UNRITED STATES
NUC! | AR REGULATORY COMMISSION

WASHINGTON, D.C. 208560001

May 22, 1996

MEMORANDUM TO: Uavid L. Morrisun, Director '
Office of Nuclear Regulatory Kesearch

FROM: David L. Meyer, Chief h’-—;ﬁlts.,4—
Rules Review and Directives Branch
Division of Freedom of Information and
Publications Services
Office of Administration

SUBJECT: OFFICE CONCURRENCE ON FINAL RULE ENTITLED
"REACTGR SITE CRITERIA INCLUDING SEISMIC AND
EARTHQUAKE ENGINEERING CRITERIA FOR NUCLEAR PO JER
PLANTS" (10 CFR PARTS 50, 52, and i00)

The Office of Administration concurs, subject to the comments provided, on the
final ruie that updates the criteria used for power reactor sit:.ag (including
geologic, seismic, and earthquake engineering considerations) for future
nuclear power plants. We have attached a marked copy of the final rule and
accompanying documents that include our editorial and format corrections.

In addition to the statement included in this rule, the Small Business
Regulatory Enforcement Fairness Act of 1996 requires agencies to submit a
report transmitting a copy of each final rule to each House of Congress and
the General Accounting Office before the rule takes effect. The repor! must
include a concise general statement concerning the final rule, indicate
whether the action is a "major" rule as defined by the legislation and
determined hy the Office of Management and Budget, and state the anticipated
effective yate of the final rule. We have attached a 1ist of addresses for
the required communication and a sample draft letter for a non-major rule.
Your staff should contact Trip Rothschild, 077, to coordinate with the Office
of Information and Regulaiory Affairs (OIR/:  ffice of Management and Budget
concerning whether the action is a "major n ‘e’ as defined in Sectiun 804 of
the Act. Also, the Act requires that the final regulatory guides associated
:;Eh this final rule be submitted to Congress when they are issued as final
actions.

Please note that when the rule is submitted for publication in the Federal
Register, it must be presented as a single-sided copy. Also, please have a
member of your staff include a 3.5-inch diskette that contains a copy of the
final rule in WordPerfect 5.0 or 5.1 as part of the transmittal package. The
diskette will be forwarded to the Office of the Federal Register and the
Government Printirq Office for their use in typesetting the document.

If you have any questions regarding our comments, please have a member of your
staff contact Michael T. Lesar on 415-7163 or Alzonia Shepard on 415-6864.
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IDENTIFICATION AND CHARACTER’ZATION OF SEISMIC SOURCES AND DETERMINATION OF
SAFE SHU.JOWN EARTHQUAKE GROUND MOTION

A. INTRODUCTION
a 10 CFR Part 100, "Reactor Site

Criteria,”
jection 100.23, "Geologic and Seismic Siting Factors," paragraph (c), “Geological,
Seismological, and Engineering (. iracteristics,” would-requires that the geological,
seismological, and engineering characteristics of a site and its environs be
investigated in sufficient scope and detail to permit an adequate evaluation of tie
proposed site, to provide sufficient information to support evaluatious performed to
arrive at estimates of the Safe Shutdown Earthquake Ground Motion (SSE), and to permit
adequate engineering solutions to actual or potential geologic and seismic effects at
the proposed site. Data on the vibratory ground motion, tectonic surface deformation,
nontectonic deformation, earthquake recurrence rates, fault geometry and slip rates,
sits foundation material, and seismically induced floods, water waves, and other siting
factors wewld Wil) be obtained by reviewing pertinent literature and carrying out field
investigat.ons.

n-the—propesed—In 10 CFR Section 100.23, paragraph (d), "Geologic and Seismic
Siting Factors,” wewld-requires that the geologic and seismic siting factors considered
for design include a determination of the SSE for the site, the potential for surface
tectonic and nontectonic deformations, the design bases for seismically induced floods
and water waves, and other design conditions.
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- A 10 CFR Section 100.23, paragraph (d)(1),
*Determination of the Safe Shutdown Earthquake Ground Motion,” would-requires
that uncertainty inhereat in estimate: of the SSE be addressed through an
appropriate analysis, such as a probabilistic seismic hazard analysis or
suitable sensitivity analysis.

This guide 4+s-Hi#§ being-Béen developed to provide general guidance on
procedures acceptable to the NRC staff for +e—(1) conductifg geological,
geophysical, seismological, and geotechnical investigations, (2) identifying
and characterizifige seismic sources, (3) conducting probabilistic seismic

hazard analyses, and (4) determininge the SSE for satisfying the requiremen

of tho-prepesed—Section]0 CFR 100.23.

This guide contains several appendices that address the objectives
stated above. Appendix A contains a list of definitions of pertinent terms.
Appendix B describes the procedure used to deternine the reference probability
for the SSE exceedance level that is acceptable to the st. Appendix C
discusses the development of a seismic hazard infornat1on base and the
determination of the probabilistic ground motion level and controlling
earthquakes. Appendix D discusses site-specific geological, seismological,
and geophysical investigations. Appendix E describes a method to confirm the
adequacy of existing seismic sources and source parameters as the basis for
determining the SSE for a site. Appendix F describes procedures to determine
the SSE.

Any information collection activities mentioned in this regulatory guide

are contained as requirements +n-the-propesed—amendments—te in 10 CFR Part
100, that—weuldwhich provides the regulatory basus for this gu1de The
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ount for uncertainties in M
ismo d ge ations. The prepesed rule further
recognizes that the nature of uncertainty and the appropriate approach to
account for it depend on the tectonic regime and parameters such as the
knowledge of seismic sources, the existence of historical and recorded data,
gvel of understanding of ghe tectonics. Therefore, methods other
than probabilistic methods such as sensitivity analyses may be adequate for
some sites to account for uncertainties.

Appendix A, "Seismic and Geologic Siting Criteria for Nuclear Power
Plants,” to 10 CFR Part 100 is primarily based on a deterministic methodology.
Past licensing experience in applying Appendix A has demonstrated the need to
forlmlate procedures that quantitatively incorporate uncertainty (including
Iternativ : “f”;:fihus3 in the evaluation of seismic hazards.

geophysical d'tlmfﬁff rnative scientifi t

Probabilistic procedures were developed dur1ng the past 10-15 years
specifically for nuclear power plant seismic hazard assessments in the Central
and Eastern United States (CEUS) (the area east of the Rocky Mountains), also
referred to as the Stable Contirent Region (SCR). These procedures provide a
structured approach for decision making with respect to the SSE when performed
together with site-specific investigations. A PSHA provides a framework to
address the uncertainties associated with the identification and
characterization of seismic sources by \ncorporatlng nultiple interpretations
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M‘lthin the fruework of a probabilistic annysis uncertainties in
the characterization of seismic sources and ground motions are identified and
incorporated in the procedure at each step of the process for estimating the
SSE. The role of site—speeific—reoional—and-site geological, seismological,
and geophysical investigations is to develop geosciences information about the
site for use in the detailed design Gnalysis of the facility, as well as to
ensure that the seismic hazard analysis is based on up-to-date information.

Experience in performing seismic hazard evaluations in active plate:
margin regions in the Western United States (for example, the San Gregorio-
Hosgri fault zone and the Cascadia Subduction Zone) has also identified
uncertainties associated with the characterization of seismic sources (Refs.
1, 2, and 3). Sources of uncertainty include fault geometry, rupture
segmentation, rupture extent, seismic-activity rate, ground motio
earthquake occurrence modeling. As is the cate for sites in the CEUS
alternative hypotheses and parameters must be considered to account for these
uncertainties.

Uncertainties associated with the ident‘fication and characterization of
seismic sources in tectonic environments in both the CEUS and the Western
United States should be evaluated. Therefore, the same basic approach can be
applied to determine the SSE.

APPROACH

The general jrocess to determine the SSE at a site Setors 1
includes:

W Site- and region-specific geological, seismoiogical, geophysical,
and geotechnical investigations, and
- A A probabilistic seismic hazard assessment.
CENTRAL AND EASTERN UNITED STATES

The CEUS is cc idered to be that part of the United States east of the
Rocky Mountain front, or east of Longitude 105° West (Refs. 4 and 5). To
determine the SSE in the CEUS, an accepted PSHA methodology with a range of
credible alternative input interpretations should be used. For sites in the

B
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CEUS, the seismic hazard methods, the data developed, and seismic sources
identified by Lawrence | ivermore National Laboratory (LLNL) (Refs. 4, 5, and
6) and the Electric Power Research Institute (EPRI) (Ref. 7) have been
reviewed and accepted by the staff. The LLNL and EPRI studies developed data
bases and scientific interpretations of available information and determined
seismic sources and source characterizations for the CEUS (e.g., earthquake
occurrence rates, estimates of maximum magnitude).

In the CEUS, characterization of seismic sources is more problematic
than in the active plate-margin region because there is generally no clear
association between seismicity and known tectonic structures or near-surface
gcology. In general, the observed geologic structures were generated in
response to tectonic forces that no longer exist and Jave little or no

p et

correlation with current tectonic forces. Fhus—there —4s—great cr—uhcertainty
4~r¢nh4ng-éodgnen&s—abou%—%he—GEUS—%ha»‘%here—#s—$or-oe%4ve—p40§e—|nf§4n

heréfore, it is important to account for this uncertainty by the

£

use of multiple alternative models.

The identification of seismic sources and reasonable alternatives in the
CEUS considers hypotheses presently advocated for the occurrence of
earthquakes in the CEUS (for example, the reactivation of favorably oriented
zones of weakness or the local amplification and release of stresses
concentrated around a geologic structure). In tectonically active areas of
the CEUS, such as the New Madrid Seismic Zone, where geological,
seismological, and geophysical evidence suggest the nature of the sources that
generate the earthquakes 4n—that—region, it may be more appropriate to
evaluate those seismic sources by using procedures similar to those normally
applicable @pplied in the Western United States.

WESTERN UNITED STATES

The Western United States is considered to be thut part of the United
States that lies west of the Rocky Mountain front, or west of approximately
105° West Longitude. For the Western United States, an information base of
earth science data and scientific interpretations of seismic sources and
source characterizations (e.g., geometry, seismicity parameters) comparable to
the CEUS as documented in the LLNL and EPRI studies does not exist. For this
region, specific interpretations on 2 site-by-site basis should be applied
(Ref. 1).
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The active platesmargin region includes, for example, coastal
California, Oregon, and Washington. For the active platesmargin region, where
earthquakes can often be correlated with known tectonic structures, those
structures should be assessed for their earthquake and surface deformation
potential. In this region, at least three types of sources exist: (1) faults
that are known to be at or near the surface, (2) buried (blind) sources that
may often be manifested as folds at the earth’s surface, and (3) subduction
zone sources, such as those in the Pacific Northwest. The nature of surface
faults can be evaluated by conventional surface and near-surface investigation
techniques to assess strike DI on, geometry, sense of displacements,
length of rupture, Quaternary history. etc.

Buried (blind) faults are often accompenied—by—coseismie associated with
surficial deformation such as folding, uplift, or subsidence. The surface
expression of blind faulting can be detected by manriry th2 uplifted or down-
dropped geomorphological features or =triligraphy, survey leveling, and
geodetic methods. The nature of the structure at depth can often be evaluated
by core borings and geophysical techniques.

jontinéntal United States subduction zones are located in the Pacific
Northuest and Alaska. Seismic sources associated with subduction zones are
sources within the overriding plate, on the interface between the subducting
and overriding lithospheric plates, and +ntrasieb—sewrees in the interior of
the downgoing oceanic slab. The characterization of subduction zone seismic
sources includes consideration of the-fellewing+— three-dimensional geometry
of the subducting plate, rupture segmentation of subduction zones, geometry of
historical ruptures, constraints on the up-dip and down-dip extent of rupture,
and comparisons with other subduction zones worldwide.

The Basin and Range region of the Western United States, and te a lesser
extent the Pacific Northwest and the Central United States, inelude Exhibit
temporal clustering of earthqua.c;. Temporal clustering is best exemplified
by the rupture histories within the Wasatch fault zone in Utah and the Meers
fault in central Oklahoma, where several large late Holocene coseismic
faulting events occurred at relatively close intervals (hundreds to thousands
of years) that were preceded by long periods of quiescence that lastec
thousands to tens of thousand years. Temporal clustering should be considered
in these regions or wherever paleoseismic evidence indicates that it has
occurred.
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C. REGULATORY POSITION

1.  GEOLOGICAL, GEOPHYSICAL, SEISMOLOGICAL. AND GEOTECHNICAL INVESTIGATIONS

L.l Comprehensive geclogical, seismological, geophysical, and
geotechnical investigations of the site and regions eround the site should be

Theoe 1nvestigaticns jescribed in th ry guide are perforned
primarily to gather 1nfonnetion needed to confirm the suitebility of the site
and to gather data pertinent to the safe design and construction of the
suclear power plant. Appropriate geological, seismological, and geophysical
investigations are described in Appendix D to this draft guide. Geotechnical
investigations are described in Regulatory Guide 1.132, "Site Investigations
for Foundations of Nuclear Power Plants" (Ref. 8). Another important purpose
for the site-specific investigations is to determine whether there are new
data or interpretations that are not adequately incorporated in the existing
PSHA databases. Appendix E describes a method for

information derived from the site-specific investigations 1n the context of
the PSHA.

These investigations should be performed at four levels, with the degree
of their detail based on distance from the site, the nature of the Quaternary
tectonic regime, the geological complexity of the site and region, the
existence of potential seismic sources, the potentlal for surface
deforlntions. etc. A mor aile Ot of the areas evel

1.
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above in regions that include capabIe tectonic sources, relatively high

uithin 2 radius of 320 kn (200 -1105) of the site to identify
seismic sources (seismogenic and capable tectonic sources).

Geological, seismological, and geophysical investigations should
be carried out within a radius of 40 ‘m (25 miles) in greater
detail than the regional investigations to identify and
characterize the seismic and surface deformation potential of any
capable tectonic sources and the seismic potential of seismogenic
sources, or to demonstrate that such structures are not present.

_Sites with capable tectonic or seismogenic sources within a radius

of 40 km (25 miles) may require more extensive geological and
seismological investigations and analyses (similar in detail to
investigations and analysis usually preferred within an 8-km (5-

mile) radius).

Detailed geological, seismological, geophysical, and gectechnical
investigations should be conducted within a radius of 8 km (5
miles) of the site, as appropriate, to evaluate the potential for
tectonic deformation at or near the ground surface and to assess
the ground motion transmission characteristics of soils and rocks
in the site vicinity. Investigations should include monitoring by
a network of seismic stations.

Very detailed geological, geophysical, and geotechnical

engineering investigations should be conducted within the site
#{radius of approximately 1 km 0.5 s1165)] to assess specific
soil and rock characteristics as described in Regulatory Guide

1.132 (Ref. 8).

The areas of investigations may be expanded beyond those specified

2 “““ S8 ,'; W R, ,:\.w.-.,
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L3 It should be demonstrated that deformation features discovered
during construction, particularly faults, do not have the petential to
compromise the safety of the plant. The two-step licer<ing pract ice} Whiches
nquir.m applicants to acquire a Construction Perm’ P), and then during
construction apply for an Operating License (OL), ha  «. expanded wodified
to allow for an alternative procedure. The requirements and procedures
applicable to NRC's issuance of combined licenses for nuclear power facilities
are in 10 CFR 52.71. Applying the combined licensing procedure to a site
could result in the award of a license prior to ERESEaFEief construction.
During the construction of nuclear power plants licensed in the past two
decades, previously unknown faults were often discovered in site excavations.
[§Slizncetng Of the—en Olwewlé-be—tssved, it was necessary to
demonstrate that the faults in the excavation posed no hazard tc the facility.
Under the combined license procedure, these kinds of features should be mapped
and assessed as to their rupture and ground motion generating potential while
the excavations' walls and bases are exposed. Therefore, a commitment should
be made, in documents (Safety Analysis Reports) supporting the license
application, £o geologically map all excavations and to notify the NRC staff
when excavations are open for inspectiommw
excavations.

1.4 Data Ssufficient-date to clearly justify all conclusions should be
presented. Because engineering solutions cannot always be satisfactorilyath
demonstrated for the effects of permanent ground displacement, it is prudent
to aveid a site that has a potential for surface or near-surface deformation.
Such sites normal) "1 pequire extensive additional investigations.

L5 For the site and for the area surrounding the site, the
lithologic, stratigraphic, hydrologic, and structura’ geologic conditions
should be characterized. The investigations shoul” include the measurement of
the static and dynamic engineering properties of the materials underlying the
site and an evaluation of physical evidence concerning the behavior during
prior earthquakes of the surficial materials and the substrata underlying the
site. The properties needed to assess the behavior of the underlying material
during earthquakes, including the potential for liquefaction, and the
characteristics of tho underlying material in transmitting earthquake ground
motions to the foundationec of the plant (such as seismic wave velocities,

9
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density, water content, porosity, elastic modu1i, and strength) should be
measured.

seismic source is a general term refsrring to both seismogenic sources and
capable tectonic sources. The main distinction between these two types of
seismic sources is that a seismogenic source would not cause surface
displacement, but a capable tectonic scurce causes surface or near-surface
displacement.

