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Big Rock Point Nuclear Power Plant
Docket No. 50-155
Geotechnical Evaluation of the Site
Prepared by B. Jagannath, GES, HGEB, DE :

The Licensee of the Big Rock Point Power Plant, one of the Systematic
Evaluation Program (SEP) plants, has petitioned for a license for
modifications/édditions to the Spent Fuel Pool at the plant. As part
of the seismic séfety mérgin study of the plént, available geotechnical

data has been evaluated by the staff to establish the site profile.

1. Geotechnical Data AQailable

The evaluation is based on the following:
1) 'Soil Report', Big Rock Point Plant, Charlevoix, Michigan, by

Soil Testing Services, Inc., March 7, 1960 (Reference 1).

2) “Geophysical Cross-Hole Survey", Big Rock Point Nuclear Power Plant,

Char]e&oix, Michigan, Jénuary 1979. (Reference 2).

The first set of data, Soils Report (1960), presents the geotechnical
inQestigation and analyses performed in connection with the construction
of the power plant. The in@estigation consisted of drilling seven borings
and performing laboratory tests on soil samples recovered from the borings,
The site was classified as relatively seismicél]y in-active and hence

dynamic characteristics of the soil and rock at the site were not determined.



The second set of data, Gecphysical Cross-Hoie Survey Report (1979),
presents the geophysicdl investigations performed to establish the
dynamic properties of the materials at the site. This 1n§estigdtion
consisted of drilling three borings and performing cross-hole tests

to determine the compressional and shear wave velocities of the soil

and rock at the site. The report presents details of the test and
measured Qa]ues of shear and compressional wave Qelocities as a function

of depth,

EQa[gqtion of Site Data

The site has approximately 40 ft thick soil overburden overlying

limestone bedrock; the errburden is composed of: o

- 7 to 10 ft thick, mediun dense to dense, fine to coarse sand with some
gra@el and limestone chips, and Qarying anount of silt. This is
a glacial outwash deposit., Standard penetrétion test (ASTM D1586)
blow count ranged from 8 to 33. The soil is predomonantly cohesionless.
The ground water table is controlled by the adjoining lake level and

is at an approximate depth of 8 ft below ground surface.

- 30 to 35 ft thick, fine to coarse sand with some clay, trace of silt
and graQel. This is a Qery stiff cohesive glacial till. The standard
penetration test blow count ranged from 19 to 162. Sand lenses were

occasionally encountered in this stratum,
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- The bedrock is limestone. The upper 15 to 17 ft of this is highly
fractured and weathered fossiliferous limestone with seans of cliy.
The core recovery in this zone ranged from 0 to 90 perccpt and

the RQD (Rock Quality Designation) ratio ranged form 0 to 26.

This highly fractured limestone zone is underlain by approximtely

75 ft thick massive limestone with occasional seams of clay. The core
recerry in this ranged from 40 to 100 percent and the RQD ratio
ranged from 0 to 84.

This massive limestone is underlain by approximately 50 ft thick,
highly fractured limestone with Vugs. The core recovery in this zone

ranged from 10 to 100 percent and the RQD ratio was 0.

The fractured nggy zone is underlain by massive limestone. The core
reco@ery in this zone ranged from 52 to 100 percent and the RQD
ratios ranged from 55 to 90. The deepest boring at the site (201 ft

deep) was terminated in this stratum,

Recommended Site Prefile
The soil and rock pcrameters needed for the eQa]uation of amplification
effects at the plant are: bulk density, shear wave velocity and Poisson's

ratio.

Bulk density was determined by laboratory tests on soil and rock sanples
rccchred form borigns. 1In site compressional and shear wave Qelocities

were measured in the cross-hole test. Posisson's ratio was computed



Table 1

Recommended Design Parameters for Dynamic Analysis

Layer Avg Bulk '~ Shear Wave  Poisson's
Thickness Density Velocity Ratio
Feet Lbs/fts Ft/sec.

Sand & Gravel 8 130 840 0.42

Sand, Gravel & Clay 32 147 1860 0.45

(TILL)

Limestone

(Weathzred & Fractured) 16 150 4200 0.42

Competent Limestone 75 155 5360 0.40

Vuggy Limestone 50 130 4080 0.46

Competent Limestone *Boring 155 6000 0.40

terminated in
this layer,

—— .

*Groundwater table is at the top of the till.
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Robert 8. Mincgue, Director
Qffice of Standards Development

Lee V. Gossick, Executive Director for Operations‘::rf7

IDENTIFICATION OF ISSUES PERTAINING TO SEISMIC AND GEOLOGIC
SITING RESULATION, POLICY, AND PRACTICE FOR NUCLEAR POWER
PLANTS

To inform the Commission of the status of the staff's reassess-
ment of Appendix A "Seismic and Geologic Siting Criteria For
Nuclear Power Plants," to 10 CFR Part 100, "Reactor Site Critaria.”

This paper is a sequel to lSECY 77-288A[ which described current
licensing practice and regulatory requirements in the seismic

and geologic siting area. Appendix A to Part 100 sets forth a
framework that guides the staff in its evaluation of the ade-
quacy of applicants' investigaticns of geclogic and earthcuake
phencmena and proposed plant design parameters. The basas for
Appendix A were established in the late 60's and it became
effective in December 1973. Since then, with advances in the
sciences of seismoloqy and geciogy along with the occurrence of
some issues in licensing cases not foreseen in the development

of Appendix A, a number of significant difficulties have arisen
in the application of this regulation. As a result of these
difficulties, the staff began a reassessment of Appendix A. This
stage of the staff reassassment involved identifying probiem areas
neading resolution.

Issues identified in the enclosures have been synthesized from
comments by the staff, meetings with the Seismic Subcommittee of
the Advisory Committae on Reactor Safequards and its consultants,
interested persons who responded to a staff FEDERAL REGISTER
notice on January 19, 1978 (eighteen comments were reca2ivea),

and other sources. :nclosure E describes in more detail the back-
ground for this paper r and sourcas of information used.

Issues that have been identified have been divided into three
categories and presentad in Enclosures A, B, and C. Enclosure A
contains issues that stam directly from geosc’ence raguirements
put forth in Appendix A. Enclcsure B contains issues arising
from engineering requirements in Appendix A, procedures for pro-
viding an interface of these requirements ~1th geclogic and
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seismic input and with matters involving scientific and engineer=
ing conservatism. Enclosure C contains broad policy and technical
issues bearing on the implementation of Appendix A and its
revision. Enclosure F, memo from Minogue to Commissioner Mason,
dated October 8, 1976, provides further information on seismic
issues {Operating Basis Earthquake Concept).

In making geoscience assessments, there is a need for consider=
able latitude and judgement. This latitude and judgement is
required because of limitaticns in data, the state of the art

of geologic and seismic analyses, and the rapid evolution tiking
place in the geosciences in terms of accumulating knowledge and
in modifying concepts. This appears to have been recognized

when Appendix A was developed. However, having geoscienca assess<
ments detailed and cast in Appendix A, a regulation, has created
difficulty for applicants and the staff in terms of inhibiting
the use of needed judgement and latitude. Also, it has inhibited
flexibility in applying basic principles to new situations and
the use of evolving methods of analyses in the licensing process.
Additionally, various sections of Appendix A lack clarity

and are subject to different interpretations and dispute. Also,
some sections in the Appendix do not prdvide sufficient informa-
tion for implementation. As a result of being both overly
detailed in some areas and not detailed enough in others, the
Appendix has been the source of licensing delays and debate, has
inhibited the use of some types of analyses and has inhibited

the development of regulatory guidance.

In other siting areas, such as hydrology, regulatory guidance has
been handled effectively through the use of regulatory guides
and a program for their continuous updating. Many probiems
encountered in implementing Appendix A could best be alleviated
through the use of regulatory guides and a program for contin-
uous updating. The best course of action appears to be that
Appendix A be revised to express the general intent of geologic
and seismic assessments and that details presently in Apoendix A
be incorporated into a set of "lst generation" regulatory guides
which would provide at least the equivalent of what is now in
Appendix A. The "1st generation" guides could then be updated
and supplemented with further quides to keep pace with advances
in the state of the art and staff experience gained in the
review of license applications.
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The subsequent stage of the staff reassessment is discussed in
Enclosure D. In brief, the next stage will consist of a value-
impact anaTysis of issues, the development of a revised regu-
lation and supplemental regulatory guides, as was stated in the
prior paragraph, and the development of a policy paper making
specific recommendations for rule making.

Coordination: The enclosures to this paper were prepared jointly by the Offices

of NRR and 0SD. The Office of NRR concurs in this paper; the
Offices of I&E, RES and OELD, and the Seismic Subcommittee of
the ACRS were consulted. OELD has no legal objections to this

paper.
Sodest 15 Moraspc
Robert B. Minogue, Diréctor
Office of Standards Development
Enclosures:
A. Geoscience Issues Originating from Appendix A s

e O

n

to 10 CFR Part 100

Engineering Design Issues Related to Vibratory
Ground Motion

Broad Policy and Technical Issues Bearing on the
Implementation and Revision of Appendix A

Summary of Subsequent Stage in the Assessment

of Current Seismic and Geologic Siting Criteria,
Policy, and Practica

Background and Sources of Information Used in this
Paper

Memo from R.8. Minogue to Commissioner Mason, 10/8/76,
"The Relationship between Safe Shutdown Earthqguakes
and Operating 3asis Earthquakes"

OISTRIBUTION:
commissioners

Commission Staff Qffices
Exec. Dir. for Opers.
Regional Qffices

ACRS

ASL3P

ASLAP

Secretariat




TOPICS OF ENCLOSURES

ENCLOSURE A: GEOSCIENCE ISSUES ORIGINATING FROM APPENDIX A TO 10 CFR PART 100

1.

ENCLOSURE

INTRODUCTION
1.1 Impacts of Issues
-~ Impaired efficiency of licensing process (delays)
- Expenditure of manpower
- Restricted ability to use advances in science and
engineering
= Impacts on backfitting
= Difficulties for applicants created by the regulation
- Impacts on safety
[SSUES
2.1 Tectonic Provinces and Associated Concepts
2.2 Correlation of Seismicity and Tectonic Structure
2.3 Capable Fault
2.4 Specification of Safe Shutdown Earthquake (SSE) and
Operating Basis Earthquake (0BE) Vibratory Ground Motion

B: ENGINEERING DESIGN ISSUES RELATED TO VIBRATORY GROUND MOTION

—

INTRCDUCTION
ENGINEERING REQUIREMENTS IN THE REGULATION
2.1 Specification of Vibratory Ground Motion
- A% Site Specific vs Generalized Response Spectra
- o I Variation of Ground Motion with Depth
1.3 Specification of Time History
2:.1.8 Duration of Shaking
OBE Use in Engineering
Consideration of Aftershocks
Consideration of Potential Damage from Earthquakes Less than
the SSE
Use of Probability for Considering Compinations of Loads
Need for Seismic Scram
UES REGARDING CONSERVATISM
Deterministic vs. Probabilistic Approach
Empirical Relations Between Earthquake Size and Ground Motion
Parameters
3.3 General Lack of Definition of Ovarall Seismic Design
Conservatism
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ENCLOSURE C: IROAD POLICY AND TECHNICAL ISSUES BEARING

IMPLEMENTATION AND REVISION OF APPENDIX A

0 IMPLEMENTING APPENDIX A IN THE LEGAL CONTEXT
OF ISSUES WITH QOTHER NRC POLICY
of Policy Statements Concerning Early Site Reviews,
ted Work Authorizations, and Alternative Site Reviews
Jesign of Fuel Cycle Facilities
tion of Seismic Design of Nonradiological Safety

) vetems and C ponents

AINING TO NATIONAL POLICIES AND PRACTICES

tency of NRC Seismic and Geologic Siting Policy and
@ with Other National Policies and Practi

Earthquake Hazards Reduction Act of 1

NRC and

mic and Geo! ogic

[ONS TO APPENDIX A
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ENCLOSURE A
GEOSCIENCE ISSUES ORIGINATING FROM APPENDIX A TO 10 CFR PART 100

1.  INTRODUCTION

General Design Criterion 2 of Appendix A to 10 CFR Part 50 requires
that nuclear power plant structures, systems, and components important to
safety be designed to withstand the effects of natural phenomena such as
earthquakes, and tornadoes, without loss of capability to perform their
functions. Appendix A to 10 CFR Part 100, Seismic and Geologic Siting
Criteria for Nuclear Power Plants, sets forth criteria pertaining to site
investigations to assess the effects of earthquakes and other geologic
phenomena to meet the requirements of Ceneral Design Criterion 2. Appendix A
sets forth considerations which guide the Commission in its evaluation of:
(1) the suitability of a proposed site; (2) the suitability of plant
design bases established in consideration of site characteristics; and (3)
reasonable assurance that a nuclear power plant can be constructed and
operated at a proposed site without undue risk to the health and safety of
the pubiic. When Appendix A was developed, it was recognized that limita-
tions in data and the state of the art would necessitate future modifica-
tions as data increased and the state of the art advanced (see SCOPE of
Appendix A and Statement of Considerations).

Appendix A criteria, procedures and methods are directed toward the
following major objectives:

a. The estimation of the severity of ground shaking at a site due

to potential earthquakes for use in nuclear power plant design;
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b. The assessment of the potential for ground rupture that could
affect plant structures due to fault movement;

c. The evaluation of the effect on the site of phenomena associated
with earthquakes such as seismically generated sea waves and
ground failure; and

d. The assessment of the potential for other geologic hazards at a
site such as landslides and subsidence.

The principal issues discussed in this enclosure relate to tectonic
provinces, tectonic structures, capable faults, and specification of the
Safe Shutdown Earthquake and Operating Basis Earthquake. These concepts
have been put forth in Appendix A to achieve the above objectives.
Difficulties have arisen with regard to the applicaticon of these concepts.

An additional issue that has been identified but is not discussed
further in this paper concerns volcanic hazards. Appendix A states that
volcanic hazards are to be addressed on a case-by-case basis; however, it

has been suggested that generic regulatory guidance be provided.

