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NRC LIQUEFACTION QUESTIONS

323.67 -

The factor of safety (1.2) for llquefactlon potential is

too low. Reevaluate the liquefaction potential f£dr the

site. If you cannot demonstrate that the factor of safety

is 1.5 or higher based on undisturbed sample test data,
provide a plan to lower the groundwater level under and

around the Category I structures and components, or an alter-
nate plan, to preclude liquefaction risks. . A factor of

safety of 1.3 is required for remolded sample data evaluations.

323.68

Clearly describe the dynamic input motion. The input motion
acceleration time history and the induced shear stress time
histories, for the depths presented in Tables 2T-10 and 11,
representing the SSE condition, should be presented and
discussed as well as cross referenced.

323.70

]
Provide a step-by-step description of how your evaluation of
the liquefaction potentlal was made, and show where and how

“you use conservatism in your analysis. Clearly indicate,

groundwater conditions.

323.71

Demonstrate that analysis based on in situ data only is
conservative., Compare the presented analysis with the labora-
tory test data analysis. Show how this data is used in the
analysis.

323.72

Expand your discussion and analysis of "sequence ol lique-
faction potential. Provide soil sections and list the borings
and test results used to conclude that this interval presents
no stability problems. | y

Response

The response to the above questions is provided in the
following text.







INTRODUCTION

Analyses were performed to determine the liquefactionupotential
of the saturated granular soils underlying the Category I
structures at Units 1, 2 and 3 of the Palo V;rde site. The
analyses consisted of calculating factors of safety against

liquefaction by comparing the calculated induced sheagistresses

' for various input acceleration-time histories to the cyclic

strengths of’ the granular soils as determined from laboratory

tests on undisturbed samples.

The steps involved in the analyses included:
A. Development of Soil Models
1. Establishing the location of soil strata characterig;
C . t}éally considered susceptible to liquefaction,
2. Predicting the highest anticipated water levels for
the site, and
3. Determining the appropriate static and éyclic
properties of the saturated granular soils underlying

Category I structures.
B. Selection of Acceleration-Time Histories as Input Motions

C. Performance of One-dimensional Shear Beam Analyses for
Determination of Induced Stresses for each Input Motion.
1. Calculation of average induced §tresses and correspond-

ing equivalent loading cycles.

D. Evaluation of Cyclic Strengths and Selection of Repre-
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E. Determination of Factor of Saféty Against Liquefaction.
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The following sectiéns present the details and resulté‘of the
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liquefaction evaluation for the Palé'Vérde site. ’
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SOIL MODELS --UNITS 2 AND' 3

?he subsurface soil conditions underlying the three units are
aescribed in Appendix Section 2T.5 .of the PSAR. Geologic
profiles (PSAR Figures 2T-2, 2T-2a, and 2T-2b) were prepared
from the boring logs for each unit to show’the'stratigraphicm

sequences in relation. to the Category I structures. The down-

"hole geophysical logs were used in addition to undisturbed

sampling to accurately determine thé thicknesses of individual
sequencés. The upper granular soil sequences which occur
below the maximum anticipated water levels at‘the three units
are designated as B, C and D (30 to 50 feet below present
grade). Sequence F (70 to 80 feet below. grade) is-primarily
a silt with isd}qted discontinuous lenses and pockets of
silty sand. ' Other granular sequences at the site occur below

a depfh of 150 feet and contain appreciable amounts of fines. .

The perchea water mound:which exists at‘the site due to irri-
gatlon (Figure 2.4- 290, PSAR Section 2.4. 13) causes water levels
to occur at different depths beneath the three units. These
water levels occur at elevations 888, 913, and 920 beneath

Units i, 2 and 3, respeétively; Eorresbonding to depths below
exiséing grade (as well as approximate finished grade) of 65,
42, and 31 feet, respectively. The water 1eve;s were éstab-
lishgd from monito£ wells located at the upit locations and
throughout the site property (PSAR Section 2.4.13). Since the
sité property boundariesencompass a majPr portion of the

perched mound‘and no further irrigation is proposed, the present
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waﬁer levels are the highest which are expected in the unit areas
during the life of the facility: It shonld be noted that the
théoretical‘énalyses (PSAR Section 2.4.13.1.2.1) indic;te that
the evaporation pond and storage reservoir may produce maximum
water level rises of 5.6, l 2,'1.8 feet at Units l, 2, and 3

respectively. However, these rises would have a negllglble effect

" on the calculated factors of safety.

On the basis of subsurface information .described above, soil

nmodels were developed for the liquéfaction evaluation. The models

were prepared only for Units 2 and 3 since it is at these locations

where water is high enough ' (even with‘thé~possible rise at Unit 1

noted above) to saturate the granular soils occurring at depths

of approximately 30 to 50 feet. For the evaluation of the deeper

soil sequénce F (70 to 80 feet), Units 2 and 3 with the higher

water levels would clearly have a lower factor of safety than Unit

1. Thus, the Unit 1 'soils were not modelled.

The soil models developed for Units 2 and 3 are shown on ‘Tables

. 2T7-8 and 2T-8a. The models were not extended beyond 100 feet

- because the response analyses were perfdfmed by inpufing accele-

ration records at the ground surface and deconvoluting downward.
In this case, the depths of the soil models must only include

the deepest‘sqil layer to be evaluated..

The basis for the division of the soil model into layers included
changes in soil type, location of water levels, and the general

thickness requirements for the analytical solution used. These

latter requirements indicate soil layers should be divided into ,

thicknesses approximately equal to At x Vg, where At is defined

. fuano




P

«

3




.
- ._

: hA
Wl N M EE W S s

5

as the time interval between digitized acceleration values in

~ the input'recérds and Vg is the shear velocity of the soil layer

"being divided.