Identification and characterization of seismic sources should be based
on regional and site geological and geophysical data, historical and
instrumental seismicity data, the regional stress field, and geological
evidence of prehistoric earthquakes. Investigations to identify seismic
sources are described in Appendix D. The bases for the identification of
seismic sources should be documented. A general list of characteristics to be
evaluated for a seismic source is presented in Appendix D.

10
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2.23 As part of the seismic source characterization, the seismic
ource should be

potential {magnitude—and+ecurrence—r itey for each s
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2.23.2 For sites located within the Western United States,

earthquakes can often be associated with known tectonic structures. For
faults, the meximum-magnitude earthquake potential is related to the

characteristics of m cstintwmww

A : e amount of faul’ iplacement. The following clpirical
relations can be usod to estilnte the earthquake poter al from fault behavior
data and also to estimate the amount of displacement tn. wmight be expected
for a given magnitude. It is prudert to use several of these different
relations te obtain an estimate of the earthquake magnitude.

1. Surface rupture length versus magnitude (Refs. 9-32 §O=13).

2. Subsurface rupture length versus magnitude (Ref. 143) .

. N Rupture area versus magnitude (Ref. 154).
4. Maximum and average displacement versus magnitude (Ref.
143).

S. Slip rate versus magnitude (Ref. 168).
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2.23.3 For sites pear subduction zeaes, such as
Pacific Northwest and Alaska, the laxi-un nagnitude nust be assessed for
subduction zone seismic sources. Worldwide observations indicate that the
largest known earthquakes are associated with the plate interface, although
intraslab earthquakes May also have large magnitudes. The assessment of plate
interface earthquakes can be based on estimates of the expected dimensions of
rupture or analogies to other subduction zones worldwide.

A PSHA should be performed for the site as it allows the use of multiple
models to estimate the likelihood of earthquake o~ 4 motions occurring at a
site, and a PSHA systematically takes into accou ' « »rtainties that exist in
various parameters (such as seismic sources, maximum earthquakes, and ground
motion attenuation). Alternative hypotheses are considered in a quantitative
fashion in a PSHA, —and Alternative hy ese! ‘
used to evaluate the hazerd sensitivity of the hazard ~ the uncertainties in
ﬂﬁﬁ%o—%he—vavy#ag significant parameters and to identify ~ relative
contribution of each SeiSMIC source to the hazard. Reference 9 provide:
giidance forenhew—te conducting a PSHA.

The following steps describe a—PSHA procedure that is acceptable to the

perforsiing @ PSHA. The details of the calculational aspects of
thquakes from the PSHA are included in Appendix C.

1. Perform regional and site geological, seismological, and
geophysical investigations in accordance with Regulatory
Position 1 and Appendix D.

2. For CEUS sites, per‘orm an evaluation of LLNL or EPRI
seismic sources in accordance with Appendix £ to determine
whether they are consist'nt with the site-specific data
gathered in Step 1 or require updating.

14
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The PSHA should only be updated if Ptwittewd-to—higher

seismic hazard analysis—{fer-EEuS-sites—only} using original
or updated sources as determined in Step 2.er—a—site-
speetiie—PSHA FFor sites in other parts of the country,
perform a & £
motion estimtes shor'd be made for rock conditions in the
free-field or by assuming nypothetical rock conditions for a
nonrock site to develop the seismic havard information base
discussed in Appendix C
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4. Using the reference probability (1E-5 per y@ar) described in
Appendix B, which—is—appiicable—te—ati—sittesy determine 5%
of Phe critically damped median spectral ground motion
levels for the average of 5 and 10 Hz, S, . and for the
average of 1 and 2.5 Hz, S, , .- ApperZx B discusses
situations in which an alternative reference probability may
be more appropriate. The alternative reference probability
is reviewed and accepted on a case-by-case basis. Appendix
B also describes » procedure that should be used when a
general revisic 7 the reference probability is needed.

, wobabil  ic the hazard
-haracterization in accordance with A, ix C to determine
the controlling earthquakes (i.e., magnitudes and
distances). Document the hazard information base as
discussed in Appendix C.

4.  PROCEDURES FOR DETERMINING THE SSE

After completing the PSHA (See Regulatory Position 3) and determining
ghe controlling earthquakes, the following procedure should be used to
determine the SSE. Appendix F contains an additional discussion of some of
the characteristics of the SSE.

1. With the controlling earthquakes determined as described in
Regulatory Position 3 and by using the procedures in Beaft
Standard Review Plan (SRP) Section 2.5.2 (which may include
the use of ground motion models not included in the
PSHAprobabiHistie—seismic—hatardanatysts but that are more
appropriate for the source, region, and site under
consideration or that represent the latest scientific
development), develop 5% of critical damping responsc
spectral ghjpg; for the actual or assuned rock conditions

16
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Use S, ., to scale the respunse spectrum shape corresponding
to the controlling earthquake. If, as described in Appendix
C, there is a controlling earthquake for S, ., ., determine
that the S, ., scaled response spectrum also envelopes the
ground motion spectrum for the controlling earthquake for

S, .25 Otherwise, modify the shape to envelope the lTow-
frequency spectrum or use two spectra in the fellowing
steps. See additional discussion in Appendix F. For @ the
rock site go to Step 4.

For-the nonrock sites, perform a site-specific soil
amplification analysis considering uncertainties in site-
specific geotechnical properties and parameters tc determine
response spectra at the free ground surface in the free-
field for the actual site conditions.

Compare the smooth SSE spectrum or spectra used in design
(e.g., 0.3g, broad-band spectra used in Aadvanced tlight
Wlater Rreactor designs) with the spectrum or spectra
determined in Step 2 for rock sites or determined in Step 3
for the nonrock sites to assess the adequacy of the SSE
spectrum or spectr¢.

ded, $ bo obtaln an adequate design SSE based
on the site specific response spectrum or spectra, develop a
smooth spectrum or spectra or use a standard troad band
shape that envelopes the spectra of Step 2 or Step 3.

Additional discussion of tnis step is provided in
Appendix F.

D. IMPLEMENTATION

The purpose of this section is to provide guidance to applicants and
licensees regarding the NRC staff’s plans for using this regulatory guide.

participation—in—its—develepment—Except in those cases in which the
applicant proposes an acceptable alternative method for complying with the

17
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specified portions of the Commission’s regulations, the-Mmethot-tobegeseribed
in-thie aetive-guide refleeting—public—comments—will be used in the
evaluation of applications for construction permits, operating licenses, early
site permits, or combined licenses submitted after

-speeifie p-aetive se-EFFECTIVE DATE - E FINAURULE. This guide
woutd-Hi11 not be used in the evaluation of an application for an operating
license submitted after the—implementation—date—to-be—specified—in—the—aective

» EFFECTIVE DATE OF THE FINAL RULE if the construction permit was issued
prior to that date.
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APPENDIX A
DEFINITIONS

L' . 3 » w ¥ ; Pl -
J V& ; ) g . s

the probabilistic seismic hazard analysis (PSHA), —the controlling earthquakes
are characterized as mean magnitudes and distances derived from a
deaggregation analysis of the n est : e conteeis e

Intensity -- The intensity of an earthquake is a measure of vibratory ground

motion effects on humans, human-built structures, and on the earth’s surface

at a particular location. Intensity is described by a numerical value on the
Modified Mercalli scale.

Magnitude -- An earthquake's magnitude is 2 measure of the strength of the
earthquake as determined from seismographic observations.

Nontectonic Deformation -- Nontectonic deformation is distortion of surface or
near-surface soils or rocks that is not directly attributable to tectonic
activity. Such deformation includes features associated with subsidence,
karst terrane, glaciation or deglaciation, and yrowth faulting.
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safe Shutdown Earthquake Ground Motion (SSE) -- The Safe Shutdown Earthquake

Ground Motion is the FFee=field vibratory ground motion for which certain
structures, systems, and components wewlé-bedre designed, pursuant to—the
preposed Appendix S to 10 (i Part 50, to remzin functional.

Seismic Source -- A"sSeismic source” ‘s a general term referring to both
seismogenic sources and capable tectonic sources.

{apable Tectonic Source -- A *capable tectonic source® is a tectonic

strructure that can generate both vibratory ground motion and tectonic
surface deformation such as faulting or f2lding at or near the earth’s
surface in the present seismotectunic regime. It is described by at
least one of the following characteristics:

a. presence of surface or near-surface deformation of landforms or
geologic deposits of a recurring nature within the last
approximately 500,000 years or at least once in the last
approximately 50,000 years.

k. A reasonable association with one or more large earthquakes or
sustained earthguake activity that are usually accompanied by
significant surface deformation.

& A structural association with a capable tectonic source having
characteristics of section a in this paragraph such that movement
on one could be reasonably expected to be accompanied by movement
on the other.

A-2
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In some cases, the geological evidence of past activity at or near
the ground surface along a particular capable tectonic source may be
obscured at a particular site. This might occur, for example, at a site
having a deep overburden. For these cases, evidence may exist elsewhere
along the structure from which an evaluation of its characteristics in
the vicinity of tht site can be reasunably based. Such evidence is to
be used in determining whether the structure is a capable tectonic

asurce within this definition.

Notwithstanding th: foregoing paragraphs, streeturaithe
association of a structu with £hé geological structur@Se} featuresthat
are geelvgically—old—{fal east pre-Quaternary}, such as many of those
found in the Central and Eastern region of the United States-wiHy in
the absence of conflicting evidences; gggg demonstrate that the structure
is not a capable tectonic scurce within this definition.

Seismogenic Source -- A "seismogenic source" is a portion of the earth

that has be 7isimed has uniform earthouake potential (same expected

max i mum earthqua*e and recurrence frequency-o#—ﬂeeurrenee)g distinct
from e seismicity of the surrounding regions. A seismogenic
source will generate vibratory ground notion but is assumed not to cause
surface displacement. Seismogenic sources cover a wide range of
possibilities from a well-defined tectonic structure to simply a large
region of diffuse seismicity (sei -~ 'sctonic province) thought to be
characterized by the same eartha. - recurrence model. A seismogenic
source is also characterized by its involvement in the current tectonic
regime (the Quaternary, or 2pproximately the last 2 million years).

Stable Continental Region -- A "stable continertal region” (SCR) is composed

of continental crust. inciuding continental shelves, slopes, and attenuated
continental crust, and excludes active plate boundaries and zones of currently
active tectonics directly influenced by plate margin processes. It exhibits
ne sizaificant deformation associated with the major Mesozoic-to-Cenozoic
(last 240 million years) orogenic belts. It excludes major zones of Neogene
flast 25 million years) rifting, volcanism, or suturing.
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Jectonic Structure -- A tectonic structure is a large-scale dislocation or
distortion, usually within the urth's crust. Its extent may be on the or ‘or
of tens of meters (yards) to hundreds of kilometers (miles).

A-4
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APPENDIX B

REFERENCE PROBABILITY FOR THE EXCEEDANCE LEVEL
OF THE SAFE SHUTDOWN EARTHQUAKE GROUND MOTION

B.1 JNIRODUCTION

This appendix describes the procedure that is acceptable tow the
NRC staff to determine the reference probability, an annual probabiltty of
exceeding the Safe Shutdown Earthquake Ground Motion (SSE) at future nuclear
power plant sites—that +s—acceptoble—to—the NRi—staff. The reference
probability is used in Appendix C in conjunction with the probabilistic
seismic hazard analysis (PSHA).

B.2 REFERENCE PROBABILITY FOR THE SSE

The reference probability is the annual probability level such that 50%
of a set of currently operating plants (selected by the NRC, see Table B.1)
has an annual median probability of exceeding the SSE that is below this
level. The reference probability is determined for the annual probability of
exceeding the average of the 5 and 10 Hz SSE response spectrum ordinates
associated with 5% of critical damping.

B.3 PROCEDURE 1O DETERMINE THE REFERENCE PROBABILITY

The following procedure was used to determine the reference probability
and should be used in the future if general revisions to PSHA methods or data
bases result in significant changes in hazard predictions for the selected
plant sites in Table B.I.

The reference prabability is calculated using the Lawrence Livermore
National Laboratory (LLNL) methodology and results (Refs. B.1 and B.2) but is
also considered applicable for the Electric Power Research Institute (EPRI)
study (Refs. B.3 and B.4). This reference probability is also to be used in
conjunction with sites not in the Central and [astern United States (CEUS) and
for sites for which L'NL and EPRI methods and data have not been used or are
not available. Howeve , Fthe final STE ground motion ai a higher reference

B-1
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probability may be more appropriate and acceptable’ for some sites
considering the slope characteristics of the site hazard curves, the overall
uncertainty in calculations (i.e., differences between mean and median hazard
estimates), and the knowledge of the seismic sources that contribute to the
hazard. Reference B.4 includes a procedure to determine an alternative
reference probability on the risk-based considerations; its application will
also be reviewed on a case-hy-case basis.

B.3.1 Selection of Current Plants for Reference Frobability Calculations

Yable 8.1 identifies plants, along with their site characteristics, used
in calculating the reference probability. These plants represent relatively
recent designs that used Regulatory Guide 1.60, *Design Response Spectra for
Seismic Design of Nuclear Power Plants® (Ref. B.5), or similar spectra as
their design bases. The use of these plants should ensure an adequate level
of conservatism in determining an SSE consistent with recent licensing
decisions.

Step 1

Using

the site for spectral responses at 5 and 10 Hz (as stated earlier, the staff
used the LLNL methodology and associated results as documented in Refs. B.l
and B.2).

Step 2

Calculate the-medéan composite annual probability of exceeding the SSE
for spectral responses at 5 and 10 Hz using median hazard estimates. The
composite annual probability is determined as:

' The use of a higher reference probability will be reviewed and accepted on
a case-by-case basis.

B-2
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Composite probability = 1/2(al) + 1/2(a2)

where al and a2 represent median annval prcbabilities of exceeding SSE
spectral ordinates at % and 10 Hz, respectively. The procedure is illustrated
in Figure B-1.

Step 3

Figure B-2 illustrates the distribution of median probabilities of
exceeding the SSEs for the plants in Table B.1 based on the LLNL methodology
{Refs. B.1 and B.2). The reference probability is simply the median
probability of this distribution.

For the LLNL methodology, this reference probability is 1E-5/yr and, as
stated earlier, is also to be used in conjunction with the current EPRI
methodology (Ref. B.3) or for sites not in the CEUS.
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Plant/Site Name

Table B.1 Plants/Sites Used in Determining Reference Probability

Soil Condition

Primary/Secondar

Limerick Rock
earon Harris Sand - S1
Braidwood Rock
River Bend Deep Soil
Wolf Creek Rock
Watts Bar Rock
Vogtle Deep Soil
Seabrook Rock
Three Mile Is. Rock/Sand - Si
Catawba Rock/Sand - S1
Hope Creek Deep Seil
McGuire Rock
North Anna Rock/Sand - Sl
Summer Rock/Sand - Si
Beaver Valley Sand - S1
__Byron Rock
Clinton Till - 13
Davis Besse Rock
LaSalle Till - T2
Perry Rock
Beliefonte Rock
Callaway Rock/Sand - S1
Commanche Peak Rock
Grand Gulf Deep Soil
South Texas Deep Soil
Waterford Deep Soil
Millstone 3 Rock

Nine Mile Point

Brunswick

is the secondary soil condition.
conditions.

B-4

Rock/Sand - S1
Sand - SI

* If two soi1] conditions are listed, the fi st is the primary and the second
See Ref. B.] for a discussion of soil
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APPENDIX €

DETERMINATION OF CONTROLLING EARTHQUAKES AND DEVELOPMENT
OF SEISMIC HAZARD INFORMATION BASE

C.J INTROCUCTION

This appondix elaborates on the steps described in Regulatory Position 3
15 regu 1idet o : 332 to determine the
coutrollinq earthquakes used to define the Safe Shutdown Earthquake Zround
Motion (SSE) at the site and to develop a seismic hazar® ~“formation base.
The information base summarizas the contribution of individual magnitude and
distance ranges to the seismic hazard and the magnitude and distance values of
the controlling earthquakes at the average of 1 and 2.5 Hz and the average of
5 and 10 Hz. They are developed for the ground motion level corresponding to
the reference probability as defined in Appendix B to this regulatory guide.
The spectral ground motion levels, as determined from a probabilistic
seismic hazard analysis (PSHA), are used to scale a response spectrum shape.
A site-specific response spectrum shape is datermined for the contrelling
ezrthguakes and local site conditions. Regulatory Position 4 and Appendix F
to this regulatory guide describe a procedure to determine the SSE using the
controlling earthqua“es and results from the PSHA.

