& | % UNITED STATES
) 9 g NUCLEAR REGULATORY COMMISSION
L WASHINGTON, D C. 20658

November 6, 1992

T0: REGULATORY GUIDE DISTRIBUTION LIST FOR DIVISION 1
SUBJECT: SPECIFIC ISSUES FOR COMMENT

This proposed Draft Regulatory Guide DG-1015, "Identification and
Characterization of Seismic Sources, Deterministic Source Earthquakes, and
Ground Motion," outlines concepts and procedures to be used in conjunction
with the probabilistic/deterministic seismic hazard evaluations. The ration-
ale for the approach is discussed in Section V.B(3) of the
notice that presents the revision of Appendix A to Part 100 for public com-
ment. The specific questions stated below are contained in Section XI.B of
the same Federal Register notice.

The staff is currently performing confirmatory studies to evaluate and
refine these proposed procedures. A limited study has been completed demon-
strating the feasibility of procedures and the validity of the concepts.
However, the NRC staff would 1ike to sclicit comments on the concepts outlined
in the proposed guide. Results of the application of the proposed procedure
to four test sites are in a letter report from D. Bernreuter of LLNL to
A. Murphy of NRC, dated September 24, 1992, which is available in the NRC
Public Document Room at 2120 L Street NW, Washington, DC, for inspection or
copying for a fee.

There are divergent views on the role probabilistic seismic hazard
analysis should play in the licensing arena. There is a general consensus
among the NRC staff that the revised seismic and geological siting criteria
should allow considerations for a probabilistic hazard analysis. There i3
also a general belief that the outcome of a probabilistic analysis should be
compared with the results of past practices for siting and licensing the cur-
rent generation of nuclear power plants. There is a general consensus that
ground motions should be calculated using deterministic methods once the con-
trolling earthquakes are determined. With regard to the role of the probabi-
listic analysis, views range from an advocacy of a predominantly probabilistic
analysis to the probabilistic/deterministic evaluation proposed here to a pre-
dominantly deterministic approach as used currently. Given these divergent
views, the NRC staff invites comments regarding the use of probabilistic seis-
mic hazard analysis and the balance between the deterministic and probabilis-
tic evaluations. This and other associated issues are itemized below. As the
detailed technical studies are completed some of the staff positions may be
confirmed, but specific comments would be helpful at this time.

1. In making use of both deterministic and probabilistic evaluations,
how should they be combined or weighted, that is, should one domi-
nate the other? (The NRC staff feels strongly that deterministic
investigations and their use in the development and evaluation of
the Safe Shutdown Earthquake Ground Motion should remain an impor-
tant aspect of the siting regulations for nuclear power plants for
the foreseeable future. The NRC staff also feels that probabilistic
seismic hazard assessment methodologies have reached a level of
maturity to warrant a specific role in siting regulations.)
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2. In making use of the probabilistic and deterministic evaluations as
proposed in Draft Regulatory Guide DG-1015, is the proposed proce-
dure in Appendix C to DG-1015 adequate to determine cortrolling
earthquakes from the probabilistic analysis?

3. In determining the controlling earthquakes, should the median values
of the seismic hazard analysis as described in Appendix C to Draft
Regulatory Guide DG-1015 be used to the exclusion of other statis-
tical measures, such as mean or 85th percentile? (The NRC staff has
selected probability of exceedance levels associated with the median
hazard analysis estimates as they provide more stable estimates of
controlling earthquakes.)

4. The proposed Appendix B to 10 CFR Part 100 states: "The annua)
probability of exceeding the Safe Shutdown Earthquake Ground Motion
is considered acceptably low if it is less than the median annual
probability computed from the current [EFFECTIVE DATE OF THE REGU-
LATION] population of nuclear power plants.” This is a relative
criterion without any specific numerical value of the annual pro-
bability of exceedance because of the current status of the pro-
babilistic seismic hazard analysis. However, this requirement
ensures that the design levels at new sites will be comparable to
those at many existing sites, particularly more recently licensed
sites. Method-dependent annual probabilities or target levels
(e.g., 1E-4 for Lawrence Livermore National Laboratory or 3E-5 for
the Electric Power Research Institute) are identified in the pro-
posed regulatory guide. Sensitivity studies addressing the effects
of different target probabilities are discussed in the Bernreuter to
Murphy letter report. Comments are solicited as to (a) whether the
above criterion, as stated, needs to be included in the regulation
and (b) if not, should it be included in the regulation in a differ-
ent form (e.?., a specific numerical value, a level other than the
median annual probability computed for the current plants)?

5. For the probabilistic analysis, how many controlling earthquakes
should be generated to cover the frequency band of concern for
nuclear power plants? (For the four trial plants used to develop
the criteria presented in Draft Regulatory Guide DG-1015, the
average of results for the 5 Hz and 10 Hz spectral velocities was
used to establish the probability of exceedance level. Controlling
earthquakes were evaluated for this frequency band, for the
average of 1 and 2.5 Hz spectral responses, and for peak ground
acceleration.)

Comments on the above issues should be accompanied by appropriate
supporting data. Written comments should be sent to the Regulatory
Pubiications Branch, DFIPS, Office of Administration, U.S. Nuclear Regulatory

Commission, Washington, DC 20555. /D ; )

Lawrence C. Shao, Director
Division of En91neer1n?
Office of Nuclear Regulatory Research
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DRAFT REGULATORY GUIDE DG-1015

IDENTIFICATION AND CHARACTERIZATION OF SEISMIC SOURCES,
DETERMINISTIC SOURCE EARTHQUAKES, AND GROUND MOTION

A.  INTRODUCTION &

1

2

3 Paragraph 1V, "Required Investigations," of propos B,

- "Criteria for the Seismic and Geologic Siting of Nucl werPlants on or

5 After [Effective Date of this Regulation]," to 10 L& 0, "Reactor Site
6 Criteria,” requires investigations to assess t¢-“_‘ 'Tf‘st1te for (a) vibra-
7 tory ground motion, (b) tectonic surface de “f'&>v s and (c) nontectonic

8 deformation. Paragraph V (in a through d) posed Appendix B to 10 CFR

9 Part 100 requires the determination of inistic source earthquakes,
10 (b) ground motions at the site, (c)oupd down earthquake ground motio.
11 and (d) the need to design for s tw hf>cton1c and nontectonic deforma” -ons.
12 The purpose of this gui s ovide general guidance on acceptable
13 procedures to (1) identify ch@racterize seismic sources, (2) determine

14 deterministic source earthqua (DSEs) and controlling earthquakes (CEs), and
15 (3) compare the se‘%uard level to that at operating plants. These

16 procedures are reQuired.by Appendix B to 10 CFR Part 100.

17 This guideng ns several appendices. Appendix A contains a list of
18 definitiogs‘i&f pé stinent terms. Appendix B describes the acceptance criteria
19 for thejiﬁguiﬁﬂurebability of exceedence level for safe shutdown earthquake
20 ground ﬁﬁﬁipns. Appendix C discusses the determination of controlling

This regulatory guide is being issued in draft form to involve the public in the early stages of the develop-

ment of & regulatory position in this area, It has not received complete staff review and does not represent
an official NRC staff position,

public comments are being solicited on the draft guide (including any implementation schedule) and its associ-
ated regulatory analysis or value/impact statement. Comwents should be accompanied by appropriate supporting
.ata. Mritten comments may be submitted to the Regulatory Publicatfons Branch, DFIPS nefice of Administra-
tion, U.5, Nuclear Regulatory Commission, Washington, DC 20555, Copies of coments received mu, % g minnd
at the NRC Public Document Room, 2120 L Street NW., Washington, DC. Comments will be most helpful 1f receivec
by March 24, 1993,

Requests for single copies of draft guides (which may be reproduced) or for placement on an automatic distri.
bution 1ist far single copies of future draft guides in specific divisions should be made in writing to the
U.S. Nuclear Regulatory Commission, Washington, DC 20555, Attention: 0ffice of Administration, Distribution
and Mail Services Section,

A5 o444 93—
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earthquakes from the probabilistic analysis, and Appendix D discusses the
investigations to characterize seismic sources.

Any information collection activities mentioned in this regulatory guide
are contzined as requirements in the proposed amendments to 10 CFR Part 50
that would provide the regulatory basis for this guide. The proposed amend-
ments have been submitted to the Office of Management and Budget for clearance
that may be appropriate under the Paperwork Reduction Act. Such clearance, if
obtained, would also apply to any information collection activities mentioned
in this guide.

. DISCUSSION

Sopendix B requires consideration of both probabilistic and deterministic
approaches to obtain site geologic and seismologic characteristics. The
approzch required by Appendix A to 10 CFR Part 100 for determining the safe
sh- taown earthquake ground motion (SSE) is deterministic, and thus does not
explicitly incorporate uncertainties about the seismic hazard into the ground
motion determination. Current probabilistic seismic hazard analyses rely
heavily on expert opinion, and since their results are driven by the tails of .
the probability distributions, they need to be benchmarked by simpler deter-
ministic analysis. Therefore, the role of the probabilistic analysis is to
ensu « "hat the uncertainties have been included in the assessment of the
seismic hazard, and the role of the deterministic analysis is to ensure that
the resultant design provides protection against a scenario based on
historical ceismicity and recent geological history.

Before providing specific guidance, the following synopsis of the
development of the SSE is presented. The development of the SSE follows two
required, parallel paths. One path is referred to in Figure 1 as Determinis-
tic Analysis (DA) and one path as Probabilistic Analysis (PA). The initial
<.ep in the process is to obtain the site- and region-specific geolngical,
seismological, and geophysical data. Branching from the first step to DA, the
seismic sources around the site are identified and the deterministic source
earthquake (DSE) for each source is determined. Ground motion is calculated
using DSEs and the methods acceptable to the NRC staff described in Standard
Review Plan (SRP) Section 2.5.2, "Vibratory Ground Motion." The controlling
earthquakes for this path are determined as illustrated in Figure 2. The ’
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initial step along PA is to uct an Electric Power Research Institute
(EPRI) or a Lawrence Livermorc National Laboratory (LLNL) seismic hazard
assessment of the site (EPRI-NP-6395-D, Ref. 1, and NUREG/CR-5250, Ref. 2) for
Eastern U.S. sites. The results of this assessment are compared to the
collective assessments of the currently operating plants as described in
Appendix B of this guide. The site seismic hazard assessments are
deaggregated as described in Appendix C of this guide to obtain the
controlling earthquakes for PA. Ground motion based on the controlling
earthquakes from PA are also calculated as described in SRP 2.5.2. The ground
motions from the DA and PA controlling earthquakes are compared to the SSE
ground motion or are used to develop the SSE.

1. IDENTIFICATION AND CHARACTERIZATION OF SEISMIC SOURCES

"Seismic source" is a general term referring to both seismogenic sources
and capable tectonic sources. A "seismogenic source" is a portion of the
earth that is considered to have uniform seismicity (same DSE and frequency of
recurrence). A seismogenic source would not 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 (seismotec-
teaic province). A "capable tectonic source” is a tectonic structure that can
generate both earthquakes and deformation such as faulting or folding at or
near the surface in the present tectonic regime. Appendix A contains
definitions of these and other terms used in this regulatory guide.

Investigations of the site and region around the site are necessary to
identify seismic sources and determine their potential for generating earth-
quakes and causing surface deformation. Identification and characterization
of seismic sources are based on regional and site gerlogical and geophysical
data, historical and instrumental seismicity data, the regional stress field,
and geologic evidence for prehistoric earthquakes. The bases for the identi-
fication of the seismic sources should be documented. Appendix D describes
investigation procedures that may be used in identifying and defining seismic
sources.

The following is a general list of characteristics to be determined for a
seismic source:
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10.

Source zone geometry (location and extent, both surface and subsurface).

Description of Quaternary (last 2 million years) displacements (sense of
slip on the fault, fault length and width, age of displacements, esti-
mated displacement per event, estimated magnitude per offset, rupture
length and area, and displacement history or uplift rates of seismogenic
folds).

Historical and instrumental seismicity associated with each source.

Evidence of paleoseismicity.

Relationship of the fault to other potential seismic sources in the
region.

Deterministic Source Earthquake. (Details for the determination of the
DSEs are provided in section 2.)

Recurrence model (frequency of earthquake occurrence versus magnitude).

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

Volcanism. Volcanic hazard is not addressed in this regulatory guide.
It will be considered on a case by case basis in regions where this
hazard exists.

Other factors that can contribute to the characterization of seismic
sources such as strike and dip of tectonic structures, orientations of
regional and tectonic stresses, fault segmentation (both along strike and
down-dip).

