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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN 2.5.2 February 1995
VIBRATORY GROUND MOTION Contact: A.J. Murphy
SECOND PROPOSED REVISION 3 (301)415-6010

REVIEW RESPONSIBILITIES
Primary - Civil Engineering and Geosciences Branch (ECGB) <§§£?

Secondary - None

AREAS OF REVIEW

The Civil Engineering and Geosciences Branch ”f
and geologicall geophy: ey geotecﬁ”?ga{
SN

establish ytémine ehe—aeewi
foLion (SSE) he—eperating :-,‘ e—{OBE} for the site. ?he—sa#e

This standard review plan is being issued in draft form to involve the public in the early stages of its development. It has hot received
complets staff review and does not represent an official NRC staff position.

Public comments are being solicited on this draft standsrd review plan, wich is part of a group of drafts of regulatory guides and
standard review pisn sections on meeting proposed amendments to the regulstions on siting nuclear power plants (59 FR 52255).
Comments should be accompanied by appropriate supporting data. Written comments may be submitted to the Rules Review and
Directives Branch, DFIPS, Office of Administration, U.S. Nuclear Regulatory Commission, Washington, DC 20555, Copies of
comments received may be examined at the NRC Public Document Room, 2120 L Street NW Washington, DC. Comments will be

most heipful if received by May 12, 1995.

Requests for single copies of this standard review plan {(which meay be reproduced) will be filled while supplies last. Requests should
be in writing to the U.S. Nuclear Regulatory Commission, Washington, DC 20555, Attention: Office of Administration, Distribution
and Mail Services Section.
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The principal regulation used by the staff in determining the scope and
adequacy of the submitted seismologic and geologic information and attendant
procedures and analyses is Sactio j %

Additional guidanee SAE

Specific areas of review include seismicity (Subsection 2.5.2.1), geologic and
tectonic characteristics of the site and region (Subsection 2.5.2.2), correla-

tion nf earthquake act1v1ty with gee49g+e—s%rue%ure—er—%ee%en+e—prev+ﬂees

(Subsection 2. 5 2. 5) arid

..... 100 (Subsect1on

2.5.2.6)5—and epera%+ﬂg—bas*s—ea*%hqaake—f&absee%+eﬁ—2—5—2—¥}.
2.5.2-2
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The geotechnical engineering aspects of the site and the models and methods
employed in the analysis of soil and foundation response to the ground motion
environment are reviewed under SRP Section 2.5.4. The results of the
geosciences review are used in SRP Sections 3.7.1 and 3.7.2.

I1. ACCEPTANCE CRITERIA

Tﬁe applicable regulations (Refs. 1, 2, and 3) and regulatory guides (Refs. 4,

5, 6, and:9) and basic acceptance gritgria pertinent to the areas of this

section of the Standard Review Plan are:

1. 10 CFR Part 100, "Reactor Site Criteria"™ (Ref. 3). This part describes
general criteria that guide the evaluation of the suitability of
proposed sites for nuclear power and testing reactors.

Power—Plants-— Fhese-eriteria describes the kinds—ef geologic and

seismic information needed to determine site suitability and identify
geologic and seismic factors required to be taken into account in the f
siting and design of nuclear power plants (Ref. 1). -. ‘

2. 10 CFR Part 50, Appendix A, "General Design Criteria for Nuclear Power
Plants”; General Design Criterion 2, "Design Bases for Protection
Against Natural Phehomena? (Ref. 2). This criterion requires that
safety-related portions of the structures, systems, and components
important to safety shatt be designed to withstand the effects of-
earthquakes, tsunamis, and seiches without Toss of capability to perform
their safety functions. 4

4 g. Regulatory Guide 1.132, "Site Investigations for Foundations of Nuclear
Power Plants.” This guide describes programs of site investigations

205.2-3
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related to geotechnical aspects that would normally meet the needs for
evaluating the safety of the site from the standpoint of the performance
of foundations under anticipated loading conditions, including §§
earthquake. It provides general guidance and recommendations for
developing site-specific investigation programs as well as specific
guidance for conducting subsurface investigations, including the spacing
and depth of borings as well as sampling intervals (Ref. 4).