The following is an approach acceptable to the NRC staff for determining
the controlling earthquakes and developing a seismic hazard information base.
This procedure is based on a de-aggregation of the probabilistic seismic
hazard in tern~ .f earthquake magnitudes and distances. Once the controlling
earthquakes have been obtained, the SSE response spectrur ~an be determined
according to the procedure described in Appendix F to th. :gulatory ouide.

Step 1

{2} Perform a site-specific PSHA using the Lawrence Livermore National
Laboratory (LLNL) or Electric Power Research Institute (EPRI) methodologies
for Central and Eastern United States (CEUS) sites or perform a site-specific

C-1
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PSHA for sites not 1n the CEUS or for sites for which LLNL or EPRI methods and

, for actual or assuned rock condltions The
mean, median, 85th percentile, and 1Sth percentile) should
be performed for spectral arcelerations at l - 5 5 10 and 25 Hz and the
peak ground acceleration. A lower-bound magnitude )f 5.0 is recommended. ¥he

Step 2
(a) Using the ref ' nce probability as defined in Appendix B te this

regulatory guide, determine the ground motion levels for the spectral
accelerations at 1, 2.5, 5, and 10 Hz from the total median hazard obtained in
Step 1.

(b) Calculate the average of the ground motion level for the 1 and 2.5
Hz and the 5 and 10 Hz spectral acceleration pairs.
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step ¢
Using the de-aggregated median hazard results from Step 33, at the

ground motion levels obtained from Step 2 calcuiate the fractional
contribution to the total median hazard of earthquakes in a selected set of
magnitude and distance bins (SeetienYdble (.3 provides magnitude and distance
bins to be used in conjunction with the LLNL and EPRI methods) for the average
of 1 and 2.5 Hz and 5 and 10 Hz. The median annual probability of exceeding
the _.ound motion levels calculated in Step 323 for each magnitude and
distance bin and ground motion measure is denoted by K_,.

The fractional contribution of each magnitude and distance bin to the
total hazard for the average of 1 and 2.5 Hz, P(m,d),, is computed according
to:

(Y H)

fel. ¢

(Equation 1)

it B :2 H.)
LIS

where f = 1 and f = 2 represent the ground mction measure at 1 and 2.5 Hz,
respectively.

The fractional contribution of each magnitude and distance bin to the
total hazard for the average of 5 and 10 Hz, P(m,d),, is computed according
to:

C-3
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Pim,d), = 2 (Equation 2)

(2
D

where f = 1 and f = 2 represent the ground motion measure at § and 10 Hz, Step
respectively.

Step 45

Review the magnitude-distance distribution for the average of 1 and 2.5
Hz to determine whether the contribution to the hazard for distances of 100 km
or greater is substantial (on the order of 5% or greater).

If the contribution to the hazard for distances of 100 kin or greater
exceeds 5%, additional calculations are needed to determine the contrelling
earthquakes using the magnitude-distance distribution for distances greater
than 100 km (63 mi). This distribution, P, (m,d),, is defined by:

P(m,d),

Plm,d),
» 100

P>100 (m,d), = (Egquation 3)

The purpose of this calculation is to identify a distant, jarger event
that may control low-frequency content of a response spectrum.

The distance of 100 km is chosen for CEUS sit)s. However, For a tes
CEUS -ites—and—sites—not—in—theLSUS the results of full magnitude-distance
1.stribution should be carefully examined to ensure that proper controlling
earthquakes are clearly identitied.

Step §6

Calculate the mean magnitude and distance of the controlling earthquake
associated with the ground motions determined in Step 2 for the average of 5
and 10 Hz. The following relation is used to calculate the mean magnitude
using results of the entire magnitude-distance bins matrix:

C-4



w o N

10
11
12

13
14
15
16

17

N (5-10Hz) =Y a Y F(ad), (Equation 4)

where m is the central magnitude value for each magnitude bin.
The mean distance of the controiling earthquake is determined using
results of the entire magnitude-distance bins matrix:

Ln {0, (5-10 H2)} =Y Ln(d) ¥ P(m,d), (Equation 5)

where d is the centroid distance value fo -h distance bin.

Step €7

If the contribution to the hazard calculatr. in Step 45 for distances of
100 km or greater exceeds 5% for the average of 1 and 2.5 Hz, calculate the
mean magnitude and distance of the controlling earthquakes associated with the
ground motions determined in Step 2 for the average of 1 and 2.5 Hz. The
following relation is used to calculate the mean magnitude using calculations
based on mayaitude-distance bins greater than distances of 100 km as discussed
in Step 4:

N (1-2.5H) =Y m Y P>100(m,d), (Equation 6)

- @ >100

where m is the central magnitude value for each magnitude bin.

The mean distance of the controlling ea-thquake is based on magnitude-
distance bins greater than distances of 100 km as discussed in Step 4 and
determined according to:

tn 0. (1-2.5 H2)} = ¥ Ln(d) 3 P>100(m.0), (Equation 7)

d >300

where d is the centroid distance value for each distance bin.
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Step 7§

Determine the SSE response spectrum using the procedure described in
Appendix F of this regulatory guide.

C.3 [EXAMPLE FOR A CEUS SITE

To illustrate the procedure in Section C.2, calculations are shown here
for a CEUS site using the 1993 LLNL hazard results (Refs. C.1 and c.2). It
must be emphasized that the recommended magnitude and distance bins and
procedure used to establish controlling earthquakes were developed for
application in the CEUS where the nearby earthquake- generally control the
response in the 5 to 10 Hz frequency range and larger but distant events can
control the lower frequency range. For other situations, alternative binning
schemes as well 2s a study of contributions from various bins will be
necessary to identify controlling earthquakes consistent with the distribution
of the seismicity.

step 1

The 1993 LLNL seismic hazard methodology (Ref. C.1 and C.2) was used to
determine the hazard at the site. A Tower bound magnitude of 5.0 was used in
this aralysis. The analysis was performed for spectral acceleration at 1,

Step 2

The hazard curves at 1, 2.5, 5, and 10 Hz obtained in Step 1 are
assessed at the reference probability value of 1E-5/yr, as defined in
Appendix B to this regulatory guide. The corresponding ground motion Tevel
values are given in Table C.1. §ee Figure C.1.

Table C.1
Ground Motion Levels

Frequency (Hz)

Spectral Acc. (cm/s/s

C-6
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The average of the ground motion levels at the 1 and 2.5 Hz, S,,, . and
5 and 10 Hz, S, .., are given in Table C.2.

Table C.2
Average Ground Motion Values

Sz (cm/s/s) 173 J

Step 3

The % seismic hazard is de-aggregated for the matrix of magnitude
aid distance bins as given in Table C.3.

Table C.3
Recommended Magnitude and Distance Bins

Distance Magnitude Range of Bin

Ra f
m:’zk:) 1 5.5-6 6 -6.5 6.5 -7

0-15
15-25
25-50

50-100
100-200
200-300

> 300

A complete probabilistic hazard analysis was performed for each bin to
determine the contribution to the hazard from all earthquakes within (he bin,
e.g., all earthquakes with mnitudes 6 to 6 5 and distance 25 to ao km fm
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Using de-aggregated median hazard results, the fractional contribution
of each magnitude-distance pair to the total hazard is determined.

Tables C.48 and C.5§ show P(m,d), and P(m,d), for the average of 1 and
2.5 Hz ard 5 and 10 Hz, respectively.

Table C.48
P(m,d), for Average Spectral Accelerations 1 and 2.5 Hz
Corresponding to the Reference Probability

Distance Magnitude Range of Bin

Range of
Bin (km) 5.5-6 6 - 6.5 6.5 -7

0-15 0.146 0.018 0.000
15-28 0.050 0.005 0.000

25-50 0.067 0.029 0.000
50-100 0.027 0.075 0.022
100-200 0.003 0.066 0.370
200-300 0.000 0.001] 0.008
> 300 0.000 0.000 0.000
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Table C.58

P(m,d), for Average Spectral Accelerations 5 and 10 Hz
Corresponding to the Reference Probability

Distance
Range of
Bin (km)

Magnitude Range of F «

5.5-6

6 -6.5

6.5 -7

0-15

0.306

0.024

0.000

15-25

0.104

0.008

0.000

25-50

0.075

0.022

0.000

50-100

0.010

0.030

0.010

100-200.

0.001

0.006

0.038

200-300

0.000

0.000

0.000

> 300
Step 45

Because the contribution of the distance bins greater than 100 km in
ontainsdees—aceount—For more than 5% of the total hazard for the
average of 1 and 2.5 Hz, the controlling earthquake for the spectral average
of 1 and 2.5 Hz will be calculated using magnitude-distance bins for distance
Table C.610 shows P, (m,d), for the average of 1-2.5

Table C.48

greater than 100 km.

Hz.

P.soo (m,d), for Average Spectral Accelerations 1 and 2.5 Hz
Corresponding to the Reference Probability

Distance
Range of
Bin (km)

0.000

0.000

Table C.610

0.000

Magnitude Range of Bin

55-6

6 -6.5

6.5 -7

100-200

0.007

0.147

0.826

200-300

0.000

0.002

0.018

> 300

0.000

¢.000

0.000

Figures C.]1 to C.3 show the above information in terms of the relative
percentage contribution.
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Steps $§ and 67

To compute the controlling magnitudes and distances at 1-2.5 Hz and 5-10
Hz for the example site, the values of P, (m,d), and P(m,d), are used with m
and d values corresponding to the mid-point of the magnitude of the bin (5.25,
5.75, 6.25, 6.75, 7.3) and centroid of the ring area (10, 20.4, 38.9, 77.8,

155.6, 253.3, and somewhat arbitrarily 350

the last magnitude Sin may change because
maximum magnitudes used in the hazard analysis. For this example site, the
controlling earthquake characteristics (magnitudes and distances) are given in

Table C.741.

km). Note that the mid-peint of
this value is dependent on the

Table C.#11

Magnitudes and Distances of Controlling Earthquakes from the
LLNL Probabilistic Analysis

Step 78

1-2.5 Hz § - 10 Hz

M, and D,

* 100 km M and D,
6.7 and 157 km §.7 and 17 km

The SSE response spectrum is determined by the procedures described in

Appendix F.
C.4 SITES NOT IN THE CEUS

The determination of the controlling earthquakes and the seismic hazard
information base for sites not in the CEUS is also carried out using the
procedure described in Section (.2 of this appendix. However, because of
differences in seismicity rates and ground motion attenuati-n at these sites,
alternative magnitude-distance bins may have to be used. In addition, as
discussed in Appendi~ B, an alternative reference probability may also have to
be developed, par’ cularly for sites in the active plate margin region and for
sites at which a known tectonic structure dominates the hazard.
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APPENDIX D

GEOLOGICAL, SEISMOLOGICAL, AND GEOPHYSICAL INVESTIGATIONS
TO CHARACTERIZE SEISMIC SOURCES

{PSHA)*s, Gieisnic sources are u-onm uithin uhich future earthquskes are
likely to occur at the same Geological,
seismological, and goophysical investigations provide the information needec
tv identify and characterize source parameters, such as size and geometry, and
to estimate earthquake recurrence rates and maximum magnitudes. The amount of
data avaiilable about earthquakes and their causative sources varies
substantially between the Western United States (west of the Rocky Mountain
front) and the Central and Eastern Unites States (CEV3), or stable continental
region \SCR) (east of the Rocky Mountain front). Fi~thermore, there are
variations in the amount and quality of data within these regions. In active
tectonic regions & < there are
capsble tcctonic sources and seismogenic sourcesw

C{US identifying seismic sources 1s less certain because of the difflculty in
correlating earthquake activity with known tectonic structures%—und the lack

ln the CEUS, several significant tectonic structures exist and some of
these have been interpreted as potential seismogenic sources (e.g., New Madrid
fault zone, Nemah» Ridge, and Meers fault). There is no single recommended
procedure to follow to characterize ma.imum magnitude associated with such
candidate seismogenic sources; therefore, it is most Tikely that the
cetermination of the properties of the seismic sonrce will be inferved rather
than demonstrated by strong correlations with seismicity or jeologic data.
Moireover, it is not generally known what relationships exizt between observed
tectonic s..uctures in a seismic source within the CEUS and the current
earthquake activity that may be associated with that source. Generally, the
observed tectonic structure res lted from ancient tectonic forces that are no
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Tonger presenti— thus—a—structurels—exten'—may—not—be—rverymeaningfol
indicator—of-thesize-offuture——earthguekes—associatedwith-the—seurcer The
historicai seismicity record, the results of regional and site studies, and
judgment play key roles. If, oi the other hand, strong correlations and data
exist suggesting a relationship botween seismicity and seismic sources,
approaches used for more active tectonic regions can be applied.

The prin -y objective of geological, seismological, and geophysical
investigations is to develop an up-to-date, site specific earth science data
base that supplements existing information (Ref. D.1}. In the CEUS the
results of these investigations will also be used to asse.: whether new data
and their interpretation are consistent with the information used as the basis
for accepted probabilistic seismic hazard studies. If the new data are
consistent with the exlstinq earth <. i*nce data base, eevelopment—of—hew
seismic—sources modification of the hazard analysis is not requirea. For
sites in the CEUS where there is significant new information (see Appendix E)
provided by the site investigation, a=d for sites in che Western United
States, site-specific seismic sources are ¥0 be determined. It is anticipated
that for most sites in the CEUS, new information will have been adequately
bounded by existing se‘ mic source interpretatior

The following is 3 general list of characteristics to be determined for
a seismic source for site-specific source interpretations:

. Source rone geometr: (location and extent, both surface and subsurface).

. Historical and instrumental seismicity associated with each source.

. Paleoseismicity.

. Relationship of the potential seismic sodrce to other potential seismic
sources in the region.
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. eismic potential - € wake—thet—can-be—geneatedb),
§f the seismic source, based on the source’s known characteristics,
including seismicity.

. Recurrence model (Ffrequency of earthquake occurrence versus magnitude).

. Other factors that will be evaluated. depending on the geologic setting
of a site, such as:

. Effects of human activities such as withdrawal of fluid from or
addition of fluid to the subsurface, extraction of minerals, or
the construction of dams and reservoirs.

. Yolcanism. Volcanic hazard is not addressed in this regul~tory
guide. It will be considered on a case-by-case basis in regions
where this hazard exists.

P ther—factors—that-can—contribute—to—charscterizationef—seismie
seurees—sueh—as-strike—and—dip-of tectonire—structuress
orientations—ef—regional—and—tectonie—stresses—fauit—segmentation
{atengboth—strike—anddowndip—eter

D.2. INVESTIGATIONS TO EVALUATE SEISMIC SOURCES

D.2.1 General

Investigations of the site and region around the site are necessary to
identify both seismogenic sources and capable tectonic sources and to
determine their potential for generating earthquakes and causing surface
deformation. If it is determined that surface deformation need not be taken
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into account at the site, sufficient data to clearly justify the determination
should be presented in the application for early site review, construction
permit. oper ting license, or combined license. Generally aay tectonic
deformation at the earth's surface within 40 km (25 mile, 't the site will
require adeguate Befdiled examinaiion to determine its significance.
Potentially active tectonic deformation within the seismogenic zone beneath a
site will have to be assessed using geaphysical and seismological methods te
determine its significance.

Engineering solutions are generally available to mitigate the potential
vibratory effects of earthquakes through design. However, adeguateengineering
solutions cannot always be demonstrated $o'be adequate for mitigation of the
effects of permanent ground displacement phenomena such as surface faulting or
folding, subsidence, or ground collapse. For this reascn, it is prudent to
select an alternative site when the potential for permanent greund
displacement exists at the proposed site (Ref. D.2).

In most of the CEUS, as determined from instrumentally de%evu#nedgﬂgkggl
earthquake hypocenters, tectonic structures at seismogenic depths
bear me iﬁi relationship to geologic structures exposed at the ground surface
Possible geologically young fault displacements either do nol extend to the
ground surface or there is insufficient geologic material of the appropriate
age available to date the faults. Capable tectonic sources are not always
exposed at the ground surface in the Western United States {MUS]
demonstrated by the buried (blind) reverse causative faults of the 1983
Coalinga, 1988 Whittier Narrows. 1989 Loma Prieta, and 1994 Northridge
earthquakes. These factors emphasize the need to-met—enty conduct thoru.gh
investigations BOL*~- at the ground surface but «lso in the subsurface to
identify structures - ‘smogenir depths.

The level of detail for investigations should be governed by knowledge
of the current and late Quaternary tectonic regime and the geological
complexity of the site and region. The investigations should be based on
increasing the amount of detailed information as they proceed from the
regional level down to the site area (e.g., 320 km to 8 km distance from the
site). Whenever faults or other structures are encountered at a sitle
(including sites in the CEUS) in either—4a outcrop or excavations, it is
necessary to perform many of the investigations described below to d2termine
whether or not they are capable tectonic sources.
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The investigations for determining seismic sources should be divided
into three levels, Regional, Site Vicinity, and Site Area. Regional
investigations should extend to a distance of 320 km (200 mi) from the sites

The regional investigations i : ) km (200 mi)
§3Lé], should be planned to 1dentify soisnic sources and describe tbe

by focused geological reconnaissances based on the results of the literature
study (including topographic, geologic, aeromagnetic, and gravity maps, and
i‘rnhotos). ﬂﬁﬁi detailed investigations at specific locations within the
r . m may be necessary if potential capable tectonic sources, or seismogenic
sources thu may be siqnificant for detemining the SSE are 1dent1fied
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Re-onnaissance level investigations, which may need to be supplemented
at specific locations by more detailed explorations such as geologic mapping,
gecphysical surveying, borings, and trenching, should be conducted in the site
vicinity to a distance of 40 km (25 mi) from the site; the data should be
presented at a scale of 1:50,000 or smaller.

