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ABSTRACT

This paper presents the results of a calculation to determine the site specific ............
seismic hazard appropriate for the deep soil site at Brookhaven National "
Laboratory (BNL) which is to be used in the risk assessment studies being
conducted for the High Flux Beam Reactor (HFBR). The calculations use
as input the seismic hazard defined for the bedrock outcrop by a study
conducted at I.awrence Livermore National Laboratory (LLNL). Variability
in site soil properties were included in the calculations to obtain the seismic
hazard at the ground surface and compare these results with those using the
generic amplification factors from the LLNL study.

INTRODUCTION colunm by means of these generic amplification
factors may not be appropriate for any particular

A numerical procedure has been developed to site in question.
determine site specific seismic hazards appropriate
for the deep soil aite existing at BNL from To accomplish this objective, a Monte C,'ulo
comparable hazards defined at the rock outcrop, procedure has been developed which includes the
The input rock site hazard definition was obtained effects of variability in the parameters describing
from the site study performed by LLNL [1]. The the properties of the soil overburden which
rock outcrop hazard is specified in terms of the influence site response. This procedure has been
annual probability of cxceedance of the peak applied to the deep soil site existing at HFBR. A
ground acceleration (PCA) and the associated convolution method of analysis is used, assuming
uniform hazard spectra (UHS) corresponding to upward propagating shear waves, to convert rock
each return period of interest. This data is motions appropriate for the rock outcrop at the site
converted in the LLNL study to the corresponding to surface soil responses and corresponding hazard
site haz_u'd appropriate to the top of the ground definitions. Variability effects from input rock
surface by using genetic frequency dependent soil motion, soil shear moduli, effective hysteretic
amplification factors. These factors accotmt for the damping ratio and strain dependency are included
effects of the overburden soils on the seismic in the procedure to determine the surface hazard
response and are typically obtained from studies of predictions.
upward propagating she:tr waves through the soil
column, llowever, questions of the magnittldcs of SITE DESCI{II)TION
these factors have tx:cn raised, particularly for deep
soil sites such as that at BNL. In several Tl_e site dcscriptiotl was ol_taincd from
at)plicati(ms consitlcrctl to (late, it llas been fotlml prcviotls sttttlics conductccl at llNl., as well as frofn
that the conversion of tlm i_lput rtx:k hazalrd to the studies of the nearby SilorchzHn Nttclcar Power
corresponding detinition at the top of the soil Plant and is st_rnnlariTed i)) 121. A cross-section
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" through the BNL site is shown in Fig. 1, The becomes extremely important. For this
depth of the soil overburden at the site is investigation, seismic motions were calculated at
approximately 1550 feet and consists of relatively the ground surface using additional postulates of
dense gravels and sands iaterspersed with stiff the nonlinear properties of the foundation soils to
clays and sandy clays. Blow count data obtained obtain the sensitivity of the predictions to these
from standard penetration tests were obtained from assumptions.
several borings taken in the area through the upper
10() feet of sediments, with soil descriptions for the To obtain estimates of soil stiffness required
deeper sediments obtained from well logs for the hazard calculations, tl_e number of blows
appropriate to the area. No other strength or required to drive the Standard Penetration Test
stiffness information was available for these soils. (SPT) sampler (taken at five foot intervals to
The variability in blow count data for the near depths of about 90 feet) was used and converted to
surface soils, shown in Fig. 2, was significant and effective low strain (initial) shear modulus. Since
can be considered typical for the site. This this SPT data is used directly to estimate the low
variability was included in the site specific strain shear modulus, the variability in this data
calcuhttions to try to capture the effect of this must be suitably accounted for in the hazard
uncertainty in the convolution studies, calculations. The SPT data was first modified for

the effects of depth by converting to equivalent
SITE RESPONSE CALCULATIONS blows at a standard depth ([7]). This corrected

data was then used to obtain bounding estimates of
The site specific response calculations made blow counts for ali soils in the column.