The level of detail for investigations around the site is governed by the

Quaternary tectonic regime and the geological complexity of the site and
region. Regional investigations such as geological reconnaissances and ‘
literature reviews should be conducted within a radius of 320 km (200 miles)

4
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of the site to identify seismic sources. Geological, seismological, and
geophysical irvestigations should be carried out within a radius of 40 km (25
miles) to identify and characterize the seismic and surface deformation poten-
tial of capable tectonic sources and the seismic potential of seismogenic
sources, or to demonstrate that such structures are not present. Detailed
geological, geotechnical, seismological, and geophysical investigations should
be conducted within a radius of 8 km (5 miles) of the site to determine the
potential for tectonic deformation at or near the ground surface in the site
vicinity. Sites that are located such that there are capable or seismogenic
structures within a radius of 40 km (25 miles) should have more extensive geo-
logic and seismic investigations and anaiyses (similar to those within a 8 km
(5 mile) radius). The areas of investigations may be asymmetrical and larger
than specified above in areas near capable tectonic sources, high seismicity,
or complex geology.

For the site and the area surrounding the site, the 1ithologic, strati-
graphic, hydrologic, and structural geologic conditions will need to be deter-
mined. The investigations should inciude the determination of the static and
dynamic engineering properties of the materials underlying the site and an
evaluation of physical evidence concerning the behavior during prior earth-
quakes of the surficial materials and the substrata underlying the site. The
properties needed to determine the behavior of the underlying material during
earthquakes and the characteristics of the underlying material in transmitting
earthquake ground motions to the foundations of the plant (such as seismic
wave velocities, density, water content, porosity, elastic moduli, and
strength) should be determined. Geological, seismological, and geophysical
investigations are described in Appendix D to this guide and geotechnical
investigations are described in Regulatory Guide 1.132, "Site Investigations
for Foundations of Nuclear Power Piants."”

Where it is determined that surface deformation need not be taken into
account, sufficient data to clearly justify the determination should be pre-
sented. Because engineering solutions cannot always be demonstrated for the
effects of permanent ground displacement phenomena, it is prudent to avoid a
site that has a potential for surface deformation.
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fastern United States

The area east of the Rocky Mountains within the North American Plate and
well away from the active plate margins is described as the "stable conti-
nental region” (SCR). In the SCR, 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. The
observed geologic structures were generated in response to tectonic forces
that no longer exist and that bear little correlation with current tectonic
forces. Thus, more judgment must be uced than for active plate margin
regions, and it is important to account for this uncertainty by the use of
alternative models.

Based on current knowledge, seismic sources in the SCR are generally
relatively large areas, or seismotectonic provinces. The identification of
seismic sources in the SCR considers hypotheses presently accepted for the
occurrence of earthquakes in the SCR (for example, the reactivation of favor-
ably oriented zones of weakness or the local amplification and release of
stresses concentrated around a geologic structure). .

Western United States

For the active plate margin region, where earthquakes can often be
correlated with tectonic structures, those structures should be assessed for
their seismic and surface deformation potential. In the Western United
States, at least three types of sources exist: (1) faults that are known at
the surface, (2) buried (blind) sources and, (3) subduction zone sources, such
as exist in the Pacific Northwest. The nature of surface faults can be deter-
mined by conventional surface and near-surface investigation techniques to
determine strike, geometry, sense of displacements, length of rupture,
Quaternary history, etc.

Buried (blind) faults are often accompanied by coseismic surficial
deformation such as folding, uplift, or subsidence. The surface expression of
blind faulting can be detected by the mapping of uplifted or down~-dropped geo-
morphological features or stratigraphy, survey leveling, and geodetic methods.
The nature of the structure at depth can often be determined by core borings
and geophysical techniques. .
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Subduction zones are seismic sources in the Pacific Northwest and Alaska.
The seismic sources associated with subduction zones are the interface between
the subducting and overriding 1ithospheric plates, faults within the
overriding plates, and intraslab sources in the interior of the downgoing
oceanic slab. The characterization of subduction zone seismic sources should
include consideration of the geometry of the subducting plate, rupture
segmentation of subduction zones, the geometry of historical ruptures,
constraints on the up-dip and down-dip extent of rupture, and comparisons with
other subduction zones worldwide.

2. DETERMINISTIC SOURCE CARTHQUAKES (DSES)

DSEs are the largest earthquakes that can reasonably be expected to occur
in a given seismic source in the current tectonic regime. Deterministic
source earthquakes are characterized by their magnitudes and, as a minimum,
will be the largest historical earthquake associated with each source. A
larger earthquake is warranted when specific geological evidence is available,
e.g., paleoliquefaction evidence of larger prehistoric earthquakes or when the
rate of occurrence of earthquakes indicates the 1ikelihood of a larger
earthquake than the largest historical event.

fastern United States

In the SCR there is a short record of the historical seismicity and
considerable uncertainty about the underlying causes of earthquakes. Because
of this uncertainty, it is necessary to use considerable judgment and a
variety of approaches to establish the DSEs. In addition to the maximum his-
torical earthquake, the determination of the DSE earthquake for each identi-
fied seismogenic source is based on the pattern and rate of seismic activity,
the Quaternary (2 million years and younger) development and characteristics
of the source, the current stress regime and how it aligns with the known
tectonic structures in the source, and paleoseismic data.

Western United States

In the Western United States, earthquakes can often be associated with
tectonic structures. For faults, the magnitude of an earthquake is related to

7



WO 0O N O 0 & W N e

- s 2 T o T T o T S I ettt
O ~d O N B W N = O WD N DY S W N - O

36
37

the characteristics of the estimated rupture, such as the length or the amount
of fault displacement. The following empirical correlations can be used to
estimate DSEs from fault behavioral data and also to predict the amount of
displacement that might be expected for a given magnitude.

1. Surface rupture length versus magnitude (Refs. 3-6).

2. Subsurface rupture length versus magnitude (Ref. 7).

3. Rupture area versus magnitude (Ref. 8).

4. Maximum and average displacement versus magnitude (Ref. 9).

In the Pacific Northwest and Alaska. DSEs must be assessed for subduction
zone seismic sources. Worldwide observations indicate that the largest earth-
quakes are associated with the plate interface, although intraslab earthquakes
(e.g., the 1949 Puget Sound earthquake) can also be large. DSEs for subduc-
tion zone sources can be based on estimates of the expected dimensions of
rupture or analogies to other subduction zones worldwide.

3. PROBABILISTIC SEISMIC HAZARD ANALYSIS

A probabilistic seismic hazard analysis (PSHA) should be carried out for
the site. A PSHA allows the use of multi-valued models to estimate the like-
1ihood of earthquake ground motions occurring at a site. The PSHA systemati-
cally takes into account uncertainties that exist in various parameters (such
as seismic sources, maximum earthquakes, and ground motion attenuation).
Alternative hypotheses are considered in a quantitative fashion. The PSHA can
be used to determine the effects of varying significant parameters, to iden-
tify significant sources in terms of magnitude and distance, and to provide
hazard estimates for use in seismic probabilistic risk assessments.

The results of a PSHA are specifically used to derive controlling earth-
quakes as discussed below and in Appendix C. It can also be used to estimate
the annual probability of exceeding the SSE and demonstrate that the annual
probability of exceeding the SSE design ground motion at the site compares
favorably with that for the currently operating nuclear power plants. (The
procedure for this demonstration is described in Appendix B.)

8




Either the Lawrence Livermore National Laboratory (LLNL) (Ref. 2) or
Electric Power Research Institute (EPRI) (Ref. 1) seismic hazard analyses,
including associated data bases, should be used for plant sites in the SCR.
However, alternative seismic hazard analyses may be used with proper Justifi-
cation. For the PSHA, use of the seismic sources identified in the LLNL and
EPRI studies is considered acceptable except in regions of the SCR with high
activity rates, e.g., near New Madrid and Charleston. In these cases, either
describe additional site-specific seismic sources or show that the regional
seismic sources in the LLNL and EPRI probabilistic studies adequately model
the tectonics in the vicinity of the site.

Probabilistic methodologies similar to the LLNL and EPRI seismic
hazard studies have not been performed for the Western United States. For
Western U.S. sites, a site-specific PSHA must be performed and documented in

such detail that a thorough review can be carried out by the NRC staff
(Refs. 10-12).

4. CONTROLLING EARTHOUAKES

Controlling earthquakes are those earthquakes that have the greatest
effect on the ground motion at the nuclear power plant site. There may be
several controlling earthquakes for a site, e.g., a moderate nearby earthquake
may control the high-freguency portion of the ground motion spectrum, and a
large distant earthquake may control the low-frequency portion of the
spectrum. See Figure 2.

In the Deterministic Analysis (Figure 1), the controlling earthquakes are
determined by the following procedure.

1. For each seismic source, place the DSE at the closest approach of that
source to the site. For the seismic source in which the site is located,

the DSE should be considered to occur at about 15 km (9 mi) from the
site.

2. Determine the DSEs that produce the largest ground motions at the site.
Ground motions at the site from DSEs are estimated using the procedures
described in Standard Review Plan Section 2.5.2, "Vibratory Ground

Motion." The earthquakes producing the largest ground motions =t the
site are the controlling earthquakes.

9
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In the Probabilistic Analysis (see Figure 1), the controlling earthquakes
are determined by the following procedure.

1. Perform a probabilistic seismic hazard analysis for the site. The

analysis will develop uniform hazard spectra at several annual
probabilities of exceedence.

2. Deaggregate the probabilistic seismic hazard analysis results to identify
controlling earthquakes; their description includes magnitude (M) and
distance (D) from the site (see Appendix C). This deaggregation should
be done at the annual probability of exceedence level discussed in
Appendix B.

The controlling earthquakes thus derived from the deierministic and
probabilistic analyses can be compared at this stage to determine whether the
controlling earthquakes from these two approaches are similar and also to
determine if the controlling earthquake or earthquakes that will dominate the
ground motion estimates at the site are easily identifiable. If the dominant
controlling earthquake can be identified, the ground motions are determined
only for this identified controlling earthquake. If the controlling earth-
quakes from the two approaches are dissimilar, ground motion estimates are
made for various controiling earthquakes and compared to derive the final
ground motion estimates for use in establishing the SSE ground motion or
comparing it with the SSE ground motion.

C. REGULATORY POSITION

1. During the site selection phase, the preferred sites are those with a
minimum 1ikelihood of surface or near-surface deformation or the occur-
rence of earthquakes on faults in the site vicinity (within a radius of 8
km (5 miles)). Because of the uncertainties and difficulties in mitigat-
ing the effects of permanent ground displacement phenomena such as sur-
face faulting or folding, fault creep, subsidence or collapse, the NRC
staff considers it prudent to select an alternative site when the
potential for permanent ground displacement exists at a site.

10
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Regional investigations such as geological reconnaissances and
literature reviews should be conducted within a radius of 320 km (200
miles) of the site to identify seismic sources.

Geological, seismological, and geophysical investigation should be
carried out within a radius of 40 km (25 miles) to identify and charac-
terize the seismic potential of capable tectonic and seismogenic sources
or demonstrate that such structures are not present.

Detailed geological, geotechnical, seismological, and geophysical
investigations should be conducted within a radius of 8 km (5 miles) of
the site to determine the potential for tectonic deformation at or near
the ground surface in the site vicinity. Geological, seismological, and
geophysical investigations are described in Appendix D to this guide, and
geotechnical investigations are described in Regulatory Guide 1.132,
"Site Investigations for Foundations of Nuclear Power Plants.”

Sites that are located such that there are capable or seismogenic faults
within a radius of 40 km (25 miles) should have more extensive geologic
and seismic investigations and analyses (similar to those within an 8-km
(5-mile) radius). The area of investigation may be asymmetrical and
extend beyond 40 km (25 miles).

Seismic sources that were not considered in the LLNL or EPRI PSHA should
be identified and characterized using the information developed by the
investigations. Alternative seismic sources should be developed to
incorporate a range of interpretations, and the bases for the
identification of these sources should be documented. Source zore
geometry should be defined for each seismic source. For faults, the type
of slip, length of rupture, amount of displacement per maximum event, and
area of the rupture surface should be determined.

Deterministic source earthquakes, which are the best judgment of the

maximum earthquake that can reasonably be expected to occur in a given
seismic source, should be defined for each seismic source.