Detailed investigations should be carried out in the rite area within a
radius of 8 km (5 mi) from the site, and the resulting data shouid be
presented at a scale of 1:5000 or smaller. The level of inves igatic s in the
site vicinity should delineate the geologic regime and the potential for
tectonic deformation at or near the ground surface. The investigations shou’d
use the methods described in subsections D.Z.2 and D.2.3 that are appropriate
for the tectonic ragime to characterize seismic sources.

The site vicinity and site area investigations ma; be asymmetrical and
may cover a larger area than those described above in regions of late
Quaternary activity, regions with high rates of historical seismic activity
(felt or instrumentally recorded data), or sites that are located near a
capable tectonic source such as a fault zone.

Data from investigations at the site (approximately 1 square kilometer)
should be presented at 2 scale of 1:500 or smaller. Important aspects of the
site investigations are the excavation and logging of exploratory trenches and
the -Apping of the excavations for the plant structures, pa.ticularly these

” fires that are characterized as Seismic Category I. In addition to
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geological, geophysical, and seismological investigations, Ebis Bttt E
fa118d geotechnical engineering investigations as described in Regulatory
Guide 1.132 (Ref. [.3) should be conducted at the site.

The investigations needed to assess the integrity SUitability of the
site with respect to effects of potential ground motions and surface
deformation should include determination of (1) the lithologic, stratigraphic,
geomorphic, hydrologic, geotechnical, and structural geologic characteristics
of the site and the area surrounding the site, including its seismicity and
geological history, (2) geological evidence of fault offset or other
distortion such as folding at or near ground surface within the site area (8
km radius), :nd (3) whether or not any faults or other tectonic structures,
any part of which are within a radius of 8 km (5 mi) from the site, are
capable tectonic sources. This information will be used to evaluate tectonic
structures unverlying the site area, whether buried or expressed at the
surface, with regard to their poic ‘tial for generating earthquakes and for
causing surface deformation at or ar the site. 9 of the evaluation
should @180 consider the possible effects caused by human activities such as
withdrawal of fluid from or addition of fluid to the subsurface, extraction of
minerais, or the loading effects of dams and reservoirs.

Regional literature and reconnaic<sance-level investigations can be
planned based on reviews of available documents and the results of previous
investigations. Possible sources of information may include universities,
consulting firms, and government agencies. A detailed 1ist of possible
sources of informa.ion is given in Regulatory Guide 1.132 (Ref. D.3).

D.2.3 Detailed Site Vicinit | Site # i tigati

The following methods are suggested but they are not all-inclusive and
investigations s'ould not be limited to them. Some procedures will not be
applicable to every site, and situations will occur that require
investigations that are not included in the following discussion. It is
anticipated that new technologies will be available in the future that will be
applicable to these investigations.
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D.2.3.]1 Surface Investigations

Surface exploration needed to assess the neotectonic regime and the
geology of the area around the site is dependent on the site location and may
be carried out with the use of any appropriate combination of the Forhwrhe
geological, geophysical, seismological, and geotechni.a' engineering

techniques §
not all §f th

10w p Ve i |
2 2, e adbiad

2

L Ehods witHilist be carried out at a given site.

D.2.3.1.1. Geological interpretations of aerial photographs and other
remote-sensin, imagery, as appropriate for the particular site conditions, to
assist in identifying rock outcrops, fauits and other tectonic features,
fracture traces, geologic contacts, lineaments, soil conditions, ard evidence
of landslides or soil liguefaction.

D.2.3.1.2. Mapping of topographic, geologic, geomorphic, and hydrologic
features at scales and With contour intervals suitable for analysis,
stratigraphy (particularly Quaternary), surface tectonic structures such as
fault zones. 2ad Quaternary geomu~hic features. For offshore sites, coastal
sites, or sites located near lakes or rivers, this includes topograpny,
geomorphology (oarticularly mapping marine and fluvial terraces), bathymetry,
geophysics (such e seismic reflection), and hydrographic surveys to the
extent needed for evaluation.

D.2.3.1.3. Identification and evaluation of vertical crustal movements
by (1) geodetic land surveying to identify and measure short-term crustal
movements (Refs. D.4 and D.5) and (2) geological analyses such as analysis of
regional dissection and degradation patterns, marine and lacustrine terraces
and shorelines, fluvial adjustments such as changes in stream Tong.tudinal
profiles or terraces, and other long-term changes such as elevation changes
across iava flows {(Ref. D.6).

D.2.3.1.4. Analysis of offset, displaced, or anomaious landforms such
as displaced stream channels or changes in stream profiles or the upstream
migration of knickpoints (Refs. D.7 - D.12); abrupt changes in fluvial
deposits or terraces; changes in paleochannels across a fault (Refs. D.11 and
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D.12); or uplifted, downdropped, or laterally displaced marine terraces (Ref.
D.12).

D.2.3.1.5. Analysis of Quaterniry sedimentary deposits within or near
tectonic zones, such as fault zones, including (1) fault-related or fault-
controlled deposits including sag ponds, graben fill deposits, and colluvial
wedges formed by the erosion of a fault paleoscarp and (2) non-fault-related,
but offset, deposits including alluvial fans, debris cones, fluvial terrace,
and lake shoreline deposits.

D.2.3.1.6. Identification and analysis of deformation features caused
by vibratory ground motions, including seismically induced Yiquefaction
features (sand boils, expinsion craters, lateral spreads, settlement, soil
fiows), mud voicanoes, landslides, rockfalls, deformed lake deposits or soil
horizons, shear zones, cracks or fissures (Refs. D.13 and D.14).

D.2.3.1.7. E4%+|n&+on—04—£he-iges-o£ Analysis of fault displacements,

uch a: interpretion of the morphology of topographic fault
Fau]t scarp lorphology

approxinate size of the earthquake. recurrence 1ntervals. siip rate. and the
nature of the causative fault at depth (Refs. D.15 - D.18).

D.2.3.2 Seismological Investigations

D.2.3.2.1. Listing of all historically reported earthquakes having
Modified Mercalli Intensity (MMI) greater than or equal tc IV or magnitude
greater than or equal to 3.0 that can reasonably be associated with seismic
sources, any part of which is within a radius of 320 km (200 miles) of the
site (the site region). The earthquake descriptions should include the date
of occurrence and measured or estimated data on the highest intansity,
magnitude, epicenter, depth, focal mechanism, and stress drop. Historical
seismicity includes both historically reported and instrumentally recorded
data. For pre-instrumentally recorded data, intensity should be converted to
magnitude, the procedure used to convert it to magnitude should be clearly
documerted, and epicenters should be determined based on intensity
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distributions. Methods to convert intensity values to magnitudes in the CEUS
are described in References D.1, D.19, D.20, and D.21.

D.2.3.2.2. Seismic monitoring in the site area should be established as
soon as possible after site selection. For sites in both the CEUS '. a
sinqlc large dynan‘c ranqe. broad-band seismography

Honitoring should be initiated &s SooO Ccal _
erably dt least ep—te-five years prior to construction of a wncheor it

site area and uithin the site vicinity to identify and define seismogenic
sources and capable tectonic sources may include the following investigations.

Q,Z,},;,], Geophysical investigations that have been useful in the pas
clud "'“”ﬁ*'?iiﬂﬁ;]i t0: sveh—as—a+s magnetic and gravity surveys,

O A M TR0 S 18
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D.2.3.3.2. Core borings to uap subsurface geology and obtain samples
for testing such as gtermining the properties of the subsurface
soils and rocks and geochronoloqical analysis.

D.2.3.3.3. Excavating and logging of trenches across geological
feutures as part of the neotectonic investiga.ion and to obtain samples for
the geochronclogical analysis of those features.

At some sites, deep soil, bodies of water, or other material may obscure
geologic evidence of past activity along a tectonic structure. In such cases,
the analysis of evidence elsewhere along the structure can be used to evaluate
its characteristics in the vicinity of the site (Refs. D.12 and D.22).

0.2.4 Gecchronology

An important part of the geologic investigations to identify and define
potential seismic sources is the geochronology of geologic materials. Fhe-NRE

fFederal-Register—An acceptable classification of dating methods is based on
the rationale described in Reference D.23. The following techniques, which
are presented according to that classification, are useful in dating
Quaternary deposits.

D.2.4.1 Sidereal Dating Methods

. Dendrochronology - tree-ring analysis - age range is from modern
times to several thousand years (Refs. D.24 and D.25).
. Varve chronology - 0 to 10,000 years (Ref. D.26).

D.2.4.2 ]sotopic Dating Methods

. Radiocarbon for dating organic materials - 100 to 40,000 (up to
100,000 years using AMS) (Refs. D.27 and D.28).

D-11



1 . Potassium argon for dating volcanic rocks ranging in age from

2 about 100,000 to 10 million years (Refs. D.27 and D.29).

3 . Argon 39 - Argon 40, for dating relatively unwe> hered igneous and
4 metamorphi~ rocks - 100,000 to unlimited uppe: . 't (Ref. D.30)
5 . Uranium series uses the relative properties of various decay

3 products of **U or *®U. Ages range from 10,000 to 350,000 years
7 (Ref. D.27). ™%/™U can yield between 40,000 and 1,000,000 years
8 (Ref. D.31).

) . Uranium Trend - for relatively undisturbed soils ranging in age
10 from 100,000 to 900,000 years (Ref. D.32).

11 D.2.4.3 Cosmogenic lsotope: - for dating surficial rocks and soils.
12 Nuclides *C1, *°Be, “Po, and *Al - age range varies within the
13 Quaternary accoraing to isotope tested (Refs. D.33 and D.34).
14 [.2.4.4 Rad pgenic Dating Methods
15 . Thermoluminescence (TL) - for dating fine-grained eolian and

16 lacustrine, and possibly alluvium and colluvium as well - age

17 range is from 1,000 to 1,000,000 years (Refs. D.27 and D 35).

18 . Electron spin resonance (ESR) is used for sediments, shells,

19 carbonates, bones, and possibly to date quartz that formed in
20 fault gouge during the fault event - age range is from 50,000 to
2l 500,000 years (Ref. D.36).
22 . Fission Track - for dating minerals such as zircon and apatite,
23 with fissionable uranium in volcanic rocks - 100 to several
24 million years (Refs. D.27 and D.37).
25 D.2.4.5 Chemical and Biological Dating Methods

26 . Obsidian and Tephra Hydration - age range is from 200 to several
27 miliion years (Ref. D.38).

28 « Amino Acid Racemization - for fossils, shells, and bones - age
29 range is frem 100 to 1,000,000 years (Refs. D.39 and D.40).

KV . Rock varnish chemistry - cation ratic of manganese, iron, and clay
31 coatings on desert stones - age range is 1,000 to 40,000 years

D-12



w0 moNOY

10
11
12
13
14
15
16
17

19
20
21
22
23
24
25
26
27
28
29
30
3l

(Ref. D.41). The results of this method are controversial and its
use is not recommended pend:ng further validation.

D.2.4.6 Geomorphic Dating Methods

D.2.4.

Soil profile development - for analysis of the upper few meters of
stable soils - age range is from 1,000 to 1,000,000 years (Refs.
D.27, D.42 through D.47).

Rock and mineral weathering - for measuring the progression of
weathering, such as thicknes .s of weathering rind development on
the margins of clasts, hornblende etching, limestone sulutionirg,

_ etc. - age range, depending on material - 10 to 1,000,000 (Ref.

D.27).

Geomorphic position - fluvial and marine terraces, and glacial
moraines - 1,000 to 1,000,000 years (Ref. [.48).

Rate of deposition - lacustrine, playa, and sometimes alluvial
deposits - tens to millions of years (Ref. D.26)

Scarp degradation - works best in coarse unconsolidated alluvium -
age range is from 2,000 to 20,000 years (Refs. D.15 and D.49).

Correlation D ting Methods

Lithostratigraphy - correlation of distinctive geologic units
between sites - age range is from 0 to 4.5 billion years (Ref.
D.50)

Tephrochronology - volcanic ash layers interbedded with
sedimentary deposits - age range is from zero to several million
years (Refs. D.5] and D.38).

Paleomagnetism - most igneous and sedimentary rocks containing
hematite and magnetite - 2ge range is from 0 to 5,000,000 years
(Ref. D.27).

Archeology - deposits associated with archeological materials
(Ref. D.52).

Paleontology (marine and terrestial) - fossil-bearing rocks or
soils - age range is from 0 to 1 billion years (Ref. D.53).
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. Lichenometry - used to estimate ages from sizes of lichens
growing on gravel or boulders (such as glacial deposits) (Ref.
D.54).

in the CEUS, it may not be possible te reasonably demonstrate the age of
last activity of a tectonic structure. In such cases the NRC staff will
accept association of suck structures with geologic structural features or
tectonic processes that are geologically old (at least pre-Quaternary) as an
age indicator in the absence of confiicting evidence.

These investigative procedures should also be applied, where possible,
to characterize offshore structures (faults or fault zones, and folds, uplift,
or subsidence related to faulting at depth) for coastal sites or those sites
located adjacent t~ landlccked bodies of water. Investigations of offshore

structures will rely heavily on seismicity, geophysics, and bathymetry rather
than conventional geologic mapping methods that-eam normally €an be used
effectively onshore. However, it is often useful to investigate similar
features onshore to learn more about the significant offshore features.

D.2.5 Distinction Between Tectonic and Nontectonic Deformation

At a site, both Nnontectonic defzrmation— eand tectonic deformations
o%—o—a*%e can pose a substantial hazard to nuclear power plants, but there are
likely to be differences in the approaches used to resolve the issues raised
by the two types of phenomena. Therefore, nontectonic deformation should be
distinguished from tectonic deformation at a site. In past nuclear power
plant licensing activities, surface displacements cavsed by phenomena other
than tectonic phenomena have been confused with tectonically induced faulting.
Such features include faults on which the last displacement was induced by
glaciation or deglaciation; collapse structures, such as found in karst
terrain; and growth faulting, such as occurs in the Gulf Coastal Plain or in
cther deep soil regions subject to extensive subsurface fluid withdrawal .
Glacially induced faults generally do not represent a deep-seate
seismic or fault displacement hazard because the conditions lhat creat . them
are no longer present. However, residual stresses from Pleistocene glaciation
may still be present in glaciated regions, althuugh they are of Tess concern
than active tectonically induced stresses. These features should be
investigated with respect to their relationship to current in situ stresses.
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The nature of faults related to collapse features can usually be defined
through geotechnical investigations and can either be avoided or, if feasible,
adequatc engineering fixes can be provided.

Large, naturally occurring growth faults as found in the coastal plain
of Texas and Louisiana can pose a surface displacement hazard, even though
offset most 1ikely orsurs at a much less rapid rate than that of tectonic
faults. They are not regarded as having the capacity to generate damaging

ratory ground motior , can often be identified and avoided in
siting, and their displacenents can be monitored. Some growth faults znd
antithetic faults related to growth faults are not easily identified;
therefore, investigations uc.crived above with respect to capable faults and
fault zones should be applied in regions where growth faults are known to be
present. Local human-induced growth faulting ca, be monitored and controlled
or avoided.

If questionable features cannot be demonstrated to be of non-tectonic
origin, they should be treated as tectonic deformation.
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APPENDIX E

PROCEDURE FOR THE EVALUATION OF NEW GEOSCIENCES INFORMATION OBTAINED FROM THE
SIT-SPECIFIC INVESTIGATIONS

E.1 INTRODUCTION

This appendix provides methods acceptable to the NRC staff for assessing

the imact of new information obtained during site-specific investigations on
§567Used For the probabilistic seismic hazard analysis (PSHA) .

llaguhtory Fosition & in this guide describes acceptable PSHAES amalyses

that were developed by Lawrence Livermore uatioml Labontories (LUIL) and the

Electr’ - Power Resnrch lnstitute (EPRI) to characterize the seis azar

and to devel op

the § ‘wtdown Earthqnake _,round motion (SS[) The procedure to determine
the 0 in this—Draft Regulatory Guide J.165 B6-—3032 relies primarily
on . or EPRI PSHA results for the Centn! and Eastern United

Sti

It “te the geclogical, seismological, and geophysical
dat’ -specific investigations to demonstrate that these

dat PSHA data bnses of these two -ethodologies If
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Types of new data that could affect the PSHA results can be put in three
general categories: seismic sources, earthquake recurrence models or rates of
deformation, and ground motion models.