Regulatory Guide 4.7 {Proposed Revision 2 -4004Y, "General Site
Suitability Criteria for Nuclear Power Stations."” This guide discusses
the major site characteristics related to public health and safety whieh
£hat the NRC staff considers in determining the suitability of sites for
nuclear power stations (Ref. 5).

Regu1atofy Guide 1.60, "Design Response Spectra for Seismic Design of

Nuclear Power Plants."” This—guide-gives—one-methed—aceeptable—te—the

2.5.2-4
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Hetaited guidance on 1nVestigations. The seismic design bases are predicated
on a reasonable, conservative determination of the SSE—and-the—OBE. As
defined—in-Section—111-efAppendix-A—{(Ref—1)—te—10-CFR—Part—166—the ?hg SSE
afd-OBE—=are 33 based on consideration of the regional and local geology and
seismology and on the characteristics of the subsurface materials at the site.

produce—at—the—site- No comprehensive definitive rules can be promulgated
regarding the investigations needed to establish the seismic design bases; the
requirements vary from site to site.

2.5.2.1 Seismicity. r J0 meeting the requ1rements of proposed in
Reference 1, this subsection is accepted when the complete historical record
of earthquakes in the region is listed and when all available parameters are
given for each earthquake in the historical record. The listing should
include all earthquakes having Modified Mercalli Intensity (MMI) greater than
or equal to IV or magnitude greater than or equa1 to 3 0 that have been
reported $n—all—teectonic—provinces ¥ ismi
are within ﬁ? km (200 miles) of the site. A reg1ona1;sca1e map should be
presented showing all listed earthquake epicenters and should be supplemented
by a larger-scale map showing earthquake epicenters of all knoWn events within

i km (50 miles) of the site. The following information concerning each
earthquake is required whenever it is available: epicenter coordinates, depth
of focus, date, origin time, highest intensity, magnitude, seismic moment,
source mechanism, source dimensions, distance from the site, and any strong-
motion recordings (sources from which the information was obtained should be
identified). A]1 magn1tude des1gnat1ons such as ng, M, M,, M, should be

§ R ARG TR A

f 8] aaseamm J’é”v :'aence

described comp]ete]y, 1nc1ud1ng the estimated level of strong motion that
induced failure and the physical properties of the materials. The
completeness of the earthquake history of the region is determined by

comparison to published sources of information {e7grv—Ré$s7—9—%hreagh—43).
2.5.2-5
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When conflicting descriptions of individual earthquakes are found in the
published references, the staff should determine which is appropriate for
licensing decisions.

2.5.2.2 Geologic and Tectonic Characteristics of Site and Region. 1In

meeting the requirements of References 1, 2, and 3, this subsection is

accepted when a]] gee4eg+e—s%rue%ures—w+%h+n—%he-reg+en—aﬂd—tee%eﬁ+e—ae%+¥+ty

of the reg1on are identified, or when an adequate 1nvest1gat1on has been
carried out to prov1de reasonab]e-assurance that all significant teetenie

structures SeisSmiC. Information presented in
Section 2.5.1 of the app11cant’s safety analys1s report (SAR) and information

from other sources {e-g——Refs-—9—and—I4—threugh—18} dealing with the current

tectonic regime should be deve]oped into a coherent well-documented

generating potential of Seismi HPCEs .
Spec1f1cal1y, each teetenic—provinece Sei: il
] (200 milesy of the site, must be 1dent1f1ed The staff
interprets {g;wgétecton1c provinces to be regions of un1form ear%hquake

i sm : Cirrence)

R R A DS

The proposed

geo]og1c history, differences in the current tectonic regime,
onsiderations ete.