11
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8. A PSHA for the site should be performed to estimate the annual
probability of exceeding the SSE. Either the LLNL or EPRI probabilistic
seismic hazard analyses with associated data bases should be used for
plants in the Eastern United States. For western plants, a site-specific
PSHA should be performed. Use the PSHA to identify sources in terms of
magnitude and distance that contribute significantly to the seismic
hazard at the site.

9. Determine the CEs that produce the largest ground motions at the site.
Ground motions at the site from CEs are estimated using the procedures
described in Section 4 of the Discussion section of this guide and
Standard Review Plan Section 2.5.2, "Vibratory Ground Motion."

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.

This draft guide has been released to encourage public participation in
its development. Except in those cases in which the applicant proposes an
acceptable alternative method for complying with the specified portions of the
Commission’s regulations, the method to be described in the active guide
reflecting public comments will be used in the evaluation of applications for
construction permits, operating licenses, early site permits, or combined
licenses submitted after the implementation date to be specified in the active
guide. This guide would not be used in the evaluation of an application for
an operating license submitted after the implementation date to be specified
in the active guide if the construction permit was issued prior to that date.

12
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APPENDIX A
DEFINITIONS

A capable tectonic source is a tectonic structure that can generate both
earthquakes ard tectonic surface deformation such as faulting or folding at or
near the surS:cv in the present seismotectonic regime. It is characterized by
at least one of the foliawing 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.

b. A reasonable association with cne or more large earthquakes or sustained

earthquake activity, usually accompanied by significant surface
deformation.

c. A structural association with a capable tectonic source having charac-
teristics of a of this paragraph, such that movement on one could be
reasonably expected to be accompanied by movement on the other.

In some cases, the geologic 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 over-
burden. For these cases, evidence may exist elsewhere along the structure
from which an evaluation of its characteristics in the vicinity of the site
can reasonably be based. Such evidence should be used in determining whether
the structure is a capable tectonic source within this definition.

Notwithstanding the foregoing paragraphs, structural association of a
structure with geologic structural features that are geologically old (at
least pre-Quaternary) such as many of those found in the eastern region of the
United States will, in the absence of conflicting evidence, demonstrate that
the structure is not a capable tectonic source within this definition.

Controlling earthquakes (CEs) are the earthguakes that produce the

largest estimated ground motions at the site. There may be several CEs for a
site.
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A deterministic source earthquake (DSE) is the largest earthquake that

can reasonably be expected to occur in a given seismic source in the current
tectonic regime, and it is used in a deterministic analysis. It is generally
based on the maximum historical earthquake associated with that seismic
source, unless geological evidence warrants a larger earthquake or the rate of
occurrence of earthquakes indicates the likelihood of larger than the largest
historical event.

The intensity of an earthquake is a measure of its effects on humans,
human-built structures, and the earth’s surface at a particular location.
Intensity is described by a numerical value on the Modified Mercalli scale.

An earthquake magnitude is a measure of the strength of an earthquake as
determined by seismographic observations.

Nontectonic deformation is distortion of surface or near-surface soils or
rocks that is not directly attributable to tectonic activity. Such deforma-

tion includes features associated with subsidence, karst terrane, glaciation
or deglaciation, and growth faulting.

The safe shutdown earthquake ground motion (SSE) is the vibratory ground

motion for which certain structures, systems, and components are designed to
remain functional.

A seismic so.r:e is a general term referring to both seismogenic sources
and capable tec’oni sources.

A seismogenic source is a portion of the earth that has uniform earth-
quake potential (same expected maximum earthquake and frequency of recurrence)
distinct from the surrounding area. A seismogenic source will not cause sur-
face displacement. Seismogenic sources cover a wide range of possibilities
from a well-defined tectonic structure to simply « large region of diffuse
seismicity (seismotectonic province) thought to be characterized by the same
earthquake recurrence model. A seismogenic source is also characterized by
its involvement in the current tectonic regime as reflected in the Quaternary
(approximately the last 2 million years).
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A stable continental region (SCR) is composed of continental crust,

including 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 no significant
deformation associated with the major Mesozoic-to-Cenozoic (Tast 240 million
years) orogenic belts. It excludes major zones of Neogene (last 25 million
years) rifting, voicanism, or suturing.

A tectonic ctructure is a large-scale dislocation or distortion usually
Within the earth’s crust. Its extent is on the order of miles.
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B.1 INTRODUCTION
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This appendix outlines a procedure to calculate the annual probability of
10 exceeding the safe shutdown earthquake ground motion (SSE). This precedure

11 can be used (1) to compare the calculated annual probability of exceeding the
12 SSE at proposed plants to the calculated annual probabilities for the cur-

13 rently operating plants as required by Appendix B to 10 CFR Part 100 and

14 (2) to establish controlling earthquakes in the probabilistic hazard analysis
15 as discussed in Appendix C to this regulatory guide. Uniform hazard spectra

16 (spectra that have a uniform probability of exceedence over the frequency

17 range of interest) should be calculated to estimate the annual probability of
18 exceeding the SSE design response spectrum.

19

20 B.2 PROCEDURE

21

22 The following procedure is one approach acceptable to the NRC staff to

23 assure that the annual probability of exceeding the SSE compares favorably
24 with that for the nuclear power plants operating as of the date of the final
25 version of Appendix B to Part 100.

26

27 B.2.1 Eastern U.S. Sites

28

29 There are two state-of-the-art approaches (outiined in Refs. 1B and 2B)
30 currently available to calculate the probabilistic seismic hazard for sites

31 east of the Rocky mountains (Eastern United States). These approaches, how-
32 ever, produce different hazard estimates for a given site. Therefore, the NRC
33 staff is recommending the following interim procedure until the differences

34 between the two hazard methods are resolved. Thi: procedure relies on rela-
35 tive measures to ensure that the annual probability of exceeding the SSE is

36 comparable to that of operating plants. The procedure is based on studies
37 conducted for the Eastern Seismicity Issue and the IPEEE program (Ref. 3B).
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Either the LLNL or EPRI methodology can Le used to carry out the followinrg
calculations, with the approprizte set of limits associated with each method.
If any analysis other than the LLNL or EPRI methods is used in the Eastern
United States, annual probabilities of exceeding the SSE would need to be
developed for all operating plant sites in addition to the site under
consideration in order to make the appropriate comparison.

Step 1. Calculate the Unitorm Hazard Response Spectra (UHRS) with various
return periods. Figure B.l shows a sample set of median UHRS for
various return periods. The UHRS should be deveiuped at the same
location as the location of the SSE (i.e. either at the free ground
surface or at a hypochetical rock outcrop).

Step 2. Calculate composite annual probabilities of exceeding the SSE and
compare those probabilities with operating plants uling median
hazard estimates. (Although the median estimates are used for
carrying out the procedure outlined in this appendix, the hazard
analysis should be performed with consideration of uncertainties to
develop complete insights.) The procedure is illustrated in Figure
B.2.

1. Estimate the annual probabilities of exceeding the SSE spectrum
at two discrete frequencies (5 and 10 Hz) using the UHRS.

2. Calculate the composite annual probability using the following
formula:

Composite Annual Probability = 1/2(al) + 1/2(a2)

where al and a2 represent annual probabilities of exceeding SSE
spectral ordinates at 5 and 10 Hz, respectively.

Example: From Figure B.2, for a median UHRS derived using the
LLNL methodology, at points al and a2 corresponding to 5 and 10
Hz:
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Composite Annual Probability = 1/2(4E-5) + 1/2(8E-5)
= HE-5.

3. Figure B.3 shows the distribution of median annual probabili-
ties of exceeding SSEs for operating Eastern U.S. plants using
LLNL hazard estimates. This figure also indicates a limit;
approximately 50% of the currently operating plants have an
annual probability of exceeding the SSE ground motion below
this 1imit. (Limits for both the current EPRI and LLNL seismic
hazard studies are listed in Table B.1.) The SSE is adequate
when the annual probability of exceeding the SSE compares
favorably to the l1imits shown in these figures.

Table B.1
Method Annual Probability of Exceedance
Limits
for Median Hazard Estimates
LLNL lE-4
EPRI 3.-5

For the hypothetical example, the calculated annual probability
of exceedance of 6E-5 is less than the 1imit of 1E-4, and thus
the probability of exceeding the SSE compares .avorably with
that of operating plants.

Figure B.4 presents the same information from the use of the
EPRI UKRS estimates. This 1imit should be used when the EPRI
method is used to calculate the annual probability of exceeding
the SSE.

B.2.2 MWestern U.S. Sites

For the Western U.S. sites, a probabilistic data base, such as that
compiled in the LINL and EPRI studies, is not available. To date no procedure
exists to compare the annual probability of exceeding the SSE to other sites
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in the Western United States. In addition, the probabilistic hazard at a site
in the Western United States may be governed by clearly identifiable seismic
sources, such as faults (or folds) observed at the surface that have better
defined seismicity characteristics. Therefore, for Western U.S5. sites, a
site-specific analysis should be developed using suitable methodologies to
estimate the annual probability of exceeding the SSE and to identify
significant contributors to the hazard (Ref. 4B).
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Composite Annual Probability = 1/2(al) + 1/2(a2)
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C.1 INTRODUCTION

This appendix outlines a procedure to determine controlling earthquakes
from the probabilistic hazards analysis for a site. The ground motions from
these controlling earthquakes should be determined following the procedures
outlined in Secticn 2.5.2 (Subsection 2.5.2.6) of the Standard Review Plan.
Controlling earthquakes should be determined for the median seismic hazard
1imit used to satisfy the requirement of Appendix B to 10 CFR Part 100 and
discussed in Section C.2 below and Appendix B of this regulatory guide %o
demonstrate that the annual probability of exceeding the safe shutdown earth-
quake ground motion (SSE) compares favorably with that of the currently
operating nuclear power plants.

.2 PROCEDURE

The following procedure is one approach acceptable to the NRC staff to
determine controlliny earthquakes from a probabilistic hazards analysis.

C.2.1 Eastern U.S. Sites

As discussed in Apnendix B of this regulatory guide, there are two
approaches (Refs. 1C and 2C) currently available to calculate probabilistic
seismic hazards for sites east of the Rocky mountains (Eastern United States).
Either of these methods can be used to carry out the following calculations,
with the appropriate set of 1imits associated with each method.

Step 1. Perform the sito-specific hazard analysis using the LLNL or EPRI
method and associated data. From this analysis, compute median
hazard curves for the average of the 5 and 10 Hz spectral veloci-
ties, Sy.io- That is a curve showing the annual probability of
exceeding various levels of the average of the 5 and 10 Hz spectral
velocity.

C-1



Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Using the appropriate annual probability of exceedance level, Pe
(e.g., for the median S, ,, hazard curve derived from the LLNL
method, P, is 1E-4 according to Figure B.3 and Table B.1 of Appendix
B), enter the hazard curve of step 1 at P, to determine the
corresponding spectral velocity.

Deaggregate the median of the average of the 5 and 10 Hz hazard
curves as a function of magnitude and distance by calculating the
contribution to the hazard for all of the earthquakes in a selected
set of magnitude and distance bins to determine the relative con-
tribution to the hazard, H,, for each bin centered at magnitude m
and distance d. H_ is the annual probability of exceeding Sy(Pe)
computed for a bin at magnitude m and distance d.

Conpute the magnitude of the controlling earthquake for the median
estimate using the contributions H computed in Step 3.

R«LImi/LLIH
md - md -

The distance of the controlling earthquake from the site is
determined from

log D = £ 5 lTog(d)H/ L I Hy
m

Using the same P, and steps 1 through 4 as above, also determine
controlling earthquakes for median spectral response for the average
of the 1 and 2.5 Hz spectral responses, and for the median estimates
of the peak ground acceleration.

The ground motions corresponding to the controlling earthquakes are
determined as outlined in Section 2.5.2 (Subsection 2.5.2.6) of the
Standard Review Plan.
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C.2.2 Mestern U.5. Sites

For the Western U.S. sites, a probabilistic data base, such as compiled
in the LLNL or EPRI studies, 1s not available. In a region of active tec-
tonics, there is less uncertainty about the significant contributors to the
seismic hazard. and the controlling earthquakes can generally be defined
deterministically. For regions of lower, less active tectonics, an analysis
similar to the one out)ined above in Steps 1-4 can be performed. Step 1 would
be omitted and the S, level used would correspond to the value selected for
the SSE.

C.3 EXAMPLE FOR EASTERN U.5. SITE

To illustrate the above procedure, calculations are shown here for on Eastern
U.S. site using the LLNL methodology given in NUREG/CR-5250 (Ref. 1C).

Step 1 1is omitted.
Step 2. Table C.1 gives the annual probability of exceeding various levels

of the averaje of tie § and 10 Hz spectral velocity hazard curves
from the LLNL study.