£.2.1 Seismic Sources

There are several possible sources of new information from the site-
specific investigations that could @affect the seismic hazard. Continued
recording of small earthquakes, including microearthquakes, may indicate the
presence of & localized seismic source. Paleoseismic evidence, such as
paleoliquefaction features or displaced Quaternary strata, may indicate the
presence of 2 previously unknown tectonic structure or a larger amount of
activity on a known structure than was previously considered. Futore
g.eophysical studies (aeromagnetic, gravity, and seismic
reflection/refraction) u444—,nobtb4y—i§§ jdentify crustal structures that
suggest the presence of previously unknown seismic sources. In situ stress
measurements an .he mapping of tectonic structures in the future may indicate
potential seismic sources.

Detailed local site investigations often reveal faults or other tectonic
structures that were unknown, or reveal additional characteristics of known
tectonic structures. Generally, based on past licensing experience in the
CEUS, the discovery of such features will not require a modification of the
seismic sources provided in the LLNL and EPRI studies. However, initial
evidence regarding a newly discovered tectoric structure in the CEUS is often
equivocal with respect to activity, and additional detailed investigations arz
required. By means of these detailed investigations, and based on past
licensing activities, previously unidentified tectonic structures can usually
be shown to be inactive or otherwise insignificant to the seismic design basis
of the facility, and a modification of the seismic sources provided by the
LLNL and EPRI studies will not be required. On the other hand, if the newly
discovered features are relatively young, possibly associated with P s ad
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earthguakes that were large and elese—te Could imp
proposed facility, a modification may be required.

Of particular concern is the possible existence of previously unknown,
potentially active tectonic structures that could jeeedizefiaVe moderately-
sized, but potentially damaging, near-field earthquakes or could cause surface
displacement. Also of concern is the presence of structures that could
generate larger earthquakes within the region.

Investigations to determine whether there is a possibility for permanent
ground displacement are especially important in view of the provision to allow
for a combined licensing procedure under 10 CFR Part 52 as an alternative to
the two-step procedure of the past (Construction Permit and Operating
License). . In the past at numerous nuclear power plant sites, potentially
significant faults vere identified when excavations were made during the
construction phase prior to the issuance of an operating license, and
extensive additional investigations of those faults had to be carried out to
properly characterize them.

£.2.2 Earthguake Recurrence Models

There are three elements of the source zone's recurrence models that
could be affected by new site-specific data: (1) the rate of occurrence of
earthquakes, (2) their maximum magnitude, and (3) the form of the recurrence
mode), for example, a change from truncated exponential to a characteristic
earthquake model. Among the new site-specific information that is most likely
to have a significant impact on the hazard is the discovery of paleoseismic
evidence such as extensive soil liguefaction features, which would indicate
with reasonable confidence that much larger estimates of the maximum
earthquakeweuld-enswe than those predicted by the previous studies Would
$nsUe. The paleoseismic data could also be significant even if the maximum
magnitudes of the previous studies are consistent with the paleoseismic
earthquakes if there are sufficient data to develop return period estimates
significantly shorter than those previously used in the probabilistic
analysis. The paleoseismic data could also indicate that a characteristic
earthquake mode! would be more applicable than a truncated exponential model.

In the future, expanded earthquake catalogs will become available that
will differ from the catalogs used by the previous studies. Generally, these
new catalogues have been shown to have only minor impacts on estimates of the
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parameters of the recurrence models. Cases that might be significant include
the discovery of records that plece fdicate earthquakes in a region that had
no seismic activity in the previous catalogs, the occurrence of an earthquake
larger than the largest historic earthquakes, re-evaluating the largest
historic earthquake to a fignificantly larger magnitude, or the occurrence of
one or more moderate to large earthquakes (magnitude 5.0 or greater) in the
CEUS.

Geodetic measurements, particularly satellite-based networks, may
provide data and interpretations of rates and styles of deformation in the
CEUS that can have implications for earthquake recurrence. New hypotheses
regarding present-day tectonics based on new data or reinterprotation of old
dat: .y be developed that were not considered or given high weight
EPR] or LLNL PSHA. Any of these cases could have an iapact on the estiaated
meximum earthquake if the result is larger than the values provided by LLKL
and EPRI.

£.2.3 Ground Motion Attenuation Models

Alternative ground motion models may be used to determine the site-

specific spectra\ shapc as discussed in Regulatory Position 4 and Appendix F
Fthis regulatory guioe. If the ground motion models used are a major
departure from the original models used in the hazard analysis and are likely
to have impacts on the hazard results of many sites, a reevaluation of the
reference probability may be needed using the procedure discussed in Appendix
B. Otherwise, a periodic (e.g., every ten years) reexamination of PSHA and
the associated data base is considered appropriate to incorporate new
understanding regarding ground motion models.

E.3 PROCEDURE AND EVALUATION

The EPRI and LNL studies provided a wide range of interpretations of
the possible seismic sources for most regions of the CEUS, as well as a wide
range of interpretations for all the key parameters of the seismic hazard
model. The first step in comparing the new information with those
interpretations is determining whether the new information is consistent with
the following LLNL and EPRI parameters: (1) the range of seismogenic sources
as interpreted by the seismicity experts or teams involvad in the study, (2)
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the range of seismicity rates for the region around the site as interpreted by
the seismicity experts or teams involved in the studies, and (3) the range of
maximum magnitudes determined by the seismicity experts or teams. The new
information is considered not significant and no further evaluation is needed
if it is consistent with the assumptions used in the PSHA, no additional
alternative seismic sources or seismic parameters are needed, or it supports
maintaining or decreasing the site median seismic hazard.

An example is an additional nuclear unit sited near an existing nuclear
power plant site that was recently investigated by state-of-the-art
geosciences techniques and evaluated by curvent hazard methodologies.

Detailed geological, seismological, and geophysical site-specific
investigations would be required to update existing information regarding the
new site, but it is very unlikely that significant new information would be
found that would invalidate the previous PSHA.

On the other hand, after evaluating the results of the site- specific
investigations; if there is still uncertainty about whether the new
information will affect the estimated hazard, it will be necessary to evaluate
the potential impact of the new data and interpretations on the median of the
range cf the input parameters. Such new information may indicate the addition
of 2 new seismic source, a change in the rate of act.vity, a change in the
spatial patterns of seismicity, an increase in the rate of defcrmation, or the
observation of a relationship between tectonic structures and current
seismicity. The new findings should be assessed by comparing them with the
specific input of each expert or team that participated in the PSHA.

Regarding a new source, for example, the specific seismic source
characterizations for each expert or team (such as tectonic feature being
modeled, source geometry, probability of being active, maximum earthquake
magnitude, or occurrence rates) should be assessed in the context of the
significant new dlt! and 1nterpretations

745 #¢pected that the new information will be within the range
of interpretations in the ex1sting data base, and the data will not result in
an increase in overall seismicity rate or increase in the range of maximum
earthquakes to be used in the probabilistic analysis. It can then be
concluded .5at the current LLNL or EPRI results apply. It is possible that
the new data may necessitate a change in some parameter. In this case,
appropriate sensitivity analyses should be performed to determine whether the
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new site-specific data could affect the ground motion estimates at the
reference probability level.

An example is a consideration of the seismic hazard near the Wabash
River Valley (Ref. E.1). Geological evidence found recently within the Wabash
River Valley and several of its tributaries indicated that an earthguake much
larger than any historic event had occurred several thousand years ago in the
vicinity of Vincennes, Indiana. A review of the inputs by the experts and
teams involved in the LINL and EPRI PSHALs revealed that many of them had made
allowance for this possibility im their tectonic models by assuming the
extension of the New Madrid Seismic Zone northward into the Wabash Valley.
Several experts had given strong weight to the relatively high seismicity of
the area, including the number of magnitude 5 historic earthquakes that have
occurred, and thus had assumed the larger event. This analysis of the source
characterizations of the experts and teams resulted in the conclusion by the
analysts that a new PSHA would not be necessary for this region because an
event similar to the prehistoric earthquake had been considered in the
existing PSHAs.

A third step would be required if the site-specific geosciences
investigations revealed significant new information that would substantially
affect the estimated hazard. Modification of the seismic sources would more
than likely be required if the results of the detailed local and regional site
investigations indicate that a previously unknown seismic source is identified
in the vicinity of the site. A hypothetical example would be the recognition
of geological evidence of recent activity on a fault near a nuclear power
plant site in the stable continental region (SCR) similar to the evidence
found on the Meers Fault in Oklahoma (Ref. E.2). If such a source is
jdentified, the same approach used in the active tectonic regions of the
Western Urited States should be used to assess the largest earthquake expected
and the rate of activity. 1f the resulting maximum earthquake and the rate of
activity are higher than those provided by the LLNL or EPR] experts or teams
regarding seismic sources within tSe region in which this newly discovered
tectonic source is located, it may be necessary to modify the existing
interpretations by introducing the new seismic source and developing modified
seismic hazard estimates for the site. The same would be true if the current
ground motion models are a major departure from the original models. These
occurrences would likely require performing a new PSHA using the updated data

£-6
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APPENDIX F

PROCEDURE TO DETERMINE THE SAFE SHUTDOWN EARTHQUAKE GROUND MOTION

E.1l  INTRODUCTION

This appendix elaborates on Step 4 of Regulatory Position 4 of Braft
this guide, which describes an acceptable procedure to

determine the Safe Shutdoun Earthquake Ground Motion (SSE). The SSE is
defined in terms of the horizontal and vertical free-rield ground motion
response spectra at the free ground surface. It is developed with
consideration of local site effects and site seismic wave transmission
effects. The SSE response spectrum ¢an be determined by scaling a llli§
pecific spectral shape deterntned for the controlling earthquakes or b

ground lotion levels for 5 and 10 Hz (S,,J.). and l and 2 5 Hz (S,,.:) 88
determined in Step C.2 of Appendix C to this guide.

It is anticipated that a regulatory guide will be developed that
provides guidance on assessing site-specific effects and determining smooth
design response spectra, taking into account recent developments in ground
motion modeling and site amplification studies (e.g., Ref. fF.1).

E.2  DISCUSSION

For engineering purposes, it is essential that the design ground motion
response spectrum be 2 broad-bund smooth response spectrum with adequate
energy in the frequencies of interest. In the past, it was general practice
to selert a standard broad-band spectrum, such as the spectrum in Reculatory
Guide 1.60 (Ref. F.2), and encher SCale it te by a peak ground motion
parameter (usually peak ground acceleration (PGA)), which is derived based on
the size of the controlling earthquake. During the licensing review this
spectrum was checked against site-specific spectrz] estimates derived using
Standard Review Plan 2.5.2 procedures to be sure that the SSE design spectrum
adequately enveloped the site-specific spectrum. These past practices to
define the SSE are still valid and, based on this consideration, the following
three possible situations are depicted in Figures F.1 to F.3.

Figure F.1 depicts a situation in which a site is tc be used for a
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certified design with an established SSE (for instance, an Advanced Light
Water Reactor with 0.3g PGA SSE). In this example, the certified design SSE
spectrum compares fivorably with the site-specific response spectra determined
in Step 2 or 3 of Regulatory Position 4.

Figure F.2 depicts a situation in which a standard broad-band shape is
selected and its amplitude is scaled so that the design SSE envelopes the
site-specific spectra.

Figure F.3 depicts a situation in which a specific smooth shape for the
design SSE spectrum is developed to envelope the site-specific spectra. In
this case, it is particularly important to be sure that the SSE contains
adequate energy in the frequency range of engineering interest and is
sufficiently broad-band.
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(Note: The above figures illustrate situations for a rock siteir #for
other site conditions the SSE spectra are compared at free-field after
performing site amplif.cation studies as discussed in Step 4 of

Regulatory Position 4.)
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REGULATORY ANALYSIS

A separate regulatory analysis was not prepared for this regulatory
guide. The érafi-regulatory analysis, “"Prepesed-Revision of 10 CFR Part 100
and 10 CFR Part 50," was prepared for the prepesed-amendments, and it provides
the regulatory basis for this guide and examines the ccsi. and benefits of the
rule as implemented by the guide. A copy of the draft—regulatory analysis is
available for inspection and copying for a fee at the NRC Public Document
Room, 2120 L Street NW. (Lower Level), Washington, DC, as Emelesure—2-te-
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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN 2.5.1 Febroery—1956
BASIC GEOLOGIC AND SEISMIC INFORMATION Cortacti—A—d—Nurphy
PROPOSED-REVISION o {3643435-6016

REVIEW RESPONSIBILITIES

Primary - Civil Engineering and Geosciences Branch (ECGB)

Secondary - None

I.  AREAS OF REVIEW

ECGB reviews the geological, seismological, and geophysical information

submitted in the applicant’s early site evaluation report (ESR) or safety
analysis report (SAR), Sections 2.5.1, 2.5.2 and 2.5.3. ¥R 1)
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Because there is a strong overlap among these ar.s of review and those of
gevtechnical enginzering and geohydrology, the reviewers of these sections of
the SARs should ilso carefully review SRP Section 2.5.4 and Section 2.4.12,
and closely coordinate their reviews and findings with those of the
geotechnical engineering and the geohydrology reviewers. For example,
coordination with geotechnical engineers is required when verification of
geological processes affecting the site, surh as the preloading history of the
plant’s soil foundations by means of glacial and other geologic processes, can
be determined through various geotechnical testing method~logies.

References 1 through 8 (regulations and regulatory guides) provide guidance to
the ECGB reviewers in evaluzting potential nuclear facility sites. The
principal regulation iat will be used by ECGB in the future to determine the
scope and adequacy of the submitted geological, seismological, and geophysical
information for new nuclear facility sites is 10 CFR Part 100, -Preposed
Section 100.23, "Seismic and Geologic Siting Factors® (Ref. 2). Specific
guidance for implementing this regulation can be found in-Braft Regulatory
Guide D6—3032]1.165, "Identification and Characterization of Seismic Sources
and Determination of Safe Shutdown Earthquake Ground Motions" (Ref. 3).
Guidance regarding the geotechnical engineering aspects is found in Regulatory
Guide 1.132, "Site Investigations for Foundations of Nuclear Power Plants"
(Ref. 4). Additional guidance is provided to the ECGB reviewers through
information published in the scientific literature. As the state of the art
in the geosciences is advancing rapialy, it is the responsibility of the
reviewers to stay abreast of changes by reviewing the current scientific
literature on a reguiar basis, attending professional meetings, etc.
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Using the knowledge derived from these activities and the geosciences
reviewers’ own aggregate academic backgroundi and experience, ECGB judges the
adequacy of the geological, seismological, and geophysical information cited
in support of the applicant’s conclusions concerning the suitability of the
plant site.

The geological, seismological, and geophysical information that must be
provided by applicants for the site review to proceed is divided into the
following three basic categories:

B 1g;1gn1;_g:;jgi;gi;_jn{g:n;&lgn. Information regarding tectonics,
(particularly Quaternary tectonics), seismicity, correlation of

seismicity with tectonic structure, characterization of seismic sources,
and ground motion. Seismicity and vibratory ground motions are primary
review responsibilities addressed in SRP Section 2.5.2. However, the
review and acceptanre of the applicant’s basic data-gathering processes
and findings that . e presented in support of these topics, and their
completeness, are alsc integral narts of the review responsibilities
covered in this section. There must be close coordination among
geologists, geophysicists, and seismologists in reviewing these
sections.

sufficient information must be provided to estimate the potential for
strong earthquake ground motions or surface deformation at the site,
such as the proximity and nature of potential seismic sources,
Quaternary geological evidence for faulting, folding, prehistoric
earthquakes (i.e., paleoliguefaction features), and other seismically
induced features. A complete presentation, including supporting basic
data, of the characteristics of the subsurface materials beneath the
site must be provided (or cross-referenced with Stas Plar
[SRP) Section 2.5.4) and reviewed by the staff so that an assessment of
the potential 72r amplification of vibratory ground motion or ground
failure under dynamic loading can be made. Potential giound failure
modes may include ligquefaction, excessive settiement, differential
settlement, and those caused by high tectonic stresses. Additionally,
for sites adjacent to large bodies of water, information pertinent to

- "
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estimating tsunami and se’che hazards must be provided, or cross-
referenced to SRP Section 2.4.12.

2.  Montectonic deformation information. Adequate information must be
provided for an assessment of other nontectonic geologica’ hazards, such

as landsliding and other mass-wasiing phenomena, subsidence {including
differential subsidence), growth faulting, glacially induced
deformation, chemical weathering, the potential for collapse or
subsidence in areas underlain by carbonate rocks, evidence of
preconsolidation, etc.

3.  Conditions caused by human activities. Information on changes in
groundwater conditions caused by the withdrawal or injection of fluids,

subsidence or collapse caused by withdrawal of fluids, mineral
extraction, induced seismicity and fault movement caused by reservoir
impoundment, fluid injection or withdrawal must be included in the SAR
or ESR and evaluated by the ECGB staff.