use of the standard assumption of horizontal shear
waves traveling upward through the long soil The initial soil shear stiffness at any depth in
column from the basement bedrock up to the the soil column is obtained from standard
ground surface, with nonlinear soil properties relationships for the various soil types. For sandy
being included in each specific calculation by the soils, for example, the initial shear modulus is
usual iterative methods. In each calculation, the obtained directly from estimates of relative density
input rock motions were specified as outcrop and confining pressure where the parameters are
motions applied at the top of bedrock. Compatible directly related to the relative density of the smads
motions within the soil colutnn were then and the confining pressure at depth. The relative
calculated which suitably account for reflection and density can in turn be estimated from the SPT blow
refraction effects at the bedrock/soil interface as counts for the soil from a variety of relations.
well as at ali layer interfaces within the soil tlowever, as may be expected, the wide range of
column. The CARES Computer Code [31 was variability in estimated soil stiffness _nay be
used to perform these calculations• obtained, depending upon the particular

relationship utilized. This variability wits
Initially, the soil column calculations were incorporated into the calculation by using bounds

made using the standard Seed-ldriss strain on these recommendations, with a further random
dependent soil properties typically used in site generation to select relative density from the SfrF
evaluations [4]. These effects are represented by blow count data. For any sandy soil layer in the
tl_e degradation in shear modultls and increase in column, random number generators were used to
hystcrctic da_nping ratio which accompanies estimate first the corrected Slrl" blow count
increased she:tr strain levels as shown in Fig. 3. associated with that layer between the lower and
However, recent studies ([5], [61) have indicated upper bound values found from the site N-_rings,
that the degradation in soil properties postulated in and then the relative densily for that p,lrticular blow
the original Secd-ldriss formulation may in fact be count. The initial soil stiffness could then be
too large so as to preclude the ability of significant computed directly from the relations mentioned
high frequency energy from being transmitted above. An additional randona nu_nber generator
upward through the soil colt,mn. As may be noted was included to account for additional scatter in the
in l:ig. 3, the modified models indicate available data used to define thcseparameters.
significantly less degradation with strain as
ct)lnparcdtotl_e_)riginalScc_l-hlrisstlu_tlcl. Ata_ly l-c)r tile clay s_)ils at tile site, tl_c relative
deep soil site, such as at BNL, tlm foma of tlm dcr, sity was not directly tlscd in tlm calculation.
degradation properties used in the analyses Rath,:r, the initial soil stiffness wits related to the
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: initial void ratio of the soil as weil as the colunm cases were run to obtain surface groundi

overburden pressure at depth and the motions for each of the degradation models
overconsolidation ratio of tile soil. A random considered (1()0 runs for the Seed-ldriss model, 50
number generator wits then used to select tile layer runs for the Geomatrix model and 100 runs for the
void ratio, from which the initial shear modulus of no degradation model). Random number
the clay soil layer calculated. Iterative convolution generators were used throughot,t to select soil
czdculatiotls were then perfonned suitably stiffness and damping properties used in tltcsc
accounting for degradation in this stiffness with calculations and provide a range of output motion
cyclic shear straining. Separate evaluations of site suitably accounting for variability in these
response for a particular rock input motion were properties. Each surface spectra computed for a
made using the various degradation models given spectral input was then stored in a data base
discussed above, associated with that input. After the surface spectral

data was anaassed, median and median plus/minus
SURFACE HAZARD CALCULATIONS one sigma spectral accelerations were computed at

each frequency of interest. Ata example of the
For the soil column defined for the site, the results is shown in Fig. 6, in which median surface

following procedure was then used to obtain spectra are shown for the case of a median rock
estimates of the site specific seismic hazards, and outcrop input motion at the 1,(XD year return
this procedure is shown schematically in Fig. 4. period. Although spectral values were computed at
First, the hazard data defined as the bedrock many frequencies, only the results at the six
outcrop hazard was obtained for return periods of frequencies defined for the input spectra are
100 to 1,000,000 years. This data was available in shown.
the form of PGA and spectral accelerations (at
frequencies of 1, 2.5, 5, 10 and 25 hertz) at Several important facts can be deduced from
probability fractiles of 15%, 50% and 85%. The these results. First, the comparison between the
PGA hazard data is shown in Fig. 5 for both the LLNL spectra at bedrock mid at the ground surface
bedrock input as well as at the ground surface show relatively sm'ali differences at ali frequency
using the generic amplification factors from the intervals, even at the lower frequencies associated
LLNL study. As may be noted from these data, no with the deep soil column. Secondly, the impact of
significant change in peak acceleration is postulated the soil degradation models assumed for tlm soils
in this approach from bedrock to the ground of the column completely dominate the magnitude
surface, even for a soil colunm as long as 1550 and shape of the computed surface response

• feet. spectra. For larger degradation values of the Seed-
Idriss type, the magnitude of response at die

