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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 2,5.2 VIBRATORY GROUND MOTION
REVIEW RESPONSIBILITIES

Primary - Site Analysis Branch (SAB)
Secondary - None

l.

i1,

AREAS OF REVIEW

The SAB review covers the seismological and geological investigations carried out to estab-
lish the acceleration for seismic design of the plant, the procedures and analyses used

by the applicant to determine the safe shutdown earthquake (SSE) and the operating basis
earthquake (0BE) for the site, and the seismic design bases for foundations.

Specific areas of review include; seismicity, relationship of earthquake occurrence to
geologic or tectonic characteristics of the region, determination of the earthquake-
generating potential of the geologic siructures and tectonic provinces in the region, char-
acteristics of seismic wave transmission at the site, and determination of the level and
properties of the vibratory ground motion at the site resulting from potential earthquakes
in the region.

ACCEPTANCE CRITERIA

1. The required investigations are described in 10 CFR Part 100, Section IV(a) of Appendix
A. The acceptable procedures for determining the seismic design bases are given in
Section V(a) of the same appendix. The seismic design bases are predicated on a reason-
able, conservative determination of the safe shutdown earthquake and the operating
basis earthquake, As defined in Section IIl of 10 CFR Part 100, Appendix A, the SSE
and OBE are based on consideration of the regional and local geology and seismology
and on the characteristics of the subsurface materials at the site and are described
in terms of the vibratory ground motion which they would produce at the site. No com-
prehensive definitive rules can be promulgated regarding the investigations needed to
establish the seismic desiyn bases; the requirements vary from site to site,

2. Subsection 2.5,2.)1 (seismicity): The applicant's presentation 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 earthquak's MM intensity greater than IV or magnitude greater than 3 which
have been reported in all tectonic provinces any parts of which are within 200 miles
of the site. A regional-scale map should be pre:ented showing all listed earthquake
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epicenters and, in areas of high seismicity, should be supplemented by a larger-scale
map showing earthquake epicenters within 50 miles of the site. The following informa-
tion concerning each earthquake is required whenever it is available: epicenter
coordinates, depth of focus, origin time, highest ansity, magnitude, seismic moment,
source mechanism, source dimensions, source rise { , rupture velocity, total disloca-~
tion, fractional stress drop, and any strong-motion recordings; references from which
the specified information was obtained should be identified. In addition, any reported
earthquake-induced geologic failure, such as liquefaction, landsliding, landspreading,
and lurching should be described completely, including the level of strong motion which
induced failure and the materia) properties of the materials. The completeness of the
earthquake history of the region is determined by comparison to the historical earth-
quake data (HED) file (Ref. 4) and other published sources of information (e.9.,

Refs. 5, 6, 7). When conflicting descriptions of individual earthquakes are found in
the published references, a reasonable description which results in the more conserva-
tive interpretation of the seismicity is accepted.

Subsection 2.5.2.2 (Geologic and Tectonic Characteristics of Site and Region): The
applicant's presentation is accepted when all regional geologic structures and tectonic
activity which are significant in determining the earthquake potential of the region
are identified. Information presented in Section 2.5.1 of the applicant's safety
analysis report (SAR) and information from other literature sources (e.g., Refs. 8,

9, 10, 11, 12) dealing with regional tectonics should be developed into a coherent,
well-documented discussion to be used as the basis for determining tectonic provinces
and the earthquake-generating potential of the identified geologic structures.
Specifically, each tectonic province, any part of which is within 200 miles of the site,
must be identified. Those characteristics of geologic structure, tectonic history,
present and past stress regimes, and seismicity which distinguish the various tectonic
provinces and the particular areas within those provinces where historical earthquakes
have occurred should be described, Alternative regional tectonic models from available
literature sources should be discussed. When several of the alternative models conform
equally well with the observed phenomena, the model which results in the more conservative
assessment of the earthquake potential at the site is accepted, In addition, in those
areas where there are capable faults, the results of the additional investigative
requirements described in 10 CFR Part 100, Appendix A, Section 1V(a)(8), must be
presented. The discussion should be augmented by a regional-scale map showiny *he
tectonic provinces, earthquake epicenters, locations of geologic structures and <ihe’
features »' 'ch characterize the provinces, and the locations of any capable faults.