Acceptance Criteria related to the above conditions are presented in SAR
Subsections 2.5.1.1 (Regional Geology) and 2.5.1.2 (Site Geology). This
information should be reviewed in terms of the regional and site tectonics,
with emphasis on the Quaternary period, structural geclogy, physiography,
geomorphology, stratigraphy, and lithology. In addition, with specific
reference to site geology, the following subjects should be reviewed as they
relate to the above-mentioned conditions: topography, slope stability, fluid
injectio~ or withdrawal, mineral extraction, faulting, solutioning,  ointing,
seismicity, and fracturing.

The information provided should be documented by appropriate references to all
relevant published and unpublished materials. Illustrations such as maps and
cross sections should include but should not be limited to structural,
tectonic, physiographic, topographic, geologic, gravity, and magnetic maps;
structural and stratigraphic sections; boring logs; and aerial photograph-.
Some sites may require maps of subsidence, irregular weathering condit. .,
landslide potential, hydrocarbon extraction (oil or gas wells), faults,
joints, and karst features. Some site characteristics must be documented by

2.5.1-4
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reference to seismic reflection or refraction profiles or to maps produced by
various remote sensing techniques.

Maps should include superimposed plot plans of the plant facilities. Other
documentation should show the relationship of all Seismic Category I
facilities (clearly identified) to subsurface geology. Core boring logs, logs
and maps of trenches, aerial photographs, satellite imagery, and geophysical
data should be presented for evaluation. in addition, plot plans showing the
locations of all plant structures, borings, trenches, profiles, etc., should
be included.

The review can be brought to an earlier conclusion if the ESR or SAR contains
sufficient data to allow the reviewers to make an independent assessment of
the applicant’s conclusions. The reviewers should be led in a logical manner
from the data and premises given to the conclusions that are drawn without
having to make an extensive independent literature search. A literature
search will be conducted by the staff at the appropriate level of detail,
depending on the completeness of the SAR or ESR. A1l pertinent data,
including that which is controversial, should be presented and evaluated. The
geologic terminology used should conform to standard reference works (Refs. 9
and 10).

The primary purposes for conducting the site and regional investigations are
to determine the geological and seismological suitability of the site and to
provide the bases for the design of the plant. A secondary goal is to
determine whether there is significant new tectonic or ground motion
information that could impact the seismic design bases as determined by a
probabilistic seismic hazard analysis (PSHA) (Refs. 11, 12, and 13). The
objective of Section 2.5.1 of the SAR is to present the results of these
investigations and to describe geologic and seismic features as they affect
the site under review: all data, information, discussions, interpretations,
and conclusions shculd be directed to this objective.

11.  ACCEPTANCE CRITERIA

The applicable rules and basic acceptance criteria pertinent to the areas of
this section of the SRP are given below:

2.5.1-5
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*u 3 -
Against Natural Phe -mena,” - The criterion requires that safety-related
portions of the structures, cystems, and components important to safety
be designed to withstand the effects of earthquakes, tsunami, and seiche
without loss of capability to perform their safety functions (Ref. 1).

F "
Factors" {59-FR-522583 - This propesed section of Part 100 woudd
require§ that the geological, seismological, geophysical, and
geotechnical engineering characteristics of a site and its environs be
investigated in sufficient scope and detail to permit an adequate
evaluation of the proposed site, to provide sufficient information to
support evaluations performed to arrive at estimates of the Safe
Shutdown Earthquake ground motion (SSE), to preclude sites with
potential surface or near-surface tectonic deformation, and to permit
adequate engineering solutions to actual or assumed geologic and seismic
effects at the proposed site. It wewld requires the determination of
the SSE, the potential for surface tectonic and nontectonic
deformations, the design bases for seismically induced floods and water
waves, and other design conditions (Ref. 2).

The foilowing regulatory guides provide information, recommendations,
and guidance, and in general, describe a basis acceptable to the staff
for implementing the requirements of GDC 2, Part 360 50, and Section
100.23 of Part 100.

proposed guide describes acceptable methods to: (1) conduct
geological, seismological, and geophysical investigations of
the site 'nd region around the site, (2) identify and
characterize seismic sources, (3) perform prebabilistic
seismic hazard analyses (PSHA), and (4) determine the SSE
for the site (see SRP Section 2.5.2.6 and Ret. 14).

2.5.1-6
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b.  Regulatory Guide 1.132, "Site Investigatious for Foundations of
Nuclear Power Plants" - This guide describes pregrams—eof site

investigations related to geotechnical aspects that would normaliy
meet the needs for evaluating the safety of the site from the
standpoint ¢ ~ the performance of foundations under anticipated
loading conditions, including earthquakes. It provides general
guidance and recommendations fcr developing site-specific
investigation programs as well as specific guidance for conducting
stbsurface investigations, including borings, sampling, and
geophysical explorations (Ref. 4).

¢. . Regulatory Guide 4.7, "General Site Suitability Criteria for

Nuclear Power Stations® - This guide Jiscusses the major site
characteristics related to public health and safety that th~ NRC

staff considers in determining the suitability of sites for
nuclear power stations (Ref. 5).

The information in the ‘4R R must be complete and thoroughly documen® ed,

and it must be consistent with the requirements of Reference 2 ar/ should

conform to the format suggested in Reference 6. Information from varied
sources, including the United States Geologicai Survey (USGS) and other
Federal or State agencies’ published and open file papers, maps, aerial
photographs, geophysicul dat:, ar? similar Jata from nongovernmenta! sources
covering the region in which ‘ne site is located, are used to establish the
staff’s conclusions as to “he completeness and acceptability of the SAR ot

The ECGB reviewers must ensure that investigations, as described in-Braft
Regulatory Guide 9&-*03@{§§g§ and Regulatory Guide 1.132, &  conducted with
the appropriate level of thoroughness within the 4 areas de. ignated in Braft
Regulatory Gride ¥1165 P6—3032, baved on distances from the site: 320 km (200
mi), 40 kin (25 mi), 8 km (S mi), and 1 km (0.6 mi). There must be sufficient
information presented in the ESR or SAR on which to base a comparison between
the new data derived from the regional and site investigations and that used
in the tectonic and ground motion models of the probabilistic seismic hazard

analysis (Ref. 3).
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Specific criteria necessary to meet the relevant requirements of General
Design Criterion 2, of Part 100, Appendixfs and Prepesed Section 100.23 are
as follows:

Subsection 2.5.1.1, “Regional Geology." Inm meeting the requirements of
References 1 and 2, the subsection will be considered acceptable if a complete
and documented discussion is presented of all geological, seismofogical, and
geophysical features, as well as conditions caused by human activities. This
subsection should contain a review of the regional tectonmics, with emphasis on
th Quaternary period, structural geology, seismolugy, paleoseismology,
physiography, geomorphology, stratigraphy, and geologic history within a
distarce of 320 km (20C mi) (site region) from the site, to provide a
framework within which the safety significance can be evaluated of the
geology, seismology, and conditions brought about by human activities.

Subsection 2.5.1.2, "Site Geology." In meeting the requirements of References
1 and 2, and the regulatory positions of References 4 and 5 and certain
recommendations of Reference 7, the subsection will be judged acceptable if it
contains a description and evaluation of site-related geologic features,
seismic conditions, and conditions caused by human activities, at appropriate
levels of detail (defined by the distances of 40 km {25 mi) (site subregion),
8 kn [8'®H) (site vicinity), and 1 km (site area) of the site). This
subsection should contain the following general site information:

ks The structural geology o° the site, specifically the identification and
ch -acterization of local seismic sources and their relationship to the
re 2] structural geology and seismic sources.

2. The seismicity of the site, including historical and instrumentally
recorded earthquakes, and whether there is a relaticnship to tectonic

structure.

3. The geological history, particularly the Quaternary period, of the site
and its relationship to the regional histery.

4, Evidence of paleoseismicity or lack of it.

2.5.1-8
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S. The site stratigraphy and lithology and their relationship to those of
the region.

6. The engineering significance of geological features underlying the site
as they relate to:

a. Dynamic behavior during prior earthquakes.

b. Zones of alteration, irregular weathering, or zones of structural
weakness.

¢. - Unrelieved residual stresses in bedrock.

d. Materials that could be unstable because of their mineralogy or
unstable physical properties.

e. Effects of human activities in the area.

The site groundwater conditions.

IT11. REVIEW PROCEDURES

The staff review is conducted in three phases. The first phase is the
acceptance review, a brief review of the SAR or ESR to evaluate its
completeness and to identify obvious safety issues that could result in delays
at subsequent stages of the review. The judgments on accepiance or rejection
of the SAR or ESR for review are governed by two criteria: (1) adherence to
the Standard Format (Ref. 6) in identifying and describing the geclogical,
seismological, and geophysical features and the conditions resulting from
human activities that affect safety of the site, and (2) provision of adequate
information and documentation as des~ribed in Beaft Regulatory Guide FUIBS
3032 to allow for an independent staff review of the conclusions made therein.

After an SAR or ESR is docketed, the staff conducts a thorough review of the
material. In this second phase of the review an effort is made to identify
all safety issues. The reviewer carefully examines the SAR or ESR to see that

2.5.1-9




all interpretations are founded on sound geological and seismological practice
and do not exceed ihe limits of validity of the applicant’s data or of other
data, such as that published in the scientific literature.

At the beginning of this phase of the review, the staff usually seeks
assistance from the U.S. Geological Survey (USGS) and ¢3cides to what extent
consultants should be involved. The necessary information is then made
available to the USGS advisors and consultants. Advisors from the USGS and
consultants are asked to perform such varied tasks as reviewing the tectonic
setting of plants in regiors of complex geology, evaluating the potential for
surface displacement, verifying an applicant’s mineral identifications and
geochronclegy, or providing advice on the proper level of earthquake ground
motion in the seismic evaluation of selected sites.

A review of relevant references is conducted by the staff, USGS advisors, and
consultants. Pertinent references, such as published geological reports,
professional papers, open-file material, university theses, physiographic and
ge.logical maps, and aeromagnetic and gravity maps, are ordered from the
appropriate sources and reviewed. Several basic generai references used in
the past by the staff are References 9, 15, and 16. CeoRef database (Ref. 17)
and other databases, such as References 18 and 19, are used to identify
specific references.

As publication usually lags behind the completion of research or construction
investigation projects by months or years, the reviewers should not rely
entirely on information submitted by the applicant or in the published
literature. The reviewers should make an effort to identify any pertinent
studies that may be under way in the site region and any preliminary findings
of these studies. This may be accomplished by contacting the U.S. Geological
Survey or other Federal agencies, State gerlogical surveys, universities, and
industry, to obtain current information about the site. Some pertinent
information may be of a proprietary nature, and special provisions may be
required to examine the data.

The staff members will conduct a geological reconnaissance of the site and
region around the site as part of the second phase of the review to examine
geological teatures, soil and rock samples from core borings or test pits,

2.5.1-10
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trenches excavated across the site, and actual excavations for the plant
facilities, if present at this stage. This site reconnaissance is especially
important in view of the revised requirement of 10 CFR Part 52 (Ref. 8), which
allows for a ;ombined license as an alternative to the previous two-step
requirement of a construction permit followed by an operating license. In the
previous procedure, many geologic fr-tures, such as faults (as at North Anna,
Summer, Byron, Catawba, Seabrook, Watts Bar, etc.) that had the potential to
impact the safety of the plant were not identified until the actual
construction excavations for the plant were made. Additionally, unanticipated
engineering problems have occurred during and after construction (as at North
Anna, WNP-2, Nine Mile Pcint-2). Fcr example, larger-than-expected
settlements have frequently occurred in engineered backfill, even though the
design had been approved by the staff during the construction permit review.
Under 10 CFR Part 52 #t—is—possible—that the construction excavations for a
plant will not be made until after the staff has prepareds the site SER.

During the second phase of the review, gquestions and comments are developed
from items that have not been adequately addressed by the applicant, those
which become apparent during the detailed review, or those which develop from
the 2dditional information provided as a result of the acceptance review.
These first round questions usually req:i ire the applicant to conduct
additional investigatiuns or to supply <larifying information. Questions may
result from the reviewer s discovery of refcrences not cited by the ap licant
that contain conclusions that are in conflict with those made by the
applicant. When the applicant provides insufficient data to support its
interpretations and conclusions and there are reasonable, technica 11y
§lipported, end more conservative alternative interpretatio. s in the
literature, the staff will request additional investigations, or require that
the applicant adopt the more conservative interpretation. This phase of the
review will usually involve public meetings with the applicant to clarify
questions and allow the applicant to present new data to justify its position.
The applicant’s response to gquestions are reviewed and any remaining issues
are settled either by a second round of questions or by staff positions.

The third review phase is the staff evaluation of the applicant’s responses to
questions raised in the second phase. At the end of the third phase, the
staff takes positions on all safety-related issues, either concurring with the

2.5.1-11
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applicant's positions or taking more conservative positions as may be
necessary in the staff’s view to assure the required degree of safety.

A staff position is usuﬂly in the form of a requirement L0 Provag

to design for a specific condition in a ny that
the staff considers to be sufficiently conservative and consistent with the
requisites of Reference 2. When all safety issues have been resolved, the
staff provides its input to the safety evaluation report (SER).

owever, under the pew 10 f rt 5
describod above, geological fea“ures such as faults chat weee &re not

discovered until after the construction excavations are made, and therefore
after the SER Pas been prepered issued, wewld #ill not have been ossessed by
the staff. Likewise, unanticwpated engineering problens such as th

f liguefiable materials, excessive heave oundwater flow
that occureed during or foHouing construction wou%d m not have been

eva'luatod by the staff there must

MMHM“M%MM staff m conduct B

followup site nvieu when the excavations for the Seismic Category I
ructures are open to confirn Gen%o%#ue Igh conc\usions Lh
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Iv. EVALUATION FINDINGS

If the evaluation by the staff, on completion of the review of the geological
and seismological aspects of the plant site and region, confirms that the

applicant has met the requirements of applicable portions of References 1 and
2, and the guidance contained in References 3. 4, 5, and 6, the conciusion in
the SER states t..at the information provided and investigations performed

support the applicant’s conclusions regarding the geclogical and seismological
1ntogrity of the proposed nuclur power plant site. LHCEASTRG conditiens

&MM any significant

unknown features, such as potenthny active faults, evidence for strong
ground motions such as lace Quaternary seismically induced paleoliquefaction

This final staff visit, in addition to determining whether there is any new
information since the combined licensing review, ensures that the staff
recommendations or pesitiens conditions formulated by the staff during the
combined licensing review have been implemented.
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A typical staff finding at the conclusion of the eembined licensing review
follows:

In its review of the geological and seismological aspects of the plant,
the staff has considered pertinent information gathered in support of
the application for a combined license. The information reviewed
includes data from site and near-site investigations, as well as a
geological reconnaissance of the site and region, an independent review
of recently published literature, and discussions with knowledgeable
scientists with the USGS and other Federal agencies, the State
Geological Survey, local universities, consulting firms, etc.

Based on its review, the staff concludes that:

he results of &g Jgeophysical and seismological
investigationsy and other information provided by the applicant
and required by-the—Prepesed Section 100.23 e Bf 10 CFR Part
1004, the staff’s independent review of the data and other sources
of information, ane including a geological reconnaissance of the
site and region and examination of excavations for Seismic
Category I structures at the site by—the-staff, provide an
adequate basis to establish that no capable tectonic sources or
seismogenic sources exist in the plant site area that have the

potential of causing near-surface displacement or earthquakes to

(1

be centered there.

(2) Based on the results of the applicant’s regional and site
geological, seismological, and geophys.cal investigations, and the
staff’'s independent evaluation }

this—seetion), the staff concludes that all seismic sources
significant to determining the SSE for the site have been
identified and appropriately characterized by the applicant in
accordance with-Deaft Regulatory Guide B6—10321.185 and SRP
Section 2.5.2.

2.5.1-14
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(3)

(4)

(5)

(6)

Based on the applicant’s geological, geophysical, and geotechnical
investigations of the site vicinity and site area, the staff
concludes that the site 1ithology, stratigraphy, geological
history, structural geology, and characteristics of the subsurface
s0ils and racks have been properly characterized.

There is no potential for the occurrence of other geological
events (such as landsliding, collapse or subsidence caused by
carbonate solutioning, differential settlement) that could
compromise the safety of the site; or the applicant has mitigated
such occurrences and has adeguately supported the engineering

- solutions in the SAR.

There is no potential for the effects of human activity, such as
subsidence caused by withdrawal or injection of fluids or collapse
due to mineral extraction, that compromises the safety of the
site; or the applicant has taken steps to prevent such occurrences
and has adequately supported these actions in the SAR.

If this is a combined license review, the st tes that
conclusions stated under (1) above are—pend#ng—un&#% will be
confirmed etsenby—thestafi—ofter based on
examination of the walls and floors of the excavations for the
seismic category 1 facilities and the applicant’s geological map
of these exposures; and an examination by the staff of the
applicant’s engineering solutions to mitigate any n.ntectonic
geological hazard.