1.1 Impacts of Issues

Issues identified in this enclosure have far-reaching impacts on
siting policy and practice, plant design and construction, and ultimately
on safety margins presently applied in these areas. Major impacts are

summarized below.
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Impaired efficiency of licensing procass (delays)

Seismic difficulties in cases and debate over requirements in Appendix A
have led to considerable delays. The extent of impact in this area is
difficult to quantify. However, NUREG-0292, "Nuclear Power Plant Licensing:
Opportunities for Improvement," indicates considerable schedule slippage
due to delays in geology/seismology reviews. In the reviews of Indian
Point 2 and 3, WPPSS 1 and 4, Skagit, Pebble Springs, and Pilgrim 2,
debate over satisfying Appendix A requirements caused delays in excess of
a year. In addition, faulting on the site, and perceived difficulties by
the applicant in meeting the req. .rements of Appendix A was the reason

given for the withdrawal of the Sears Island proposed site.

Expenditure of manpower

Because of difficulties encountered, considerable manpower is required
for case review, preparation and response to interrogatories, preparation
of testimony, and appearance at hearings. Often problems requiring con-
siderable manpower stem from difficulties in making geologic or seismic
assessments because of limitations in data and the state of the art.
However, difficulties have been ancountered which arise more from attempts
to meet requirements in Appendix A than from a given seismic or geologic
assessment. For example, the Indian Point 2 and 3 case before the ASLAB
(Atomic Safety and Licensing Appeal Board) dealt with many fundamental
issues stemming frcm Appendix A requirements and involved approximately 12

members of the staff (technical review and legal) over a 2-year period.
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Restricted ability to use advances in science and engineering

The staff is inhibited in certain parts of its review from using
state-of-the-art analysis because Appendix A, as a regulation. cannot be
easily modified to accommodate developments in science or engineering
methodology. The future development of the review process is also inhib-
ited because results of NRC resaarch or state-of-the-art procedures and
methods, which might be incorporated into regulatory guides, are often not
compatible with the requirements of Appendix A. The NRC has spent millions
of dollars for research and contract support work in the earth science
area. Much of this work has been necessitated by difficulties in applying
the requirements of Appendix A to cases. As an important example, the NRC
is sponsoring geologic and seismic research over a period of § years in the
approximate amount of $3.5 million to find a definitive means of implement-
ing the tectonic province concept (a basic concept introduced in Appendix A
to determine seismic potential, but not developed). Even if such a means is
found, Appendix A is worded such that the results of this research could be
incorporated into the licensing process only by further rulemaking.

The validity of various procedures emplioyed in the geologic and seismic
review process has been increasingly gquestioned by experts in the earth
science community familiar with these current procedures. In particular,
the concepts of tectonic province and capable faulting, stated as regula-
tions, have been criticized by experts because they imply that certain
procadures involving interpretation and professional judgment are defini-

tive with respect to their solutions to a particular problem.
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Inpacts on backfitting

Evolution of staff practice in an attempt to meet requirements in
Appendix A and to incorporate state-of-the-art procedures have rafsed
questions concerning the need for backfitting of previously licensed
facilities. For example, a number of TVA plants were recently reassessed
as to their adequacy in Ylight of evolving staff practice in assessing
earthquake ground motion (response spectra, intensity-acceleration relation=
ships). Because Appendix A lacks guidance on a quantitative measure of
consarvatism to be met, it inhibits staff reassessments of existing facil-
fties in terms of assessing whether design or construction modifications
are needed, and creates uncertainty for applicants, as to whether plants
having construction parmits will receive operating licenses in light of

new data.

Difficulties for applicants created by the requlation

Appendix A was developed prior to the present-day concepts of early
site review, lTimited work authorizaticn and altarnative site review,
Because the present requlation emphasizes a case-by-case approach, it is
not compatible with the application of these new concepts which use a
generic approach. Uncertainty for applicants concerning the licensing
process is caused by a lack of clear guidance in the regulation regarding
what constitutes acceptability for various aspects and stages of the
current review process, Additionally, there are instances where the

requlation has fostared nonuniformity and redundancy in SAR submittals,
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particularly with regard to defining tectonic provinces. A number of
differing tectonic province schemes have been submitted by applicants
that meet the requirements in Appendix A but are of questionable value
for sites located in the same geographic area. On the other hand, for
sites in the same area, the same tectonic province scheme is resubmitted

with extensive documentation that is already available in other SARs.

Impacts on safety

The issues identified in this enclosure have impact on the margin of
safety presently being applied in seismic design. The degree or this
impact is hard to ascertain in a rigorous sense. Some issues bear on
increasing while others bear on decreasing margins of safety presently
applied. Most issues relate to the application of professional judgment
and experience, and differing opinions exist as to the adequacy of detaer-
minations and the level of conservatism achieved. Our understanding of
fhc impact of issues on safety is lTimited because safety margins and sver-

all conservatism are not quantitatively defined.

2. [SSUES
2.1 Tectonic Provinces And Associated Concents

Four principal conceptual elements contained in Appendix A govern the
determination of the maximum intensity of ground shaking due to earth-
quakes to be considered appropriate at a site. Theve four elements are

the concepts of tectonic province, tectonic structure, capable fault
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(discussed in Section 2.2), and "reasonable" correlation of seismicity
with geologic structure. A tectonic province is defined in Appendix A as:

"a region of the North American continent characterized by a

relative conzistency of the geologic structural features

contained thersin.,"
The concept of tectonic province was developed to provide an appropriate
design basis for earthgquakes whose cause is presently indeterminate. The
staff interprets this concept as employed in Appendix A to imply regions
of uniform carthquake hazard.

A tectonic structure is defined as:

"a large-s:ile dislocation or distortion within the
earth's crust. Iis extent is measured in miles."

‘he concept of tectonic structure is employéd in Appendix A to ensure
consideration of structure which might localize seismicity in the vicinity
of a site, and therefore, might require special attention ?n assessing the
seismic design bases.

What constitutes a reasonabla correlation between seismicity and
structure is not definsd in Appendix A. Hcwever, Appendix A requires:

"correlatian of epicenters or locations of highest intensity of

historically reportsd earthguakes, where possible, with tectonic

structures any part of which is ‘ocated witnin 200 miles of the

site. Epicenters or locations of highest intensity which cannot

be reasonably correlated with tectonic structures shall be

identified with tectonic nrovinces any part of which is located
within 200 miles of the sita.”
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Epicenters that cannot be reascnably correlated represent events which then
must be assumed to have the potential for occurring randomly within a tectonic
province.

The definition of tectenic province contained in Appendix A mentions
only geologic structural features but implies that areas of uniform seismic
potential will be delineated. Use of information restricted solely to
geologic structure and without regard for its geochronological or seismological
significance has led to a variety of tectonic province schemes, particularly
in the East. Some of these schemes conform to the classical Paleozoic
(250-600 million years before the present) geological provinces depicted
on most maps. However, these maps, such as these by King (1963, 1974),
Eardley (1962) and Rodgers (1970), were not developed with any attention
to the possible distribution of seismically active structures. In fact, a
study sponsored by the regulatory staff of the Atomic Energy Commission
and carried out by the U.S. Geological Survey (Hadley and Devine, 1974),
and motivated by concern about this issue, shows that there is a very
Timited correlation between the classical Paleozoic structural provinces
and earthquake activity. Other schemes proposed by applicants and based
on Paleozoic geology may meet the definition in Appendix A but suffer from
the limited correlation between earthqguakes c:nd Paleozoic structure. The
type of assessment called for in Appendix A dces rat provide adequately
for vitally important factors bearing on the determination of a tectonic
province and the earthquake ground motion for a given site. These factors

are:
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Seismicity

The pattern, frequency, and intensity of historic and instru-
mentally recorded seismicity is probably the best and most
direct indicator of present-day tectonic activity in the East.
As such, it is clearly the most relevant parameter for defining
areas of uniform seismic hazard. However, as presently written,
Appendix A doesn't speak to the application of this data base to
the tectonic province concept.

Post-Paleozoic tectonics

The post-Paleozoic and particularly neotectonic (15 million
years and younger) development of a region {s important to the
assessment of tectonic provinces. In areas of relatively high
sefsmicity on a world-wide basis, there is a good .correlation
between earthquakes and structures formed during this period.
Additionally, the theory of plate tectonics indicates that the
current pattern of tectonic driving forces that affects the
stress pattern in the North American continent occurred during
post-Paleozoic time. In the eastern U. S., post-Paleozoic
deformational effects are not as pervasive or well exposed as
are those of the Paleozoic. These subtle effects have not gen-
erally been considered in the past mapping of tectonic elements
to be of the same level of importance as older deformational
features, In part, this is caused by a bias in mapping toward

large~scale geologic structures,
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€. Advances in Scientific Understanding

Since Appendix A was first drafted in 1966, took much of its
current form in 1969, and was formally adopted in 1973,
progress has been made in our understanding of intraplate
sefsmicity, and the expansion of the data base is proceeding at
a rapid pace. Important information has been collected and
synthesized on stress distribution and relief, seismic sources,
deep crustal structures, and microseismicity. Because of its
incorporation of detail in the form of a regulation, Appendix A
does not permit such advances in science to be readily incor=
porated into the licensing process.

Reliance solely on geologic structure to define areas of uniform
earthquake hazard, as Appendix A can be construed, is an over simplified
approach and has led to a number of problems. The selection of the appro=
priate geologic structures as boundaries of tectonic provinces is contro=-
versial in almost every case. Lack of guidance in this area has permitted
applicants and the staff to consider widely varying province configurations
for sites located in the same geographic area and has led to assessments
of uncertain value with regard to consarvatism and scientific validity.

To date, the NRC has not succeeded in developing a tectonic province
siting map, and in fact efforts to do so have broughl about further com=
plexities. Controversy about size and distribution of tectonic provinces
has led to the recommendation (e.g., the ASLAB in their conclusions on
Indian Point) that NRC establish such a generic map for siting purposes,

Although several Federal agencies have adopted maps to establish the

10 €nclosure "A"
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seismic design basis for various types of structures, it would not appear
appropriate to apply these to nuclear reactors. For the Commission to do
so, a number of fundamental policy issues must first be addressed. All
the state-of-the-art seismic zoning maps being developed rely to some
degree on probabilistic considerations. At present, there is no consistent
NRC policy in the geoscience area regarding the use of probabilistic
methods for nuclear power plants. Furthermore, adoption of any particular
map based on probabilistic‘considerations will necessarily require that a
specific level of conservatism or confidence be defined. To date, no
policy has been established stating the specific level of conservatism
required in the geoscience area. Even when these issues have been addres-
sed, the adoption of a tectonic province map based on any factors other
than "consistency of geologic structure” will run contrary to a literal
interpretation of the present regulation. ez

Appendix A allows for more conservative assessments than might nor-
mally result from using the tectonic province procedures set forth in the
regulation in areas having "complex geology” and "high seismicity” or
"where geologic and seismic data warrant." "Complex geology" and "high
seismicity" are relative terms and are not defined in Appendix A; thus
they become jtems subject to dispute. Additionally, situations where
“geological and seismological data warrant" consideration of larger
earthquakes are undefined in Appendix A and, again, are cpen to dispute.

Appendix A also requires the most severe earthquakes associated with
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structures and provinces be identified considering the historical earth-
quakes that can be associated with the structures and provinces and "other
relevant factors." No guidance is given as to what is meant by "other

relevant factors."

2.2 Correlation of Seismicity and Tectonic Structure

Fundamental problems arise in the application of Appendix A because
of a lack of guidance regarding the concept of tectonic structure and
correlation with seismicity. The definition of tectonic structure given
in Appendix A is broad and l1ittle guidance is given as to how it is to be
interpretad. Section IV (Required Investigations) does mention the need
to evaluate tectonic structure "whether buried or expresseu at the surface,”
implying that tectonic structure may include features that are interpre-
tive and not necessarily susceptible to traditional methods of surface
geologic mapping. This view that tectonic structure may be interpretative
rather than demonstrated is generally held in the geologic community, and
was originally intanded in Appendix A. This point, however, has been
subject to argument, and disagreement has arisen in the course of the
licensing process as to whether a particular geologic feature was correctly
or incorrectly interpreted to be a tectonic structure according to the
intent of Appendix A. One interpretation of the definition found in
Appendix A would be that the only features that may be considered tactonic
structures (and therefore potential earthquake sources) are those whose
physical characteristics are susceptible to mapping by direct methods of

investigation such as by boring or trenching. Such a narrow definition of
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a tectonic structure could be interpreted to exclude from consideration
geophysical, geologic, and seismologic data that indirectly indicate the
existence of buried structuie but that do not define the structure as
completely as surface mapping might. A narrow definition may result in an
erroneous assessment of the presence or absence of particular structure or
structural style and its influence on the distribution of earthquakes.
Patterns and rates of historic seismicity yield, in some cases, compelling
evidence for the existence or lack of existence of a structure capable of
generating earthquakes. Other sources of reliable and potentially useful
data which might be excluded by a restricted interpretation of Appendix A
include photoimagery, magnetic, gravity, and heat flow measurements,
geodetic surveys, and microearthquake activity. Appendix A Tacks explicit
guidance in this respect and therefore can result in licensing .delays.

As noted above, what constitutes a reasonable correlation between
seismicity and a tectonic structure is not defined in Appendix A and no
guidance is given. The degree of correlation between earthquakes and
structures may vary from a demonstrated causal relationship, to a close
spatial proximity of earthquakes with structures, to an entirely interpre-
tive relationship between the twa. According to Appendix A, a "reasonable
correlation” between earthquakes and structure must be determined. The
staff interprets "reascnable" to require that a sound scientific basis be
established to correlate particular earthquakes with tectonic structure or
to establish within the strength of seismicity data that an unidentified
causative structure exists. The scientific basis may be a complex series

of geological and seismological arguments. Because Appendix A offers no
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guidance, application of this interpretation has been controversial in

several instances. Narrower interpretations of “reasonable correlation”
have been raised which would require that the epicenter of the earthquake
be very accurately known, that it fall on a well-mapped and physically
well-defined geologic structu~e, and that a causative relationship be
demonstrated. Such precision is rarely obtained at the present time. A
slightly less narrow interpretation might permit the general association
of a certain earthquake with a specific structure if its epicenter were
near that structure, but not on it, and if the structure were well enough
known that a mechanism for generating earthquakes could be accepted. The
broader interpretation, which the staff favors, would consider the correla-
tion of particular earthquakes with zones of crustal weakness that are not
necessarily specifically defined by known structures but are inferred on the
basis of geophysical data, geologic data, tectonic history, and seismicity,
and for which credible causative mechanisms may be establiished. The above
interpretations, as well as others falling within the range mentioned, are
all scientifically acceptable as methods of correlation, but the degree of
conservatism is different for each case. Appendix A is deterministic and
does not specify the degree of conservatism to be applied (i.e., in terms
of explicitly defining consarvatism through specifying acceptable proba-
bilities of earthquake recurrence, or specifying a quantitative rationale
for the margins of safety associated with deterministic procedures); there-
fore, the acceptance of a correlation becomes one of professional juvdgment

hased on available information. Because of differences in professional
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views, controversy leading to litigation has arisen over whether a correla=
tion exists and whether it is acceptable.