The total unit weights shown on the soil’ models repfesent averagé
values obtained from Pitcher tube saﬁpleésfor each of thé two
units. The maximum shear moduli (Gpax) Vvalues shown were obtained
from two .sources: 1) laboratory values determined by resbhant
column testihg on undisturbed samples (PSAR Secéion 2.5.4.2),

aﬁd 2) in-situ values determined fFom the crosshole surveys per-
formed at each unit (PSAR -Section 2.5.4.2 and Appendix Section 2U).

The damping values listed for the soil layers were derived from the

resonant column.laboratory test results on undisturbed samples-,

Curves representing the variation of shear moduli and damping with
shear strain were determined for each unit from labératory resonant
column and cyclic triaxial testing. The normalized curves used

in the liquefaction analyses for the undisturbed soils are shown

4

in Figures 2T7-9 through 2T-9c.

The final selection of the maximum shear moduli (laboratory or

E

in-situ) to be used in the liquefaction analyses was determined

from a one-dimensional shear beam analysis (as described in
; - .

the subsection Response of Soil to Dynamic Loading). Separately,

the laboratory and in-situ Gp,y values‘ﬁefe used with the nor-
malized moduli vefsus strain curves (Figures 2T79 and 2T-9a) and .
with’ the soil models to detefmipe which>produced the more conser-
vati&e'(higher) induced stresses. As can be seen in Table 2T-9,

the in-situ values produced the higher stresses and were therefore.

used in subsequent analyses.

rf.lnn .
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EARTHQUAKE RECORDS

0o '

A total of five acceleration-time history records were selected

‘as input motions for the liquefaction evaluation. Four of

the records are actual recordings:of the 1952 Kern County .

!earthquake as scaled to represent the postulated Maximum Earth- .

quake (magnitude 8. at 72 miles) for the Palo Verde site (PSAR:

Sectidh 2.5.2.9). These records  include Santa Barbara, the

s48°E Component. Pasadena, s90%; Hollywood Storage: (basement
recordlng), sS0°w; ‘and Hollywood P. E. lot, SO°W. Each record
is the ﬁore severe horlzontal*cqmponent recorded at the

+

respective locations.and all the records.are a conservative

. representation of the ‘Maximum Earthquake (documentation is pro-

vided’ in PSAR Section 2.5.2.10).

‘The fifth record selected for the liquefaction evaluation was.

an artiriciar record with a spectra which closely .conforms to
the;shape of the standard NRC spectra as specified in Re§u1a4
tory éuide 1.60. The record‘psed was developed by the |
Bechtel Corporation with documentation*protided in]therr topical

report BC-TOP-4A to the NRC. For the evaluation, the record

" was scaled to 0.2g as a conservative representation of

SSE conditions for the Palo Verde site. The conservatism can

be seen in PSAR Figures 2.5-67 through 2.5-69 which show the

"relative spectral levels between the real records and the

L

standard NRC shape. The relative difference in the spectral

,'levels represents the difference in energy produced by the

records whlch, for over most of the period range of interest,

fnnnn
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is two to three times higher f£or the NRC spectral level than

for the real earthquake levels.

The pertinent‘characteristicé of the records as used for the
ligquefaction evaluation are summarized in Table 2T7-9a. The

Bechtel record, although having the least total duration of

) all the records, is considered to have spfficient duration of

strong shaking intensity to generate stresses as high or

higher than another record of same intensity but of ionger
duration. Bolt (1973)'has shown that recorded earth-

quakes ha&e produced only on the order of six seconds of

strong shaking as definea by acceleration levels of 0.05g or
greater for a magnitude 8 earthquake 62 miles from the record—‘
ing sites. As may be noticed from Table. 2T-9a, all the selected

records meet these duration requirements.-
W

4
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RESPONSE OF SOIL TO DYNAMIC LOADING

The dynamic response of the Units 2 and 3 soils under the
influence of the five eafthquake records described in tﬁe -
preceeding section was evaluated by one dimensional shear beam
analyses. The analyses were performed by the use of the compu-
ter program SHAKE (Schnabel, Lysmer, and Seed, 1972). A one

dimensional analysis is considered reasonably accurate fox

essentially horizontally layered soils such as exist at the

Palo Verde site. Because the Bechtel record was simulated
for the free field condition at the ground surface, and

selected rqal records were recorded at or near the ground ,

* surface, the design motions were applied at the ground surface

of the soil models. These motions were then deconvoluted from

surface to the full depth of the models.

The dynamic responses calculated for each record consisted of

shear stresses, shear strains and peak acceleration levels

_within each layer of the soil models. The results of variation

of peak acceleration versus depth is shown in Figures 2T-9d
and 2T7-9e for Units 2 and 3, respectivefy. .The variation of
maximum shear stresses with depth for the two units is shown

in Figures 2T-9f and 2T-99.

L
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CYCLIC STRENGTH DETERMINATION

-

The dynamic strengths of the granular soils underlying the
Category I structures were determined from cyclic triaxial
compression tests on undisturbed samplee. Samples were
initia;}y‘obtained by Pitcher barrel sa&pling equipment from
the rotary-wash borings dri%led for the Category I structures.
Inre;eluating‘the cyclic strengths of the‘Pitcher'samplés,

it was felt that sample disturbance was causing low strengths
which were not compatible with the high Standard Penetration
fest results (N values) obtained during drilling (PSAR %igures

2T7-8, 8a and 8b). .

»

‘ | -
Another field program was initiated at Units 2 and 3 to obtain

undistuirbed block samples from large diametex borings from

‘.both above and below the existing perchedgwater levels. The

boring at Unlt 2 was designated U2—LB—1 and the two borings -
at’ Unlt 3 were de51gnated U3-LB-1 and U3 LB-2. The three

borings were located within the respective containment. areas.

The purpose of the new program was to compare cyclic strengths
obtained from the two different sameling technigues. In
general, block samples were obtained by auger drilling (6-foot
diameter) to the sampling depth, cleaninglout the boring andk
then drilling a smaller diameter (2-foot) pilot hole. Each
undisturbed sample was carved b§ hand into a 9-1/2 inch diameter
by 1l2-inch high polyethelene mold. Some samples;were obtained
directly from the side of the large didmeter boring. Most sam-

ples were taken from the floor of the boring. Samples were then

fome
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carefully transported by private vehicle to the laboratory.