=

tectonies—{Post—Mi bout—5 &

Zpenic ,pﬁ@ﬁimﬁﬁe he fast % million years and younger geologic
history) and (2) the pattern and level of historical seismicity. Those
characteristics of geologic structure, tectonic history, present and past

tectonie—provinces and the particular areas within those SGUFCE:
where historical earthquakes have occurred should be described. Alternative
regional tectonic models derived from available literature seurees;—ineluding

previous—SARs—and-NRE—staffSafety—Evaluation—Reports—{SERs)s should be
2.5.2-6
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discussed The model that best conforms to the observed data is accepted In

results of the additional investigative requirements descr1bed in 40—GFR—Part
-I-OO—Appenda*—-A——-Seet—mn—I-V-(-a-H&)—(-Reﬁ—l-)— "sh#’“’s“&&’“mon i

presented.
the %ee%en+e—prev+aees seismic

proposed in
development of the re]at1onsh1p between the h1story of earthquake act1V1ty and

The applicant’s presentation is accepted when the earthquakes -discussed in
Subsection 2.5.2.1 of the SAR are shown to be associated with either geelogic
structure—or-tectonic—province S8iamic. sources. Whenever an earthquake
hypocenter or concentration of earthquake hypocenters can be reasonably
correlated with geologic structures, the rationale for the association should
be developed considering the characteristics of the geologic structure
(including geologic and geophysical data, seishicity, and the tectonic
history) and the regional tectonic model. The discussion should include
identification of the methods used to locate the earthquake hypocenters, an
estimatjon of their accuracy, and a detailed account that compares and
contrasts the geo]og1c structure 1nvo]ved in the earthquake act1V1ty with
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2.5.2.5 Seismic Wave Transmission Chara

2.5.2-9
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or deamplification) of the materials overlying bedrock at the site are

e

described as a function of the significant frequencies g _____ 23. The
following material properties should be determined for each stratum under the
site: Ehickuess: seismic compressional and shear wave velocities, bulk
densities, soil index properties and classification, shear modulus and damping

variations with strain level, and water table elevation and its variation

s apANaANe

¥. In each case, methods used to determine the properties should be

gmﬂwum’. 24

described in Subsection 2.5.4 of the SAR and cross-referenced in this

subsection. Fer-the-maximum—earthquake-determined—in—Subseetion—2-5-2-4;—the

2.5.2-10
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Where vertically propagating shear waves may produce the maximum ground
motion, a one-dimensional equivalent-linear analysis (e.g., Ref. 23—er—24 §§
1B) may be
appropriate and is reviewed in conjunction with geotechnical and structural
engineering. Where horizontally propagating shear waves, compressional waves,
or surface waves may produce the maximum ground motion, other methods of
analysis (e.g., Refs. 28-and—29 {4 3nd 20) may be more appropriate. - However,
since some of the variables are not well defined and the techniques are still
in the developmental stage, no generally agreed-upon procedures can be
promulgated at this time. Hence, the staff must use discretion in reviewing
any method of analysis. To ensure appfbpriateness, site response
characteristics determined from analytical procedures should be compared with
historical and instrumental earthquake data, when available.

2.5.2.6 Safe Shutdown Earthquake Ground:Motion. JIn—meeting—the

2.5.2-11
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"Both horizontal and vertical component site-specific response spectra

should be developed statistically from response spectra of recorded
strong motion records that are selected to have similar source,
propagation path, and recording site properties as the controlling
earthquakes. It must be ensured that the recorded motions represent
free-field conditions and are free of or corrected for any soil-
structure interaction effects that may be present because of locations
andfor housing of recording instruments. Important source properties
include magnitude and, if possible, fault type; and tectonic
environment. Propagation path properties include distance, depth, and
attenuation. “Relevant site properties include shear velocity profile
and other factors that affect the amplitude of waves at different
frequencies. A sufficiently large number of site-specific time-
histories or response spectra or both should be used to obtain an
adequately broadband spectrum to encompass the uncertainties in these