A further problem with Appendix A is the lack of guidance on the
assessment of seismic zones. It is becoming widely accepted among earth
scientists that zones and clusters of seismicity in the eastern United
States can be very useful in evaluating areas of present-day crustal
instability and potentially high earthquake hazard. Many of these zones
and clusters are clearly and persistently ancmalous with respect to regional
background seismicity, broad-scale geologic structure, and known tectonic
history. In several cases anomalous seismicity can be related to geologic
and geophysical data which also suggest local instability relative to
surrounding regions. These kinds of anomalous saismicity data have been
used in the same sense as othar remote sensing data such as aerymagnetics,
gravity, and heat flow data, to reasonably correlate large histérical
earthquaxes with geolegic structure. The present regulation provides no
specific guidance on the use of seismicity as a means of indirectly
identifying tectonic structures and in assessing seismic potential of a
region.

At present no regulatcry guidance exists as to the use of micro-
earthquake surveys and stress measurements in the identification and
assessment of seismically active structures. During the last several
years, it has been recognized that microearthquake and stress measurement
data are becoming valuable in identifying and assessing zones of crustal

weakness and instability. Because regulatory requirements do not mention
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the use of these data, questions arise as to when and how they should be

usad in performing investigations and specifically what weight should te
given to them.

Related problems that arise after a correlation between an earthquake
and structure has been accepted concern the size of an earthquake that may
be generated. Guidance given in Appendix A for assessing the size of an
earthquake that may be generated by a structure is basically limited to
assessing capable faults. Appendix A lacks specific guidance in assessing
tectonic structures that appear to be correlated with earthquakes but with
which no capable faults have been identified. Generally, in the West, the
seismic potential of seismically active structures is determined by con-
sidering historical and instrumental earthquake frequency and size, along
with the inferred potential derived from observations of fault length, dis-
placement, and regional geologic history. In the East it is not clear how
seismic potential should be assessed. This is because of the paucity of
data on large earthquakes and the general absence of recent surface displace-
ment in the eastern United <tates. It is gquestionable whetiher the types of
assessments used in the West are applicable to assessing structures in the
East, given the significant differences between the fast and West with
regard to such factors as rates of tactonic activity and tectonic settings;
although scme distinctions between the East and West were explicitly
recognized in earlier drafts of Appendix A, these were dropped in the final

revision.
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Additionally, Appendix A does not provide guidance for assessing
seismically active structures in Lhe nearfield. There have been several
cases wnera this problem has become important. Broadly defined, the near~
field is that area in such proximity to an earthquake source such that
elastic waves generated by an earthquake are different in terms of fre-
quency content and prominent wave type than these waves arriving at a more
distant site. The extent of the area is dependent on source dimensions,
attenuation, earthquake depth, and magnitude. Very few seismic records
are available for earthquakes occurring fn this area. Thus, the question
arises as to how to evaluate nearfield effects given these variables and

the lack of instrumental data.

2.3 Capable Fault i

The term "capable fault" defined in Appendix A was unique to the
regulation, f.e., it was not previously used in the earth science profes=
sion. It was established as a measure of the likelihood that a fault
could causa surface rupture and/or localize earthquake activity. The term
has since gained world-wide use in the geologic and seismologic profession
as a more precise definftion for "active fault." Four basic elements are
used in Appendix A to establish whether or not a fault is a "capable
fault." These are (a) movement on a fault within the past 15,000 years or
multiple movements within the past 500,000 years, (b) a correlation with
"macro-seismicity," (¢) a relationship to a known "capabla fault," and,
for non-capability, (d) a structural association with geologically old

structures.
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The capable fault concept is derived from observations of highly

active faults located in the western United States where there is rela-
tively high, ongoing tectenic activity represented by rugged topography,
high rates of crustal deformation, and large and frequent earthquakes.
Although it was developed with western geology in mind, Appendix A applies
this concept uniformly across the entire United States, including the area
east of the Rockies where rates of tectonic activity are relatively low.
In an effort to -quantify iﬁ rule language, for licensing, a complex
scientific concept, the concept does not permit reasonable accommodation
of new work relevant to assessing fault hazards. The types of work that
are relevant to this pichblem and that are becoming increasingly more widely
accepted include probabilistic analyses, calculations of recurrence rates
for earthquakes and fault movement, microearthquake monitoring, stress
analyses and strain measurements. The question has been raised whether
the present definition of capable fault should be modified to include the
above methods.

The characteristics of most recent fault movement defining a capable
fault were chosen to provide some measure of the hazard posed by surface
faulting. They are not based on a rigorous assessment of deformational
activity of faults as manifested by a certain level of earthquake activity
related to rates of fault movement. They were, however, chesen and
accepted as being conservative, based on empirical knowledge of numerous
active faults with histories of surface displacement and large earthquakes.
SBecause the numerical age values are specifically stated in Appendix A,

the determination of fault capability may appear to be straightforward.
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In practice, howevaer, earth scientists have not always been able to acquire
"absolute" age data (radiometric age dates, etc.) to meet these criteria
and often such assessments involve considerable professional judgment and
indirect or relative methods of dating (the use of rates of denudation,
regional geologic history, geomorphology, etc.). In the absence of defini~
tive guidance in Appendix A on the extent of investigation needed to
adequately assess capability of a fault and the level of certainty needed
to conclude a fault is capable, disagreement among geological experts has
arfsen,

Difficulty arises in applying the recurrent movement criterion in the

~definition of capable fault. For faults with extensive amounts of offsat

(tens of feet) and for minor offset (less than several inches), the
implementation of Appendix A is generally easily accomplished,, i.e. large
total offsets imply multiple movements and small total offsets usually
imply a single movement. However, for intermediate amounts of offset bet-
ween these two extremes, a determination of wnether 2 single or recurrent
novement has occurred is difficult to ascertain,

As indicated, the fault movement criteria were not originally based
on a quantified consideration of rates of fault displacement; however, the
numerical values assigned imply certain rates of earthquake activity.
There is an inconsistency in Appendix A in that the rate of activity of a
fault defined by the age of last movement criteria does not necessarily
correspond to an explicit rate of activity as may be inferred from the

sefsmicity element of the cipable fault criteria,
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The term macro-seismicity is unique to Appendix A and is used in
Appendix A as if it were a clearly defined term in the earth sciences. The
term is undefined in Appendix A and is not a generally recognized term.
Macro-seismicity means either large (with respect to earthquake size
and/or rate of earthquake activity) or long (in terms of persistency)
earthquake activity. The staff has interpreted this to imply profound
deep-seated tectonic activity. In current staff practice, macro-seismicity
is considered to be a level of seismicity that implies significant, sus-
tained, and coherent tectonic activity representative of major deforma-
tional movement within the earth's crust. Originally, a specific earthquake
magnitude was intended as a threshold in defining macro-seismicity; this is
not stated or implied in Appendix A.

In the definition of capable fault, the requirement concerning
macro-seismicity states:

"macro-seismicity [shall be] instrumentally determined with

records of sufficient precision to demonstrate a direct relation-

ship with the fault."

In this regard, Appendix A provides no direction for establishing such a
direct relationship. Appendix A provides no guidance as to what consti-
tutes "records of sufficient precision" and only speaks to the use of
instrumentally determined earthquakes without mentioning the use of his-
torical earthquakes in such an assessment.

According to Appendix A, if a fault is structurally related to a
capable fault, it also must be considered capable. The only guidance on

structural relationships provided in Appendix A is that movement on one
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structure could reasonably be expected to be accompanied by movement on
the other. Two types of relationships are possible: first, where there
is a direct physical connection to a capable fault; second, where there is
a genetic relationship between faults properly oriented in the same stress
fiald. For either situation, there may be cases where movement cn one
fault could reasonably be expected to be accompanied by movement on the
other. The requirement has been interpreted as only involving a direct
connection to a known capable fault. The direct physical connection of
faults is often extremely difficult to show and the data required to
define these conditions are not specified in Appendix A. Since Appendix A
is unclear in this regard, professional judgment must be used in making
such determinations. Moreover, this clearly goes to the question of level
of conservatism.

Also in need of clarification is one of the attributes used in defin=
ing a "fault" in Appendix A, i.a. the inclusion of ". . . any associated
monoclinal flexure or other similar geologic structural feature." It is
not clear how this characteristic should be used in assessing the length
of faulting, the earthquake generating potential, or the potential for
surface displacement of the fault.

Appendix A further states in the "notwithstanding" clause in the last
paragraph of the definition of capable fault that a fault that can be
demonstirated to be structurally associated with other structural features
that are geologically old is not capable. It appears that this statement

was intended to apply mainly to the eastern U. S., but the concept may
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have a nore general application. The statement implies that faults that
can be shown to have formed in response to a tectonic regime that has
ceased to exist, or has been substantially modified, need not be considered
capable even if the fault exhibits one of the characteristics of capability.
It also could be interpreted to mean that faults in regions that have not
experienced kncwn Quaternary or younger tectonism should nevertheless be con-
sidered capable if such faults exhibit the characteristics of capability.
Also, given the general observation of the antiquity of faults in the
eastern U. S. and the significant differences between eastern and western
U. S. tectonic settings, it is questionable whether it is the intent of
Appendix A to require extensive investigations of faults in the eastern
U. §

Movements or deformations of the Earth's crust can be of either a
profound deep-seated nature (tectonic) or of a more superficial nature
(non-tectonic). The latter include near-surface stress release, ice-shove
.features. growth faults, etc. The movement critaeria in the definition of
capable fault were intended to deal with tectonic deformation. [t has
been previously argued in a petition for rulemaking that Appendix A is not
clear with regard to differentiating the types of fault movement. The
petition was denied because the staff considered Appendix A clear on this
point. The issue is included in this enclosure because it was raised
in a number of public comments.

A fundamental issue inherent in Appendix A [s the concept of design-
ing for surface displacement. Sections V (b) and VI (b) discuss the need

to design for surtace faulting. In order to accomplish and evaluate sucnh
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'designs the geoscientist must provide the engineer with an assessment of

the precise location and expected amount of surface displacement near or
heneath a facility. Such a determination cannot be accomplished with a
high level of certainty with our present understanding of fault behavior.
Although Appendix A does not include an explicit prohibition on use of a
site which would require designing for surface displacement, the extensive
investigations and analysis required by Appendix A would in effect result
in such a prohibition. Present engineering and environmental practice

contained in Regulatory Guide 4.7, "General Site Suitability Criteria for

Nuclear Power Stations," states that sites located within 5 miles of a capable

fault are generally not suitable and that sites that include capable faults

are not suitable for nuclear power stations. The suggestion has been made that

Appendix A state an explicit prohibition on siting near capable faults.

2.4 Specification of Safe Shutdown Farthauake (SSE) and Operating Basis

Earthouake (0OBE) Vibratory Ground Motion

This section treats the methodology for specifying vibratory grourl
motion from earthquakes. The overall procedure involves (1) taking an
earthquake of some size (magnitude or epicentrai intensity), (2) assuming
that event to occur at some defined location relative to the site, (3)
determining an acceleration level at the site representative of this
earthquake, and (4) specifying design ground motion corresponding to that
acceleration level and representative of the postulated earthauake aescrip=

tion. Appendix A calls for the specification of two earthquakes for
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design. The SSE is an earthquake based upon evaluation of the maximum
esarthquake potential offa region. The OBE is an earthquake that could
reasonably be expected to affect a plant during its operating life time.
Several issues have been identified cocvering a wide range of topics of
varying significance in the overall problem of specifying vibratory ground
motion for use in engineering design. Other closely related technical
issues are discussed in sections 2.1 through 2.5 of Enclosure B.

Appendix A calls for specification of earthquake size in terms of
magnitude or epicentral intensity. Appendix A contains the additional
requirement that the magnitude be specified on a Richter scale. In cer-
tain parts of the country, other magnitude scales have traditionally been
used to indicate earthquake size. In such cases, the Appendix A require-
ment can impose an unnecessary constraint since a method for converting
from the scale traditionally used to the Richter scale is not always
available.

Alternatively, Appendix A permits that earthquake size may be expres-
sed in terms of intensity on the Modified Mercalli Scale. Prior to 1934,
nearly all earthquakes were rated according to intensity because instru-
nental data were not available. Some larger earthquakes (post-1927) and a
few great earthquakes (post-1200) have instrumental data. The classifica-
tion of earthquakes on an intensity scale is highly subjective. In parti-
cular, older events for which reports are limited may depend critically on
the skills, objectivity, and biases of one or two observers. Questions
frequently arise about the sizes and locations of scme of these historical

earthquakes. Such questions impact on considerations of the seismic
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design for particular nuclear power plants. As a result, the staff,
applicants and the U.S. Geological Survey on a case-by-case basis have had
to review the original data sources of earthquakes to reassess earthquake
intensities and locations. There is needed for a reevaluation of earth-
quake intensities and locations of generic scope to establish a more
accurate data base.