Table C.1
Average of 5 and 10 Hz S, Curves for the Site

m
Spectral Annual Probability of Exceedance
Velctity (Median)

(S,-cm/s)
2 2.6E-3
5 3.7E-4
10 5.8E-5

Interpolating the annual probability of exceedence (Pg) values given in
Table B.1 from Table C.1, the corresponding value for S (P;) is as given ir
Table C.2.
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Spectral Velocity (Avg. 5 to 10 Hz)
S (P

Step 3. For this example, to deaggregate the hazard and determine the Hogs
ft is first necessary to compute the contribution to the average
hazard for the 5 and 10 Hz spectral velocities for the matrix of
magnitudes and distance bins such as given in Table C.3.

Jable C.3
Magnitudes and Distance Bins Used in Example

Distance Magnitude Range of Bin

R of
Bin (kn) TR "R TW

0-25
25-50
50-100
100-150

150-200
>200

For each bin, a complete hazard analysis is performed to give the
contribution to the hazard from all earthquakes within the bin, e.g., all
earthquakes with magnitudes 6 to 6.5 and distance 25 to 50 km from the si‘e.
The results for this bin are given in Table C.4.
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Table C.4

Contribution to the Hazard From all Earthquakes in the Range of
6 <M< 6.5 and distances 25 < d < 50 to the average of the 5
and 10 Hz Spectral Velocity

O~ S WD -

Spectral Annual Median
Velocity, S, Probability of
Exceedance

4 ) 1.4E-5
10 10 3.1E-6
11 1.1E-6
12
13
14 The value of H (annual probability of exceeding 5,(Pg)) for this bin is

15 obtained from Table C.4 using the S,(P;) values given in Table (.2 and comput-

16 ing H, by interpoiation. The values for H for this bin are given in Table
17 C.5.

19 Table C.9

21 Value for H, for the Bin 6 < m < 6.5 and
22 25 < d < 50 for the Example Site

Annual Probability of Exceeding S (P;)
25 For a Bin

29 Table C.v gives the complete matrix of the H, values for the example
30 site.
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; Table C.6

3 Heg Yalues for A11 Bins Based on the Median Hazard

g (Note: If H, < 1.E-10, it is listed as 0.)

6 Distance Magnitude Range of Bin

: Range Bn | o _ 5.5 | 5.5-6] 6-6.5] 65-71 7-7.8 | o7,

8 0-25 2.0E-5 1.1E-5 2.4E-6 0 0 0
25-50 6.2E-6 8.9E-6 5.0E-6 6.5E-9 0 0

10 50-100 6.0E-7 2.3E-6 6.8E-6 8.4E-7 0 0

11 100-150 1.6E-9 1.6E-7 1.56-6 2.8E-6 0 0

12 150-200 0 1.1€-9 2.1E-8 4.6E-7 0 0

13 >200 0 0 6.0E-9 0 0

14

{8 Step 4. To compute M, D for the example site, the values of He given in

17 Table C.6 are used with m and d values corresponding to the midpoint

18 of the magnitude of the bin (5.25, 5.75, 6.25, 6.75, 7.25, 7.75) and

19 centroid of the ring area (16.7, 38.9, 77.8, 126, 176 and somewhat

20 arbitrarily 300 km). .

21

33 Thus for the example site, the controlling earthquakes, in M, D

24 values, are given in Table C.7.

25

26 Table C.7

g; Magnitude and Distance of Controlling Earthquake From the

gg LLNL Probabilistic Analysis

31 I Based on Median
Hazard Estimates

i [ A 5.8

Jg b 32
Controlling earthquakes for other frequency ranges (Step 5 of C.2.1) are
4] calculated by repeating the above four steps.

" W
43
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C.4 EXAMPLES FOR WESTERN V.5. SITES

Since a general approach for the Western U.S. sites is not available, two
specific cases 11lustrating determination of controlling earthquakes are

discussed below,

C.4.1 - Diablo Canyon

The Diablo Canyon site is located on the California coast. A logic tree
approach has been used to assign weights to variables associated with faults
near the site and determine maximum magnitude distributions (Ref. 3C). The
logic tree approach was also part of the probabilistic seismic hazard anal-
ysis. The result was that the Hosgri fault zone was the most significant
source. The controlling earthquake for the Diablo Canyon site 1s a magnitude
7.2 event on the Hosgri fault zone at the closest distance of this fault zone
to the site (4.5 km). The controlling earthquake magnitude is Targer than the
maximum historical earthguake (the 1927 magnitude 7.0 Lompoc earthquake),

which mav %+ 2 occurred on a structure related to the Hosgri.

WNP-3

The WNP-3 site is located in western Washington and lies above the
Cascadia subduction zone. The staff considered four controlling earthquakes
for the site (Ref. 4C):

The applicant proposed that a maximum random earthquake in the crust

the site is magnitude 5-1/2 to 6. This earthquake is based on the
largest historical earthquakes in the Coastal Plain seicmotectonic pro-
vince (about magnitude 5) and the resolution of geological studies in the

site region

The maximum earthquake associated with the Olympia Lineament, which 1s

35 km northeast of the site, is a magnitude 7.5 based on estimated

maximum rupture length.

The maximum magnitude earthquake for the intraslab subduction zone source

is about magnitude 7-1/2, based on the maximum historical event

C-7




associated with the Cascadia subduction zone intraslab source (the 1949
magnitude 7.1 Puget Sound earthquake) and comparisons with intraslab
sources in other subduction zones worldwide.

The interface subduction zone source is capable of great (larger than
magnitude 8) earthquakes. This maximum magnitude is stil] under review
in Tight of ongoing geological studies. At this time, the staff consid-
ers the maximum magnitude to be 8-1/4, based on arguments about the
1ikely dimensions of rupture and comparisons with other subduction zones

W O N ! S W N e
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10 with slow convergence rates.

11
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APPENDIX D
GEOLOGICAL, SEISMOLOGICAL, AND GEOPHYSICAL INVESTIGATIONS TO
CHARACTERIZE SEISMIC SOURCES

D.1 JNTRODUCTION

Seismic sources are areas where future earthquakes are likely to occur.
Gc)logical and seismological investigations provide the information needed to
characterize source parameters, including the size and geometry of the seismic
sources, earthquake recurrence models, and deterministic source earthquakes
(DSE). The amount of data available about earthquakes and their causative
sources varies substantially between tho Western U.S. and the stable conti-
nental region (SCR), and also from region to region within these broad areas.
In active tectonic regions, the focus will be on the identification of both
capable tectonic sources and seismogenic sources, and the methods described in
Section D.2 of this appendix can be applied. In the SCR east of the Rocky
Mountains, seismocenic sources play a significant role because of the diffi-
culty in unequivocally correlating earthquake activity with known tectonic
structures.

In the SCR a number of significant tectonic structures exist that have
been suggested as potential seismogenic sources (e.g., the New Madrid fault
zone, Nemzha Ridge, Meers fault, Ramapo fault zone, Clarendon-Linden fault).
There i1s no clear procedure to follow to characterize the DSE magnitude asso-
ciated with such possibie seismogenic sources; therefore, it is most likely
that the determination of the seismogenic nature of the source will be
inferred rather than demonstrated by strong correlations with seismicity
and/or geologic data. Furthermore, it is not known what relation: exist
between observed tectonic structures in a given seismogenic sou:.ce and the
current earthquake activity loosely correlated with that source. Generally,
the observed ectonic structure resulted from ancient tectonic forces that are
no longer present, and thus the structural extent may not be a very meaningful
indicator of the size of future earthquakes in the source. Careful analysis
of the historical record and the results of regional and site studies and
Judgment play key roles. If, on the other hand, such strong correlations
and/or data exist between seismicity and seismic sources, then approaches used
for active tectonic regions can be applied.
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The following is a general 1ist of characteristics to be determined for a

seismic source: ‘

Source zone geometry (location and extent, both surface and subsurface).

. Description of Quaternary (last 2 million years) displacements (sense of
slip on the fault, fault length and width, age of displacements, esti-
mated displacements per event, estimated magnitudes per offset, rupture
length and area, and displacement history or uplift rates of seismogenic
folds).

. Historical and instrumental seismicity associated with each source.
. Paleoseismicity.

. Relationship of the fault to other potential seismic sources in the
region.

. Deterministic Source Earthquake. .
. Recurrence model (freguency of earthquake occurrence versus magnitude).

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

. Volcanism. Volcanic hazard is not addressed in this regulatory guide.
It will be considered on a case-by-case basis in regions where this
hazard exists.

. Other factors that can contribute to characterization of seismic sources
such as strike and dip of tectonic structures, orientations of regional
and tectonic stresses, fault segmentation (both along strike and
downdip).
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0.2. INVESTIGATIONS TO CHARACTERIZE SEISMIC SQURCES

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 deter-
mine their potential for generating earthquakes and causing surface deforma-
tion. If it is determined that surface deformation need not be taken into
account, sufficient data to clearly justify the determination should be
presented in the license application or early site review.

In the siting of nuclear power plants, engineering solutions are gen-
erally available to mitigate the potential vibratory effect of earthquakes
through design. However, such solutions cannot always be demonstrated as
being adequate for mitigation of the effects of permanent ground displacement
phenomena such as surface faulting or folding, subsidence, ground collapse, or
fault creep. For this reason, it is prudent to select an alternative site
when the potential for permanent ground displacemer’ exists at the site (Ref.
1D). In most of the Eastern United States, tectonic structures at seismogenic
depths, as determined from earthquake hypocenters, apparently bear no rela-

tionship to geologic structures exposed at the ground surface. Young faults

either do not extend to the ground surface or there is insufficient geologic
material of the appropriate age available to date the faults. Seismogenic
faults are not always exposed at ground surface in the Western United States
as demonstrated by the buried (blind) reverse sources of the 1983 Coalinga,
1988 Whittier Narrows, and 1989 Loma Prieta earthquakes. These factors
emphasize the need to not only conduct thorough investigations at the ground
surface but also to identify structures at seismogenic depths.

The Tevel of detail for investigations should be governed by the current
and late Quaternary tectonic regime and the geological complexity of the site
and region. Whenever faults or other structures are encountered at a site
(including in the SCR) either in outcrop or excavations, it is necessary to
perform many of the investigations described below to demonstrate whether or
not they are capable tectonic sources.

Regional investigations extend to a distance of 320 km (200 mi) from the
site, and data are presented at a scale of 1:500,000 or smaller. Investiga-
tions of greater detail are conducted to a distance of 40 km (25 mi) from the
site and the data presented at a scale of 1:50,000 or smaller. Detailed
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investigations are carried out within a radius of 8 km (5 mi) from the site
and data are presented at a scale of 1:5000 or smaller. Data from investiga-
tions within the site area (approximately 1 square kilometer) are presented at
a scale of 1:500 or smaller. The areas of investigations may be asymmetrical
and larger than those described above in regions of late Quaternary activity
or historical seismic activity (felt or instrumentally recorded data) or where
a site is located near a capable tectonic source such as a fault zone.

Regional and site information needed to assess the integrity of the site
with respect to potential ground motions and surface deformation caused by
capable tectonic sources include determination of (1) the lithologic, strati-
graphic, geomorphic, hydrologic, geotechnical, and structural geologic charac-
teristics of the site and the area surrounding the site, including its geo-
logic nistory, (2) geologic evidence of fault offset or other distortion such
as folding at or near the ground surface at or near the site, and (3) whether
or not any faults or other tectonic structures, any part of which are within a
radius of 8 km (5 mi), are capable tectonic sources. This information will be
used to evaluate tectonic structures underlying the site, whether buried or
expressed at the surface, with regard to their potential for generating earth-
quakes and for causing surface deformation ac or near the site. The evalua-
tion is to consider the possible effects caused by human activities such as
withdrawal of fluid from or addition of fluid to the subsurface, extraction of
minerals, or the loading effects of dams or reservoirs.

D.2.2 Reconnaissance Investigations, Literature Review, and Other Sources of
Preliminary Information

Site and regional investigations can be planned based on field reconnais-
sance data from previous investigations and reviews of available documents.
Possible sources of information may include universities, consulting firms,
and government agencies. A detailed list of possible sources of information
is given in Regulatory Guide 1.132.

D.2.3 Detailed Investigations To Characterize Seismic Sources

The following methods are suggested but they are not ali-inclusive
and investigations should not be limited to them. Some procedures will
not be applicable to every site, and situations will occur that require
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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.