‘parameters. An 84th percentile response spectrum for the records should

be presented for each damping value of interest. and-ecompared—to—the-SSE
2.5.2-12
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free—fieldand—desigrresponse—speetrom—(e.q., Refs. 30,33 32,—=and-33

o192 i The staff considers direct estimates of spectral
ordinates preferable to scaling of spectra to peak accelerations. In
the—East United-States—relatively—tittle—inf t$on— : 1ab]
 tudes—For—the] histor thatakesi—t 44 I
 to ] i ntensity—of b4 d $nt e
thquake—effects)—t tmod ttud £ pictons tsfergrr |
Refs—34—-and-35)- If the data for site-specific response spectra were

not obtained under geologic conditions similar to those at the site,
corrections for site effects should be included in the development of
the site-specific spectra.

Where a large enough ensemble of strong-motion records is not available,
response spectra may be approximated by scaling that ensemble of strong-
motion data that represent the best estimate of source, propagation
path, and site properties (e.g., Ref. 36 25). Sensitivity studies
should show the effects of scaling.

If strong-motion records are not available, site-specific peak ground
acceleration, velocity, and displacement (if necessary) should be deter-
mined for appropriate magnitude, distance, and foundation conditions.
Then response spectra may be determined by scaling the acceleration,
velocity, and displacement values by appropriate amp1ification factors

(e.g., Ref. 37 26). Where—enly—estimates—ofpeak—ground—aceeleration

apppepé4a%e—amp%%¥%ea%%eﬂ—$ae%ePsr For each controlling earthquake, the

peak ground motions should be determined using current relations between
acceleration, velocity, and, if necessary, displacement, earthquake size
(magnitude or intensity), and source distance. Peak ground motion
should be determined from state-of-the-art relationships. Relationships
between magnitude and ground motion are found for example,. in
References §2 and 27} DBue—to BECAUS:

intensities greater than Modified Merca111 Intensity (MMI) VIII, the
available empirical relationships between intensity and peak ground

2.5.2-13
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motion may not be suitable for determining the appropriate reference
acceleration for seismic design.

Respense Spectra developed by theoretical-empirical modeling of ground
motion may be used to supplement site-specific spectra if the input
parameters and the appropriateness of the mode] are thorough1y

| Mode11ng is

d1fferent in terms of frequency content and wave type from ground motion
caused by more distant earthquakes.

The time duration and number of cycles of strong ground moti%n are required
for analysis ef—site-foundationIiquefaction—potentiat and for design of many
plant components. The adequacy of the time history for structural analysis is
reviewed under SRP Section 3.7.1. The time history is reviewed in this SRP
section to confirm that it is compatible with the seismological and geological
conditions in the site vicinity and with the accepted SSE model. At present,
models for deterministically computing the time history of strong ground

2.5.2-14
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motion from a given source-site configuration may-be ﬁgﬁ Timited. It is
therefore acceptable to use an ensemble of ground-motion time histories from
earthquakes with similar size, site-source characteristics, and spectral
characteristics or results qf a statistical analysis of such an ensemble.
Total duration of the motion is acceptable when it is as conservative as
values determined using current studies such as References 48;—49;—56;—and-53

%& LA

ITII. REVIEW PROCEDURES

Upon receiving the applicant’s SAR, an acceptance review is conducted to
determine compliance with the py
Part 100, &

proposed investigative requirements of 10 CFR
00774 Appendix—A (Ref. 1). The reviewer also identifies

any site-specific problems, the resolution of which could result in extended

delays in completing the review.

2.5.2-15
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After SAR acceptance and docket1ng, %hese—areas—are—+deﬁ%a#4ed—whe¥e

Stppo B F L tlcank \
hazard. These are transm1tted to the app11cant as d*a#% requests for

additional information.

A site visit may be conducted, during which the reviewer inspects the geologic
conditions at the site and the region around the site as shown in outcrops,
borings, geophysical data, trenches, and those geologic conditions exposed
during construction if the review is f9r an operating license. The reviewer
also discusses the questions with the applicant and his consuitants so that it
is clearly understood what additional information is required by.the staff to

continue the review. Fellowing—the-site—visit;—a—revised—set—of requests—for

that may agree or disagree with those of the applicant. These are formally
transmitted to the applicant.