After establishing the sizes of earthquakes, the next step in the
Appendix A methodology is to provide a representation of ground motion
from a series of earthquakes postulated to occur according to various sets
of conditions. Thus, in establishing the SSE, Appendix A requires that
-earthquakes equal in size to the largest historical earthquakes associated
with tectonic structures or with tectonic provinces be postulated to occur
on those structures or in those provinces at the points of closest approach
to the site. For the tectonic province in which the site is located, the
point of closest approach is at the site itself. If this were taken
literally, the site would always be in the nearfield of the postulated
earthquake and special considerations would need to be given to nearfield
effects. In practice, Appendix A has been interpreted to mean that the
maximum intensity historically reported in the province, in which the site
is located, should be placed at the site, but not treated as nearfiald.
This interpretation is implied in Regulatory Guide 1.50, "Design Response
Spectra for Seismic Design of Nuclear Power Plants." This interpretation
hinges on the low probability that the plant will be in the nearfield of a

randomly occurring earthquake of the postulated size, and on extensive
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investigations in the site vicinity to identify potential earthquake
sources, This practice does not appear consistent with a literal inter-
pretation of Appendix A.

Ground motion in the Appendix A methodology is represented by an
acceleration level in combination with response spectra (currently defined
by Regulatory Guide 1.60, "Design Response Spectra for Seismic Design of
Nuclear Power Plants"). Two issues arise directly from Appendix A require=-
ments in this area. First, Appendix A specifies a minimum acceleration
level for the SSE. Appendix A currently sets this level at 0.1g, but
higher levels were considered in its development. The ACRS has recently
(last several years) questioned whether this minimum level should be
raised. The reasons put forth for such an increase are: (1) it would
provide additional conservatism in consideration of uncertainties in the
data base and would simplify case review; and (2) it would help alleviate
proulems with backfitting arising from the trend in recent years toward
higher SSE acceleration levels in the eastern U. S. because the design
levels would be higher. The second issue arises from iLhe requirement that
ground motion be represented by response spectra corresponding to the
accelerations at the foundation levels of plant structures., Difficulty
arises here as to what is meant by foundation level. The term foundation
level may either imply some elevation below the ground surface or the strata
upon which the plant is founded whether it be at the surface or below ground.
The latter intarpretation was intended; however, the present wording in Appen=
dix A is not clear. Also, according to some investigators, difficulties

arise here because nearly all the available data on ground motion are from
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asurements made at or near ground surface. In additic some finite ele-
ent method techniques developed to analyze variation of motion with depth
and soil-structure interaction effects produce physically unrealistic results
when the input motion is specified at foundation level depth. The source
of the discrepancy is the specification of a generalized motion at depth
in the soil (i.e., foundation level below ground surface) where it could

not naturally occur. To avoid this problem in practice, Appendix A has been

o

interpreted to require that the generalized motion be specified at the ground

surface and the motion at depth is derived according to the techniques noted
earlier, However, it is unclear whether this practice is consistent with
a literal interpretation of Appendix A.
iscussion thus far has focused primarily on problems in specify-
rom requirements for the OBE, whi
have been found to be ambiguous, internaily inconsistent, or contradictory
Enclosure B for discussion of OBE engineering issues,
Enclosure
which
here arises from the definition of th
erpretation by different scientific and engineering disciplin
iescribed for ! . ' iccelerat
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To engineering disciplines an earthquake expected during the life of a faci-
lity implies an event whose likeiihood is great enough that (economic con=
siderations would dictate that) a structure must be designed to accommodate
it. For structures involving substantial capital investment, this is an
event in the range of 300 to 500 years. Elsewhere in Appendix A the maximum
acceleration corresponding to the OBE is required to be at Teast half that
of the SSE, tying the OBE to the deterministic methodology of the SSE.
Based on earthquake data, for most of the U. S. an acceleration level of
one~half that of the SSE does not correspond to an event reasonably expected
during a 40 year period (i.e. nominal operating life), but rather to an
earthquake having a much longer return period (in the range of 300 to
1,000 years for most plants). Alternatively, in some seismically active
areas of the U. S. an acceleration level of one-half the SSE may not repre-
sent a conservative estimate of an expected event because of the higher
frequency of occurrence of earthquakes. To better meet the definition (as
opposed to the requirement just noted) of the OBE as specified in Appendix A,
the staff has accepted OBE acceleration values of less than half those of
the SSE for a few sites. Such exceptions are permitted within the scope of
Appendix A when supporting data to justify the departure are provided. In
such cases, the staff has required precbabilistic analyses of earthquake
hazard to justify departures. However, it is unclear whether the allowance
of such departures was the intent of Appendix A.

One additional aspect of the OBE issue is Appendix A requires that,
if ground motion in excess of that corresponding to the CBE occurs, the

plant be shutdown and inspected. There are several problems in applying
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this requirement. First, there is an overriding guestion, as to the
determination of what constitutes exceedance of an OBE. Exceedance of

the OBE can be defined in several ways, for example, exceedance of the
freefield OBE acceleration level, exceedance of design response spectra

at different elevations in a plant, exceedance of responsa spectra at a
single frequency or several frequencies by a certain amount. There is a
need to establish definitive guidance in this area. Second, no NRC specific
criteria for inspection in the event of an OBE have been developed. Third,
given the increased use of probabilistic analysis in determining the OBE,
OBE acceleration values could be set at any level even below the .05g mini-
num set forth in Appendix A (OBE =% x .1g SSE minimum = .05g). It would
not be practical to permit the OBE acceleration level used in plant design
to be so low that the ground motion often would be exceeded. Criteria for
identifying the permissible risk here do not exist. Such low OBE values
could result in large areas having O0BE values exceeded during an earth=
quake and, because of the requirements for shutdown, could cause

blackouts.
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ENCLOSURE B

ENGINEERING DESIGN ISSUES RELATED TO VIBRATORY GROUND MOTION

1. INTRODUCTICN

In addition to the issues discussed in Enclosure A that arise in the
application of Appendix A, there is another category of technicil issues
that relate to seismic design methodology. Included in this category are
issues that derive from the interface with engineering design requirements
of "ground motion" as determined in accordance with Appendix A methodology.
The issues identified in this enclosure, in general, represent areas that
are either not dealt with or afforded very limited discussion in Appendix A.
They arise mainly from efforts by the NRC staff to provide information
and procedures that supplement the regulation. These i;;ues involve matters
for which the state of the art is rapidly advancing and.where the supporting
data base is continually being expanded by acquisition of new information.
They frequently require the exercise of engineering judgment. Such judg=
ments are intimataly tied with issues of conservatisam and consistency in
review,

The issues identified here have been the source of frequent and costly
impacts on the licensing process, in terms of staff resources, engineering
costs, and adverse safety impact in other areas, such as that caused by
axcessive stiffness of some systems. Some of the impacts of these issues

are similar to those identified for issues discussed in Enclosure A. The
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acquisition and assessment of new geological and seismolegical data during
the review process and, in particular, between the Construction Permit and
Operating License phases of review have produced significant delays in
licensing actions and, in some cases, costly reanalysis or changes in design.
In other cases, licensing delays result from extended litigation and debate
over the appropriateness of a methodology that provides an interface between
ground motion and engineering design.

2.  ENGINEERING REQUIRERENTS IN THE REGULATION

Certain engineering design aspects of nuclear power plants are briefly
treated in Appendix A. This treatment was placed in this site evaluation-
related Appendix to contribute to an understanding of the ultimate use
of the siting assessments covered, and was not intended as a definitive
treatment of the engineering aspects of seismic design. Several of the
engineering concepts addressed in the regulation have been the subject of
controversy because of their limited discussion.

Questions have been raised as to whether a regulation primarily
intended for seismic and geologic siting evaluations can, or should, dis-
cuss engineering considerations. Also, the question has been raised whether
the regulation should address the hydrologic aspects of siting. The hydro-
logic review procedures have been supported by a series of regulatory guides
which provide details in this area.

2.1 Specification of Vibratory Ground Motion

Appendix A describes procedures for determining maximum vibratory

ground motion at a site for use as an engineering dec 3n basis. These
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procedures were developed whe:,, =elatively simple seismic design methods

were standard practice. Now, complex methods are used in place of the
earlier practices. These techniques have not, however, eliminated the
controversy that is often associated with assigning a design basis for
vibratory ground motion, and several guestions remain to be addressed.
Specific areas in which difficulty arises are discussed below.

2.1.1 Site Specific vs Generalized Response Spectra

Appendix A requires the development of response spectra for seismic
design. Appendix A does not, however, provide a detailed procedure for
deriving the response spectra. Regulatory guides and the Standard Review
Plan (SRP) previde a supplement to Appendix A that is needed to complete
the determination of vibratory ground motion. The staff has develcped
Regulatory Guide 1.60, which specifies broad-band spectra to be used. '
These spectra represent the normalized mean-plus-one-standard-deviation
responses of records from 33 earthquakes of various magnitudes, recorded
at various distances, and on varying site conditions. The staff at one
time attempted to develop a site-specific method to derive respecnse
spectra (Agbabian-Jacobsen Associates, 1970, "A Study of Earthquake Input
Motions for Seismic Design") but was unsuccessful. Difficulty was encountered
because of limited data and in obtaining general acceptance.

Thus, following current practice, the SSE and OBE seismic design
bases at a site are described by the Regulatory Guide 1.60 spectra appro-
priately scaled to represent the earthquake hazard at the site consistent
with Appendix A criteria. Because Regulatory Guide 1.60 is a smoothed

spectrum that contains energy at all frequencies, it gives unrealistically
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high values of motion at certain frequencies when used as irput at the

foundation level in some soil-structure interaction analyses. To avoid
this, the input must be controlled at the free surface or a site specific
spectrum must be used.

To alleviate the above problems, the staff encourages the uce of site-
dependent spectra because of improved analytical methods and the increased
number of strong motion earthquake records. Suc’i site-dependent analyses
are stressed in a proposed revision of the SRP. In practice, site-dependent
spectra are needed for certain analyses used to investigate liqusfaction end,
in some cases, in the design of embankment dams.

An additional question is whether there is encugh data to develop
site~dependent spectra for sites in the East. Howevar, the same question
can be raised regarding the applicability of Regulatory Guide 1.50 in the
eastern U. S. since the response spectra do not include any eastern earih=
quakes.

- 2.1.2 Vvariation of Ground Motion with Deoth

Appendix A requires that response spectra corresponding te the maxi=
num vibratory accelerations at the elevations of the foundztions be defined.
Many methods have been proposed to achieve this requirement. /ppendix A
does not provide detailed guidance in this matter; therefore, reguiatory
guides and the SRP have attempted to complete the needed guidance.

whether the vibratory ground motion for soil sites is specified at

foundation levels or the ground surface, consideration of the variation of
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notion with depth is needed for defining design input for finite element

soil-structure interaction models, liquefaction studies, and response anas
lyses for earth structures. The present methods for considering the varia-
tion of ground motion with depth include computar modeling techniques with
varying degrees of complexity. The one dimensional shear beam analysis

A

HAKE), which is frequently used, has a number of limitations: (1) it
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treats all wave tspes as vertically propagating shear waves, thus
neglecting the effects of other seismic wave types that are included in
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~esults can be unrealistic when generalized broad-band respcnse spectra
atory Guide 1.60 are input at depth, and (4) the ana
limited in that it does not account for certain geologic variations such
as nonhorizontal layering and topography.

Some finite element methods have the advantage of permitting consider-
tion of the ffects of additioral seismic wave types, such as surface

vaves and nonvertically incident waves. Usually these methods require

pecification of Jut motion at the base or at the side of the soil model.
jowever, since nearly al arthquake data have been recorded at or near

the surface, there is uncertainty in the form of The Dase notion to be used
for such analyses.

[+ is the general view of the staff that use of site-depencent methods
to estimate variation in ground motion with depth >uld be encouraged where
iata nermits. Use of such procedures raises the question as to when does
the data permit such anaiyses.
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2.1.3 Specification of Time History

Appendix A requires specifying seismic input )n terms of response
spectra corresponding to the maximum vibratory accelerations td be expected
at a site. In addition to response spectra, a time history of vibratory
ground motion is frequently needed to perform various design analyses.

Any number of time histories may be developed that satisfy Regulatory

Guide 1.60 response spectra requirements within any given tolerance. Some

of these may be more conﬁervative than others because the frequency of motion
of the actual accelerogram may be distributed so as to result in canceling
modes of vibration that are of significance in power plant design. The
question has been raised as to the need for explicit regulatory guidance

in the use of time histories.

2.1.4 Duration of Shaking

The duration of strong earthquake motion is important in characteriz-
ing vibratory ground motion. It is a measure of the number of stress cycles
that are applied to the structure and soil medium. Appendix A requires
that the duration of shaking caused by earthquakes be given consideration
in design. There is some lack of consistency in present prartice in the
treatment of duration. That is, the length of time and number of cycles
of stroeng ground motion used is different for different analyses, e.g., in
performing liquefaction analysis, structural over-turning analyses, and
fatigue analysis.

The problem associa’.ed wilh duration of shaking is to define it in
a complete and consistent manner. Several definitions of duration have

been suggested by various investigators, but each involves uncertainties
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and limitations. The definition of duration could strongly influence
trends from studies based on statistica' analyses of strong motion.

2.2 0BE Use in Engineering

Additional questions, other than geologic-seismic ones, have been
raised about the way vibratory ground motion representing the OBE is used
in engineering design. The regulation requires that the effects of the
0BE vibratory ground motion be considered in combination with normal operat-
ing loads. In practice, loads arising from the OBE are combined with loads
from other severe natural events. For example, the O0BE is combined with the
load from the standard project flood to evaluate seismically induced dam
failure.

Viewed as applied to engineering design, the design basis for the SSE
is specified in Appendix A to assure that the plant design adequately pro-
tects the public health and safety in the event of an extreme earthquake.
The plant may well not be operational as a power plant follewing an SSE.