The information reviewed for the proposed nuclz.r power plant is discussed in
Sections 2.5.1, 2.5.2, and 2.5.3.

The staff concluded that the site is acceptable from a geological and
seismological standpoint and meets the reguirements of (1) 10 CFR Part 50,
Appendix A (General Design Criterion 2) and (2) 10 CFR Part 100, L ]
Section 100.23. This conclusion is based on the following:

1. The applicant has met the requirements of:

2.5.1-18
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Appendix A (Genera] Design Criterion 2) of 10 CFR Part 30

with respect to protection against natural phenomena such as
earthquakes, faulting, and collapse.

Prepesed-Section 100.23 (Geologic and Seismic Siting Factors) to
10 CFR Part 100, with respect to obtaining the geologic and
seismic information necessary to determine (1) site suitability
and (2) the appropriate design of the plant. In complying with
this regulation the applicant also meets the staff’s guidance
described in-Braft Regulatory Guide B6—393210165, "Identification
and Characterization of Seismic Sources and Determination of Safe

. Shutdown Earthquake Ground Motion"; Regulatory Guide 1.132, "Site

Investigations for Foundations of Nuclear Power Plants®; and
Regulatory Guide 4.7, “"General Site Suability Criteria for Nuclear
Power Stations.”

IMPLEMENTATION

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

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

implemertation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

The provisions of this SRP section apply to reviews of construction permits
(CP), operating licenses (OL), early site pernits, and combined license
(CP/OL) applications docketed pursuant to the-prepesed Section 100.23 %e !!
10 CFR Part 100.

V1. REFERENCES
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314-319, 1987.
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A.L. Odom and R. D. Hatcher, Jr., "A Characterization of Faults in the
Appalachiar Foldbeit," U.S. Nuclear Regulatory Commission, NUREG/CR-
1621, 1980.

G.V. Cohee (Chairman) et al., "Tectonic Map of the United States,” U.S.
Geological Survey and American Association of Petroleum Geologists 1962.

GeoRef Data Base, American Geological Institute, Falls Church, Virginia.
American Petroleum Institute data base, accessible through RECON system.

RECON/Energy Data base, Department of Energy.

2.5.1-18



ATTACHMENT 12

SRP SECTION 2.5.2, REVISION 3

(VIBRATORY GROUND MOTION)



S W N e

10
11
12
13
14
b
16
17
18
19
20
21

U.S. MUCLEAR REGULATORY COMMISSION

STANDARD “EVIEW PLAN 2.5.7 Febraary—995
VIBRATORY GROUND MOTION Contact —h—d—Murphy
SECOND-PROPOSED-REVISION 3 13014356030
REVIEW RESPONSIBILITIES

Primary -~ Civil Engineering and Geosciences Branch (ECGB)

Secondary - None

AREAS OF REVIEW

The Civil Engineering and Geosc1ences Branch review covers the seismological,
, geophysical, otechnical investigations carried out to
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The principal regulation used by the staff in determining the scope and
adequacy cf the submitted sexsmologic and geologic 1nformat1on and attendant

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 of earthQLake activity with 9eo4og+e—s%rue%ure—ow—%ee%on*e—pro~+nees

(Subsection & 5 2 4). seismic wave transmlss1on character1$tics of the site

R e e gy

(Subsection 2.5.2.5), and safe shutdown earthquake
2.5.2-2




1 2.5.2.6)—and eperatingbasis—earthquake {Subsection 25273,

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.

L B I

6 I1. ACCEPTANCE CRITERIA
7 The applicable regulations (Refs. 1, 2, and 3) and regulatory guides (Refs. 4,

§, 6, @nd"8) and basic acceptance criteria pertinent to the areas of this
9 section of the Standard Review Plan are:

10 1. 10 CFR Part 100, "Reactor Site Criteria" (Ref. 3). This part describes

11 eneral criteria that guide the evaluation of the suitability of

12 proposed sites for nuclear power and testing reactors.

14 Factors,* Appendix—f—Seismic—andGeotogieSitingLriteriaterNuctear
15 Fhese—eriteria describes the kinds—ef geologic and

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

19 Ee 10 CFR Part 50, Appendix A, "General Design Criteria for Nuclear Power

20 Plants"; General Design Criterion 2, "Design Bases for Protection

2l Against Natural Phenomena® (Ref. 2). This criterion requires that

22 safety-related portions of the structures, <. tems, and components

23 important to safety shai} be designed to withstand the  fects of

24 earthq akes, tsunamis, and seiches without loss of ca,..ility to perform
25 their safety functions.

26 330 CFR-Part—100—tReactir—SiteLriteria’ {Ref—3)—Fhis—part—describes
27 eriteria—that-guide—theevatvationof the suitebilityof proposed—sites
28 forpuctear power—ahd Testang Feecterss
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Regulatory Guide 1.132, "Site Investigations for Foundations of Nuclear
Power Plants." This guide describes programs of site investigations
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
earthquakes. 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 borirz: as well as sampling intervals (Ref. 4).

2—D6-40043, “General Site
Suitability uriteria for Nuciear Power Stations." This guide discusses
the major site characteristi.s related to public health and safety whieh
that the NRC staff considers in determining the suitability of sites for
nuclear power stations (Ref. 5).

Regulatory Guide 4.7 {R'oposed-Revision—2—D6—4

Reguiatory Guide '.60, "Design Response Spectra for Seismic Design of
Nuclear Power Plants." Ihis—guice—gives—one—method—acceptable—to—the

determining—the-seismic design bases are given i—Seetioni—V{a)-ond-Seetion

2.5.2-4
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: led : §. The seismic desiqn bases are
prodicated on a reasonable, conservative determinution of the SSE-amd—tae—OBE.
As—defined—in—Sectioniil-of-AppendixAa—(Ref—)—to10-LFR-—Part—100,—the The
SSE and-OBE—are i85 based on consideration of the regional and Tocal geology
and seismology and on the characteristics of the subsurface materials at the
Site. endare—deseribed—in—termo— f—the vibratery—grouvho metion that—the,
would-preduce—at—the—site: No comprehensive definitive rules can be

promulgated regarding the investigations needed tc establish ihe seismic
design bases; the requirements vary ‘rom site to sile.

Mi;m 5 rb meetm the "equ"‘ellents of c —

Reference 1, this subsection is accepted when the complete historical record
of e>~thquakes in the region is listed and when all available parameters are
given for each earthquake in the historical record. The listing should
include al)l earthquakes having Modified Mercalli Intensity (MMI) greater than
or equal to IV or magnitude greater than or equal to 3 0 that have been

scale nap should be presented show1ng all listed earthquake epicenters and
should be supplemented by a larger-scale map showing earthquake epicenters of
@ —known events within 80 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). All magn1tude designat1ons such as ly.

M, M, M should be identified. e '
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lurching should be described completely, including the estimated level of
strong motion that induced failure and the physical properiies of the
materials. The completeness of the earthquake history of the region is
determined by comparison to published sovrces of information {ea-—Refs—5
through-13}. When conflicting descriptions of individual earthquakes are
found in the published references, the staff should deter: ne which is
appropriate for licensing decisions.

MﬁWﬂuﬂ:ﬂjﬁwh

Information presented in Section 2.5.1 of the applicant’s safety analysis

report (SAR) and information from other sources {e-g——Refs—S—and—i4—through
38) dealing with the current tectonic regime shouid be develo,ed into a

2.5.2-6
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coherent, well-documented discussion to be used as the basis for
characterizing the e: .hquake-generating potential of sei

m&m&—em Specifically, each semm-,m :

studies. differences in 9eolog1c history, differences in the current tectonic
or other tectonic corsiderations ete.

The staff considers that the most important factors for the determination of

S tectonic—provinees 1nclude both (1) development and

T L

ast 2 million years and younqer geologic

history) and (2) the pattern and level of mstorica? seismicity. Those
characteristics of geologic structure, tectonic history, present and past

s

stress regimes, and seismicity that distinguish the various ”’l
tectonic—provinees and the particular areas within those source:
where historical earthquakes have occurred should be desrr '=d. Alternative
regional tectonic models derived from available literatur. sewrees——inetuding
Previdus Shih ghd WREctofd Safety byatuvot sohreports < Sbhey chould be
discussed. The model that best conforms to the obse ‘ed data is accepted In
addition, in those areas where there are capable Ffautts
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5s6d in of Reference 1, acceptance of this subsection is based on the
dcvaloplant of the relationship between the history of earthquake activity and

The applicant’s presentation is accepted when the earthquakes discussed in
Subsection 2.5.2.1 of the SAR are shoun to be associated with either geologie
: ources. Whenever an earthquake
hypocenter or concentration of earthquake hypocenters can be reasonadiv
correlated with geologic structures, the rationale for the .ssociation should
be develo, :d considering the characteristics of the geologic structure
(including geologic and geophysical data, seismicity, and the tectonic
history) and the regional tectonic model. The discussion should include
identification of the methods used to locate the earthquake hypocenters, an
estimatgjﬁ of their accuracy, and a detailed account that compares and
contrasts the geologic structure 1nvolved in the earthquake activity with
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foHouing mteria'l properties should be determined for each stratum under the
§, seismic compressional and shear wave velocities, bulk

densities soil index properties and classification, shear modulus and camping

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

In each case, methods used to determine the propirties should be

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

subs ction. Fer-—the—maximm—earthauake—getermred—inSubsection 2524 —the

¢ Cield - moti Lineludd fantiiincas 8 o8} s ¢4

Where vertically propagating shear waves may produce the maximum ground
motion, a one-dimensional equivalent-linear analysis (e.g., Ref. 23-er24 14

2.5.2-12



W 00 N O Wb s W N e

Bt
-0

12
13
14
15
16
17
18
19
20
21

22
23
24

25
26
27
28
29
30
31

OF15) or nonlinear analysis (e.g., Refs. 26—26,—and-27 16, 17, 07
appropriate and is reviewed in conjunction with geotechnical and structurﬂ
engineering. Where horizontally propagating shear waves, compressional waves,
or surface waves may produce the maximum ground motion, other methods of
anaiysis (e.g., Refs. 28-and-—29 19 aad 20) may be more appropriate. However,
since some of the variables are not well defined ind 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 reviewi.g
any method of analysis. To ensure appropriateness, site response
characteristics determined from analytical procedures should be comparea with
historical and instrumental earthquake data, when available.
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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 recu,ded motions represant
free-field conditions and are free ¢f 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 tvpes; and tectonic
environment. Propagation path properties include distance, depth, and
attenuation. PRelevant 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
adequatedy broadband spectrum to encompass the uncertainties in these
parameters. An B4th percentiie response spectrum for the records should
be presenied for each damping value of interest. and-compared—to—theS5F
freefieig-ond desien response—spectruh- (. g, Kefs. 38,3332 —sre-—33
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i ¥ 24 The staff considers direct estimates of spectral
ordinates preferab]e to scaling of spectra to peak accelerations. ia

wefs—34-and-358)- 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-uotion 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 hy scaling the acceleration,
velocity, and displacement values by appropriate amplification factors

(e.g., Ref. 37 26). Where-onty—estimate -of-pewk—ground—aceeleration

apprepriate—amplificationfactorss For each controlling ea: ‘hquake, the

peak ground motions should be determined using curren. reiations between
acceleration, velocity, and, if necessary, displacemerc, earthquake size
(magnitude or intensity), and source distance. Peak grourd motion
should be determined from state-of-the-art relationships. Relationships
between magnitude and ground motion are found, for example, in

]2 ana 27. ¢ Because of the limited data for high
intensities greater than Hod1fled Mercaili Intensity (MMI) VIII, the
available empirical relationships between intensity and peak ground
motion may not be suitable for determining the appropriate referencz
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acceleration for seismic design.

4. 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 model are thoroughly
documented (e.g., Refs. -}-91—44-;-46-;—0104—46 m) Modeling is
particullrly useful for sites near eapak €16 mic

sources er—fer-deeper—structures that may experience ground uotion that

is different in terms of freguency content and wave type from ground
motion caused by more distant earthquakes.

The time duration and number of cycles of strong ground motion are required
for analysis ef-site—foundation—tiguefactionpotential and for design of many
plant components. The adequacy of the time history for structural anilysis is
reviewed under SRP Section 3.7.1. ihe 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 deterministiealdy computing the time history of strong ground
motion from a given scurce-site configuration may—be are limited. Ht—is
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trerefore—aceeptable o456 anensemb e of around Mot ror—time—histories—from
earthguakes—with—5imibar—1 26 srte source charscleristres —ane—Spectrat

€ rEPRE RISt s pesutt oo a-ctatisticatl—akatysts o —Sueh—an-ensembies
Total duration of the wotion is acceptable when it is as conservative as
values determined using current studies such zs References 48+49-50—and-5}

Upon receiving the applicant’s SAR, an acceptance review is conducted to
determine compliance with the prepesed investigative requirements of 10 CFR
Part 100, Section 100.23 Appendix-A (Ref. 1). The reviewer also identifies
any site-specific problers the resolution of which could result in extended

delays in completing the review.

After SAR acceptance and docketlng, Hhiest ¥ g e e et whers the
' ' areas th ed additional information +s—reguired-to
2.5.2-17




haeavd These are transmitted to the appli:ant as dra#% requests for
additional information.

A site visit may be conducted, diing which the reviewer inspects the geologic
conditions at the site and the region around the site as shown ‘= outcrops,
borings, geophysical data, trenches, and those geologic conditions exposed
during constructicon—if—the—review—is—foranoperating—ticense. The reviewer
also discusses the 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. Fellowing—thesite—visit, —a—revisedset—of-requests—for

The reviewer evaluates the applicant’s response to the questions, prepares
reguests for @ny additional ederifying information, and formula.es positions
that may agree or disagree with those of the applicant. The<e a formally
transmittea 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 Il (Acceptance Criteria) above. Based on information supplied by
the applicant and information obtained from site visits, er—frem staff

consultants or literature sources, the reviewer independently identifies and

earthquake potential for each prov+nee—and—naeh—eepeb%e—#au4%—on—tee%on#e
strueture using procedures noted in Section il (Acceptance Criteria) above.

The reviewer eva]uates the vibratory ground motion that the po%en&#el

F used for design. safe—shutdown
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Hthe—evatvation by thestafés On completion of the revieu of the 9eologic

confirms that the applicant has met the reqdirements or guvdance of applicable
portions of References 1 through 6 2nd 9, the conclusion in the SER states
that the information provided and 1nvestigations perforned support the

te free-fie]d response spectra based-on

) the SSE, and (5 4) the time
history of strong ground mtionﬁWMM
response—spectera. Staff reservations about any significant deficiency
presented in the applicant’s SAR are stated in sufficment detail to make clear
tbe precise nature of the concern. In addition, the sta

A typical combined 1icense or
SER follows:

In our review of the seismologic aspects of the plant site, we have
considered pertinent informatior gathered since our 1nit1al seismologic
review which that was made in conjunction with an early site review or
the issuance of the Construction Permit. This new 1nformation includes
data gained from both site and near-site investigations as well as from

a review of recently published literature.
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As a result of our recent review of the seismologic information, we have
determined tha* our ear’ier conclusion regarding the safety of t° plant
from a seismological s.andpoint remains valid. These conclusions can be
summarized as follows:

e Seismologlc infornation provided by the applicant and required by
n 100.23 te of 10 CFR Part 100 provides an
adequate basis to establish that no espable—fautts 5@ rCes
exist in the plant site area whieh thal would ceuse eartbquakes to
be centered there.

2. - The response spectrum proposed for the safe shutd-wn earthquake is
the appropriate free-field response spectrum in conformance with
0 100,23 of te 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 i5 acceptable from a seismologic
standpoint and meets the requirements of (1) 10 CFR Part 50, Appendix /
(General Design Criterion 2), (2) 10 CFR Part 100, and (3) 10 CFR Part
ection 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 fite Criteria, with respect to the
identification of geologic and seismic information uced in
determining the suitability of the site.

c. 10 CFR Part 100, WMMW

with respoct to obtaining the geologic and ceismic

2.5.2-20
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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 lnvestigations for Foundations of uuclear
Power Plants (Ref. 4); Draft Re 5

9); and Regulatory Guide 4.7, 'General Site Suitability
Criteria for Nuclear Power Stations" @& LR35
(Ref. 5)‘~«md~In1u4o%ovy—Gu%de—%—GOT—laeo4gn-ﬂeronoe
Spectra—for—Seismie-Desranof Nocrear—fower Plants’(Hef-
&}

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 Ticensee proposes an
acceptable alternative method for complying with specific portions of the
Commission’s regulations, the methods d.scribed herein will be us.u 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 8).