The Safety Analysis Report and amendments responding to the requests for
additional information are reviewed to determine that the information
presented by the applicant is acceptable according to the criteria described
in Section II (Acceptance Criteria) above. Based on information supplied by

s S R

the applicant ﬁ?,& nformation obtained from site visits, er—frem staff

earthquake potential for each prev+nee—and—eaeh—eapab%e—#a&%%—er—%ee%en+e

structure using procedures noted in Section II (Acceptance Cr{teria) above.
The reviewer evaluates the vibratory ground motion that the petentiat

o

"

2 5 3
SSt safe—shutdown—earthquake—and—operating
PRODEEP ° ,

2.5.2-16
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IV. EVALUATION FINDINGS

If-the—evahnation—by-the-staffs On completion of the review of the geologic
and seismologic aspects of the plant site, J¥ thE eVaATUIEIOR By ERESEATE

confirms that the applicant has met the requ1rements or guidance of applicable
portions of References 1 through 6 %”3 , the conclusion in the SER states
that the information provided and 1nvestigations performed support the
applicant’s conclusions regarding the seismic integrity of the subject nuclear

power plant site. In addition to the conclusion, this section of the SER

includes En evaliation bf (1) definitions—of—tectonic—provinees SEIsmiC

arces, (2) eva%ua%*eﬂs—eﬁ—the capability of geologic structures in the

Staff reservations about any significant deficiency presented in the
applicant’s SAR are stated in suff1c1ent deta11 to make c]ear the prec1se

ﬁﬁe : alual]
redete¥m+ﬁat+ens are made by the staff durlng beth the construct1on permit
ine ermit

OL applications are reviewed for any new information developed subsequent to

the CP safety-evaluation—repert— SER. The review will also determine whether

the CP recommendations have been implemented.

A typical OL-stage summary finding for this section of the SER follows:

In our review of the seismologic aspects of the plant site, we have
considered pertinent information gathered since our initial seismologic
review which that was made in conjunction with the issuance of the
Construction Permit. This new information includes data gained from
both site and near-site investigations as well as from a review of
recently published literature.

2.5.2-17
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As a result of our recent review of the seismologic information, we have
determined that our earlier conclusion regarding the safety of the plant
from a seismological standpoint remains valid. These conclusions can be
summarized as follows:

1. Seismologic information provided by the applicant and required by
Appendix—A Section100723 e BY 10 CFR Part 100 provides an
adequate basis to establish that no eapable—fauHs seismic

exist in the plant site area whieh Thif would cause earthquakes to
be centered there.

2. The response spectrum proposed for the safe shutdown earthquake is
the appropriate free-field response spectrum in conformance with

Appendix—A Section 100.2376F +e 10 CFR Part 100.

The new information reviewed for the proposed nuclear power plant is
discussed in Safety Evaluation Report Section 2.5.2.

The staff concludes that the site is acceptable from a seismologic
standpoint and meets the requirements of (1) 10 CFR Part 50, Appendix A
(General Design Criterion 2), (2) 10 CFR Part 100, and (3) 10 CFR Part
100, Appendix—A Section 100:23. This conclusion is based on the
following:

1. The applicant has met the requirements of:

a. 10 CFR Part 50, Appendix A, General Design Criterion 2 with
respect to protection against natural phenomena such as
faulting.

b. 10 CFR Part 100, Reactor Site Criteria, with respect to the
identification of geologic and seismic information used in
determining the suitability of the site.