D.2.3.1 Surface Investigetions

Surface exploration needed to assess neotectonic conditions of 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 geological,
geophysical, seismological, and geotechnical engineering techniques.

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

D.2.3.1.2. Mapping of topographic, geologic, geomorphic, and hydrologic
features at scales and contour intervals suitable for analysis, stratigraphy
(particularly Quaternary), surface tectonic structures such as fault zones,
and Quaternary geomorphic features. For offshore sites, coastal sites, or
sites located near lakes or rivers, this includes topography, geomorphology
(particularly mapping marine and fluvial terraces), bathymetry, geophysics

(such as 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. 2D and 3D) 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 longitudinal
profiles or terraces, and other long-term changes such as elevation changes
across lava flows (Ref. 4D).

D.2.3.1.4. Analysis of offset, displaced, or anomalous landforms such as
displaced stream channels or changes in stream profiles or the upstream migra-
tion of knickpoints (Refs. 5D-10D), abrupt changes in fluvial deposits or
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terraces, changes in paleochannels across a fault (Ref. 90), or uplifted,
downdropped, or laterally displaced marine terraces (Ref. 10D).

D.2.3.1.5. Analysis of Quaternary sedimentary deposits within or near
tectonic zones such as fault zones and 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 1iquefaction features
(sand boils, explosion craters, lateral spreads, settiement, soil flows), mud
volcanoes, landslides, rockfalls, deformed lake deposits or soil horizons,
shear zones, cracks, or fissures (Refs. 110 and 12D).

D.2.3.1.7. Estimation of the ages of fault displacements by analysis of
the morphology of topographic fault scarps associated with or produced by sur-
face rupture. Fault scarp morphology is useful in estimating age of last dis-
placement, approximate size of the earthquake, recurrence intervals, slip
rate, and the nature of the causative fault at depth (Refs. 13D-16D).

D.2.3.2 Seismological Investigations

D.2.3.2.1. Listing all historically reported earthquakes that can
reasonably be associated with seismic sources, any part of which is within a
radius of 320 km (200 miles) of the site, including date of occurrence and the
following measured or estimated data: highest intensity, magnitude, epi-
center, depth, focal mechanism, stress drop, etc. 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 documented,
and epicenters should be determined based on intensity contours. Methods to
convert intensity values to magnitudes in the central and eastern U.S. are
described in References 170D-19D.

D-6




1
2
3
4
5
6
7
g
9

w w wwNNNNNNNNNqu—o—-—o-——-w-—-—.—

D.2.3.2.2. Seismic monitoring in the site area that is established as
soon as possible after site selection.

D.2.3.3 Subsurface Investigations
Subsurface investigations in the site area or within the region to

identify and define seismogenic sources and capable tectonic sources may
include:

D.2.3.3.1. Geophysical investigations such as air or ground magnetic and
gravity surveys, seismic reflection and seismic refraction surveys, borehole
geophysics, and ground-penetrating radar.

D.2.3.3.2. Core borings to map subsurface geology and obtain samples for
testing such as age dating.

D.2.3.3.3. Excavating and loyging trenches across geological features as
part of the neotectonic investigation and to obtain samples for age-dating
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. 10D and 20D).

D2.4 Age-Dating
An important part of the geologic investigations to identify and define

potential seismic sources 1s the age-dating of geologic materials. The
following techniques are useful in dating Quaternary deposits.

D2.4.1 Radiometric Dating Methods

. Carbon 14 for dating organic materials (upper limit ranges from
30,000 up to 100,000 years) (Ref. 21D).

. Potassium argon for dating volcanic rocks ranging in age from about
50,000 to 10 million years (Ref. 21D).
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D2.4.

Uranium series using the relative properties of various decay
products of ®% or #*y, Ages range from 10,000 to 350,000 (Ref.
210). /™% can yield between 40,000 and 1,000,000 years (Ref.
220).

Fission track using minerals such as zircon and apatite, with
fissionabie uranium in volcanic rocks. Although some iaterpretation
s required in counting tracks, the technique has no inherent age
range limitations if suitable materials are available (Ref. 21D).
Thermoluminescence (TZ) is best used for stratigraphic correlation
and determining relative ages rather than absolute ages. The
maximum age is 10 million years (Ref. 21D).

Electron spin resonance (ESR) is used to date quartz that formed in
fault gouge during the fault event (Ref. 23D).

2 Qther Quantitative Numerical Methods

Paleomagnetic dating requires material containing magnetic-
susceptible minerals with sufficient stratigraphic and time ranges
to provide several reversals. An independent time datum for
correlation with the polarity time scale is required (Ref. 21D).
Thicknesses of weathering rind development on the margins of clasts,
such as caused by obsidian hydration, can be used to estimate the
age of deposits (Ref. 24D).

Cation-ratio dating of desert varnish on rock surfaces by chemical
analysis (Ref. 25D).

Tephrochronology, which is the identification and correlation of
undated and dated volicanic ashes by geochemical and petrographic
analyses (Refs. 26D and 27D).

Amino-acid racemization, which uses organi: material and is based on
time-dependent diagenetic conversion of one form of amino-acid
polymer structure to another (Refs. 28D and 29D).

Lichenometry is used to estimate ages from sizes of lichens growing
on gravel or boulders (such as glacial deposits) (Ref. 30D).

S011 profile development is used to determine age based on measured
amounts of accumulated pedogenic materials (Ref. 31D).
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. Dendrochronology is used to determine the ages of trees that were
affected by a tectonic event or othe’ phenomena such as landsliding
or flooding (Refs. 32D-34D).

D2.4.3 Relative Ade-Dating Methods

. The relative degree of soil profile development of B and C horizons
can provide at least an order of magnitude estimate of the ages of
buried soils or relict surface soils on surficial deposits (Refs.
21D and 350). For B horizons, the diagnostic characteristics
include thickness, depth, amount, texture, type of clay, soil
structure and color, and amount of Fe oxides or Fe-Al-organic
accumulation (Ref. Z1D). For C horizons, the important diagnostic
characteristics are thickness, depth, stage of development, and
amount of pedogenic carbonate and other soluble salts (Refs. 36D and
370). Other references for this subject include References 38D
through 420.

. The relative degree of weathering of surface and subsurface clasts
in sedimentary deposits such as glacial moraines is useful but
requires independent means of age calibration (Ref. 210).

In the SCR it may not be possible to demonstrate, in an absolute manner,
the age of last activity of a tectonic structure. In such cases the NRC staff
will accept association of such structures with geologic structural features
or tectonic processes that are geologicaliy old (at least pre-Quaternary) as
an age indicator in the absence of conflicting evidence.

These investigative procedures should also be applied, where possible, to
characterize offshore structures (faults or fault zones, as well as folds,
uplift, or subsidence related to faulting at depth) for coastal sites or those
sites located adjacent to landlocked bodies of water. Investigations of off-
shore structures will rely heavily on seismicity, geophysics, and bathymetry
rather than conventional geologic mapping methods that can be used effectively
onshore. However, it is often useful to investigate similar features onshore
to Tearn more about the significant offshore features.
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0D2.5 Distinction Between Tectonic and Nontectonic Deformation

Nontectonic deformation, like tectonic deformation, can pose a substan-
tial 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 pheno-
mena. Therefore, non-tectonic deformation should be distinguished from tec-
tonic deformation at a site. In past nuclear power plant licensing activi-
ties, surface displacements caused 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 deglacia-
tion; collapse structures, such as found in karst terrain; and growth fault-
ing, such as occurs in the Gulf Coastal Plain or in other deep soil regions
subject to extensive subsurface fluid withdrawal.

Glacially induced faults generally do not represent a deep-seated seismic
or fault displacement hazard because the conditions that created them are no
longer present. However, residual stresses from Pleistocene glaciation may
sti11 be present in glaciated regions although they are of less concern than
active tectonically induced stresses. These features should be investigated
with respect to their relationship to current in situ stresses.

The nature of faults related to coilapse features can usually be defined
through geotechnical investigations and either can be avoided or, if feasible,
adequate engineering fixes can be provided.

Large naturally occurring growth faults such as found in the coastal
plain of Texas and Louisiana can pose a surface displacement hazard, even
though offset most Tikely occurs at a much less rapid rate than that of tec-
tonic faults. They are not regarded as having the capacity to generate damag-
ing earthquakes, can often be identified and avoided in siting, and their
displacements can be monitored. Some growth faults and antithetic faults
related to growth faults are not easily identified; therefore, investigations
described above with respect to capable tectonic faults and fault zones should
be applied in regions where growth faults are known to be present. Local
human-induced growth faults can 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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Primary - Structural and Geosciences Branch (ESGB)
Secondary - None
AREAS OF REVIEW

The Structural and Geosciences Branch ;‘f~ ew 'Covers the

seismological and geclogical investigatiopSWagerried out to
establieh evaluate the peeleration—§O6r SBhe safe shutdown
earthguake ground motion (SSE) e Lhe OPERet1RY bacis earthguake
{0BE} for the site. Fhe—safe—s “‘f waie—io—the
carthguake that 5 based —upe ah—-eva 1 Ut i on —of —the —maximum
earthquake potent tat Consider % i lhe 3 -toeat geotogy ans
5 €4 GIEY | € and —speaifie —charac . L B -&eea}——euboaff;eé
materiat 1 o oty ey bt e 1 LR
AR L I e T o s
regiona: — and - loes . jf‘ﬁ.h 2 SRS ;- ;- ::fi'¥i§;¥§h§fa§;
expeeted to-affeat—t) _*’3.'; i 1e-operat thg tife ef the
piants 1t 15 rarthatl pauees—the—vibrate OUNE
motien- .8 c Ehe e %W—pﬂﬂ—p}aﬂe

the vibratory ground motion for which certain
tems, and components are designed to remain
The S8SE is based upon a detailed evaluation cf the
tential, taking into account regional and local
Quaternary tectonics, seismicity, and specific
stics of local subsurface material. It is defined as the
field ground response spectra at the plant site and (s
bed by horizontal and vertical response spectra corresponding
to the expected ground motion at the free-field ground surface or
a hypothetical rock outcrop.

Guidance is being developed on seismological and geological
investigations and it is described in Draft Regulatory Guide DG~
1015, "Identification and Characterization of BSeismic Svurces,
Deterministic 8Source Earthguakes, and Ground Motion." These

Public comment period
expires March 24, 1993, 2.5.2=1
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investigations describe the seismicity of the site region and the
correlation of earthquake activity with seismic sources. Seismic
sources are identified and characterized, including the
deterministic source earthquake (DSE) associated with each seismic
source. All seismic sources that have any part within 320 km (200
miles) of the site must be identified. More distant sources that
are capable of earthgquakes large enough to affect the site must
also be identified. Beismic sources can be capable tectonic
sources or seismogenic sources; a seismotectonic province is a
type of seismogenic source. Both deterministic and probabilistic
evaluations are used to assess the BSE. Acceptable deterministic
procedures are described in this BRP (Bubsections 2.5.2.1 through
2.5.2.4). Probabilistic and deterministic methods are described in
Draft Regulatory Guide DG-1015.

The principal regulation used by the staff in determining the scope
and adequacy of the submitted seismologic and geologic information
and attendant procedures and analyses is Appuwdix-A —Seismie—and

—for—Nueltear—Power—Pi vats—4 Appendix B,
“Criteria for the Seismic and Geoclogic B8iting ~f Nuclear Power
Plants on or After [Effective Date of this Regularion'" to 10 CFR
Part 100 (Ref. 1). Additional guidance information (requlations,

regulatory guides, and reports) is provided to the staff through
References 2 through 8 and 54.

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), correlation oY earthquake activity with
geologic structure or seismotectoinic provinces (Subsection
2.5.2.3), maximum earthquake potential and controlling earthquakes
(Subsection 2.5.2.4), seismic wave transmission characteristics of
the site (Subsection 2.5.2.5), and safe shutdown earthquake ground
motion (Subsection 2.5.2.6)—and

{Hubseetion—2+5+2+7) .

The geotechnical eagineering aspects of the site and the models and
methods employed in the analysis of soil and foundation response to
the ground motion ervironment 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.