The OBE is established as the most severe earthquake following wnich the
plant can safely oe operated without special inspections. Engineering codes
and design practice apply these two sarthquake levels differently. Cate-
gory I structures, systems and components, must maintain their safety func-
tion tfor earthquake lavels up to the and including the SSE. On the other
hand, the engineering design objective with the OBE is that the plant is
capable of deing < .fe in operation after experiencing an event less than

or equal to the OBE.
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As these events are applied to design, in use of the ASME Boiler and
Pressure Vessel Code, the SSE is normally applied as a faulted condition,
meaning that stress levels allowed by the code which would result in per-
manent general deformation are permitted except when deformation would Tead
to lToss of safety function. The OBE, on the otherhand, is considered as
an Upset Condition or Design Condition in application of the code and is
used in conjunction with lower allowable stress levels at which no general
deformation would occur (elastic regime). In addition, to differences of
allowable stresses for the OBE and SSE, there are other differences in
design analysis metheds in the application of Faulted and Upset Conditions.
Many designers see the SSE as being the basic seismic design basis with the
0BE playing more the role of a cross-check basis using different analysis
procedures and different limits to assure the adequacy of the margin pro-
vided by the SSE desigﬁ over a wide range. Viewed from this perspective
(which is the perspective of the engineering parts of Appendix A) the OBE
is more an engineering safety factor applied to design analysis rather
than being seen as a seismic event.‘

Because of the way some loads are combined, the associated damping
used, and the stress levels allowed in current engineering design practice,
situations occur where the loads arising from the OBE in combination with
other loads are higher than lcads for the SSE. In such cases, the deter-
mination of the OBE acceleration level becomes significant and the SSE loses
significance in engineering design. The problem has been exacerbated by

the arbitrary Appendix A requirement that the OBE acceleration level be half
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that of the SSE. ! us rhe OBE acceleration level is used in a numoer

of engineering analyses i i fferent and complex ways, the significance of

this parameter to the overall safety margin of a nuclear power plant is
gifficult to assess and has not determined. The question nas Deen
raised as to whether the OBE i edad at all or alternatively whether
separate uses of the O 51 be dif jated. There is a
detailed consideration of all us e OBE acceleration in engine
and the extent to which
jeosciences and/or engineering assessments should affect determination of
OBE acceleration level. It is important to note In : ‘ is
ficiently 1 o permit the determination of the

ion in

e required to

tresses except in

taken into account.




of failure. This has been felt to be a safe practice since earthquakes
approaching the SSE in severity are not likely to occur because of the Tow
frequency of their observed occurrence.

2.4 Consideration of Potential Damage from Earthquakes Less than the SSE

Appendix A emphasizes design of safety-related structures, systems,
and components for only two levels of vibratory ground metion: the OBE and
SSE (with the exception of aftershocks). Appendix A does not consider the
probability of intermediate levels of shaking. In areas where the frequency
of occurrence of strong motion is high, the plant site may experience a
number of strong earthquakes approaching the OBE or between the 0BE and
SSE during its lifetime. At present, limited consideration is given in
design to the number of earthquake events (in fatigue analysis) the plant
might experience and the finite proﬁabi1ity of yielding due to these events.
In attempting to design for such earthquakes, the same pitfalls discussed
in consideration of aftershocks exist. A compromise is required between
design for a broad spectrum of unlikely events and optimum design for normal
operation. QDesign for a single limiting avent (the SSE) and inspection and
evaluation for earthquakes in excess of some specified limit (the 0BE),
when and if they occur, may be the most sound reguiatory approach.

2.5 Use of Probabilitv for Considering Combinations of Loads

Appendix A requires consideration be given to seismic and other con-
current loads in the design of safety related structures, systems and com-
ponents. Appendix A is stated deterministically and dces not give any
guidance concerning consideration of the probability of occurrence and

failure as a result of the applied loads. At present, loads are combined
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according to regulatory guides, ASME, and ACI codes. The staff considers
the application of these load factors conservative. However, they lack a
rigourous probabilistic basis.

2.6 Need for Seismic Scram

Appendix A notes that consideration is being given to the need for
instrumentation to automatically shutdown (scram) a plant in the event of
an earthquake that exceeds a predetermined intensity. The question of
whether to have seismic scram instrumentation at commercial nuclear power
plants has been a long standing dispute between the ACRS and the staff,
and is an ACRS generic issue. The staff sponsored assessments of seismic
_scram (Lawrence Livermore Laboratory, UCRL-51619, "Evaluation of the Use
of Seismic Scram Systems for Power Reactors" and Lawrence Livermore Labora-
tory, UCRL-52156, "Advisability of Seismic Scram") which gonfirmed the starf
view that such instrumentation is not advisable. Subsequently, the ACRS was
notified (memo from E. Case to M. Bender, dated May 19, 1977) that the staff
considers the generic matter resolved, does not intend to require seismic
scram instrumentation and does not plan to expend further effort or resources
on additional studies. However, the ACRS has noted that the LLL study dealt
with low-level earthquake intensity scram and has requested the staff to
explore high-level earthquake intensity scram, such as that in use in Japan.
The issue remains an unresolved ACRS generic issue pending a visit to Japan

in the spring of 1979 by members of the staff and ACRS.
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‘ 3. ISSUES REGAPDING CONSERVATISM

3.1 Ceterministic vs Probabilistic Approach

The tectonic province concept as used in Appendix A can be thought of
as having a combination of both deterministic and probapilistic character-
istics. It is deterministic in the sense that the distribution and size
of future earthquakes may be predicted from a given set of observed and
interpreted conditions, i.e., for areas containing consistent geological
features, there is a consistency of earthquake potential. From this assump-
tion that earthquake activity is consistent over a region, it follcws that
the frequency of earthquakes to be expected can be determined based on the
number of events in a given region during a given interval of time; this
is a probabilistic concept. In the development of the tectonic province
concept, the use of probabilistic analysis was not emphasized. Probabilis-
tic approaches were not considered to be sufficiently reliable because; (1)
the historic record of earthquake data is short, necessitating extrapolation
beyond the data base to determine low probability events; (2) the data base
is inhomogeneous, i.e., the data base varies in completeness both spatially
and temporally; (3) knowledge is lacking to identify earthquake source
regions, a preliminary step in such determinaticns; and (4) information to
reliably estimate the maximum earthquakes in such regions (also a prerequi-
site) is deficient. Because of these limitations, SSE level earthquakes

for design estimated probabilistically would have large associated uncertainty.
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<hich allows for a quantified and consistent treatment of uncertainty, the
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approach does not lend itself to consideration of backfitting, which requires
assessment of significance; (4) the staff is frequently called on to ake
determinations to assess adequacy at hearings and before
and (5) probabilistic ap pproaches have been adopted and are becoming
more widely adopted to determine earthquake haz establish the seis-

of structures (e.g., LNG facilities, general struc-
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ques f issessing earthquake hazard
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It can be expected that as additional data become available the state of
the art will continue to advance and still different relationships will be
found. As the data base has evolved, different relationships have been
developed and used to assess the acceleration levels at nuclear power plant
sites. As a result, new plants assigned the same size earthquake as old
plants have been designed for higher acceleration levels. An issue which
has arisen is whether plants already designed and/or built should be
reassessed in consideration of new data and new relationships relating earth=
quake size to acceleration level.

To ensure some level of consistency in more recent reviews, the staff
has adopted specific relationships between earthquake size, distance, and
acceleration level. Thus, in its Standard Review Plan, the staff has
adopted as licensing practice the mean value of the intensity-acceleration
relationship developed by Trifunac and Brady, where size is expressed as
intensity, and the Schnabel and Seed relationship, where size is expressed
as magnitude. Issues have been raised over whether these relationships
are appropriate and, in particular, whether mean values derived from these
relationships represent the proper level of conservatism.

A more fundamental issue has been raised as to whether the Appendix A
nethodology places too much emphasis on a singlie vibratory ground motion
parameter: accaleration level. The totality of vibratory ground motion
from an earthquake cannot be specified in terms of any one parameter. Wwhile
Appendix A recognizes this in its requirement that ground motion correspond-

ing to the SSE and OBE be represented by response spectira, these response
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;pectra and the required investigative procedures are keyed to acceleraticn
level. Questions have been raised over whether more complete descriptions
of the ground motions from earthquakes, postulated to occur according to
Appendix A, should be provided for use in assessing the engineering design.

3.3 General Lack of Definition of Qverall Seismic Design Conservatism

An overriding issua is the lack of definition of some level of conser<
vatism proper for seismic design. A major purpose of Appendix A is to set
forth criteria for investigators to determine ihe vibratory ground motion
at a site to use in seismic design; that is, to determine the input into
the seismic design methodolegy. However, Appendix A does not define an
explicit level of conservatism appropriate to this input. Rather, it
defines a deterministic methodology to arrive at this input implicit in
which is the premise that if the procedures are followed an.?ﬁceptable
level of conservatism will result. The lack of an explicit definition of
an appropriate level of conservatism for the seismic input has led to diffi-
cuities in the licensing process. It places an undue burden on individual
reviewers to define what is acceptable, which can lead to nonuniform appli-
cation of Appendix A and unwarranted inconsistancies between sites.

The staff has on occasion been pressed in hearings to assess levels
of conservatism associatad with design earthqguakes (i.e., using prebabil-
istic analysis and defining the probability of exceeding the design earth-
quake). Such an assessment is not called for in Appendix A; nevertheless

the level of conservatism becomes a focus of debate.
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Because of the lack of overall definicion of an appropriate level of
seismic design conservatism, elements in the seismic design chain are
reviewed in isolation fram other elements, such as the siting and various
engineering areas. Questions have been raised as to whether this results
in compounding or counter-productive conservatisms; whether uncertainties
in one element are compensated in design margins of another element, such
as whether the use of means of empirical relations (e.g., intensity-
acceleration relations) in assessing earthquake vibratory ground motion
are adequately compensated (given significant uncertainity in such rela-
tions) by engineering safety margins; and whether increasing conservatism
in one element might in fact reduce margins in another area such that over-
all conservatism decreases, as may result from stiffening of structures to
resist seismic loads where they would better remain flexible to withstand
thermal and other stresses. A major research effort sponsored by the Office
of Nuclear Regulatory Research is in progress to assess the conservatisms in

cverall seismic design.
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ENCLOSURE C
BROAD POLICY AND TECHNICAL ISSUES BEARING ON THE
IMPLEMENTATION AND REVISION OF APPENDIX A

1. IMTRODUCTION

The issues identified in this enclosure cover a wide range of topics
that are related in various ways to the implementation of Appendix A.
These issues have been raised within the NRC and by representatives of
other government agencies, industry and the public. The issues discussed
below have impacts on present and future siting policy to varying degrees.
Some issues are obviously vitally important, such as whether Appendix A
should be revised and, if so, to what extent. Others, such as issues
pertaining to the relationship between NRC siting policy and other national
policy, are important in terms of considerations regarding revision to
Appendix A, but are not central to this stage of the staff's reassessment
(i.e., identification of issues arising in the application of Appendix A).

2. IMPEDTIMENTS TO IMPLEMENTING APPENDIX A IN THE LEGAL CONTEXT

In addition to the difficulties that arise for technical and scienti-
fic reasons, significant impacts on applicants and the staff have occurred
because Appendix A is difficult to implement in a legal context. The
development of Appendix A was itself precipitated by the Malibu hearings
in the mid-sixties. In this licensing action, a hearing board and the
Atomic Emergy Commission had difficulties bringing the case to conclusion

because of problems in assessing the magnitude of hazard associated with
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faulting in the absence of professional standards in this area. Appendix
A represents a detailed codification of technical subject matter much of
which is not exacting and requires technical judgment and latitude in its
application. Difficult tradeoffs are required between the need %0 avoid
case-by-case litigation of recurring issues and the need for review
flexibility in this fast moving technical area.

3.  INTERFACE OF ISSUES WITH OTHER NRC POLICY

3.1 Lack of Policy Statements Concerning Early Site Reviews, Limited Work

Authorization, and Alternative Site Reviews

At present, no policy has been established regarding the regquirements
for geologic and seismic information needed for issuance of a limited work
authorization and for alternative site review, and only limited guidance
has been given regarding information required for an early site review.
With regard to early site reviews, more detailed guidance is needed con=
cerning the options available to an applicant in terms of level of detail
required for preliminary geologic and seismolegic investigations. The
question has been raised whether the NRC should provide an applicant the
option of accepting a conservative and preapproved seismic design value
rather than conduct the type of extansive regional analyses presantly
required. Such an option would reinforce the need for pubiication of an
NRC seismic zoning map and more axplicit policy concerning early deter-

minations of vibratory ground motion at a site.
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3.2 Seismic Design of Fuel Cvcle Facilities

The consequences of failure of a fuel cycle facility are considered
less than that of a nuclear power plant. Therefore, less stringent seismic
and geologic siting and design requirements are considered appropriate.

Use of Appendix A requirements and conservatisms for fuel cycle facilities
implies either that undue conservatism is being applied in designing fuel
cycle facilities or puts in question the level of conservatism adequate
for nuclear power plants. Qecause Appendix A lacks an explicit level of
conservatism based on a rigorous assessment of conseguences, requirements
for fuel cycle facilities cannot be readily determined based on scaling
down requirements in Appendix A. The lack of an explicit level of conser-
vatism based on the consequences of failure as a result of earthquakes,

for instance, does not permit a quantitative determination as to the
appropriate level of conservatism to be applied for fuel cycle facilities
with respect to these consequences. Regulations and regulatory guides
presently being developed for fuel cycle facilities are turning to probabil-
jstic analysis procedures to determine design earthquakes (e.g., for
independent spent fuel storage facilities). This allows for the specifica-
tion of the level of conservatism required. Such methods are being widely
accepted (e.g., ATC-seismic codes for large buildings, LNG regulations)

and maps are available to facilitate determining the earthquake potential
at a site and seismic design input. As discussed previously, the use of
probabilistic procadures in determining seismic input for nuclear power

plants is an issue in itself. The use of such analysis for fuel cycle
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. ' .'facilities while excluding its use for nuclear power plants can be inter-
preted as an apparent inconsistency in policy. However, probabilistic
analysis is being used for fuel cycle facilities because of the lower risk
associated with such facilities compared to nuclear power plants which
allows for designing for lower earthquake levels in the range where the
data can be assessed with greater confidence.