c. 10 CFR Part 100, Appeﬂd+*—A—{S€%£ﬁH£?iﬂd—Gee4ﬁg+€—§%%+ﬂ§
Eriteria—for-Nuelear-Power—Plants) Séction | R '

with respect to obtaining the geologic and seismic

2.5.2-18
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information necessary to determine (1) site suitability and
(2) the appropriate design of the plant. Guidance for
complying with this regulation is contained in Regulatory
Guide 1.132, "Site Investigations for Foundations of Nuclear
Power Plants" (Ref. 4), Qw“'”“ﬁﬁyuj;jf;r"'“f'“m 1032

Regulatory Guide 4.7, "General Site Su1tab111ty Cr1ter1a for
Nuclear Power Stations" {Proposed Revision 2J

Besigr—ef-HNuclear—Power—ltants"™—{Ref—6}.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff’s plans for using this SRP section.

Except in those cases in which the applicant or licensee proposes an
acceptable alternative method for complying with specific portions of the
Commission’s regulations, the methods described herein will be used by the
staff in its evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs (Refs. 4

through 8 B).

The provisions of this SRP section app]y to reviews of construction permits
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10 CFR Part 50, -Appendix A, General Design Criterion 2, "Design
Bases for Protection Against Natural Phenomena."”

10 CFR Part 100, "Reactor Site Criteria."”

USNRC, "Site Investigations for Foundations of Nuclear Power
Plants," Regulatory Guide 1.132.

USNRC, "Design Response Spectra for Seismic Design of Nuclear
Power Plants,” Regulatory Guide 1.60.

US NRC, "Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants {{WR Editiony," Regulatory Guide 1.70.

.........

USNRC, "Report of Siting Policy Task Force," NUREG-0625, August
1979.

R. L. Street and.F. T. Turcotte, "A Study of Northeastern North
American Spectral Moments, Magnitudes, and Intensities,” Bulletin
of the Seismological Society of America, Vol. 67, pp. 599-614,

1977.
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0. W.. Nuttli, G. A. Bollinger, and D. W. Griffiths, "On the
Relation Between Modified Mercalli Intensity and Body-Wave
Magnitude,” Bulletin of the Seismological Society of America, Vol.
69, pp. 893-909, 1979.

P. B. Schnabel, J. Lysmer, and H. B. Seed, "SHAKE-A Computer.
Program for Earthquake Response Analysis of Horizontally Layered
Sites," Report No. EERC -72-12, Earthquake Engineering Research
Center, University of California, Berkeley, 1972.
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g5 24. E. Faccioli and J. Ramirez, "Earthquake Response of Nonlinear

Hysteretic Soil Systems,” International Journal of Earthquake
Engineering and Structural Dynamics, Vol. 4, pp. 261-276, 1976.

16 26. I. V. Constantopoulos, "Amplification Studies for a Nonlinear
Hysteretic Soil Model," Report No. R73-46, Department of Civil
Engineering, Massachusetts Institute of Technology, 1973.

V. L. Streeter, E. B. Wylie, and F. E. Richart, "Soil Motion
Computation by Characteristics Methods," Proceedings of the
American Society of Civil Engineers, Journal of the Geotechnical
Engineering Division, Vol. 100, pp. 247-263, 1974.

gg 2. W. B. Joyner and A. T. F. Chen, "Calculations of Nonlinear Ground
Response in Earthquakes," Bulletin of the Seismological Society of
America, Vol. 65, pp. 1315-1336, 1975.
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Qg 28. T. Udaka, J. Lysmer, and H. B. Seed, "Dynamic Response of
Horizontally Layered Systems Subjected to Traveling Seismic
Waves," Proceedings of the Second U.S. National Conference on

Earthquake Engineering, 1979.

gg 29. L. A. Drake, "Love and Raleigh Waves in an Irregular Soil Layer,"
Bulletin of the Seismological Society of America, Vol. 70, pp.
571-582, 1980.

§§ 30. USNRC, "Development of Site-Specific Response Spectra," NUREG/CR-
4861, March 1987.

P72 31, USNRC, "Safety Evaluation Report Related to Operation of the
Sequoyah Nuclear Plant, Units 1 and 2," NUREG-0011, 1979.
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