Bpth Pitcher and block samples werektested in accordance with .
the cyclic triaxial procedures outlined in PSAR- Section

27-4, 15 3. The procedure for trimming of test—51ze samples‘:
(2.5-inch diameter by 6-inch) from the large block samples

in some cases involved freezing of the block with liquid
nitrogen prior to the final hand carving. Other sampies were
hand carved directly from the blocks without freezing. The
procedures used for preparation of block samples for testing

F

are outlined in the attached Enclosure 1. The results of the
cyclic triaxial tests, in terms of pore pressure and straih
versus- number of cycles, are presented in the PSAR Flgures
2T,21.93 through 2T.21.140 and in Figures; 2T.21.141 through

2T.21.175 in the attached'Enc;qure 2. Grain size distribution

curves for the hlock samples are included in Enclosure 3.

For the liquefaction énalyses, the test results for the

granular soil sequences B, C and P between depths of 30 and 5Q
feet were evaluated in detail. Although sequence F is pri-
marily a silt) the test results for the granular lenses between
depths of 70 and 80eret were also evaluated. A summary of
the'static properties and,cyelic strengths from both the Pitcher .
and block semples obtained frbm the two depth intervals is
presented in Table 2T-9b. The criterion used for selection

of the cyclic strengths was the number of cycles at which the
pore pressure reached the test cell pressure or five percent

double amplitude axial strain, whichever occurred first.

1hnnn
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The following subsections present a discussion of the strength

evaluation of the granular soils from the. two depth intervals

-

30 to 50 feet and 70 to 80 feet. The effects of sampling
technique on cyclic strength is illustrated and final strength

"curves are presented for use in the liquefaction analyses.

Cyclic Strength Test Results - 30 to 50 feet depth interval

A summary plot of the laboratory cyclic strengths of the
Pitchér samples obtained between depths of "30 to'SO'fegt is
presehtgd on Figure 2T-10. The average soil characteristics
(dry density, Dgg and percent oflfines) from Fhe PitCHer“

samples are summarized in Table 2T-9c.

A similar summary plot for the block sampleﬁcyclic strengths
is shown on Figure 2T-10a. Average soil characteristiés are
also summarized in Table 2T-9c. The two distinct levels of

strength shown on Figure 2T-10a were attéibuted to a combin;

atign‘of density and percent fines contehts. 'The upper

strength curves drawn through Test Nos.. 35, 36, 39 and 40 all
.exhibited higher densities (greater than 103 pounds per cubic
foptf and contained rélatively high percgntages of fine-grained
material. For the lower strength curve, all but one test
‘sample (Test No. 44) exhibited dr& densities lower tﬁan 101

pounds pexr cubic foot. The lower strength- exhibited by Test

No. 44 was attributed to the low fines content (6 percent).

The position of the average curves drawn through the data was

based on typical shapes of strength curées_developéd from

.

shaking table ‘tests (De Alba, 1975). .

-'i.!nnn
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As cah be seen from Table 2T-9c, the sémples obtained by the
two sampling techniques compare very wéll in terms of DSO and
éhe percent passing the No. 200 Standard ASTM sieve. No
differences in materiql type are indicated. However,;ig
comparing the cyclic strengths, Figure 2T-10b, significant
strength differenées resulted from tests performed on Pitcher
samples as compared with the block samples. &he difference
between the lower.average bléék sample strength and the
average Pitcher sample strength i; on the order of 32 percent
at 30 cycles. The differences are attributed to the Pitcher
barrel sampling technique which probably caused disturbance
to the so0il structure or causedlthe breakdown of a slight

cementation which may exist between in-situ soil particles.

Fox thé iiquefaction analyses, the lower average cycle strength
curve of the Llock samples was selected as being a conservative
representation of the in-situ granular materials encountered
between depths‘of 30 to 50 feet at the Palo Verde.sité. Despite
the overconsolidated nature of the sands, a reduction of the -
laboratory curve by a factor (cr) of 0.58 (De Alba, 1975)
results in a conservative "field adjusted" strength curve

which accounés for possibie strength over-estimates caused

by the cyclic triaxial apparatus. Design laboratory and field

- dynamic curves are presented in Figure 2T-10c.

Cyclic Strength Test Results - 70 to 80 foot depth interval

Occasionally thin layers and lenses of granular soils were
encountered between depths of 70 and 80 feet, but these

materials were discontinuous between borings and contained

-Fu:no
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high percentages of clay and silt (stratigraphic sequence F;

refer to Appendix Figures 2T-2, 2T-2a and 2T-2b). As a

result, soil sequence F is not considered sueceptible to
liquefact@on of an extent which would cause any effect on’
Category I structures. Documentation of the high fines content
and discontinuous nature of the granular soils, as well as

an evaluation of the cyclic strength of tne isolated lenses

‘of granular soils within sequence F, is presented in the

following paragraphs.

The description of sorl sequence F is summarized as "sandy .
silt, clayey 511t, and clayey sand (ML- SC) brown, locally
micaceous, occasional smlty sand horlzons. The soils J
comprising this member are primarily silts in contrast to the
clay layers whlch lie above and below. Sllty clays were the
second most encountered 5011 type w1th1n F, and the silty sand

lenses having the least frequency of occurrence.

" Pitcher, drive and Standard Penetration tests were used to
sample soil sequence F. :Because most of the sampling was not
écontinuous, coneervative determinations of thickness were
interoreted from the geophysical borehole logs which produced
different signature responses for F and 'the sequences above
and . below. Table 2T-10 summarizes the specific member location

and the results of soil classification testing.