IT. ACCEPTANCE CRITERIA

The applicable regulations (Refs. 1, 2, and 3) and regulatory
guides (Refs. 4, 5, 6, and 54) and basic acceptance criteria

pertinent to the areas of this section of the Standard Review Plan
are:

10 CFR Part 100, Appenrdix—i,—USeisnie—and Geologie—Eiting
er*%er&e—éor—ﬂae&eafhpeuef—P}anesvﬂ—App-ndix B, "Criteria for

the Beismic and Geologic 8iting of Nuclear Power Plants on or
After ([Effeciive Date ¢f this Regulation]."™ These criteria

2:5.2-2




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

10 CFR Part 50, Appendix A, "General Design Criteria for
Nuclear Power Plants"; General Design Criterion 2, "Design
Bases for Protection Against Natural Phenomena" (Ref. 2). This
criterion requires that safety-related portions of the
structures, systems, and components important to safety shail
be designed to withstand the effects of earthquakes, tsunamis,

and seiches without Yoss of capability to perform their safety
functions.

10 CFR Part 100, "Reactor Site Criteria" (Ref. 3). This part
describes criteria that guide the evaluation of the

suitability of proposed sites for nuclear power and testing
reactors.

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 an earthquake. It
provides general guidance and recommendations for developing
site-specific investigation programs as well as specific
guidance for conducting subsurface investigations, including
the spacing and depth of borings as well as sampling intervals
(Ref. 4).

Regulatory Guide 4.7 (Proposed Revision 2, DG-4003), "General
Site Suitability Criteria for Nuclear Power Stations." This
guide discusses the major site characteristics related to
public health and safety whieh that the NRC staff considers in
determining the suitability of sites for nuclear puower
stations (Ref. 5).

Regulatory Guide 1.60, "Design Response Spectra for Seismic

Design of Nuclear Power Plants." Fhis-guide-gives—eone-methed

SBmoothed response spectra are generally
used for design purposes -~ for example, a standard spectral
shape that has been used in the past is presented in
Regulatory Guide 1.60 (Ref. 6). These smoothed spectra are
still acceptable when an appropriate peak acceleration is used
as the high~frequency asymptote and the smoothed spectra
compare favorably with site-specific response spectra derived
from the ground motion estimation procedures discussed in
Subsection 2.5.2.6.

2.5.2-3
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7. Draft Regulatory Guide DG~-1015 (Ref. 54), "Identification and
Characterization of Beismic Bources, Deterministic Bource
Earthquakes, and Ground Motion," is being developed to
describe probabilistic and deterministic methodologies for
determining the controlling earthguakes for nuclear power
plant sites.

The primary required investigations are described in 10 CFR Part

100, im Section IV(a) of Appendix & B(Ref. 1); The—aceeptable
procedures for determining assessing the seismic design bases are
given in Sections V(a), (b), and (c).—-and-Seetien—Vif{a)—of-—the
appendis— Draft Regulatory Guide DG-1015 (Ref. S54) is being
developed to provide more detailed guidance on investigations. The
seismic design bases are predicated on a reasonable, conservative
determination of the SSE and—the—OBE. As defined stated in
Sections 433 IV and V of Appendix & B(Ref. 1) to 10 CFR Part 100,
the SSE and-OBE-are is based on consideration of the regional and
local geology and seismology and on the characteristics of the
subsurface materials at the site. and The BBE are is described in
terms of the vibratory grcund motion expected that—they—would
produee at the site. No comprehensive definitive rules can be
promulgated regarding the investigations needed to establish the
seismic design bases; the requirements vary from site to site.

In meeting the requirement of Reference

1, this subsection is accepted when the complete historical record
of earthquakes in the region is listed and when all available
parameters are given for each earthguake in the historical record.
The listing should include all earthquakes having Modified Mercalli
Intensity (MMI) greater than ¢. =ma2l to IV or magnitude greater
than or equal to 3.0 that have been reporteu in—ali—tee onie
for all seismic sources, any parts of which are wi‘*hin

320 km (200 miles) of the site. A regional-scale map should ©
presented showing all listed earthquake epicenters and should be
supplemented by a larger-scale map showing earthquake epicenters of
all known events within 8¢ km (50 miles) of the site. The
following information concerning each earthquake is required
whenever it is available: epicenter coordinates, depth of focus,
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 magnitude designations such as
m, M, M, M, should be identified. In addition, any reported
earthguake-induced geologic failure, such as liguefaction,
landsliding, landspreading, and lurching .should be described
completely, including the level of strong motion that induced
failure and the physical properties of the materials. The
completeness of the earthquake history of the region is determined
by comparison te published sources of information (e.g., Refs. 9
through 13). When conflicting descriptions of individual
earthquakes are found in the published references, the staff should

2.5.2-4




determine which is appropriate for licensing decisions.

Region. 1In meeting the requirements of References 1, 2, and 3,
this subsection is accepted when all

seismic sources that are significant
in determining the earthquake potentiil of the region are
identified, or when an adequate investigation has been carried out
to provide reasonable assurance that all significant teetenie
struetures seismic sources have been identified. Information
presented in Section 2.5.1 of the applicant's safety analysis
report (SAR) and information from other sources (e.g., Refs. 9 and
14 through 18) dealing with the current tectonic regime should be
developed into a coherent, well-documented discussion to be used as
the basis for characterizing the earthquake-generating potential of
seismogenic sources and capable tectonic sources. the-identified
geologie—struetures Specitically, each teetenie-preovinee seismic
source, any part of which is within 320 km (200 miles) of the site,
must be identified. 17he staff interprets seismotectonic provinces
to be regions of uniform ! i i
) seismicity (same DSE and freguency of recurrence)
distinct from the seismicity of the surrounding area. The proposed
seismotectonic provinces may be based on seismicity studies,
differences in geologic history, differences in the current
tectonic regime, etc. The staff considers that the most important
factors for the determination of seismotectonic provinces include
both (1) development and characteristics of the current tectonic
regime of the region that is most likely reflected 4in—the
in the Quaternary
(approximately the last 2 million years and younger geologic
history) and (2) the pattern and level of historical seismicity.
Those characteristics of geologic structure, tectonic history,
present and past stress regimes, and seismicity that distinguish
the various seismotectonic provinces and the particular areas
within those provinces where historical earthquakes have occurred
should be described. Alternative regional tectonic models derived
from available literature sources, including previous SARs and NRC
staff Safety Evaluation Reports (SERs), should be discussed. The
model that best conforms to the observed data i3 accepted. In
addition, in those areas where there are capable faults tectonic
sources, the results of the additional investigat.ve requirements
described in R = e S OTCR S
3)+ BRP Bection 2.5.1 must be presented. The discussipn should be
augmented by a regional-scale map showing the _
seismic sources, earthquake epicenters, locations of geologic
structures and other features that characterize the soilgogonic
sources (including seismotectonic provinces), and the locations of
any capable faults tectonic sources.



1 requirements of Reference 1, acceptance of this subsection is based
2 on the development of the relationship between the history of
3 earthquake activity and the

4 seismic sources of a region. The applicant's
5 presentation is accepted when the earthquakes discussed in
6 Subsection 2.5.2.1 of the SAR are shown to be associated with
7 either geelegi —strueture—eor—teetonie—provinee capable tectonic
8 sources or seismogenic sources. Whenever an earthquake hypocenter
9 or concentration of earthquake hypocenters can be reasonably
10 correlated witk geologic structures, the rationale for the
11 association should be developed considering the characteristics of
12 the geologic structure (including geologic and geophysical data,
13 seismicity, and the tectonic history) and the regional tectonic
14 model. The discussion should include identification of the methods
15 used to locate the earthquake hypocenters, an estimation of their
16 accuracy, and a detailed account that cumpares and contrasts the
17 geologic structure involved in the earthquake activity with other
18 areas within the teetenie-previnee seismotectonic province. Parti-
19 cular attention should be given to determining the b4
20 recency and level of activity of faults with which instrumentally
21 located earthquake hypocenters are associated.

22 The presentation should be augmented by regional maps, all of the
23 same scale, showing the teetenie—preovinees seismic sources, the

24 earthquake epicenters, and the locations of geologic structures and
25 measurements used to define seismic sources previnees. Acceptance
26 of the proposed teetenie-preovinees seismic sources is based on the
27 staff's independent review of the geologic and seismic information.
28 2.5.2.4 Maximum Earthquake Potential and Controlling

29 Earthguake (CE). In meeting the requirements of Reference 1, this
30 subsection is accepted when the vibratory ground motion due-te from

31 the maximum—eredible—earthguake DBE associated with each geelegie
32 strueture of €he marimai-h 1 ; !

33 teetonie—provinee seismic source has been assessed and when the
34 earthquake(s) that would produce the maximum most severe vibratory
35 ground motion at the site has been determined. The masimam
36 eredible—earthgquake DSBE is the largest earthquake that can

37 reasonably be expected to occur on a egeolegie—strueeture given

38 seismic source in the current tectonic regime. Considerable
39 judgment is inveolved in estimating the magnitude of the DSE.
40 Recommended procedures for estimating the DSE are described in

41 Draft Regulatory Guide DG-1015 (Ref. 54). Geologie-or-seismologiecal
evidence may warrahto-a aKimamn earthguake targer than the maximom

43 histerie—earthguaker Earthquakes associated with each

44 strueture-or-teetonie-provinee seismic source must be identified.
45 wWhere If an earthquake is associated with a geologic structure, the
46 maximem-eredible—earthguake DBE that could occur on that structure

47 should be evaluated, taking into account significant factors, for
48 example, the type of the faulting, fault length, fault slip rate,
49 rupt.ure length, rupture area, moment, and earthquake history (e.qg.,
5 Ref=. 19 through 22).

2.5.2-6 ’
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In order to determine the maximum—eredible—earthguake DSE that
could occur on those faults that are shown or assumed to be capable
tectonic sources, the staff accepts conservative values based on
historic experience in the region and specific considerations of
the earthquake history and geologic history of movement on the
faults. Where the earthquakes are associated with a seismogenic
source teetenie-previnee, the largest historic earthguake within
the source previnee should be identified. Isoseismal maps should
also be presented for the most significant earthquakes. The ground
motion at the site should be evaluated assuminy appropriate seismic
encrgy transmission effects and assuming that the maximum
earthgquake DBE associated with each geelegie-structure-or-with-each
teetonie-provinee seismic source occurs at the point of closest
approach of the structure or province to the site. (Further
description is provided in Subsection 2.5.2.6.)

The earthquake(s) that would produce the most severe vibratory
ground motion at the site should be defined. If different
potential earthquakes would produce the most severe ground motion
in different frequency bands, these earthquakes should be
specified. The description of the potential earthquake(s) is to
include the maximum intensity or magnitude and the distance from
the assumed location of the potential earthquake(s) to the site.
For the seismotectonic province surrounding the site, the DSE is
assumed to occur about 15 km from the site. The staff
independently evaluates the si ground motion produced by the
argest—earthguake DSBE associat with each geeolegie structure--or
teetonie—provinee seismic source.

Contrelling earthquakes are those earthquakes that produce the
largest ground motion at the nuclear power plant site. Procedures
for deriving contrclling earthquakes from a probabilistic seismic
hazard analysis are discussed in Appendix C of Draft Regulatory
Guide DG~1015 (Ref. 54). Acceptance of the description of the
petential controlling earthquakes that -weould preduce—the-largest
ground—metion—at—the-site is based on the staff's independent
analysis.

2.5.2.5 Seismic Wave Transmission Characteristics of the Site.
In meeting the requirements of Reference 1, this subsection is
accepted when the seismic wave transmission characteristics
(amplification or deamplification) of the materials overlying
bedrock at the site are described as a function of the significant
frequencies. The following material properties should be
determined for each stratum under the site: seismic compressional
and shear wave velocities, bulk densities, soil index properties
and classification, shear modulus and damping variations with
strain level, and water table elevation and its variation. In each
case, methods used to determine the properties should be desc:ibed
in Subsectjon 2.5.4 of the SAR and cross-referenced in this
subsection. For the maximum—earthguake CE(s) determined in

2:5.2%~
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Subsection 2.5.2.4 and Draft Regulatory Guide DG-1015 {(Ref. 54),
the free-field ground motion (including significant frequencies)
must be determined, and an analysis should be performed to
determine the site effects on different seismic wave types in the
sigrnificant frequency bands. If appropriate, the analysis should
consider the effects of site conditions and material property
variations upon wave propagation and fregquency content.

The free-field ground motjion (also referred to as control nmotion)
should be defined to be on a ground surface and should be based on
data obtained in the free field. Two cases are identified,
depending on the soil characteristics at the site and subject to
availability of appropriate recorded ground-motion data. When data
are available, for example, for relatively uniform sites of soil or
rock with smooth variation of properties with depth, the control
point (location at which the control motion ie applied) should be
specifiad on the soil surface at the top of the site finished
grade. The free-field ground motion or control motion should be
consistent with the properties of the soil profile. For sites com-
posed of one or more thin soil layers overlying a competent
material, or in the case of insufficient recorded ground-motion
data, the contrel point is specified on an outcrop or a
hypothetical outcrop at a location on the top of the competent
material. The control motion specified should be consistent with
the properties of the competent material.