Subsection 2.5,2.3 (Correlation of Earthquake Activity with Geologic Structure c:
Tectonic Provinces): Acceptance is based on the development of the relationship
between the relatively short history of earthquake activity and the geologic structures
or tectonic provinces of & region. 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 geologic structure or a tectonic province. Whenever an earthquake epicenter

or concentration of earthquake epicenters can be reasonably correlated with geologic
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structure, the rationale for the association should be developed considering the
properties of the geologic structure and the regional tectonic model., The discussion
should include identification of the methods used to locate the earthquake epicenters,
an estimate of their accuracy, and a detailed account which compares and contrasts

the geologic structure involved in the earthquake activity with other areas within the
tectonic province, Particular attention should be given to determining the capability
of faults with which instrumentally-located earthquake epicenters are associated.

The applicant may choose to define tectonic provinces to correspond to subdivisions
generally accepted in the literature. A subdivision of a tectonic province is accepted
if it can be corroborated on the basis of detailed seismicity studies, tectonic flux
measurements, contrasting structural fabric, different geologic history, differences

in stress regime, etc. [f detailed investigations reveal no significant differences
between areas within a tectonic province, the areas should be considered to compose a
single tectonic province. The presentation should be augmented by a regional-scale

map showing the tectonic provinces, the earthquake epicenters, and the locations of
geologic structures and measurements used to define provinces. Acceptance of the
proposed tectonic provinces is based on the staff's independent review of the seismicity,
tectonic flux (Ref. 31), geologic structure, and stress regime in the region of the site.

Subsection 2.5.2.4 (Maximum Earthquake Potential): The applicant's presentation is
accepted when the vibratory ground motion due to %l maximum credible earthjuake
associated with each geologic structure or tie maximum his.oric earthquake associated
with each tectonic province has been assecsed and when the e:rthquake which would pro-
duce the maximum vibratory ground motion at the site has been determined. Earthquakes
associated with each geologic structurs or tectonic province must be identified. Where
ar earthquake is associated with geolugic structure, the maximum earthquake which could
occur on that structure should be eviluated, taking into account such factors as the
type of the faulting, fault length, fault displacement, and earthquake history,

(e.g., Refs. 14, 15).

In order to determine the maximum earthquake that could occur on those faults which

are shown or assumed to be capable, the staff accepts conservative values based on
historic experience in the region and specific considerations of the earthquake history,
sense of movement, and geologic history of movement on the faults. wiere the earth-
quakes are associated with a tectonic province, the largest historical earthquake within
the province should be identified and, whenever possible, the return period for the
earthquake should be estimated, Isoseismal maps should also be nresented for the most
significant earthquakes. The ground motion at the site should be evaluated assuming
seismic energy transmission effects are constant over the region of the site and
assuming that the largest earthquake associated with each geologic structure or with
each tectonic province occurs at the point of closest approach of that structure or
province to the site,
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The set of conditions describing the occurrence of the earthquake which would produce
the largest vibratory ground motion at the site should be defined. If different
potential earthquakes would produce the maximum ground motion in different frequency
bands, the conditions describing all such earthquakes should be specified. The des-
cription of the potential earthquake occurrence {s to include the maximum intensity
or magnitude and the distance from the assumed location of the potential earthquake
to the site. The staff independently evaluates the effects on site ground motion of
the largest earthquake associated with each geologic structure or tectonic province.
Acceptance of the description of the potential earthquake which would produce the
largest ground motion at the site is based on the staff's independent analysis,

Subsection 2.5.2.5 (Seismic Wave Transmission Characteristics of the Site):

The applicant's presentation is accepted when the seismic wave transmission character-
istics (amplification or deamplification) of the materials overlying bedrock at the
site are described as a function of the significant frequencies. The following material
properties should be determined for each stratum under the site: seismic compressional
and shear velocities, bulk densities, soi) properties and classification, shear modulus
and its variation with strain level, and water table elevation and its variation. In
each case, methods used to determine the properties should be described or a cross-
reference should be given indicating where in the SAR the description is provided.

For each set of conditions describing the occurrence of the maximum potential earth-
quake, determined in Subsection 2.5.2.4, the type of seismic waves producing the maxi-
mum ground motion and the significant frequencies must be determined. Ffor each set of
conditions an analysis should be performed to determine the effects of transmission

in the site material for the identified seismic wave types in the significant
frequency bands.