*

Table 2T7-10 clearly indicates that very few:granular materials

were encountered and there is no significant continuity

-
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for cyclic testing are:
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betweén bofings among those granular soiis which were
encountered. In addition, detailed analysis of the downhole
geoph§sical logs indicates soil meﬁber Fihas a retatively
consistent thickness across the site, but any interbedded
granular materials are len;icular“and are not continhous between

borings.

To emphaéize the lack of a liquefaction potential within soil
sequence F, an evqluation was madé of the cyclic strengths of
the granular soil portions. The only cyclic strength results
available for sequencé F were for samples obﬁained by the
Pitcher barrel sample technique. These results are shown on
Figure 2T-104 and a summary of pertinent test data is listed

in Table 27-9b.,

Because sampling technique was shown to have an effect on the
cyclic strength of the granular soils between depths of 30 and
50 feet, an evaluation was performed to account for the effect
on the cyclic test results from sequenceAF. This evaluaFion
compafeg.Pitcher sample and block sample’ strengths of the
granular soils obtained between 30 and 50 feet which.have oo
approximately the same soils characteristics (density, bSO'

and % - #200 sieve) of -the Pitcher samples from sequence F.

The range of soil propérties for those Pitcher samples obtained

-
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Sampling Depth $ fines Dgo Dry Density,
Method (feet) .(#200 sieve) (ram) (pcf)
Pitcher . 70-80 24-59 0.07-0.12 93-105

In order to compare block samples and Pitcher sahple strengths
at a deptH of 30 to 56 feet, only those block samples obtained
from below the perched water level and containing greater than
17 percent fine-grained soil were considered. The results ob-
taiﬁed from block samples bélow the water were founa to be signi-
ficantly lower in strength:than that of samples obtained above

water. Hence, a conservative comparison could be made.

.

The following summarizes the soil characteristics of the Pitcher and
block samples used for the comparison:

Sampling Depth % fines D50 Dry Density,

Method (feet) (#200 sieve) (mm) (pcf)
Block . 30-50 17-23 0.19~-0.40 98-105
Pitcher 30-50 18-42 "0.11-0.25 98~105

The cyclic strengths of the two groups o% samples obtainqd
between 30 and 50 feet are shown on Figufe 27-10e. As can be
seen, there is a definite increase in the strengths exhibited

by the undisturbed block samples relative to the Pitcher samples.
Constructing average curves through the two groups of data

shows that at 30 cyclés a étrength increase of 63 percent is
obtained. The higher strengths obtained from the block samplés
are more compatible with the high N values (PSAR Figureé 27-8,

2T-8a énd 2T—85) obtained during the first drilling program.

fuonn
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The average Pitcher sample strengths (Figure 2T-104) were

2

adjusted by the differences shown in Figure 2T-10e. The

. .

resulting laboratory cyclic strength curve, considered repre-

A "

seqtative of granular' lenses within Sequence F, is‘shown on
. Figure 2T—10f. The field quéve“shown’iﬁgorborétes a reduction
to 58 éercent (De' Alba, l97§) of the laﬁoratory curve ga
'aqéount for the pbssibleleffects 6f;cy5iiéntriakial tegtihé.
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INDUCED SHEAR STRESS AND EQUIVALENT CYCLE EVALUATION

- In addition to the peak acceleration and maximum shear stress

data obtained from the soil column analyses described in the

section Response of Soil to Dynamic Loading, -shear stress-

time histories were obtained for selected soil layers. These
stress histories were used to determine the number of equiva;w
lent cycles of an average stress intensity that each input .
record induced into the site soils. The shear stress histories
obtained for Layexr Nos. 9 and 15 within the Unit 2 and\3 soil
models are spown on Figures 2T-10g and 10h for the Bechiel

input record.

The method used to determine the equivalent number of load

cycles for each of the five input time histories is described
by Lee and Chan (1972). Details of the steps performed for

thevanalyses include:

1. A value of 65 percent of the maximum induced shear
stress (Tpax) produced by each stress ﬁistory was
selected aé a reasonable average cyclic intensity
(tave) -

2. Stress values of each stress history were normalized
in terms of ‘tpay (Tmax = 1) and each * 0.25 Tpay
was marked off on the histories.

3. The number of stress peaks falling within each zone
(e.qg., + 0.5 to 0.75) were counted and averaged- to
give a value Pj.- - The normaiized value of stress at

the center of.each zone was noted.and designated Ty -

.
1ﬁnnn .
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4. The field cyclic strength curveé (FiguFe 27-10cC
for soils between 30 to 50 feet and Figure 2T-10f
between 70 Eo 80 feet) were extrapolated to 1 cycle '
( E%%r_l). Curve shapes similar to those developed
by De Alba (1975) for samples tested by a shaking
table were used for this purposé.
5. The extrapolated field curves were adjus@ed to a
position barallel to themselves and intersecting at
65 percent of the stress ratio ;alue ( OF ‘»-)

20
» o 1
at one cycle. Then the stress ratids were.normalized

by 0.65 ( zgi RE

6. Using the normalized strength curves for the appropriate
soil layers, the number of cycles, R s for each value
of T, were selected.

7. The number of cycles from the normalized strength curves
corresponding to 0.65 ‘T3 Were establisﬁed-aé the
ieference cycle, Rg, for each recoxrd.

8.- The number of equlvalent cycles for each divided

zone was calculated from Nel = Rg X Pj
Ri
9. The total numbexr of cycles is the sum- Z'Ngi for all

L

the 2zones.

Table 2T-11 summarizes the results of the equivalent cycles.

counted for the five input records for ,the Unit 3 soil model.

The number of cycles for similar depths within Unit 2 was not
expected to differ markedly from the ratios obtained for Unit

3. This was checked by evaluating the stress histories from

11ﬁnnn
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INDUCED SHEAR STRESS AND EQUIVALENT CYCLE EVALUATION

In addition to the peak acceleration and maximum shear stress
data obtained from the soil column analyses described in the

section Response of Soil to Dynamic Loading, shear stress-

time histories were obtained for selected soil layers. These
.Stress ﬁistories were used to determine_the number of.equiva-
lent cycles of én average stress intensity that each inpht

record induced into the site soils. The shear stress histories
obtained for Layer Nos. 9 and 15 within the Unit 2 and 3 soil

models are shown on Figures 2T-10g and 10h for the Bechtel

input recoxd.