3.3 Consider-*ion of Seismic Design of Nonradiological Safety Structures,

Systems and Ccmponents

Requirements in Appendix A only address structures, systems and
components that are considered safety related. It has been suggested that
the NRC should require some level of earthquake-resistant design for
non-safety related systems for the following reasons: (1) because of the
complexity of interaction between safety and non-safety structures, systems,
and components, elements of uncertainty may be introduced as to the overall
adequacy of design; (2) there are some systems, components, and structures
associated with nuclear facilities that pose nonvradiological risk to the
public health and safety. As an example, the failure of an ultimate heat
sink dam could result in loss of life as a resuit of flooding. Present
practice is to classify as safety related only those dams that may lead to
radiological hazards. Under present NRC regulation, requirements are
shsent for the seismic design of systems, structures, and components not
classified as related to radiological safety, but wnhich may pose non-
radiological hazards. The overall issue has been extensively discussed in
the past, e.g., SECY-76-399, SeCy-77-222, SECY-78-258 and is presently

under assessment as a separate topical issue outside the staff assessment
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of Appendix A. The issue is mentioned here only as it relates to the

seismic area.

4.  ISSUES PERTAINING TO NATIONAL POLICIES ANC PRACTICES

4.1 Consistency of NRC Seismic _and Geologic Siting Policy and Practice

with Other National Paolicies and Practices

4.1.1 Farthquake Hazards Reduction Act of 1977 (EHRA)

Several aspects of EHRA have significance with respect to our present
seismic and geologic siting policy and practice and particularly to con-
siderations for revision of Appendix A. The Act calls for increased
earthquake research on and the development of new methods and procedures
for design and construction to mitigate earthquake hazards. The Act
specifically gives priority to the development of methods and procedures
for earthquake-resistant design and construction for nuclear power plants.
Authorizations to be appropriated under the Act are considerable; therefore
significant advances in technological knowledge in this area are expected.
As such, this places a significant priority on ensuring that present NRC
policy and practice as well as regulatory requirements be amenabie to readily
assimilating information developed from research carried out under the Act.
As previously discussed, one significant issue identified is that, because
Appendix A is a regulation and is detailed, procedures and methods contained
in the regulation cannot be readily medified to assimilate advances in the
state of the art.

Another objective of the Act bearing on revision tc Appendix A, is

that the Act gives priority to the development and implementation of
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earthquake prediction. Appendix A was developed prior to many recent
advances in earthquake prediction concepts and methodology. At present no
NRC policy exists concerning what action, if any, may be required if an
earthquake prediction is made for the area of a nuclear power plant.

4.1.2 Presidential Directives

4.1.2.1 Executive Order - Improving Government Requlations

On March 23, 1978, the President signed an executive order entitled:
“Improving Government Regulations." Several aspects of the executive order
bear on problems previously identified in the application of Appendix A
and on procedural considerations that should be made in deliberating on
possible revisions to the regulation. The latter will be treated in the
next phase of the staff effort as noted in Enclosure D. This discussion
is limited to the aspects of the executive order bearing on currently
identified problems.

First, the executive order calls for the language of a regulaticn to
be simple and clear as possible, that is, understandable to those subject
to its provisions. Appendix A is a technical regulation directed at
technical experts but written and structured in a very complicated manner
difficult for the technical experts to follow.

Secona, the executive order calls for regulations that do not impose
unnecessary burdens on thcse affected by it (i.e., individuals, the public,
private organizations, States, and local government). As noted previously,

issues have been raised concerning the requirements of Appendix A placing
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an undue burden on applicants through excessive conservatism associated
with some requirements and lack of clarity in some requirements, and ulti=
mately on the public.

4.1.2.2 National Energy Policy

The National Energy Plan bears both directly and indirectly on NRC
seismic and geologic policy and practice. The Plan bears indirectly on
the seismic and geologic siting area in that it calls for overall improve-
ment in the licensing process (i.e., establishing reasonable and objective
criteria for licensing, reduction in extensive licensing procedures where
standard design is involved, and overall reduction in delays and licensing
time).

The Plan bears directly on seismic and geologic siting policy and
practice in that it requests the Commission to develop firm siting criteria
with clear guidelines to prevent future siting in potentiala; hazardous
locations. The President in his energy address on April 20, 1977,
specifically stated that new plants should not be located near earthquake
fault zones. This policy is consisteﬁt with general NRC staff site suit-
ability practice. However, Appendix A does not contain any explicit pro-

hibition for construction on a capable fault.

4.1.3 DOraft Congressional Legislation

Two bills introduced before the 95th Congress have bearing on our present
siting policy and practice in this area: HR882, Nuclear Energy Reappraisal
Act and HR11704, Nuclear Siting and Licensing Act. Although both bills
were not reported out of committee, nevertheless, they illustrate past and

present Congressional concerns that have a bearing on Appendix A and the
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geological/seismological licensing review. HR882 called for an assessment
of the NRC licensing process, which has permitted nuclear power plants to
be built over geologic faults. As noted previously, regulatory criteria
prohibiting siting near hazardous faults has been identified as an issue.
HR11704 pertained to this area of siting in that it called for the establish-
ment of an early review permit, emphasis on standardized design, and a
combined construction permit and operating license to reduce licensing

time. Thus, one of the imﬁortant goals in modifying present policy and
practice, and regulatory requirements is the reduction of licensing time.
Specific issues revolving around this have been identified (e.g., establish-
ing detailed early site review policy in the geologic and seismic siting
area).

4.1.4 Comparison of NRC and Other Federal Agency Critical Facility Seismic

and Geologic Siting Policy and Practice

The staff has reviewed seismic and geclogic siting criteria in use or
under development by other Federal agencies to determine differences in
approaches to provide a broader perspective on issues related to potential
revisions to Appendix A. It should be noted that comparison of policy and
practice cannot be readily made because different structures are involved,
which require somewhat diffarent siting and design apprecaches.

The staff has examined those earth science criteria for critical
structures listed on the enclosed Table. Major differences in critaria
are:

(1) The definition of a hazardous fault differs in terms of terminology

used, the ages used to define a fault as a hazardous one, the use of
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seismicity levels in defining a hazardous fault, the inclusion in

criteria of prohibitions on siting near hazardous faults, and the

reliance on probabilistic assessments to assess potential future

fault movements.

(2) The procedures used to define seismic input for design differs in
terms of the degree of reliance on maps to identify seismic source
regions, use of probabilistic procedures, the procedures used to
define regions to assess regional earthquake potential and the use of
differing ground motion parameters for design input.

Generally, it appears the criteria are moving towards seismic and
geologic assessments that require probabilistic analysis and the definition
of acceptable levels of risk (dependent on the hazard associated with a par-
ticular facility) in quantitative terms.

§.  EXTENT AND NATURE OF REVISIONS TO APPENDIX A

The foregoing discussions in this and previous enclosures have identi-
fied numerous issues that arise directly and indirectly from the applica-
tion of Appendix A in its present form. Many issues raised deal with
fundamental problems identified when Appendix A was in early stages of
development (a decade ago), and during the initial public comment period
when Appendix A was issued as a proposad rule in 1971. Because of the
fundamental nature of difficulties it is clear at this time some form of
revision to Appendix A is warrantaed. A number of options have been
considered:

a. Minor revisions (word changes, expansion for clarity) to present

regulation;
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b. Substantial expansion of regulation (add detail to sections that
are difi7icult to interpret because of their general nature);

c. Simplifying the regulation (deleting sections) and simultaneously
providing more detailed information in regulatory guides;

d. Rescinding Appendix A and rely entirely on regulatory guides .o
provide detailed guidance on the subjects covered as has been
done successfully in the hydrology area.

The staff consensus is that option C is the most desirable way to
proceed. Accordingly, the next stage of the staff effort will be directed
toward: (1) revising the regulation in a more simplified form; (2) supple-
menting the revised Appendix A with a series of regulatory guides to be issued
concurrently with the revised regulation; (3) assessing through a value/
impact analysis the resolution of.issues identified in this paper; and
(4) developing a program for continuous updating of regulatory guidance.

Enclosure D describes more fully the subseguent stage of the staff effort.
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AGENCY  FACILITY

LIST OF EARTH SCIENCE CRITERIA FOR CRITICAL STRUCTURES
1ITLE

USE

NRC Nuc lear
Power Planls

COE Dams

Dol I NG
Facilities

VA Hospital
Facililies

BR Dams

EPA llazardous
Wasle

Facililies

AlLC Buildings
(NSF/NBS)

Seismic and Geologic Siting Criteria for Nuclear Power
Plants; 10 CFR Part 100, Appendix A - November 1973

Earthquake Design and Analys’s for Corps of Engineer
Dams; Reg #1110-2-1806  *.ril 197/

Liquefied Natural Gas Facilities (LNG), Federal
Safely Standards; 49 CFR Part 193 - April 1977

tarthquake Resistant Design Requirements for VA
llospital Facililies; llandbook 1i-08-8 - May 1977

USBR Design Earthquake Selection Procedures;
= November 1977

Standards Applicable to Owners and Operalors of
llazardous Waste Ireatment, Storage and Disposal
facilities; 40 CFR Part 250 - February 1978

fentative Provisions fer the Development of Seismic
Regulations for Buildings - June 1978

Regulation for licensing
Guidance for staff and
contractors

Proposed draft regulation
for licensing

Guidance for staff and
conlractors

Guidance for staff and
contractors

Working draft regulation
for licensing

lentative provisions






ENCLOSURE D

SUMMARY OF SUBSEQUENT STAGE IN THE ASSESSMENT
OF CURRENT SEISMIC AND GEOLOGIC SITING

CRITERIA, POLICY, AND PRACTICE

A.  PRELIMINARY VALUE=IMPACT STATEMENT (PVIS)
1. Objectives

The next phase of the staff assessment is a preliminary value=

impact analysis of jssues identified to structure the revised

Appendix A and associated guides and then follow-on guides. The

objectives of this phase include:

a. Using value-impact assessment to considé; the resolu=
+ion of issues identified. This will involve consicera~
tion of alternative ways of resolving technical and procedural
jssues through an assesshent of values and impacts, i.e.,
considerations of tradeoffs }n meeting objectives. During
this stage, the specific recommendations made by the staff,
ACRS and their consultants, and public ccmments will be
addressed.

b. Using the PVIS as the working document to explore resolution
of issues prior to actually revising Appendix A in order
to: (1) establish the intent 3as to how the regulation
should be revised; (2) establish a ccmmon reference of
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intent to review changes to the regulation; (3) avoid
missing substantive issues that need resolution; and (4)
minimize the review of word changes to the regulation
(i.e., to minimize the number of drafts and work required
to derive an acceptable revised regulation).

Using the PVIS to establish the framework for the supple-
mental regulatory guides.

Documenting clearly what, how, and why decisions were
reached.

Forming the supplementary statement (statement of considera-
tion) for revision of Appendix A and other policy and

practice.

Preliminary Value-Impact Proceass

It is the staff's intent to perform the analysis in accordance

with guidance already established by 0SD, NRR (NRR office Letter

No. 16) and by the Commission (Secretary Memorandum January 23,

1978). DQetails of the analysis are contained in the above

guidelines and will not be repeated here. Special considera=-

tions will be given to those areas listad below.

a.

b.

Executive Order - Improving Government Regulations
Congressicnal Bills and Directives

Other Acts (EHRA, NEPA, NSLP)

Qther Agency regulations (LNG, Dams, ATC)

National Energy Plan

Early site review
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g. Standardized design

h. Backfitting

i. Use of Research

j. Impact on other facilities under NRC jurisdicticn
3. Results of Preliminary Value-Impact Analysis

The results of our analysis will include:

a. Recommendations to the Commission on the resolution of

issues;

b. Recommendations to the Commission for rulemaking and

establishment of regulatory guidance.

€. Recommendations for obtaining further pubiic input;

d. Common ground for all to assess the revised regulation.
REVISION OF APPENDIX A TO 10 CFR PART 100 AND DEVELOPMENT OF SUPPLE-
MENTAL GUIDES
On the basis of decisions reached in performing the oreliminary value-
impact analysis, a revised regulation and regulatory guides will pe
developed for promulgation for rulemaking and public comment. At the
earliest, the revised regulation and supplemental requiatcry guides

could be promulgated in FY 1980.
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ENCLOSURE E

BACKGROUND AND SOURCES OF INFORMATION USED IN ThIS PAPER

I.  BACKGROUND

A. Historical Perspective

Prior to 1973, when Appendix A "Seismic and Geologic Siiing
Criteria for Nuclear Power Plants," to 10 CFR Part 100, "Reactor 3ite
Criteria" became effective, regulatory requirements in the geelogic and
sefsmic siting area were contained in 'O CFR Part 50, "Geraral Design
Criteria,” and in 10 CFR Part 100, These regulations prosided merely broad
requirements in the saismic and geologic siting area. A need for more
definitive regulatory criteria in the eartis science area arose from the
difficulties encountered in licensing review of the siting of several
nuclear power plants in California in the early sixties. The types of
difficulties encountered i uded: (1) the lack of standards to assess
adverse seismic anc ¢ ~ © conditions at a site; (2) the need for guidance
to applicants as to ihe type of investigatory procedures to follow; (3)
the absence of review procedures for the staff; (4) t*e lack of a framework
to make legal determinations and to assess compliance; and (5) protracted
delays and considerable debate in the licensing process sver technical

issues.
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As a raans of resolving the above difficulties, work was inftiated in

1966 to draft sefsmic and geologic sfting criteria which lead to a semi=
forwal siting document developed in March 1969. In 1971, Appendix A vas
published for public comment, and in late 1973 the regulation became
effective. Appendix A in final form represented a compilation of pro-
cedures and methods developed primarily from experience gained during the
review of early sites. [t also reflected a synthesis of a broad spectrum
of professional views and fdeas.

In developing Appendix A, it was recognized that the criteria were
based on limited available data and that revision would be appropriate as
the state of the art improved and additional information became avaflable.
Such a statement {s expressed in the PURPOSE of the regulation,

B. Review of the Application of Aopendix A

Extensive cxpor1onéo has been gained in the application of
Appendix A and difficulties in applying the regulation have arisen. Many
of the problems Appendix A was intended to resolve were not resolved.

As a result of problems encountered, in 1976 the staff began a
reevaluation of the regulation. As a means of ascertaining the extent of
problem areas, the starff held several meetings and prepared a "straw man"
revised draft of Appendix A, The "straw man" draft differed primarily
from the reqgulation in the arrangement of sections and the incorporation
of additiona) wording to increase clarity. This draft was circulated to
staff for comment., Comments received ware numerous and indicated a need

for an in-depth reassessment,
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Concurrently with the staff review of Appendix A, a broader
review was underway of overall siting policy. In Policy Paper SECY-76-286
dated May 25, 197€, the staff informed the Commission of this overall
review. That paper also informed the Commission that the seismic and
geologic siting criteria were under separate review. Subsaquently, in
Policy Paper SECY-76-286A dated December 14, 1976, the staff outlined
topics in the sefsmic and geologic siting area being considered.