where horizontal shear waves produce the maximum ground motion, an analysis similar to
that of Schnabel, et al. (Ref, 16) is appropriate. Where compressionii or surface

waves produce the maximum ground motion, other methods of analysis (Refs. 17, 18) may

be more appropriate. However, since the latter techniques are still in the developmental
stages and no generally agreed-on procedures can be promulgated at this time, the staff
accepts the shear wave model as representative of site amplification, The site amplifi-
cation determined in this way should be compared with characteristics of site amplifi-
cation in the epicentral area of the historical earthquake used as the basis for each
maximum potential earthquake, If detailed soils investigations have been made in the
epicentral area, the amplification analysis should be based on these. Because detailed
geologic investigations are generally not available for the epicentral areas of his-
torical earthquakes, several factors should be considered in assessing amplification
effects there, including: regional geology and soil conditions, earthquake isoseismal
maps, and descriptions of earthquake effects.
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Subsection 2.5.2.6 (Safe Shutdown Earthquake): The applicant's presentation is
accepted when the vibratory ground motion specified for the safe shutdown earthquake

is described in terms of the level of acceleratfon for seismic design and its time
history and is as conservative as that which would result at the site from the maximum
potential earthquake (determined in Subsection 2.5.2,4) and considering the variations
in sfte transmission effects (determined in Subsection 2,5.2.5). If several different
maximum potential earthquakes produce the largest ground motions in different frequency
bands (as noted in Subsection 2.5.2.4), the vibratory ground motion specified for the
SSE must be as conservative in each frequency band as that for each earthquake, includ-
ing site transmission effects (as noted in Subsection 2.5.2.5).

The amplitude of acceleration at the ground surface, the effective frequency range,
and the duration corresponding to each maximum potential earthquake must be identified.
The acceleration is to be expressed as a fraction of the acceleration of gravity (g).
Where the earthquake has been associated with a specific geologic structure, the
acceleration should be determined using a relation between acceleration, magnitude or
fault length and distance from the fault (cf. Refs. 13, 15). Where the earthquake has
been associatec with 2 tectonic province, the acceleration should be determined using
appropriate relations between ac-eleration, intensity, epicentral intensity, and
distance (e.g., Refs. 19, 20, 21, ).

Numerous correlations between intensity and acceleration are given in the literature
(Refs. 19, 20, 21, 22, 23); several of them are considered acceptable by the staff.
The correlation used fs accepted if it is conservative when compared to the actual
observational data. Acceptance is based on an analysis of the site's seismic energy
transmission properties (Ref. 16, or equivalent)., Conservatism should be assessed
based on consideration of the amplification analysis and in comparison with the actual
published data. The staff will generally accept an acceleration for seismic design
as being conservative if, when applied at the ground surface, it results in a value
at the foundation free field level as large as would be obtained from the empirical
relation of the mean of the intensity acceleration values in Reference 23.

Available ground motion time histories for earthquakes of comparable values of
magnitude, epicentral distance, and acceleration level should be presented. The
spectral content for each potential maximum earthquake should be described; it should
be based on consideration of the available ground motion time histories and regiona)
characteristics of seismic wave transmission. The dominant frequency assocfated with
the peak acceleration should be determined either from analysis of ground motion time
histories or by inference from descriptions of earthquake phenomenology, damage reports,
and regional characteristics of seismic wave transmission.

In some cases, the peak acceleration may not be as significant for engineering design
purposes as a sustained acceleration at a lower level. One situation where the sus-

tained acceleration level may differ from the peak acceleration 1s ir proy .1ty to the
causative fault of the earthquake, It is appropriate in such cases “. “.rine the
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"preference acceleration for scismic design" as representative of the level of sustained
acceleration. The "reference acceleration for seismic design” determined in this section
of the applicant's SAR is taken to be the high frequency asymptote to the design response
spectrum defined in Reference 2. At this time, the staff is not aware of any published
relations between earthquake intensity or magnitude and sustained acceleration. Such
relations could be developed from anaiyses of the response spectra of accelerograph

time histories in those areas where magnitude and intensity measurements are also avail-
able. In lieu of such studies, the peak accelerations are considered to represent
conservative reference accelerations for seismic design. Lower levels of reference
acceleration may be justified on a site-specific basis.

The staff's review of proposed reference accelerations for seismic design considers:
the proximity of the site to the geologic structure or province with which the poten-
tial earthquake is associated, characteristics of acceleration time histories at
epicentral distances similar to that of the potential SSE, results of time-derendent
spectral analyses of such time histories (cf. Refs. 25, 26), the level and drminant
frequency of the peak acceleration, and seismic wave amplitude attenuation as a result
of transmission from the source to the site and in the material uncerlying the site.

The design response spectrum is reviewed under Standard Review Plan (SRP) 3.7.1;
however, as noted above there are certain seismological conditions which may require
special modifications of the response spectrum. In general, the design response
spectrum is acceptable if it is as conservative as the response spectrum from each of
the potential earthquakes as described above.