Where vertically propagating shear waves may produce the maximum
ground motion, a one-dimensional equivalent~linear analysis (e.g.,
Ref. 23 or z4) or nonlinear analysis (e.g., Refs. 25, 26, and 27)
may be appropriate and is reviewed in conjunction with geotechnical
and structural engineering. Where horizontally propagating shear
waves, compressional waves, or surface waves may produce the
maximum ground motion, other methods of analysis (e.g., Refs. 28
and 29) may be mcre appropriate. However, since some of the
variables are not well defined and the techniques are still in the
developmental stage, no generally agreed-upon procedures can be
promulgated at this time. Hence, the staff must use discretion in
reviewing any method of analysis. To ensure appropriateness, site
response characteristics determined from analytical procedures
should be compared with historical and instrumental earthquake
data, when available.

(=} . In
meeting the requirements of Reference 1, this subsection is
accepted when the vibratory ground motion specified for the SSE is
described in terms of the free-~field response spectrum and is at
least as conservative as that which would result at the site from
the maximum—earthgquake CEs determined in Subsection 2.5.2.4,
considering the site transmission effects determined in Subsectloﬂ
2.5.2.5. 1f several different mawximum—petential-earthguakes CEs
produce the largest ground motions in different frequency bands (as
noted in Subsection 2.5.2.4), the vibratory ground motion specified

2.5.2~8




for the SSE must be as conservative in each frequency band as that
for each earthquake.

The staff reviews the free-field response spectra of engineering
significance (at appropriate damping values). Ground motion may
vary for different foundation conditions at the site. When the
site effects are significant, this review is made in conjunction
with the review of the design response spectra in Section 3.7.1 to
ensure consistency with the free-field motion. The staff normally
evaluates response spectra on a case-by-case basis. The staff
considers compliance with the following conditions acceptable in
the evaluation of the SSE. 1In all these procedures, the proposed
free-field response spectra shaii: will be considered acceptable if
they equal or exceed the estimated 84th percentile ground-motion
spectra from the ma*+numwer~een%fe%}§ﬂg—earehqaake CE described in
Subsection 2.5.2.4.

The following steps summarize the staff review of the SSE.

) Both horizontal and vertical component site-specific response
spectra should be developed statistically from response
spectra of recorded strong motion records that are selected to
have similar source, propagation path, and recording site
properties as the controlling earthquakes. It must be ensured
that the recorded motions represent free-field conditions and
are free of or corrected for any soil-structure interaction
effects that may be present because of locations and/or
housing of recording instruments. Important source properties
include magnitude a ., if possible, fault type, and tectonic
environment. Propagation path properties include distance,
depth, and attenuation. Relevant site properties include
shear velocity profile and other factors that affect the
amplitude of waves at different frequencies. A sufficiently
large number of site-specific time-histories or response
spectra or both should be used to obtain an adequately
broadband spectrum to encompass the uncertainties in these
parameters. An 84th percentilo res\ - se spectrum for the
records should be presented for each & '»ing value of interest
and compared to the SSE free-f' .1 anc design response
spectrum (e.g., Refs. 30, 31 “¢<, and 33). The staff
considers direct estimates of spectral ordinates preferable to
scaling of spectra to peak accelerations. In the Eastern
United States, relatively little information is available on
magnitudes for the larger historic earthquakes; hence, it may
be appropriate to rely on intensity observations (descriptions
of earthquake effects) to estimate magnitudes of historic
events (e.g., Refs. 34 and 35). If the data for site-specific
response spectra were not obtained under geologic conditions
similar to those at the site, corrections for site effects
should be included in the development of the site-specific
spectra.




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

of scaling.

1f strong-motion records are not available, site-specific peak
ground acceleration, velocity, and displacement (if nece.sary)
should be determined for appropriate magnitude, distance, and
foundation conditions. Then response spectra may be
determined by scaling the acceleration, velocity, and
displacement values by appropriate amplification factors
(e.g., Ref. 37). where If only estimates of peak ground
acceleration are available, it is acceptable to select a peak
acceleration and use this peak acceleration as the high
frequency asymptote to standardized response spectra such as
described in Regulatory Guide 1.60 (Ref. 6) for both the
horizontal and vertical components of motion with the
appropriate amplification factors. For each controlling
earthquake, the peak ground motions should be determined using
current relations between acceleration, velocity, and, if
necessary, displacement, earthquake size (magnitude or
intensity), and source distance. Peak ground motion should be
determined from state-of~the-art relationships. Relationships
between magnitude and ground motion are found, for example, in
References 38, 39, 40, and 41 and relationships between ground
motion and intensity are found, for example, in References 41,
42, and 43. Due—+e Because of the limited data for high
intensities greater than Modified Mercalli Intensity (MMI)
VIII, the available empirical relationships between intensity
and peak ground motion may not be suitable for determining the
appropriate reference acceleration for seismic design.

Response 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. 19, 44, 45, and
46, and 53). Modeling is particularly useful for sites near
capable faults tectonic sources or for deeper structures that
may experience ground motion that is different in terms of
frequency content and wave type from ground motion caused by
more distant earthquakes.

Probabilistic estimates of seismic hazard should be calculated

and the underlying assumptions and

associated uncertainties should be documented as discussed in

Draft Regulatory Guide DG-1015 (Ref. 54). to—assist—in-the

1 : The probabilistic

studies should highlight which seismic sources are significant
to the site.
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siter The annual probability of exceeding the SSE response
spectra should also be estimated and comparediseﬁwef~fesu&{s
made-«é%h—fﬁacr~1n%ﬁ%&ﬂ&ée%ée~fwadieef with those of the
currently operating plants as required in Appendix B to 10 CFR
part 100. Procedures for deriving the CEs from a PSHA and
estimating the annual probability of exceedance of the SSE are
contained in the Draft Regulatory Guide DG-1015 (Appendices B
and C) (Ref. 54).

The time duration and number of cycles of strong ground motion are
required for analysis of site foundation liguefaction potential and
for design of many plant components. The adequacy of the time
history for structural analysis 1s reviewed under SRP Section
3.7.1. The time history is reviewed in this SRP section to confirm
that it is compatible with the seismological and geological
conditions in the site vicinity and with the accepted SSE model.
At present, nodels for deterministically computing the time history
of strong ground motion from a given source-site configuration may
pbe limited. It is therefore acceptable to use an ensemble of
ground-motion time histories from earthquakes with similar size,
site-source characteristics, and spectral characteristics or
results of a statistical analysis of such an ensemble. Total
duration of the motion is acceptable when it is as conservative as
values determined using current studies such as References 48, 49,
50, and 51.

%v&r%f%%efaam%s{s—saﬁmeak&r—ww«—{ a—meet-ing—the

requé—femeﬁtas—e«f—ﬂe—f 1 —this-subseet jen—is-aceeptable-when-the
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hundreds—of-years

REVIEW PROCEDURES

Upon receiving the applicant's SAR, an acceptance review 1is
conducted to determine compliance with the investigative
regquirements of 10 CFR Part 100, Appendix A B (Ref. 1). The
reviewer also identifies any site-specific problems, the resolution
of which could result in extended delays in completing the review.

After SAR acceptance and docketing, thase—afea5~afe~daeﬁti{fed
where the Treviewer jdentifies areas that need additional
information ie—reguired-to determine the earthguake hazard. These
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are transmitted to the applicant as draft requests for additional
information.

A site visit may be conducted during which the reviewer inspects

the geologic conditions at the site and the region around the site

as shown in outcrops, borings, geophysical data, trenches, and

those geologic conditions exposed during construction if the review
cense,

is required by the
staff to continue Following the site visit, a revised
set of requests for additional information, including any
additional questions that may have been developed during the site
visit, is formally trancmitted to the applicant.

The reviewer evaluates the applicant's response to the questions,
Prepares requests for additional clarifying information, and
formulates positions that may agree or disagree with those of the
applicant. These are formally transmitted to the applicant.

The safety Analysis Report and amendments respording to the
requests for additional information are reviewed to determine that
the information presented by the applicant is acceptable according
to the criteria described in Section II (Acceptance Criteria)
above, Based on information supplied by the applicant and
information obtained from site visits, er—frem staff consultants,
or literature Sources, the reviewer independently identifies and
evaluates the relevant i i ihees seismogenic sources
and capable tectonic sources, evaluates the capability of faults in
i and determines ake potential for each
pfev}ﬂee—eﬁd~eaeh~eapab4e~f’ . '
Source or capable i 2 1 in Section
IT (Acceptance Criteria) 4 reviewer evaluates the
vibratory ground motion that the pe%eﬁ%%a}-eafthaakes CEs could
produce at the site and defines Compares that ground motion to the

88E. eafe»shﬁtéowﬂ-eaf%hqﬁake~and~epefa£&ﬁg~basis~e@r%hquake.
Iv. EVALUATION FINDINGS

}f—%he~eva%ua€$en~by~ehe—etaffT On completion of the review of the
geologic and seismologic aspects of the Plant site, if the
the stars confirms that the applicant has met the
r guidance of applicable portions of References 1
through 6 ana 54, the conclusion in the SER states that the
information provided and investigations performed support the
applicant's conclusions regarding the seismic integrity of the
subject nuclear power plant site. 1In addition to the conclusion,
thies section of the SER includes (1) definitiens an evaluation of
teetenie—proevineces seismogenic sources capable tectonic
Sources, (2) evaluations of the Capability of geologic structures
in the region, (3) determinations évaluation
earthguake(s) DSEs and free-field response spectra based on

2.5.2~-12
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evaluation of the petential earthguakes CEs, and (4) time-history
of strong ground motionTwaﬂd—+6+—de%ern%na%&ene~e%—%he~9Bsuffee-

field-responsespeetra. Staff reservations about any significant
deficiency presented in the applicant's SAR are stated in
sufficient detail tc make clear the precise nature of the concern.
The above evaluations determinations—er—redeterminations are made
by the staff during beth the constructicon permit (CP), and
operating license (OL), combined license (COL) or early site permit
phases of review as appropriate.

OL applications are reviewed for any new information developed
subsequent to the CP safety—evaltuation—report— SER. The review
will also determine whether the CP recommendations have been

implemented.

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

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

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

as follows:

Seismologic information provided by the applicant and
required by Appendix & B to 10 CFR Part 100 provides an
adequate basis to establish that no eapable—faults
seismic sources exist in the plant site area whieh that
would cause earthquakes to be centered there.

2. The response spectrum proposed for the safe shutdown
earthquake is the appropriate free-field response
spectrum in conformance with Appendix A B to 10 CFR Part
100.

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

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

2.5.2-13



The applicant has met the requirements of:

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

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

10 CFR Part 100, Appoad4*-4&—+6e&9m%e—aad~€ee%eg§e
8&e4ng—€f%€er4a—fef—Nue%eer—Pewef—P&an&s} Appendix
B (Criteria for the Seismic ana Geologic Biting of
Nuclear Power Plants on or After [Effective Date of
this Regulation] (Ref. 1)) with respect to
obtaining the geologic and seismic information
necessary to determine (1) site suitability and (2)
the appropriate design of the plant. Guidance for
complying with this regulation is contained in
Regulatory Guide 1.132, "site Investigations for
Foundations of Nuclear Power Plantsg" (Ref. 4);
Draft Regulatory Guide DG-1015, “Identification and
Characterization of Seismic Bources, Deterministic
Seismic Bources, and Ground Motion" (Ref. 54);
Regulatory Guide 4.7, "General Site Suitability
Criteria for Nuclear Power Stations" (Proposed
Revision 2) (Ref. 5); and Regulatory Guide 1.60,
"Design Response Spectra for fFeismic Design of
Nuclear Power Plants" (Ref. 6).

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and
licensees regarding the NRC :-aff's plans for using this Srp
section.

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

Implementation schedules for conformance to parts of the method
discussed herein are contained in the referenced regulatory guides
and NUREGs (Refs. 4 through 8 and s4).