By letter dated January 27, 1977, the Secretary of the Commission
requested a proposed policy statement on seismic requirements. Ouring the
preparation of the requested paper, the Secretary issued a new memorandum
dated June 30, 1977, requesting the following: (1) that the staff address
only present siting policy and practice; (2) that SD and NRR in a followup
paper describe and analyze major issues not covered in pther siting papers;
and (3) that SD and NRR prepare an alternative siting statement to present
siting policy.

In response to the first directive, the staff prepared an Information
Report (SECY-77-288A), dated August 18, 1977. That paper described current
sefsmic and geologic siting policy and practice for nuclear power plants,
its historical development, and outlined the staff's subsequent papers.
Thus, SECY-77-288A established the frumework for this paper and subsequent
papers,

Following the preparation of SECY-77-288A, issues pertaining to overall
seismic and geologic siting policy and practice were solicited and compiled
from technical and legal staff., Additicnally, on December 15, 1977 and

January 26-27, 1978, meetings were held with the Seismic Subcommittee of
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mittee n Re ir Saf { ACRS) and

these meetings was to obtain their views on pre

the staff and to solicit any additional problems Following

the staff received reports from ACRS nsultants

1978, the starf ',ll.')ll hed 1ot
ent fs |I‘V' 11N ‘l“ L
March 1978, Eighteen were received

b1 { ent

RS meeting aource

‘@ summarized below,

arf

ur review




L. Hulman, Chief, Hydrology - Meteorology Branch, DSE, NRR,

memo to L. Beratan, dated 12/14/77, proposed revision to

10 CFR Part 100, Appendix A - "Seismic and Geologic Siting
Criteria for Nuclear Power Plants."

I. Sihweil, Chief, ESB, DSS, NRR, dated 11/10/77 input into
the revision of Appendix A, 10 CFR Part 100.

Comments were also received from the above sources as well
as other staff sources (NRR, I&E, 0SD, RES, OELD) during the
revision of the strawman draft, draft issue papers, and
during several meetings of the staff. Additionally, infor-
mation was obtained from the staff during the ACRS seismic

subcommittee meetings.

Advisory Committee on Reactor Safeguards ol

Source information examined from the ACRS includes: generic

reports; reports on specific sites in which generic items were mentioned;

comments by the seismic subcommittee and their consultants during and in

response to three days of meetings on Appendix A. Specific documents

include:

Site reports:
(a) Comments by J. C. Maxwell, consultant for ACRS, on
Skagit, dated 8/30/77.
(b) ACRS reports on Perkins and Cherokee, including
D. Okrent's remarks, dated 4/14/77.

(¢) ACRS report on North Anna dated 1/17/77.
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A Generic reports:

(a) ACRS generic report #4, on seismic scram, 4/16/76.
(b) Minutes and consultant reports at the !78th ACRS
Meeting, 2/6-8/78.
3. Information obtained during the Seismic Subcommittee meeting
with the staff on Appendix A, 12/15/77, 1/27-28/78.
(a) Transcript of the above meeting (appreximately six
hundred pages).
(b) Consultant letter reports by:
A. H-S. Ang
John D. Maxwell
H. Bolton Seed
Shailer S. Philbrick
Merit P. White '
James T. Wilson (2 letters)
Zenon Zudans
(¢) Letter report by David Okrent.

C. Formal Public and Industry Comments

Formal comments on problems in the application of Appendix A

were obtained in response to a staff Federal Register notice published on

1/19/78. The public comment period ended 3/1/78. Additionally, one
public comment was received during the ACRS seismic subcommittee meeting.
Also, at the request of the AIF, two days of meeting were held with NRR to

discuss problems and recommendations for change. Specific sources follow:
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3.

Public comments in response to staff notice.

(M
(2)
(3)
(4)
(5)
(6)
(7
(8)
(9)
(10
an
(12)
(13)
(14)
(15)
(16)
a7
(18)

Weston Geophysical Research, Inc.
Arizona Public Service Co.

LeBoeuf, Lamb, Leiby and MacRae
Pacific Gas and Electric Co.
D'Appolonia Consulting Engineers, Inc.
Lindvall, Richter, and Associates
California Divisior of Mines and Geology
EBASCO Services, Inc.

Southern California Edison Co.

Los Angles Dept. of Water and Power
General Electric Co.

New York State Geological Survey

Law Engineering Testing Co.

Stone & Webster

Dames & Moore

Sargent & Lundy Engineers

Commonwealth Edison

Nathan M. Newmark Consulting Engineering Services

Public Comment at ACRS Seismic Subcommittee Meeting

(a)

Central Maine Power Company

Comment by AIF

a.

b.

Letter from J. Ward to H. Denton, dated 6/15/76,
summarizing comments presented at 5/12/76 meeting.

Verbal comments received at 1/9/78 meeting.
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The Intent oI these procadures is to identify the maxinum earthcuake

whizh s affect the sita, There is, of ccurse, scue precability of
exceeling tha S3E. This zroblem is because of the urcertainties arisirg
"I cur linited undarscanding of the frequency and severity of larce

scale sasthguake fhanchena and the limitations of geclogic and geochvsical
‘nvestizalicns, rather than lack of validity of tha concept of a liniting
eartnguake, In & sanse, then, the likelihood of cxceeding the S3E is

a mezsuTe of the state-ci-the-art of geolcgic and seismalogic understanding;
it prooanly is on the orfar of perhaps 10-0 in any given year for any site,
but with a very wife er-or band.

The cparating basis earthorake, although an infrecuent and major earthcuake,
is a much zeore likely caelcgic event. The recurrence intarval frecuently
consifesed applicasle 22 the CSE is in the range of 300 to 1,000 years,
Although in enginearing zractice the C3E is usvally est2blished as a
fracticn ¢ the €8I, in zany zarts of the countsy there is a sufficient
facord of historic saismis evants ©0 provide a lasis for a prebabilistic
2szeszment of the (I i vnese events are considered in light of the

regicnal stouctural sacicsy.

Arpendix A cces nos rrascrize specific geologic precedures for establishing

the C3Z (alchough iz Zcas szecify a minimum level). An ANSI stancard®*

ras Leen Zraltad lascriling a methed of srchabilistic assessment of the
CBE. Prczanilistic amalvsis was used for estatlishing the C3E for th
Foshxoneng uciear Power Flant, The application for a constructicn permit
has beer zaoviswed and accezted by ACES.

This aggrsach of S lavel

s
wicue =2 sarthcoscas, Thar
" pAr 5

of severity of a natural ghenomenen is nct
2 is a geod analogy batwseen the conceet of
!

the S5Z an2 (BE 22 ihat cof the Frobacle Maximug Flocd (B'4F) ard Stardard
Project Tliccd (S7F) uszed -y the U, S. Army Corps of Ingineers (and N2C).

The lavel ¢l lixelinced of these two flocd éischarge lavels is subsctantiaily
the szm¢ 28 T S5I and (32, respectively.

Viewad 33 s=ciisd oo ancineering desicn, the desicn basis for the SSZ

is s7e~Zl32 R AZFETCIX A O assure chat the plant design aCecuately
protacty e putlis Raalil and zafety in the event of an extrece ear thcuaka,
The CBZ ls estacllizhad as the most severe «:or'icuake follewing which

e plant cam safaly be crparatad without special insgecticns.

*PGuileilnes for Tetsernining the Vibratory Grownd Motica for the Tesign
farTiguace foT Nuclasar Facilities®, ANS 2.1 Werking Grotp Craf,

Jancazy L, 1576,
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Commissicner Mascn -4 - ocrs T8

e zhaving asscoiated with actual earthquakes is a very camrlex vibratory
meticn wizh wids vaciations in frecuency centent, amplitude, and duration
dezerding on the ti=e of initiating crustal movement and the transaission
of ==3 =c=icn through the earth, Normal engineering practice is to define
the vissassry moticn inpus as it affects the facility with a compesite
restonse spechris Sased on a number of earthcuake records. Usually this
restcnsa spectoim is reduced to a time-motion record (a synthatic seismogram)

cr zzslication to design. This engineering definition of vibratory
motizn imput is guite complex and contains a nuther of elezents of arbitrary
conservacism. A growg of Rsgulatory Guifes* hes been issued which provicdes
a coslate definition ¢f the vibratory motion input for reactor facilities,

The cnly éistincszicn setwesn the S5E and the CBE in the application of
thesa res-cnse spectsa to design is a scaling by the camparative acceleraticns.

Thera are 3 mumher of specific issves and preblem areas that are related
tc =3 deza—inasizs and zoplication of these two eveats which aze identified
ad triaDy descrited heizy, attactment I is a detailad staff analysis
discusging the susiect 3: greater length, pregared with the assistance .
of the Y22 Divieica ¢f Site Safety and Invirormental “nalysis.,
1. Is t™» (82 a safagy-raiated event in the strictest sense?

v 38 E 32 a2 (BE as a safety-relatad event. Cesign of

Many pecrle €0 nct Tezas

ant £0 withssand the SSE without undue public hazard is felt to
meet the safaty nssd. The dacision whether or rot to continue operaticn
of the slantz afiar 2n eazthcuzke is seen as a decision of the utility.
If an eacthouake should ccsur, the safety of the plant for centinu
operazion could 2e sstazliszhed by -a suitzble, possibly quite extensive,
inssecsisn srograz without recuiring design 0 an CSE level. As criginally
publiszed Zor coman: Azvendix A reflected this perspective by making
the astorlishment ol 20 icnal, TFerhacs the bast argument for
rezarding the CEI 23 a safatgy-related cuestion is a racogniticn that
in the aarmath ¢ a major earthcuake nescds for powar would te sicnificant,
c r

b

4

<
.yz

camst continved -a2:c0r czperation might Se a camunily requirement.
Anot-er zgimant scmatizes advanced is that the widesgread shaking of
the sa=<hcuake affacts reactor systems in camplex intaractive mcces
whics z-a not easily foresesezble., This nakes it aggropriate o recuire
scza laral of ganaral sacthcuake design within the elastic restnse rarge;
bus in fass agplicatisn of C3Z design to structures, systens, anc couonents
e alsc covered =y S3E Zesicn is cuite rare,
*3eculazsry Guidas 1.80, "Cesicn Resporse Spectra for Seisnic Pesicn of
Neslear Sower Planss"; 1.61, ""amping Valuves fcr Seisuic Tesign of
Noelaar Sower Plants”; 1.92, "Corbining Modal Sesoonses and Sgatial
Cascnenss in Seismic Resgense Analysis®; and 1.122, "Flocr Cesign
Fasscrns?e Spentra Cevelcrmant for Seismic Cesign of Floer-Surtgorted
Ecuizzent or Coyorents”,
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2. Should the C2E be established as a seisnic event or as an engineering
safaty factor? '

A widely-held engineering view is that the analysis of a seismic load in

the rarge of frem 1/3 to 1/2 the SSE provides the best engineering verificatic
of seisnic design, and that the C3Z should Le establizhed in this range

at a value such that the seiznic design is determined by the SSE, not the

(BE, since the CBE i{s seen as a design check. Nota that othsr non-seizaic
factors may centrel the design cverall. Cn the other hard, {f datermined
probabilistically as a geologic evant, the C3E would rot necessarily be

within this rarge, and may or may not deteraine seimuic design.

3. What vibratory notion characteristics should be assumed for the CBE?

The ceplex multi-frequancy shaking of an earthcuake is normally represented
for desizn pu-ycses by a highly cenzarvative sncothed response spactrim,

The sane res;cnse spectsmm shage is normally used for both tha SSE ard

CBE dasizn, 2djusted caly as to accaleraticn. Since the CGE i3 an earthcuake
of lcwar intansity and lixaly shorter duraticn, a less cocnsarvative respense
spectrim might wall e agprcpriate. -y

B ]

4. Fow stould {solated acceleraticn peaks be treated?

It {8 not wmustal in an earthcuake to have a high amplitude acceleration

peak of 1i=ited duratisn ard little impact cn the resgense of a conplex
structuse., For acample, such a peak (1.25 ¢) was mezsurad at the Pecoinma
Dam in the San Fernerdo earthquaxe in 1§71, Current zractice s to base

the enginsering desizn on a response spectrum which Luzlicicly assumes
sustained skaxing (and in effect disrezards isclatyd peaks) tased on tha
general argiteering cencansus that isclatad peaks do rnot have any signilicant
effect cn stouctuces,

S. What ingpecticns should be carriad cut follewing an earthquake excesding
the 227

Agperdix A dces not provide guidance on this matter. It is very dilflcult
befcre the fact ta identily in a generic way exactly what Ingtecticn program
would te asprogriate after an earihcuake. Corversaly, follcwing an esrticrake
chsarvasle offects on the facility could reascnably De exrected to indicat
the arsas requiring inspection and the types of inspacticn needad, The
staf? scgition has Seen that the level and extent of inspectlon following
an earthc:ake should be based cn clserved damage and a canzariszon Detwean
the goocthed respense spectsun used as a design Casis and the rewncnsa

cerics corsempending to the metion actually experiens~d Dy tiw facility.
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The actual shaking can be daternine! by seisaic instrumentatien recuired
cn 211 nuclear zcwer 2lants to measure earthcuake input. An ANSI camittee
whick develcted a staniazd defining seisnic instrumentation requirements
to measuze Input* is now wall aleng on a standard which defines a basis
for zssassing "excaecarce” of the design respense spectrum in a real event**,
to rzoviie a basis f3r decision cn level and type of inspection based

the actual facility resgcnse.