The method used to determine the equivafent numbexr of load

cycles for each of the five input time histories is described

by Lee and Chan (1972). Details of the steps performed for

the analyses include:

l. A value of 65 percent of the maximum induced shear
stress (tpax) produced by each stress history was
selected as a reasonable average cyclic intensity
(taye) - ~

2. Stress Vaiues of each stress history were normalized
in terms of Tp,y (Tmax = 1) and each + 0.25 Tyay
was marked off on the histories.

3. The number of stress peaks falling within each zone
(e.g., + 0.5 to 0.75) were counted and averaged to
give a value Pj. The normalized value pf stress at

the center of each zone was noted and designated Ty

-‘immn
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~4: The field cyclic strength curves (Figure 2T-10c
for soils between 30 to 50 feet‘and Figure 2T-10f
between 70 to 80 feet) were extrapolated to 1l cycle’
( iggr_l). Curve shapés similér to those develdﬁed
by De Alba (1975) for samples tested by a shgking'
éable were used for this puréose.

5. The extrapolated field curves were adjusted to a
position parallel to themselves and intersecting at’
65 percent of the stress ratio value ( _od c)

20,
o I
at one cycle. Then the stress ratios were normalized

by 0.65 ( -ég—‘g,- )

6. Using the normalized strength curves for the appropriate
soil layers, the number of cycles, Ri’ for each value
of tT; were selected.

7. The number of cycles from the normalized strength curves
corresponding to 0.65 T,;x Were established as the
referenée cycle, Rg, for each‘record.

8. The number of equivalent cycles for each divided
zone was calculated from Nej = Rf X Pj

| Rj .

9. The total number of cycles is:thesum I Ng; for all
"h »

the zones.

3

Table 2T-11 summarizes the results of the equivalent cyclgsl

counted for the five input records for the Unit 3 soil model.

The number of cycles for similar depths within Unit 2 was not
expected to differ markedly from the ratios obtained for Unit

3. This was checked by evaluating the stress histories from

1ﬁunn
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Layer Nos. 9 and 15, Unit 2, using the Bechtel record. Values

of 16 equivalent cycles were obtained for both layersland thus

the values for Unit 3 could be extrapolated to Unit 2. Table

2T7-1la summarizes the average stresses and equivalent cycles

for the critical soil layers.

oo
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FACTORS OF SAFETY

The factorsmof safety against liquefaction for the saturated
granular soils underlying Units 2 and 3 were délculateé by
comparing the field cyclic strength at the calculated equivalent
number of stress cycles to the corresponding average induced

stress (T,ye). The results for the various soil layers and

records analyzed are shown on Tables 2T-12 and l2a.

The ﬁechtel record scaled to the level of the 0.2g standard NRC
spectra (SSE condition) produces the lowest factors of safety
(1.4 for Unit 2 and 1.1 for Unit 3) at depths gf approximately
40 to 50 feet. The minimum factor of safety for the 70 to 80-
foot interval was 1.5 at Unit 3. The real records produced "
factors.of safety ranging from 1.7 to 2.8 for the 30 td‘so—foot

interval aqd 2.1 to 3.3 for the 70 to 80-foot interwval.

The conservatism of the evaluation of the SSE conditions with
the Bechtel record is exemplified by the significantly hiéher
factors of safety producgd by reél records representative of

the Maximum Earthquake for the Palo Verde site. Consequently,

based on the above factors of safety, a liquefaction potential
4

is not considered to exist at the Palo Verde site.

1bmnn
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l Table 27-8
l ' SOIL MODEL FOR LIQUEFACTION POTENTIAL ANALYSES - UNIT 2
Depth Layer Soil Total Unit In Siﬁu Laboratory Soil
I (ft) No. Type~ Weight (pcf) Shear. Shear Damping Sequence2 .
" Modu%us Modu%us percet_xt -
x 10 x 10 of Critical
| l (psf) (ps£)
. 5 1 2 119 3.70 2.00 4.0 A
E I ‘10 2° 2 119 3.70 2.00 4.7
% I 15 3 2 119 3.70 2.10 5.4
’ 0 __A4 2 119 3.70 2.15 5.9
l o5 5 2 119 3.70 2.20 6.5 °
30 6 2 119 3.70 . 2.25 6.9
l 36 7 2 119 - 4.63 2.34 7.2
42 8 2 119 4.63 2.51 7.5 v ¢
l 46 9 2 125 4.63 2.51 7.6 B D
I 5 _10 2 118 4.63 2.65 7.9
" 56 11 . 1 118 4.98 2.70 4.4
I . 61 12 1 118 4.98 2.80 4.4 P
“ 66 13 1 118 4.98 2.85 4.5
I ’ -,'1 14 1 118 4.98 3.00 4.7
l | 76 15 2 121 4.98 3.15 9.5 P
. 81 16 1 121 4.98 3.70 4.9
I 86 17 1 123 5.55 3.35 4.9
~f op _ 18 1 123 5.55 3.60 4.9
I 96 19 1 123 . 5.55 3.75 5.0 G
I ' 100 _20 1 - 123 5.55 3.80 5.1
’ 21 Base 125 6.57 6.57 -
i . Water Table at 42 feet
' 1s0il types: 1 - clays and silty clays; 2 - sands and silty sands
‘ 2Refer to PSAR Figures 2.5-45a and 2T-2a
1.
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l . Table 2T-8a
I SOIL MODEL FOR LIQUEFACTION POTENTIAL ANALYSES - UNIT '3
[}
Depth Layer Soil_ = Total Unit In Situ Laboratory Soil
I (ft) No. Typel Weight (pcf) Shear Shear Damping Sequencez‘ »
: - Modu%us Modulus Percent i
. x 10 x 106 of Critical
l (psf) (ps£)
I . 5 1 2 115 3.76 1.75 4.7 A
10 2 2 115 3.76 1.75 5.2
l }5 3 2 121 3.76 1.90 5.5
v 20 4 2 121 3.76 2.00 5.6 B .
.. I 05 5 2 128 6.68 2.24 5.8
3 6 2 131 6.68 2.41 6.0 v -
. - (o
I 35 7 2 129‘ 6.68 2.50 6.2
I 40 8 2 128 6.68 2.6} 6.4 b
_ 45 9 2 128 6.68 ‘2.74 6.6
I 50 .10 1 1;3 { 6.68 2.76 6.8,
t . 55 11 1 123 6.68 2.96 4.6 E
I” 60 12 1 123 6.68 3.03 4.7
I 65 13 1 123 5.98 3.17 4.8
20 14 1 123 5.98 3.31 7.2
' I 75 15 2 123 5.98 2.89 7.4 P
' . 80 16 1 124 5.98 2.47 : 4.9
l 85 17 1 124 : 6.03 2.66 4.9
I 90 18 1 124 6.03 2.99 4.9
19 1 124 6.03 3.41 4.9 G.
95 ‘
. 100 20 1 124 . 6.03 3'85. 4.9
. 21 Base . 125 6.57 4,28 -
I Water Table at 31 feet ’ ]
1soil types: 1 - clays and silty clays; 2 - sands and silty sands
2Refer to PSAR Figures 2.5-45b and 2T-2b