The provisions of this SRp section apply to reviews of construction
permits (CP), operating licenses (OL), wearly site permits,
Pred imi ! }-+FBA+Tmféﬂa4~desiqﬂ—appfeva}w(FDA&7 and
combined license (CP/OL) applications docketed pursuant to the
pProposed Appendix B to 10 CFR Part 100. after-the-date-ef-issuance
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Done at Washington, DC, on December 16,
1992
H. Russell Cross,
Administrator, Food Safety and Ingpection
[FR Doc. 93-87 Piled 1-4-53; 8:45 om)
BILLING CODE 3410-0M-M
e e ———— SN

NUCLEAR REGULATORY
COMMISSION

10 CFR Parts 50, 62 and 100
RN 3150-ADSS

Proposed Denial of Petition From Free
Environment, inc et sl

AGENCY: Nuclear Regulatory
Commission.

ACTION: Proposed rule: Fxiension of
comment period.

SUMMARY: Uit Ouactoe 20, 1092 (57 FR
47802), the N~ published for public

conunent @ proposed rule 1o update the
criteria in decisions ing
power reactor siting, inclu goologic,

seismic, and earthe' aks angineering
considerations for .

plants. The comment period for
proposed rule was to have ex red on
February 17, 1093. The availebility of
the five draft regulatory guides and the
standard review plan section that were
developed to provide guidance on
meeting the proposed regulations was
published on November 25, 1992 (57 FR
55601). Becauss the pro rule
would move *he detailed guidance from
the regulation and place it into a
regulatory guide, a critical evaluation of
the proposed rule could not be
performed until the draft regulatory
guides and standard review plan section
were available. The NRC has stated that
comments on the draft regulatory guides
and standard review plan section would
be most helpful if received by March 24,
1993. In view of the im‘r‘oruncu of the
proposed rule and the differences in the
comment period, the NRC has decided
10 extend the comment period on the
proposed rule for en additional thirty
cix dava The extended comment period
now expires March 24, 1993,

pATES: The comment period has been
extended and now expires March 24,
1093, Comments received aftar this date
will be considered if it is practical to do
50, but the Commission is able to rssure
consideration only for comments
roceived on or before this date.
ADDRESSES: Mail written comments to:
Secretary, U.S. Nuclear Regulatory

Commission, Washington, DC 2055%,
Attention: Docketing and Serv.ce
Branch.

Deliver comments to 11555 Rockvilie,
Pike, Rockville, Maryland, between 7:45
"'{'-,;,;."‘;.t.‘:.':“" ‘ i oy

regul-lory analysis, the

envirenmental assessment and finding
of no ficant impact, and comments
received may be examined at the NRC
Public Document Room st 2120 L Street
NW. (Lower Level), Washington, DC.
FOR FURTHER INFORMATION CONTACT:
Dr. Andrew J. y. Office of Nuclear
Regulatory , U.S, Nuclear

lstory Commission, Waeshington,
20555, telephone (301) 492-3860,
concerning the seismic and earthquake
mﬁnnﬁnc aspects and Mr.
Soffer, Office of Nuclear Regulatory
Research, U.S. Nuclear Regulatory
Commission, Washingten, DC 20555,
telephone {301) 482- 3916, concerning
other siting sspects.

Datod at Rortville, Maryland, this 29th day
of December, 1142

Por the Nucles Regulatory 7 ~mission.
Samuel ]. Chilk,

Secretary of the Commission.
(FR Doc. 93-48 Filed 1-4-93; 8:45 am|
BILLING CODE 7590-01-

FEDERAL RESERVE SYSTEM
12 CFR Part 230
[Reguiation DD; Docket No. R-0791)

Truth in Savings; Proposed Reguiatory
Amendmer 's

AGENCY: Board of Governc's of the
Federal Reserve Sy tem.
ACTION: Proposed r ‘e

SUMMARY: Tha Board is publishing for
comment pro amendments to
Regulation DD (Truth in Savi Jto
implement recent changes to the
Truth in Savings Act by the Housing
and Community Development Act of
1992. The law extends the mandstory
date for compliance with the
requirements of the Truth in Savings
Act by three months, so that institutions
must comply by June 21, 1993, rather
than March 21,1993 The law also
modifies the advertising rules relating to
signs in an institution’s lobby, and
makes a technical change to the
provision dealing with notices required
1o be given to existing account holders.
In udgmon. the Board is proposing to
make a minor change to tm! regulation
and clarify and provide additional
guidance on 8 few issues that have been
raised by institutions since publication

of the final regulation on September 21,
1902,

DATES: Comments must be received on
or before February 1, 1993,

ADDRESSES: Comments should refer to
Docket No. R-0791, and may be mailed
to Mr. William W. Wiles, Secretary,
Board of Govetnors of the Federal
Reserve Systam, 20th Street and
Constitution Avenue, NW., Washington,
DC 20551, Comments also may be
delivered to room B-2222 of the Eccles
Building between 8:45 .m. and 5:15
p.m. weekdays, or to the guard station
in the Eccles Building
Street, NW (botween Constitution
Avenue and C Street) any time.
Comments mey be inspected in Room
B-1122 between 9 a.m. and & p.m.
weekdays, except as provided in 12 CFR
261.8 of the Board's rules regard'ng the
availability of information.

FOR FURTHER INFORMATION CONTACT:
Jane Ahrens, Kyung Cho, Kurt
Schumacher, or Mary jane Seebach,
Staff Attorneys, Division of Consumer
and Community Affairs, at (202) 736~
5500; for the beering impaired only
contact Dorothea Thompson,
Telecommunications Devics for the
Deef, at (202) 452-3544, Board of
Governors of the Federal Reservo
System, Washington, DC 20551.

SUPPLEMENTARY INFORMATION:

(1) Background

The Truth in Savings Act (act)
(contained in the Federal Deposit
Insurance Corporation Improvement Act
of 1991) was enacted in December 1991.
The Board published proposed rules to
implement the act un April 17,1992 (57
FR 12735), and published a final
regulation, Pegulation DD, on
September 21, 1997 (57 FR 43337)
{correction notice at 57 FR 46480,
October 8, 1992).

The Housing and Community
Development Act (HCDA) was enacted
in October 1992 (Pub. L. 102-550, 106
Stat. 3672). The law contains three
provisions that amend the Truth in
Savings Act. The provisions extend the
effective date for compliance with the
act by three months, reduce the
requirements that a‘mly to some
advertisements on the premises of e
deposito -+, institution, and modify the
provisic.i thet requires a notice (o be
given L1 sxisting account holders
alerting chem to the availability of
account disciosures

To implement the changes, the Board
is proposing regulations for comment,
and expects to adopt final smendments
before March 21, 1963—the compliance
date currently set forth in Regulation
DD. In light of the minor nature of the
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should consider devaloplag vehicles fox
~ither eliminating or further discussing
ndividual scores that vary widety from
the sverage.

5. Agency Steff

(n) Agencius thet rely o peur review
shoukd thoir staffl mumbers o
play e significant role in ensuring \bat
roviewess are welk-infarmed abowt, and
strictly observe, applicable rules or
guidelines on biss and conlict of
interest.

{(b) Agencios \hat adminiater o vilipie
programs for swarding discretionary
yranis by peer review should consider
rotating staff periodically among the
programs. Especially in programs in
which peer reviewars do not meet 10
reach collective judgments, sgencias
should rotate the staff respansible for
meking initial funding
rocOmBendations.

D. Audits for Potentiol Bias

Agoncies Lhat rely on peer review
should experinent with rendom sudits
of the review process for bias and
conflict of titerest.

Dated: March 22, 1995,

Jeffrey S, Lubbers,

Hesearch Dwectar

IFR Doc. 936824 Filed 3-25-63; 845 am)
BILLING CODE 8110-01-W

NUCLEAR REGULATORY
“IOMMISSIOGN

10 CFR Pans 50, 52, and 100
RIN 3150-A0D9%2

HReactor Site Criteria including Saiamic
and Earthquake Engineering Criterfa
for Nuciear o wer Plants and
Proposed Denial of Petition From Free
Environment, inc. et al.

£ SENCY: Nuclear Regnlatory

Comouission

A€ NON: Proposed rule: Extension of
mment period

cumMMARY: On October 20, 1942, (57 FR
r#02) the NRC published for public
minent a proposed rule to update the
rterfa usod in decisions regarding
war reactor siting, mcluding peologic,
csmic, and earthquake engineertny,
sidergtions for futnre puckenr power
i d tor s
proposed rule was to bave expired on

i's, The compmant pot

' ry 17, 1863
On jenvary 5, 1923 the public
¢ nment pariod was extended to March
24, 1993 (%8 FR 271). The Commission
hias received a request to once again
extend the publc comment period

based on the fact that the praoposed rule
presents difficult tss 9w

thoughtful end care! .} snalysis tf the
commen®s eve *3 be of meximum valus
to the Commission. In s
preparation of such comments involves
carefu} consideration of the interplay
between e proposed demegre phic and
soismic criteria and the reletionship of
the propesed criteria to the
Commission’s Safety Goals, severs
accident requiremaonts, end 10 CFR part
52, as well s prej.arstion of supporting
anakyses.

The Conunissian thersfore fiuds that
it s reasonable (o extend the public
comunent paried to june 1, 1963, in
order o stlow all inlarestad persons

DATES: The commment perfod hae been
axtended and now expires June 1, 1993,
Comments received after this date will
be considerad {f it s practical fa de so,
but the Conunission is able te assure
consieration only for comments
recefved on or before this dete.
ADDRESSES: Mail written comments to:
Secreta y, U.S. Nuclear Regulstory
Comaission, Washington, DC 20555,
Attention: Docketing and Service
Hranch. Deltver commennts to 11553
Rockville Pike, Rockville, Maryland,
belween 7:45 a.m. and 415 pm.,
Foderal workdays

Copies of the regulatory analysis, the
environmental assessinent and findiog
of no significant inpact, and comments
received may be examined st tha NRC
Puhlic Docwment Room at 2120 L Stroet
NW. {(Lower Levol), sWashingion, DC.

FOR FURTHMER INFORMATION CONTACT:

Dr. Andsew J. M hy, Offics of Nuclear
Regulatory Research, U.S. Nuclear
Regulatory Coinmission, Washington,
DC 20555, telephona (301) 4023660,
concerning the s« - mic and earthquake
angmeering aspecis od M. Micbael T.
Jampochlan, Office of Nuclear
Regulatory Research, 1.8, Nucleas
Regulatory Commission, Washington,
DC 20555, telephone (301) 4923418,
concarning other siting aspects

Dated at RockviPe, Maryland this 224 day
March, 1993

e OO EaEr Glgny LOtiulesiul

sainues ) Cduis,
Secretary of the Commission
Voc. 83-09%8 Piled 3-25-90; 845 am)

BLLING COOE 700-01-M

PPE
DEPARTMENT OF YRANSPORTATION

Federal Aviation Administ: utfon
14 CFR Pant 3

[Docket Mo. $9-MM-14-AD)

Alrworthiness Divectives; Precise
Flight, Inc., Pul seilte Unite, Moded
1210-2405-2; as instaliod in Verious
Smab Alrplenes; installed In

AGENCY: Fedasal Aviation
Administration, DOT.

Achom: Notice of proposed rulemaking
(NPRM).

SUMMARY: This decament
adaption of & new ai
directive (AD] that is applicable o
certain Procise Flight, lnc., pulselite
units. This proposal would requise
removal of certain puisalite units, or
replacement of those units with
improved units. This i
Kmmpted by reports that pulselite usits

ave overbeated and failed dus to the
installation of undesrated traasistors
and the location of these bansistors in
relation o the heot sink fins. The
actions specified by the propossd A0
are intended to preven! e presance of
smaoke tn the cockpit, which could
prompt the pilot te initiste an
emergency landing.
DATES: Comments must be received by
May 21, 1963,
ADDRESSES: Submit comasents in
triplicate to the Federal Aviation
Administration (FA A}, Transport
Airplane Diractorate, ANM-103,
Attantion: Rules Docket No. 93-NM-
14-AD, 1601 Lind Avenue, SW.,
Renton, Washington $8055-4058.
Commeits may be inspected sl Lhis
location between 8 am. and 3 p.m.,
Manday through Fridav. excep! ederal
holidays

The service infonnat oo referenced ia
the proposed rule may be obtained from
Pracise Flight, loc., 63120 Powel) Dutie
Road, Bend, Oregon 87701. This
information may be examined &t the
FAA, Transpornt Alrplane Direciornie,
1601 Lind Aveous, SW., Renton,
Washington,

FOR FURTHER INFORMA T'ON COMTACT: Ms.
Meriang, Asresnacy Kaginees,
Seattle Alrcraft Certificetion Offion
'\}w-. i Linihicution brasch, ANM
1908, FAA, Traasport Airplane
Diectorate, 1601 Lind Avenua, SW
Renton, Washington 980554054,
telephone (206) 227-250; fax (20€)
227-1181
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