The provisions of this SRP section apply to reviews of construction permits
(CP), operating licenses (OL), early si*e permits,

(F0A+T-44no4—de449n—opp¢o~a4—+59ﬁ+7 and combined license (CP/OL) appItcations
docketed pursua — ——
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USNRC, "Site Investigations for Foundations of Nuclear Power
Plants,* Regulatory Guide 1.132.
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Relation Between Modified Mercalli Intensity and Body-Wave
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Program for Earthquake Response Analysis of Horizontally Layered
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ATTACHMENT 13

SRP SECTION 2.5.3, REVISION 3

(SURFACE FAULTING)






U.S.NUCLEAR REGULATORY (OMMISSION
STANDARD REVIEW PLAN 2.5.3
SURFACE FAULTING
PROPOSED-REVISION 3

REVIEY RESPONSIBILITIES

Primary - Civil Engineering and Geosciences Branch ECGB)

secondary - None

AREAS OF REVIEW

TCGB reviews information in the applicant’s Safety Analysis Report (SAR) or
Early Site Evaluation Report (ESR) that addresses the existence of a potential
for surface deformation that could affect the site. The technical
information presented in this section of the SAR or ESR results largely from

detailed surface and subsurface geological, seismolojical, and geophysical

investigations performed in progressively greater detail within sach of the
areas described ny radii of the—site—subregion—£40 km or {25 mi}, —From-the
sttejd—sitevieinity <18 km er(5 mi}, and inthesitewrea—ifa+thin-l km
or{0.6 mi} of around thc site3}. The following specific subjects are

addressed: the geological, seismological, and geophysical

investigat ionsst reet prat—andstratigraphic—conditrens—ef —thesite—subregions
s+t Heinity—and—site-ares (subsection 2.5.3.1), geological evidence, or
absence of evidence for surface deformaticnary—evidence—eoffovit—eoffset;
IREHE RS Beor  Surboceteininn  opd il e Subsidenee dhat rediicr s fouittaRe
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arer-Faults—to—regionatl—fautts (subsection 2.5.3.5), identification—and

characterization of capable tectonic sources (sub .ct1on 2 5 3 6),

(subsection

Refererces 1 through 87 (regulations and regulatory guides) provide guidance
to the ECGB reviewers in evaluating petential nuclear power plant sites. The
principal regulation that will be used by ECGB +n—the—futvre to detevmine the
scope and adequacy of the submitted geologi.il, seismological, and geophysical
information is Peepesed- Section 100.23, "Geologic and Seismic Siting
Factors," 10 CFR Part i0C (Ref. 2). Specific guidance for implementing this
prepesed regulation can be found in Braft Regulatory Guide B6—3632 1.165,
*Identification and Characterization of Seismic Sources and Determination of
Saf~ Shu‘down Earthquake Ground Motion" (Ref. 2). Guidance regarding the
geotechnical engineering aspects is found in Regulztory Guide 1.132, "Site
Investigations for Foundations of Nuclear Power Plants" (Ref. 4). Additional
guidance is provided to the ECGB reviewers through information published in
the scientific literature. As the state of the art regarding the geosciences




l 1 is advancing rapidly, it is the responsibility of the reviewers to stay
2 abreast of changes by reviewing tie current scientific literature on a regular
3 basis and attending »rofessioral meetings.

4 I1.  ACTSPIANCE CRITERIA

5 ECEB arceptanc: criteria are based on meeting the requirements of the
6 following rejulations:

7 1.  Appendix A, "General Design Criteria or Nuclear Power Plants®. General
3 Design Criterion 2 - *Design Bases for Protection Against Natural

) Phenomena, 10 CFR Part 50." This criterion requires that safety-related
10 portions of the structures, systems, and components important to safe'y
11 be designed to withstand the effects of earthquakes, tsunami, and

12 seiches without loss of capability to perform their safety functions

13 (Ref. 1).

14 2. 10 CFR Part 100 Prepesed-Section 100.23. "Gerlogic and Seismic Siting

15 Factors." These prepesed requirements describe the general nature of
16 the geological, seismological, and geophysical data necessary to

17 determine the site suitability (Ref. 2).

18 The following regulatory guides provide information, recommendations,
19 and guidance and in general describe bases acceptable to the staff for
20 implementing the requirements of General Design Criterion 2, Part 100,
21 and Preposed Section 100.23 of Part 100.

22 a.

23

24 Shutdown Earthquake Ground Motion." This dea$t guide and its
25 appendices & —being-developed—te describe genlogical,

26 seismological, and geophysical investigations to determine site
27 suitability: ~thods to identify and characterize potential

28 seismic sonrces; acceptable methods to conduct probability

29 seismic hazard analyses; a | methods to determine the Safe

30 Shutdown Earthquake ground motion (SSE) (Ref. 3).

2.5.3-3
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Regulatory Guide 1.132. “"Site Investigations for Foundations of

Nuclear Power Plants.” This guide describes programs of site

investigations related to geotechnical aspects that would normally
meet the needs for evaluating the safety of the site from ti.
standpoint of the performance of foundations and ~arthworks under
anticipated loading conditions, including earthyuakes It
provides gener=1 guidance and recommendations for developing site-
specific invest:jation programs as well as specific guidance for
conducting subsurface investigations such as borings, sampling,

and geophysical explorations (Ref. 4).

Regulatory Guide 4.7, "General Site Suitability Criteria for
Nuclear Power Stations." This guide discusses the major site

characteristics related to public health and safety that the NnC
staff considers in determining the suitability of sites for

nuclear power stations (Ref. 5, also see Ref. 6).

The data and analyses presented in the SAR or ESR are acceptable if, as a

minimum, they describe and document the information proposed to be required by

Reference 2, show that the methods described in Reference 3 cr comparable
methods were employed, and conform to the format suggested in Reference 7.
References 8 and 9 have been used by the staff in past licensing activities as
relevant guides to judge whether or not all of the current pertinent
references have been consulted. References 10 through 17 are also used by the
staff.

Specific criteria necessary to meet the relevant requirements of the
Commission regulations identified above are described in the following
paragraphs. If the information that satisfics these criteria is presented in
other sections of Chapter 2.5, it may be cross-referenced and not repeated in

this section.

ction 2.5.3. 1 ismol 1, and Ce

-

In meeting tne requirements of References 1 and 2 and the positions of
References 3 and 4, this subsection is considered acceptable if the
discussions of the Quaternary tectonics, structural geology, stratigraphy,

geochronological methods used, paleoseismology, and geological history of the

2.5.3-4
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site are complete, compare well with studies conducted by others in the same
area, and are supported by detailed investigations performed by the applicant.
For coastal and inland sites near large bodies of water, .imilar detailed
investigations are to be conducted, and the information is to be provided in
the SAR or ESR regarding offshore geology and seismology as well as onshore.
In some instances it may be possible to identify an onshore projection of the
offshore f 41t or fold of concern, or a tectonic structure that is analogous
to it at a. nshore location. It is acceptable to the staff, along with other
investigations of the specific feature, to investigate the more remote,
accessible exposure to learn the nature of the potentially hazardous offshore
or buried fault and apply it to the local structure (Refs. 3 and 18). Site
and regional maps (Ref. 2) and prof “es constructed at scales adequate to
illustrate clearly the surficial and bedrock geolegy, structural geology,
topography, and the relationship of the safety-related foundations of the
nuclear power plant to these features should have beer included in the SAR or
ESR.

jubsection is acceptable if sufficient surface and subsurface information is
provided and supported by detailed investigations, either to confirm the
absence of surface tectonic deformation (i.e., faulting) or, if present, to
demonstrate the age of its most recent displacement and ages of previou:
displacements. If tectonic deformation is present in the site vicinity, it
must be defined as to geometry, amount °nd sense of displacement, recurrence
rate, and age of latest movement. In addition to geological evidence that may
indicate fauiting, linear features interpreted from topographic maps, low and
hioh altitude aerial photographs, satellite imagery, and other imagery should
be documented and investigated. In order to expedite the review process, an
identification 1ist, index, and duplicates of the remote sensing data used in
the linear fea'ures study should be provided to and reviewed by the staff.
Evidence for th: absence of tectonic deformation is obtained by the applicant
conducting sit: surface (geological reconnaissance and mapping, etc.) and
subsurface ivestigations (geophysical, core borings, trenching and logging,
etc.) in s.ch detail and areal extent to ensure that undetected offsets or
other "ieformations are not likely to exist.

2.5.3-5
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In the Central and Eastern United States (CEUS), except for the New Madrid
Seismic Zone, the Meers fault, and—possibly—the—Horton-County—Ffavit—of
Nebraska and the Cheraw fault o) the Colorado piedmont, earthquake generating
faults either do not extend to ground surface or there is insufficient
overlying soil or rock of known or of a sufficient age to date those that do.

In tectonically active regions such as the Western United States (WUS), many
capable tectonic sources are exposed at ground surface and can be
characterized as to their seismic potential. However, in these regions many
other capablz tectonic sources are buried (blind faults), and may be expressed
at the surface or near surface by folding, uplift, or subsidence (including
faults related to subduction zones). Investigations in these regions should
ta“e these phenomena into account. The nature of geological, seismological,
and geophysical investigations will vary in detail and extent according to the
geological complexity of the specific site.

In meeting the requtrements of References 1 and 2, this subsection is
acceptable if all historically reported earthquakes within 40 km (25 mi) of
the site are evaluated with respect to hypocenter accuracy and source origln,

end if all capable tectonic sources that could, based on their orientat

pxtend to thet-—trend within 8 km (5 mi) of the site are eva1uated with
respect to their potential for causing surface deformation. In conjunction
with these discussions, a plot of the earthquake epicenters superimposed on a
map showing the local capable tectonic sources shiuld have been shewr

: ; ? i3] . In meeting the
requirements of References 1 and 2 this subsection is acceptable when every
fault, or fold associated with a blind fault, any part of which is within 8 km
(5 mi) of the site, is investigated .. sufficient detail using geological and
geophysical techniques of sufficient sensitivity to demonstrate, or allow
relatively accurate estimates of the age of most recent movement and identify
geological evidence for previous displacements if it exists (Ref. 3). An
evaluation of the sensitivity and resolution of the exploratory techniques
used should be given.

2.5.3-6
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2, this subsection : satisfied by a discussion of the structural and

genetic relationsh.p between site area faulting or other tectonic deformation
and the regional tectonic framework. In regions of active tectonism it may be
necessary to conduct detaiied geological and geophysical investigations to
assess possible structural relatioaships of site area faults to regional
faults known to be seismically active.

,”{x\qf*mf(x5£" if1¥7TT‘ffff;f“fEVV“?:fi”Qﬁfﬁ In meeting
the requirements of References 1 and 2, this subsection is acceptable when it
has been demonstrated that the investigative techniques used have sufficient
sensitivity to identify all potential capable tectonic sources such as faults,
or folds associated with blind faults, within 8 km (5 mi) of the site and when
the geometry, length, sense of movement, amount of total offset, amount of
offset per event, age of latest and any previous displacements, and limits of
the zone are given for each capable tectonic source. Investigations are to
extend at least 8 km (5 mi) beyond all plant sites boundaries, including those
adjacent o large bodies of water such as oceans, rivers, and lakes.

Region. In meeting the requxrements of Reference 2, this subsection is judged
acceptable if the zone desi~vated by the applicant _; requiring detailed
faulting investigation is of sufficient length and breadth to include all
Quaternary deformation significant to the site (Ref. 3).

In meeting the requtrements of References 1 and 2, this subsection must be
presented by the applicant if the aforementioned investigations reveal that
surface displacement must be taken into account. If there is a potential for
tectonically induced surface displacement at the site, it would be prudent of
the applicant to abandon the site. No commercial nuclear power plant has been
constructed on a known capable fault (capable tectonic source) and it is an
open quesiion as to whether it is feasible to design for tectonic surface or
near-surface displacement with confidence that the integrity of the safety-
related features of the plant would remain intact should displacement occur.
It is, therefore, staff policy to recommend relocation of plant sites found to
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be located on capable faults (capable tecionic sources) as determined by the
detailed faulting investigations. If in the future it becomes feasible to
design for surface faulting, it will be necessary to present the design basis
for surface faulting anu supporting data in considerable detail.

IT1. ZEVIEW PROCEDURES

The three-phase review procedure described in Section 2.5.] shouid be applied
to assessing the potential for surface faulling. The first phase consists of
an acceptance review to determine the com, (eteness of the ESR or SAR by
comparing the contents with the Criteria duescribed in Part II, Acceptance
Criteria, -of this section. The second phase consists of a detailed review of
the applicant’s data and other independently derived information, which may
result in requests for additional information. The third phase is a final
review to resolve open issues and prepare a Safety Evaluation Report (SER).

The staff revie ; ‘ocedure involves an evaluation to determine that the
applicant has performed adequate investigations to fulfill the general
requirements of Reference 2. Acceptable methods are described in Reference 3.
Consultants or advisors may be called on to assist the staff in reviewing this
section of the ESR or SAR on a case-by-case basis. On request, the advisor or
consultant provides expertise in numerous earth science disciplines and
occasionally is able to provide first-hand knowledge of the site. A
literature search i< conducted independently by the staff concerning the
regional and local geology and seismology. The staff also utilizes the
sxpertise of the U.S. Geological Survey and other Federal agencies, State
9eologica1 surveys, universities, and private industry to obtain additional,
up-to-date geosciences information regarding Quaternary tectonics at the site.

Fhe-Proposed-Section 100.23 of 10 CFR Part 100 wewld requires that applicants
investigate the potential for near-surface deformation, both tectonically
induced and that induced by other phensmena (Ref. 2). The steps that
applicants may follow in determining the presence and extent of deformation
and whether near-surface deformation (if present) represents a hazard are in
Braft Regulatory Guide B6—3032 1.165, Appendix D (Ref 3). The site vicinity
€18 km {5 mi} from the site}] and site area ¢! km —{0.6 mi) from the site}}
must be investigated by a combination of exploratory methods that should

2.5.3-8
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include borings, trenching, seismic profiling and other geophysical methods,
geological mapping, and seismic instrumentatton The results of these
explorations are cross-compared witi, ot jilable data and cvaluated by th:
staff. An important part of the staff's revieu effort is to compare the new
information derived from these investigations or other sources with the
specific data base used in the probabilistic seismic hazard analysis (PSHA}
for the site (Ref. 3).

It has been the policy of the staff to encourage applicants to avoid areas
that have a possibility for near-surface tectonic deformation. As the
qucstion of whether or not a surface tectonic deformation condition exists is
6 critical in determining site suitability, this consideration is usually
addres:ed very early in the review. The exceptions are cascs in which a
previously unknown fault is revealed in excavations during construction or is
discovered during the course of ciher investigations in the area. The staff
eview that it be notified by the applicant

should require early en in the re
when the excavations for Seismic Category I structures are available for NRC
inspection and when the detziled geological maps to be used by the staff while
examining the excavations will he available. In addition, the staff should
require that it be contacted immediately if a fault, not previously identified
in the SAR or ESR, is found within 8 km (5 mi) of the plant.

obtain 2 Construction Perm1t followed several years later after the plant
design bases have been approved by the staff, by application for an Operating
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When faults are identified in the site vicinity or site area, it must be
demonstrated that the faults do not have the potential to gemerate—earthquakes
at-the-site—{seismogenic—souree)—or cause near-surface ground displacenent
(capable tectonic source) at'the siteé. This is accomplished by determining
the ages of the la*est displacement on the faults, preferably by stratigraphic
methods, that is, identifying strata or a stratum of datable soil or rock
overlying the fault that is undeformed by the fault. Other methods include
correlating the last faulting event with regional tectonic activity of known
ancient age, geomorphic evidence of age, and determining the relationship
between the time of t'2 fault rupture event and the ages of marine or fluvial
terraces. Geochronological methods are discussed in References 3 and 17.
Praft Regulatory Guide BG-—3032 1.165 (Ref. 3) provides brief descriptions and
a list of references of state-of-the-art methods and their applications, which
can be used to estimate the geochronological history of geological materials
associated with faults or other features.

In cases such as are described in the ¥ast previous paragraph, the staff will
carry out limited site observations and investigations of its own such as
examinations of excavations. In some cases. the staff may select samples from
shear zones or other materials for subsequent dating and analysis. In pas
investigations aetivities Applicants vswatly applicante have ofter excavatel
trenches in the areas where major facilities are to Le located for in situ
testing and to reduce the chance for surprises when the construction
excavations are made.
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This subsection is evaluated by conducting an independent literature search
and cross-comparing the results with ‘“e information submitted in the SAR or
ESR. The comparison should show that the conclusions presented by the
applicant are based on sound data, are consistent with the published reports
of experts who have worked in the area, and are consistent with the
conclusions o: the staff and its advisors or consultants. If the applicant’s
conclusions and assumptions conflict with the literature, and the staff
disagrees with the applicant’s analysis and assumptions, additional
investigative results to support those conclusions must be submitted to the
staff for review.

} re have been cons1dered in the investigation. 1he results of the
app\icant s site investigatio~s are studied and cross-compared in detail to
see if there is evidence of existing or possible displacements. If such

« «1dence is found, additional investigations such as field mapping,
geophysical investigations, borings, or trenching must be carried out to
demonstrate that there is no offset or to define the characterist<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>