-fjnnn
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Table 2T-9

MAXIMUM INDUCED SHEAR STRESSES 1
' FOR LABORATORY AND IN-SITU MODULI™
| .\ :
Depth below Maximum Induced Stresses (psf)
Existing Ground
Unit No. Surface (ft) In Situ Moduli Laboratory Moduli
2 42 - 46 900 7 774 ‘
46 - 51 945 780
3 31 - 35 777 702
35 - 40 879 : 784
40 - 45 986 . 865

lgechtel record input at ground surface, scaled to 0.2g.

%
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Table 2T-9a

CHARACTERISTICS OF EARTHQUAKE RECORDS
USED FOR LIQUEFACTION ANALYSES

Earthquake Scaled

Record Maximum Duration, Sec. Digi-
Acceleration : tized
Level Strong Record Time
(a/g) Motionl as used Interval

Santa Barbara 0.128 9 '50 0.02

(S48E)

' Hollywood P.E. Lot 0.10 20 50 0.02

(SOOW)

Hollywood Basement 0.093 is 50 0.02

(soow)

Pasadena 0.090 17 50 0.02

(S90W)

Bechtel 0.200 16 24 0.01

- ' -
-« E
»
. a N -
» - - .
< - .
» w .
R = -
- = = x

1ﬁnnn

laps defined by the time interval in which the records
first and last exceed 0.05g. '
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" Table 27-9b . . -
SUMMARY OF TEST RESULTS
Cyclic .Triaxial Samples
I;est Boring | Sample | Depth Dry D5 Passing odp 90" Cycles to { Sample
No. No. No. Interval | Wt. (mm) # 200 200" | Tpsi) Failure, |- Typel
. (ft.) Ya Sieve N
psf (3)
1 | U3-B3 g .32.5-35 101,1 || 0.17 21 0.25 | 28.0 10 .P
2 | vi-B3 18 © 42.5-45 111.1 0.60 7 0.20 | 41.0 380 P
3 | u2-B2 20 47.5-50 107.6 1.3 15 0.15 | 30.0 46 P
4 | u2-BS8 12 43.5-46 98.1 0.2 13 0.31 | 38.0 6.5 P
'? 5 | u2-p31 8 40-42.5 99.5 0.3 13 0.21 | 38.0 7 P
: 6 U2-B3 15 38.5-41 98.7 0.18 13 0.19 | 38.0 18.5 P
7 | U2-B27 8 40-42.5 | 103.3 0.42 15 0.21 | 38.0 7 P
8 | U2-B17 | --:8 43.5-46 .| 108.9 0.32 11 0.20 | 38.0 20 P
9 | uz-Bs 10 39.5-42 | 109.1 || 0.15 38 0.15 |38.0 310 p
10 | u2-B29 7 37.5-40 | 104.1 0.42 12 0.22 |38.0 18 P
11 | u2:-B22 8 20-4 .5 | 110.0 0.63 15 0.20 |38.0 12 P
12 | uil-B8 20 . 39-41.5 98.4 0.11 42 0.20 |35.0 260 P
13 | ul-B4 9 39.5-41 | 105.1 || 0.54 14 0.13 |35.0 440 p
14 | uil-B7 11 43.5-46 | 104.5 || o0.45 11 0.23 |35.0 18 . P
15 | Ul-Blg 2 35-37.5 | 105.7 0.78 8 0.22 }35.0 14 P
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Table 2T-9b (continued)

