

29

2
w

34

35

36

37

130
130.7

L35
135,77

140-141

(A8 .

146.5

150
i50.4

150 -

155

—
o
C i
w

13 -
ALG A

L0~
120.4

74 =200/3"

05-235/3"

‘

102197

76-152=170

BO/4"

50/3"

st/2"

co/a"

50/3"

50/2"

0/

50/3.0"

..'.0/,: "

Similar to Sanple lo. 25,

S5iailar to Sample No, 25,

similar to Sawple No., 256,

Gray very silty fine sand.

Gray subangulir silty fine to modlun G,

Stniler to Sample lo. 30,

Stndlax Sapele o, 30,

Giamilar to Sewple o, 30,

Giwmilax to sawple No,

]

30,

Sivilar Lo .amglc No.

Cray subiwgolar siliy fine to wedinn sand,

containin: nusarous subuangular ond gube

rountad conxuer particles up to 0.3" sine,
b d

Gray subiaonlar vexy silty fince to noediv
sand,
370

Sindlar wo Sanple Ho,

L e —————— - ——— - — - ————— - —— L .




Ground k1,
bepth to Viater Taovel

+20

J1.0 £t

BRARS .

Exploratory Boring ilo. 4°

Projecct Mo. (313

o —

Bample
No.

bepth
it

Humbhex
of
Blown
per fik
6 "

o ———

Description

39

20

4 |

-~
N

nz

o
-

26

oS
&

An

195~

195,11

200~
200.,9

A0

P AP

225 -
220 . %

Jar saan)
trom wndin

warhed
ale tubc
an—— ®

e

flG/'/"

H0/2"

Lan

Wk ———— o — ] ——— o & -

similar to Sawple No. 37.

Gray cubangular silty fine to wedion sand,
containing nuucrous subnngulas onc sule-
roundnd coaxrsar perticlen up o 0.3" six
and fou pockeis of gray clay up to C.5"
thicknoess, '

Gray subangular very silty Ziwec o nmedivi

sand.,

Similay to Smeple No. 41.

Siwmilar to Swanle No, 41,

Dax) ceay and Licht croy molttled eley, Wi
and briitle s receiv

) £ vhen rat el
4 .

N\ 3 P T Lo uh pe Ay 2 ey nm s
Compraennive strorgth croaedy

capacit? of popaixouctor,

r

i T F. | 2
£hivyy 2.5 Vuk

Ciiailer to Semple Ko, 44 = hoed (groiiox
than 4.5% taf capacity ol poenotronctax;
1s233.5; PL:A7.0; w 174

.
v Gray angulanr egilly fine to nodiu sand .

. (Undistwbed rarple not received)

cw ———

-

Similer to Sawple No, 46,

Similar to Sawle Mo, 406

——— s




Ground k1l .

+20

Depth. to liatey Level

Bample
No.

Depth
fi

Exploratory Boring Mo, 5

Projoecl Mo, Gla

S ——

Bumboy
of
Blows
per fi:
6 "

Descxiption .

6

10

11

12

20-21.5

2?) "2(’ . !"

30-31.5

30=36.5

0=A0.5

.‘:"'46.-‘)

:C51.5

35"!40.5

al, - \')0.4

- — e b

347

A =7)2

5«10-106

2%=41-50

10=19-12

Lns/an

e . . ——

Stratified licht broun very sand

and gray fine sandy clay.

silty finc

Light brown very silty [ina sand.

Light brown stratified vory silty fine sand
and very soft clay. Tuez clay lavere ic 1.5
thieck, has licht and cark brown stratilicd -
tions, is firwm as reccived and soft vhoen
molded, y

Lo

.

Dark gray clay, firme as reccived and oof

vhen raxolded. (The charcectaristios

pataric) apmeny o b mttlar €0 SR0ER2 T4
the clay in borving o, 4, Saple Wo, 4).

Steatificd Qurk gray clay end dichi ¢ray

aidty £ine ennd., Yhe elay layurs aze fro
0.2-1" thasdek, are stiif ry reecived pnl pof

vhen renoldad, fhe spnd layoxs acre appoox,

0.1" thick. ,

cindlar to Saable Mo, 5.

Light brown onculay and subangular siliy
fine to madiwn dand.

Sinmilar o Sandle No, 7.

Simdlar to Sanple Wo. 7.

Sthailar to Sample Mo, 7.

-
Light brewn angular ind subbngalen silty
fine to wedive sand containing recrous i v
ticlaes of subaugulayr coarse sand.

Light Drovn anenliay and sulnangut =,
Fine to wediv gand,

- ———— - ————— - ——— ] —— . - ..

si] Ly




Ground El,

+20

bepth to Viater Level

EXPLOZQLOLY DULANY sive

Project Mo,

- . —

6ul3

bunq)le
o,

Dopth
fu

Nuwnbex
of
Blows
per fikz

6“

L —— -~

Pegeripiion

13
14
15
16

17

19
20

21

23

24

26

GH=006

70-71.5
T5=16.5
$30-81.5

4587

60-90.,7

KO D
105 -
305 .3
110-

110,2

116 -
; I e

Lk
129,3

Lz

125 .4

L3230«
[y

o ———

16-~50/3"

ndistorb

7-22-10

H50/3"

s0/2"

5(,/2:1

50/3"

50/4"

39-4.6~54

Undicturb

i sample,

Light brown silty fine sand.,
Light browa silty fine sand.
Light brovn silty finc sand.

Dar)k gray vexy silty fine sond.

d puple, Saple not reccived,

.
v fine sand coriaining two 1
roy ovginic clay, i
ory solt atichy

PDark ¢ray sili )
layers of darik ¢
brittle na rocoivod,
whcn renolded,

rm and

-‘."
&3C

Sorple not reccivadd,

a1k ore ¢ silty fina sand,
Cray silty fino to modiug sand conviining
fow pockets of gark ¢ray clay of thichneusns
up to 0.4".

Cray silty fine to mediua siand .,

1
Gray silty fine to medium sand containing
0.5" layer of Juk ¢ray clay.
Cray silty fine to mediwn sand.
Cray Sil'y fing sand comtaining nuscrons

coarger subrounaded and subangulav particles
up to 0.5" gize.

Cray silt, fine to mediwa sand,

—————————— 4 —— . ——r " ———— . ———— — ] — o — . -




CGround ),

+20

AL e -~ A

Exploratoxy Boring No

-r‘ -

Depth te Viater 1zucld Project o, GUL13
Numbey
Buample | Depth of
No. ft Blows Degceription
por fie
6“
27 135~ 50/3" Siwilar to Sawple Mo, 26.
135.3
23 140~ 50/5" Similar to Semple No. 26.
1404 ’
29 145~ L0/4" Sinilar to Sample Mo, 26.
145 .4
30 150~ 50/4" Sinilar to Sample No, 26.
150 .4 )
13
.
L
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