The time duration of strong ground motion is required for analysis of site foundation
liquefaction potential and for design of many plant components. The adequacy of the
time history for structural analysis is reviewed under SRP 3.7.1. The time history

is reviewed in this standard review plan to confirm that it is compatible with the
seismological and geological conditions in the site vicinity and with the accepted

SSE model. At present, there is no truly adequate model for deterministically
computing the time history of strong ground motion from a given source-site configura-
tion. It is, therefore, acceptable to generate the time history record from the
design respunse spectrum for the SSE using the method of Tsai (Ref. 27) or an equivalent
method. Total duration of the motion is acceptable when (1) it is as conservative as
values determined using the procedure descr’hed by Bolt (Ref. 28) for hard rock sites
or for analyses where nonstationarity of strong motic ime functions is unimportant*
and (2) the spectrum of the derived accelerogram is 2. .J acceptable in the review
under SRP 3.7.1.

Subsection 2.5.2.7 (Operating Basis Earthquake): The vibratory ground motion for

the OBE should be described with the SSE and the acceleration level at the site specified.
The minimum value of the acceleration level for the OBE is currently one-half the reference
acceleration for seismic design corresponding to the SSE. For sites in highly seismic
regions, mainly in the western United States, the complete description of the OBE, as

given in 10 CFR Part 100, Appendix A, Section I11(d),

*For

sTtes on sediments or for analyses where nonstationarity is important, more conservative

values may be required. See, e.g., Refs. 24 and 30.
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is required. In some cases, probability calculations, 1ike those described by
Algermissen (Ref. 29), would be helpful in estimating the acceleration level reason-
ably expected to affect the plant site during the operating 1ife of the plant.
Acceptable source regions that can be used as input to these calculations are those
geologic structures or tectonic provinces with which historical earthquake activity
has been associated, Such descriptions should include the acceleration level of the
OBE and a determination of the probability of exceeding L .t level during the 40-year
operating life of the plant.

11, REVIEW PROCEDURES

Xs

Upon receiving the applicant's SAR, an acceptance review is conducted to determine:
compliance with the investigative requirements of 10 CFR Part 100, Appendix A, and
conformance with the Standard Format (Regulatory Guide 1.70). The reviewer also
identifies any site-specific problems, the resolution of which could result in
extended delays in completing the review.

After SAR acceptance and docketing, those areas are identified where additional
information is required to determine the earthquake hazard and to establish the design
acceleration. These are transmitted to the applicant in requests for additional
information (Q-1).

A site visit 1s conducted during which the reviewer inspects the foundation conditions,
local faulting, and other geologic conditions. During the site visit the reviewer
also discusses and clarifies the Q-1 questions with the applicant and his consultants
so that it is clearly understood what additional information is required by the staff
to continue the review.

Following the site visit 2 revised set of requests for additional information (Q-2),
including any additional questions which may have been developed during the site

visit, is formally transmitted to the applicant. At the Q-2 stage the review procedure
consists mainly of an evaluation of the applicant's response to the Q-1 questions. The
reviewer prepares requests for additional clarifying information and formulates posi-
tions which may agree or disagree with those of the applicant. These are formally
transmitted to the applicant.

The safety analysis report and supplements responding to the requests for additional
information (Q-1, Q-2) are reviewed to determine that the information presented by
the applicant is acceptable according to the critieria described in Section Il above.
Based on information supplied by the applicant, obtained from site visits, or from
staff consultants or literature sources, the reviewer indopendently identifies the
relevant seismotectonic provinces, evaluates the capab [, of faults in the regior,
and determines the earthquake potential for each province and each capable fault using
procedures noted in Section Il above. The reviewer evaluates the vibratory ground
motion which the potential earthquakes could produce at the site and defines the safe
shutdown earthquake and operating basis earthquake.

2.5.2-7

11/24/7%



v,

EVALUATION FINDINGS
For construction permit (CP) reviews, the findings are inciuded in the staff's safety

evaluation report and consist of statements (including or referencing diagrams, maps, etc.)
describing the applicant's and the staff's (1) definitions of seismotectonic provinces;

(2) evaluations of the capability of geologic structures in the regior ) determinations
of the SSE acceleration at ground surface, reference acceleration for : .mic design, time
duration of strong ground motion, and any alterations in the design response spectrum based
on evaluation of the potential earthquakes; and (4) determinations of the OBE acceleration
at ground surface. If the staff's findings are consistent with those of the applicant,
sta‘f concurrence is stated; otherwise, a statement requiring use of the staff's findings
is made.

For operating licen = (OL) reviews, the staff's positions from the CP review are referenced
and a detailed review of any new data which might affect the seismic design bases is
presented.
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