SUMMARY OF TEST RESULTS
Cyclic Triaxial Samples

| ) ] 3 o N
ol | RO R | || W | PE) SG | T | R RN
psf (%)
16 Ul-B9 18 37-39.5 103.3 0.40 18 0.29 | 35.0 13.5 P
17 U3-B4 9 | 36-38.5 100.3 0.25 18 0.20 | 31.0 16 P
18 | wu2-sp20 8 "40~42.5 102.6 0.22 20 0.26 | 35.0 . 27 P
19 Ul-B2 9 36~38.5 | 101.7 1.1 13 0.16 | 35.0 18 P
-i, 20 U2-B2 11 38.5-41 | 105.4 0.20 27 ' 0.25 | 33.0 - 6 P
3123 Ul-B5 8 - | 36-38.5 99.6 0.25 18 0.29 | 35.0 4.5 P
22 Ul-B18 6 35-37.5 {-103.3 |{| 0.50 13 0.18 | 3s.0 16 P
23 U3-B18 6 37.5-40 | 102.1 0.40 11 0.17 |32.0 100 P
24 U3-B16 5 1 36~38.5 104.3 0.40 15 0.16 |31.0 200 P a
25 U1-B9 32 71~73.5 99.0 |{o0.12 29 0.28 |48.0 |- 10 P
26 | vl-B6 22 | 72.5-75 "| 100..6 - {1 g 12 32 0.31 |50.0 11.5 P
27 U2-B6 23 74-76.5 104.5 || o0.12 37 0.23 |52.0 22 P
128 Ul-B16 6 75~77.5 100.5 |l p.12 24 0.20 }50.0 400 p
29 | vi-B7 | 23 | 75-77.5 100.9 || o7 51 0.22 |50.0 1000 P
30 Ul-B2 | 23 72.5-75 89.5 |[}o.13 28 0.16 |50.0 300 P
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- . - Table 2T-9b (continued)

SUMMARY OF TEST RESULTS
Cyclic Triaxial Samples

‘Test Boring Sample Depth. Dry Dsq Passing odp Oo' i Cycles to Sample
No. No. No. Interval | Wt. (mm) # 200 20 Tpsi) Failure, Typel
(ft.) Ya Sieve ) N
psf (%)
31 Ul-B4 21 70-72.5 102.4 0.10 45 0.38 | 48.0 250 P
32 U3-B3 30 71-74 101.5 - - o,él 54.0 20, P
33 U3-B3 30 71-74 93.0 - ~ 0.25 | 54.0 4.7 P
34 U2-B18 19 75-77.5 | 103.4 - 59 0.23| 52.0- 20 P
'? 35 U3-LB-1 10A 30.7-31.8| 107.1 0.32 12 0.43 | 26.0 20 Bg
g 36 us-1B-1| 108 30.7-31.8/ 105.0 0.36 1 0.43 | 26.0 11 By
37 | U3-LB-2| 12a | 34.4-35.0] 98.0 || 0.19 17 || 0-40| 28.0 5.8 | Bg
38 U3-LB-2| - 13 34.9-35.8] . 97.9 0.20 | .8 0.25 | 30,0 24 : | Bg
39 U3-LB-2 152 [ 35.9-36.7| 103.3 0.20 23 0.40 | 30.0 54 B
40 U3-LB-2 158 35.9-36.7| 104.6 0.20 23 0.43 | 30.0" 15 B
41 | u2-LB-1 18a 43-43.8 | 100.1 0.23 | 20 0.30 | 37.0 19 Bt
42 U2-LB-1(' 18B | 43-43.8 98.2 0.27 | 17 0.35 | '37.0 7 ét
43 U3-LB-2 19c 35.9-36.7| 97.9 0.48 5 0.30 | 31.0 . 2.5 Bf
44 U2-LB-1 20 43.7-44.5| 103.2 ‘|| 0.33 6 0.25 | 38.0 11 !Bf
45 | v2-LB-1| - 24 44.7-45.6] 96.9 || 0.76 12 0.25 | 39.0 | - .13 .| g

1 p indicates Pitcher Tube Sample

Bt indicates Block Samples hand trinmed from the boring (9%" x 12" and hand trimmed into test size samples (2.5" x 6")
Bf indicates Block Samples-hand trimmed from the boring and frozen before ‘hand trimming into test size- samples







Table 2T-9c¢

AVERAGE SOIL CHARACTERISTICS
CYCLIC TRIAXIAL SAMPLES - 30 TO 50 FEET

7 3 Passing
Sample Dry Density (pcf) Dgo # 200..Sieve
Type - Range Ave Range Ave Range | Ave

ﬁlock 96.9 - 107.1. 101.1 | 0,19 - 0.76| 0.33| 5 - 33 14

Pitcher | 98.1 - 111.1 103.6 0.11 - 1.3 0.41 | 7 - 38 17.4
Tube
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Table 2T-10
l SUMMARY OF STRATIGRAPHIC SEQUENCE F, UNIT 1
' Depth Below ' Percent
I Unit- N Ground Surface Unified Soil Passing
! Boring Value in Feet Classification #200 Sieve
| 5
| l 1 82 68.5-75.5 CH-SC-SM-ML -
| l 2 - 70-75 ML-SM* 28
-3 +100 70-75 SM~ML* 46 '
l 4 - 70-76.5 " SM* 18
46
5 - 72-78 SC-CL* 82
: 47
l 6 - 76-82.5 SC* - 32
7 - 74-79 ML 28
- 51
l 8 +100 70-75 cL* 77
ﬁ ‘ 60
l 9 - 67-73.5 SM-ML -
l 10 = 68~72 CL*. ’ 74"
11 - 7.7-86 CL* 86
l 12 - 68.5-75 CL ) -
13 . - 73-78 CL* | 88
I 14 - 68-75 SM* -
15 37 57-62 ' CL* 51
l. ' 73
|
| 16 - 72-78.5 SM* 36
l 17 - 71-76 CL* 62
l 18 - . 69-73 ML ' -
‘ *In accordance with ASTM-D-2487-69. Other classifications in
l accordance with ASTM-D-2488-69.
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. Table 2T-10 (cont.)
l ‘ SUMMARY OF STRATIGRAPHIC SEQUENCE F, UNIT 2
: ' Depth Below Pexcent
l , Uni!: N Ground Surface Unified Soil Passing
Boring Value in Feet Classification #200 Sieve
1 l 1 - " 80.5-85.5 CL* 97
1 2 " - 75-80 CL* 89
1 l 3 - 73-78 CL* 85 Ls
4 - 73-80 CL* : 80
| I -3 - 75.5-78 . SM* 42
l 6 - 74-81.5 CL* 65
T - 75-81 ML* 50
' 8 54 76-83 SM-ML -
7 T 9 - 73-79 SM-CL* 40
l 77°
90
' 10 - - - ' -
11 44 76.5-82 CL¥* . 75
l. 12 +100 76-82 ML* | 84
13 - | 77-82 CL¥* 87
l 14 - 77-82 ML-CL* 96
l 15 54 72~78 CL* 82
16 55 72-79 CL-SC* 51 |
: ' 17 81 75-78 L B E |
18 - . 72-71.5 ML-CL* 58
l *In accordance with ASTM D-2487-69. Other classifications in
accordance with ASTM D-2488-69.
|
.
\
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Unit
Boring

=
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10
12
13
14
15
16
17
18
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Table 27-10 (cont.)