For each return period and fractile, a ground surface is significantly reduced as
recommended bedrock spectra was then available compared to tile input, particttlatly at flCtlUer_cies
as the estimate of the seismic input to the soil above 10hz, and increased at the lower frequencies
column. This spectra was considered to be the (below 2.5 hz). The results associated with the
definition of the motion of the rock outcrop Geomatrix model, on the other hand, show
associated with the site. For any one column significandy higher surface response at ali
evaluation, a time history was generated to match frequencies above about 1 hz. This is primarily
tl_is defined bedrock spectra, utilizing a random due to the low damping, partict_larly at tlm deeper
distributioa of tinm phasittg of the frequency dcptlls of tile soil colt||l_n, dclittcd in tt_is n_{xlcl.
components making up the seismic pulse and For higher input acceleration levels associated with
matching the specified peak ground acceleration by longer return periods, it was found that even this
"clipping". Tlm frequency ratlge considered it; any mtx.tel indicated sl_ifts in columli frctltlency to
one time history development was up to 50 hertz at lower values d_le to soil degradation effects. 'l'l_us
a frequency increment of 0.05 hertz. Pulse changes in spectrld shape with return period cml be
durations used in the calculations were 20 seconds, significant in these calculations.

SITE SPECIFIC RESULTS The Geomatrix degradation nlodel was tl_en
selected for the surface h:lz:trd calculation since it

For each of five return peric,x_tsmad three leads to much I_igllcr predictions of surface motion
fractiles considered in the calculations, a number of than tile otlmr models considered, and therefore can
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be considered conservative for this site. The Laboratory, October 1990
median output spectral results of these calculations
for tile 15th, 50th and 85th percentiles spectral [2] C.J. Costantino, E. Heymsfield, Y. T. Gu,
definitions of the input motions are plotted in Fig. "Site Specific Estimates of Surface Ground
7. The spectral accelerations shown in this figure Motions for the HFBR Site at Brookhaven
are the average of the 5 and iu hz responses which National Laboratory", Topical Repo_x No.
were deemed most important for the structural risk CE-ERC-101, Earthquake Research Center,
assessments to be made for the HFBR. As may be Civil Engineering Department, City College
noted, at the higher acceleration levels associated of New York for Brookhaven National
with the bedrock inputs, the magnitudes of the Laboratory, February, 1991
surface response fall significantly below the initial
slope, indicating the nonlinear behavior of the soil [3] J. Xu, A. J. Philippacopoulos, C. A. Miller,
column at the higher acceleration levels. This result C.J. Costantino, "CARES", NUREG/CR-
is even more striking at the higher frequency 5588, vols, 1 thru 3, Brookhaven National
levels. This behavior can be thought of as a Laboratory for U. S. Nuclear Regulatory
"saturation" of the soil column indicating that the Commission, July, 1990
column is no longer able to transmit the h'u'ger
spectral accelerations associated with the higher [4] It. B. Seed and I. M. Idriss, "Soi! Moduli
input motions, and Damping Factors for Dynamic Response

Analyses", Report No. EERC-70-10,
The impact of this column saturation on the University of California, Berkeley, December

. surface seismic hazard curves is shown in Fig. 8. 1970
The hazard data plotted is return period as a
function of the average spectral acceleration (5 to [5] K. Coppersmith, "Ground Motion Following
I0 hz), although similar conclusions would be Selection of SRS Design Basis Earthquake
reached for any other spectral acceleration of and Associated Deterministic Approach",
interest. The generic rock outcrop curves of Fig. 5 Geomatrix Consultants, Draft Final Report,
were then converted to the site specific surface Project No. 1724, for Westinghouse

hazard curves of Fig. 8 using the deterministic Savannah River Company, January, 1991.
relationship of Fig. 7. The additional variability
associated with this conversion, including the [6] I. M. Idriss, "Response of Soft Soil Sites
scatter shown, was incorporated into this During Earthquakes", Proceedings of the H.
calculation. The details of this computation are B. Seed Memorial Symposium, Berkeley,
presented in 19]. The results of Fig. 8 suggest that California, May, 1990
at the lower input acceleration levels (or shorter
return periods), the site specific hazard is greater [71 It. J. Gibbs and W. G. lloltz, "Research on
than would be predicted using the genetic soil Determining the Density of Sands by Spoon
amplification factors predicted with the genetic Penetration ';esting", Proceedings of the 4th
approach. On the other hand, at higher input ICSMFE, vol. 1, 1957
acceleration levels (longer return periods), the
surface hazard is significantly reduced from that [8] "Soil Behavior tinder Earthquake Loading
predicted from the use of the generic data. Conditions; State of the Art Evaluation of Soil

Characteristics For Seismic Response
ACKN()WLEDGEMENT Analyses", Agbabian-Jacobsen Associates
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"I'lliswork was perfonned under the auspices of the Atomic Energy Commission, January 1972.
U.S. Dept. of Energy by Brookhaven National
Lal×_ratory. [9] Y.J. Park, et al, "Seismic l lazard & Fragility
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