SUMMARY OF STRATIGRAPHIC SEQUENCE F, UNIT 3

Depth Below Percent
N - Ground "Surface Unified Soil Passing
Value in Feet Classification #200 sieve
- 70-74 CL-ML Co-
- 72-79 ML -
- 70-76 CL* 95
ML-CL
- 70-78 ML-CL* | 83
- 70-78 SM 24
- 64-70 ML .
- 72.5-75 cL* 97
- 73-78 ML -
- 70-77 ML, -
50 72-78 ML -
- 72-76 ML 79
- 74-78.5 ML -
- 66-72 cL* 79
- 73-77 ML -
- 73-77 - ML -

*Tn accordance with ASTM D-2487-69. Other classifications in
accordance with ASTM D-2488-69. .
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Table 27-11

AVERAGE INDUCED STRESSES AﬁD EQUIVALENT CYCLES
: UNIT 3-

nunqL

Layer No. .7
31'-35"; o4 =3920 psf

La&er No. 9
40'-45"'; oo =4540 psf

Layer No. 15
70'-75'; go-=6370 psf

Average Equivalent  Average. Equivalent  Average Equivalent
K Stress Cyclesl . Stress cyclesl Stress Cycles
Input Record " tayer PSE taver Psf taver PSE
Santa .Barbara 336 11 435 11 720 9
Hollywood P.E. Lot . 246 26 312 23 . 493 21
‘Hollywood Storage 228 26 289 25 462 23
(Basement) - y
Pasadena 237~ 20. 299 20 520 18
505" 20 954 15

Bechtel

640 17

‘1Ca1cu1atedvvalues
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Table 2T-l1lla

AVERAGE INDUCED STRESSES AND EQUIVALENT CYCLES

UNIT 2. { :

LayeriNé. 9

42'-46'; 0o =5120 psf

, . Layer No. 10

'46'-51"; ‘g4 =5390 psf

- Layer No. 15
71'-76'; 0do =6780 psf

614. 16.

Average Equivalent  Average Equivaient Average Equiva}ent

’ Stress Cyclesl Stress Cycles Stress Cycles
Input Record Tave, psf Tagynr PSE Taver PSE '
Santa Barbara 406 11 441 11 621 9
‘Hollywood P. E. Lot 300 . 23 326 23 436 . 21
Hollywood Storage 279 25 302 25 409 . - 24 7
(Basement) : .
Pasadena 293 20 337 20 488 18
Bechtel 585 16 767 . 16

lpstimated from Unit 3 analyses.
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.Table 2T7-12"
SUMMAR& OF FACTORS OF SAFETY
UNIT 2
Layer No. 9 Layer No. 10 T Layer No. 15 .

42'-46"'; VN =5]£.20 psf ’ - 46'-51"'; O’o' =5390 psf 71'-76"; 0'0' =6780 psf

Equivalent Strength, Factor Equivalent Strength, Factor Equivalent ., Strength, ‘Factqr

Cycles psft of Cycles ~ psf of ' Cycles psf of
Input Record Safety ] - - Safety Safety
Santa Barbara - 1i " 845 2.1 1 883 2.0 © 9 1627 2.6
Hollywood P.E. 23 768 2.6 23 809 2.5 21 1390 3.2
Lot - ’ . - ' .

-g Hollywood Storage 25 768 2.8 25 809 2.7 34 1356 3.3
g -(Basement) ' )

Pasadena 20 794 ?.7 ' 20 836 2.5 18 1424 2.9

Bechtel 16 819 1.4, 16 862 1.4 16 " 1458. 1.9
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Table 2T-12a

'SUMMARY OF FACTORS OF SAFETY

UNIT 3

- - u
- - - -

. Layer No. 7
. 31'!1'35!; qo' =3920 ‘psE

Layer No.
35'-40"; 6J==4220 psf

’ Equivalent Strength, Factor Eguivaleﬂf Strength, Factor
Input Record Cycles psf . - of Cycles psf of
. ) Safety Safety

_Santa Barbara 11 © 643 1.9 11 692 " -1.8
Hollywood P. E. 26 © 596 - 2.4 24 633 2.3
Lot - )

Hollywood Storage 26 596 2.6 26 624 2.5
(Basement) ; ‘

Pasadena 20 607 2.6 20 654 2.4
'Bechtel 20 607 1.2 19 658 1.2

N €
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Table. 27-12a (continﬁéd)

SUMMARY OF FACTORS OF SAFETY

UNIT 3

Layer No. 9-
40'-45"; 06 =4540 psf

| Layer No. 15 )
70'-75'; 04 =6370 psf

- Equivalent  Strength, {Factor Equivalent -Strength, Factor
Input Record Cycles psf of Cycles psf of
-Safety - - Safety
Santa Barbara 11 © 749 1.7 9 : 1529 2.1
' Hollywood P. E. 23 681 2.2 21 1306 2.6
1, Lot :

g Holiywood Storage: 25 . 681 - 2.4 24 . 1274 2.8

Q (Basement) o .
Pasadena 20 - . 704 2.4 18 1338 2.6
Bechtel 17 726 1.1

17 1370 - 1.5
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1.0

UNIT #3 Clay & Silty|Clay . x
UNIT #3 Sandd& Silty| Sand *
*As noted on Soil Models (Tables 2T-8 and 2T-8a) :
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