2R Piornanoie

Robert B. Minogue, Director \
Office of Standards Cevelorment
Attacizaent:
Cetailad StafZ Analysis

Coarzissicner Silinsky
Cx=issicnes Raracy
CE2ice of tha Sacoatacy

*RBT N13.3, "Tacihooake Instrumentation Criteria for Muclaasr Pewer Plants”,
2 onld aswd apest B4 - . : - - . <
rdzrsed g anplified in Regulatory Guide 1.12, "Instumentation for

Pamislspns % i)
Lazthcooaxss”,

sHET 3T S 2.10), "Guidelines for Fatrieval, Review, ?:ccr.:ssi:g, ard

. 3 - o 2 F— e . -~ T - - -y n
Dralua=isn for 2ecsrdig Chtained fram Saisaic Instrzentaticn”,
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pa-ar—inazion of Jasatle saglts. By ma2ans of histor ic records

2°3 Z3hloc.ci. lnvastlgatlons, capable faults waich cculd
cxacaiTanily affsct the site are identified, Tatla T fram

Sac=ign Iv of Azpendix A to 10 C7R 130 presents a ninizm= fault
langza varsus distarce frem site, for censicderation of tha

fani= in establisning the SSE. For czzesle faults, the
cha-ac-aristics of the fault nust be known. 1n3s2 characheristics
a-2 dazerzined frca historic racords and by geolcgic investication
ghey include the lergth of the fault, amount ané natuza of
diszlacszment On tre fault, physical grogerties of rock ané scil
szsccia=ed wizh the fault, ard information on past movenents

Al =ma Za:le

e - —— -

momge—ien=i~e oFf max

ssear—i=a=izcy of maximm earthouake. Sinca a fault dees not
o= 1S enc.ce Length, an effective rugtuse
iang=s =ust S8 astaslisned, Current staff practice is to
azs—a =-3= zzpreximately 0% of the total fault length will
=a i=;si7ad in any single event.

TSIVl | LS Soeamanttes

Givan =ais zugture lergth, an sarthcuake magnitul2 is
Ge=srmined 2z the fault. opirical relationships between
sussuss lerstl, earthcuake magnituca, ard éisplacement have
nea= Zsraicped and ate used for this purgosa. The relationsniy
d=zralzzed on AEC contract by Scnilla and 3uchanan (1970)

Law =iz

faw ==iz zuspose is mest widaly used, although others (Alcezmisss

r1323) a2 Anbraseys ad Tenalaskq (1952)) are sonetizes erployes

!

=aig =xgim earthquake has 21vzys been larger than cha maximea
=i gemsiz gazthcquake associztad with the fauls; however, Lo
~ =y im= =izzoric earthcuaka would be used if it were the lac

garc
0% == .0,

ma=z-=irz%izn of maximm acmalaration at site. The mexim=
sasTnIuake Lot 7 18 assimed TO cccik on the tocrticn

¢s ¢ &2 strecture closest to the plant sits.
gires -na dictance to the site, th2
asce.aratl the =i iz dakarmined using attanuaticn
cqlazionshizs oy Schnztel ard S22d (1972)., Cthar
selgsionsnis zan (1374), Scusner (1953), Conovan (1373})
ara alss scnetimes used. The largest acceleration resuliing
s~ ==a sgite from tre earthcuakes on tha varicus cazadis falt3
ig ==2m used as the maxim= siszatory acceleration fog toe
33z, 2soendix A recuilas rhae this acceleraticn te at lazst
oma=tsnth tha actalaraticn of gravity (0.13).
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S, Sisuasicn ™wa: ihen the Causs cf Zistoric Farth-uakes Cannct
T2 E3.3t2C O Anohil GA0LOGLC St-uctuces

=-3 sscc~2 situasion, in which s2ismicity canrot be related to
gwlogic structure and/or capable faults, is tyopical of tha
aas-ars Caited States, whare it has generally not yet been possitle
== ralats saiszmicity to tectonic structures or capabia faults in
zany arazs. In this case, tectonic provirces are used in the
sg=aslig==anz of the SSE. The fzllowing steps pressnt current
g=2f2 procetuse in this situatien,
*. Daza-—ima=izs of tactonic crovince. A tectonic provinces is
(23 ca m== in sprenciv &) a region of the North American
canzimans characterized by a relative censistency of the
saclosis smustusal features. There is no definitive
ganazally zccected identification of such provinces in the
=3=ag, Several provinca maps exist (Sy Xing (1963),
2), Hadley-Davine (1974)) and are usad for
iZance, but the basic determination of such a
i% recuired, is made on a case-by-case basis.

2. Darer—ima=icn of maximm earthcuake. Since in the sacord
Sic.Z:.cn =2 are ccncernec wita a regicn in which seismicity
ig r== ralassd to knewn geclcgic structures, tie maximum
hisssric sarthouake of the rezicn is treated as though it cculd
ocsur =r«nere in the tectonic province (i.e., at the plant

ei=s). Geological evidence, a high level of saismicity or
a shese nismorical recsrd, may dictate the use of an

- -y 3 < ot
gazchooake intensity greater ¢

that of the maximum historic

ears=aguaka of the tectenic provirce.

Wnen an 22iacent tectonic zrovince has excerisnced an earthcuak
goaa=ar +=2n those of the tactonic province in waich the powes
plan= is %5 Se lecated, the maximum recorded earticuake of the
adi azans province is toeated as though it ceourred on the
mariar of the two Srovincas at the point clesest to the rower
slanz size, The effsct of such an earthiguake on the plant sits
ig 22zarnizad ag described Zelow.

3., Dater=inati taraticn a2t eits, Most histeric
easLaciases wnLo2G Scat2s are recorded in taris
02 ¥ecifled sizv (1100, 2nd the maximin eartigual
foz <o sile ig also specifiad in Ivw. A maximim accsleration
{g 2arived froa this intensisy, A nuwier of correlaticns of
accalaraticn ard intansisy have been develcped sy various
austs=itiss, Comonly used ig the relationship devalozsad Ty
meifinsc and Brady (1575). A calaticnshis fren Vaucsann (1584)
-4 841820 scratires ucad.
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For maxim= earhiguakes presuted to occur a2t the torder of
23icens tactonic grovinces, the intensity of that
eactaguake is convartad to a Richter magnitude using
ralaricashizs devaloped by Richter (1953) or Nuttli (1974).
Given =2is magnitude, the maxiziy acceleration is calculated
in t~3 za~e manner as for earthcuakes asscciated with known
faulss, using the same ¢ :tenuation ralationshizs. ‘

Ts =@ casa of the Charlesten SC 1886 and Mew !Madrid O

1311-1312 eazt=cuakes, the recorded intensity contours are

vzed =5 de-arnina the intensity at the site, and tha site

acealaratisn is determined frem relaticaships such as Trifimac
4 Srady (1573) or Neumann (1954).

FESFOUST SSECTRA

Te Zafi=s <=a $5I zracizaly for engineering design purposes, the maxim=m
hozizanzal ground accslaration associatsd with the SSE for a given
nuzlaas soooms slans site is establisited by the applicant and agproved
oy =he i35, Aftar apreaing on the maximum ground acceleration for a
givan sizs, Ragilatcrs Guide 1,80, "Cesign Rasponsa Spectra for Seimis
Casizn o2 Nuclaas Pcwar Flants,” scaled to the SSE acceleraticn, is
normally usad far astrzlishing the free field ground vibratory motion
2sscciz=ed with t-a 33T for the site. The applicant also has the opticn
of using sits~<sr;aciant desizn response spectra in place of those given

-? -

in Pagziacory Goile 164,
It is zinted cox in Fagulatory Guide 1.80 that the acceptable design
responss spects= roocefure for nuclear pcwer plants is a procedure
deveaizsed 25 2 -asuit of two statistical studies of response spectra
feo cass earzhnguakas, A summary of the tuo studies and the
reco—arsed dasizn soscadure is contained in the paver entitled "Saisnic
Desigs Jnaciey SOz lnE wer Plantz" Sy Nathan M. Newnark,

. Kagur (2SCZ, Journal of the Fower Divisicn,

Bk e
varsl ne

Nersr—er 1873). Ia 2 study By Joha A, 2lcte, a total of 33 diflarant
ga-~==-3.3 ras=-33 ware considerad, with the peak ground accelaraticns
f2» 2238 eazwasiakes ranging from 0.11g to 0.31g. I total of 23 records
warg -3z3d in a sTody To Vathan M, Newnack, with tihe maximem ground

scme’ ara=ismg ‘= zhp norizontal dizecticon rarging from 0.03g to 1.28g.
2ssocmse specisa were caiculated for eaczh recomd for varying d23rees

32 dx—ping and sean spectca vese derives frcm statistical analyses. Tha
segil =3 of e 0 studies vers candbingd ard a single spactou was
seco—eZad f£3: dasign pusposes, using s tsan =lug ¢ne stindard deviation
28 =-a Zfssign spectizum rezability leval,
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It car 52 saan tharefore that the chacacteristics of the actual

@ar zariska records usad by Siume and Newnmack, such as their {recuency
comegms 2m3 tha diration of thair meticns, are inhezant in the Jdesign
stectza foimd in Pegulatory Guide 1.60. Since a munler of cerditicns
as3 araleped in Tegulatory Guide 1.60, tha devalogment of stcothed
gi:s fs-andent spectra from a single earthguake record would ba less
ssmzasTative becausa it covers only cne corditien.

Iy i3 izsortant to enghasize that the paak ground accelerations of the
ears=zvaces used in the 3lune and lewnack studies are maxinua motions
szecved indarendent 0f the dusation of sround shaking at thosa levels.
~ai3 Tm-r=duces a degras of conservatism into esign specira, since it

iz wall ssmaslistad inm sarthcuake engineering that the mest damaging
gzaund mceizng asa hypically those levels of motion (frecuently of lower
Zolizuda than tha zeaks) that are maintained for lenger pericds of time.

ITI. FEISDIT SITUATTOY WITE REGARD TO TEE BASES FCR SELECTICN CF TEE C3%

{3 Tar=houake, as da2fined in 10 CFR Part 100, Aczendix A,
2 weice, consicering th2 regicnal and lccal geolcgy ard

- K. S - :
g eeare=ag 3as
.

{3 chss santiglass
tg=el sy and specifls characteristics of local eussurface material,
actd razzonasic =z axzectad to affect the plant site during the operating

> L 5 -
.

1i%s =% ==a ziz=z. I3 is that earthquake which produces the vibratpgy
grouns =sziza f£22 wiizh those features of the nuclear power clant necessacy
for comzimuad zpsrazisn without undue risk to the health and safaty of

the guslic ace Zasiznad to remain functicnal.

mag =imi== yalua of zm2 acceleraticn lavel for tha C3E is currantly

specifisd im Azpaniiv A o 10 CFR Part 100 as at laast cne-nalf th

accalarazicn dzzarmined for the S5 and cthis is the value nomally
specifisd, Tor sizas mot in hichly sel=mic azeas;, ehis-raquirssent

ig czmzzsiling in 22 selection of C3Z. 1In thase areas, earthcuake

acmalz-i=isng woiss Zan rsascnaaly be exzected te ccour in the 1lifa
of “=a = anz will ustally De less than cne-half the S5E accalazatica.

Tor ziwas in hiz=lv saisnic regicas (ma2inly in the westarn Unitad
S=z-z3 3 con=less Zascriztion of the C3E is develcoped. Geolcogic stoustura
ca=s=l: faulzs, :r tactsnic provinces with which historiczl earthiquaxe
am=iwe-=er mag Lza= assocliatad are consiferad 23 tossible source machanists.
Foosasiliew calculatians such as those descrized by algermisssn and Perkinz
(1372, 1375) can Se usad to help estimats the acceleration level that can
-23sc-z=lv be svpactad to affect the plant during iss crerating life
‘azpronizassly f3zty vears), This acceisration may Se graatar than cna-nal
==3 32T accasiaraticn for scme sites,

-
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To Ssiizs tha C3Z gracisaly for engineering <J2aign purpeses, the

sazp rasTcnse spectsn 2s that for the S32 is used, scaled only as

t0 accalecation,

The milctsczny bening astablishing the C2Z to be not less than one-half

§3Z i 28 Jolilcws: i

1., Tha st-ess leval in'the safaty-related structures, systems, and
c==zxnants is allcwad to reach yield level when the plant is subjectad
&= 2 332 in comzination with othar agplicable locads, proviced the
necessary safaty functicns are maintained. For the C3E, all structurss,
s:3tats, and cooznents necessacy for cceatinuad cperaticn without
==us isk &2 the health and safaty of the public are designed to
Tazalin Zocsional 202 wall within elastic linits when subjected to the

C2Z In cmBbinmatisn with nomal operating loads. The usuval rarnge of

Zowz=la alasg=ic st-ees is from 0.45 £0 0.6 of the yield stress.
he chzize of the =Z to be cne-nalf S22 is consistent with the
c2zis o the yiald st-ess (allcwed oz SSE) to the allowsble elastic
s=c233 ‘2 _cwal I3 732).

2. Agpeniiz A o 11 TR Pazt 100 reguires that the nuclear power plant ba
sact 3own if s vIooatory ground meticn exceeds that of the C2E.
=iz tegulzenant indizates the advisability of an C3Z which is large
ercuzh 80 that Suzing a streng earthzuzke all the nuclear power
pl=ts In 2 laogs zeograpnical area ace not shut down and the public
defs viteut flectsis ower,
(It shroll De ncted tnat another agplicaticn of the C3E arises vhen sei=miz
effacts 2-a cInsilsacel I combinatid 1+
n

2 other natural chencnezna, rFor
exassie, = detar=i=ing the desic Sor certain structurss of the uvl=inakas
heat sinc¢, t=a (ZI i3 considered in camsinztion with waterflcw basad en
savers -izzorvical grants in the rejion ol the structure. This azslil
of the = is zasizally not germane £0 the issves of SSZ/C3E interrslaticnshis

v
23 - - - - -.'
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Va7 high ifsolated peak acceleraticns have been measured bub
aca not used in scaling ard applying Pagulatory Guide 1.60
dasign spectza, Thess maximun accelerations aze usually of
g1ors duratica and do rot have tine to build up darazing eaergy.
Vsar-peak acceleraticns maintained for lorger durzations will

=e moze dxmeging. The dusation of strong motion is particularly
siznificant for design stresses neac the yleld point (as is the
case with the SSE). ‘

Cateraination of tectonic provinces {s a point of centention
between “he staff and irdustry. In general, staff practice
s to use relacively large tactcnic crovinces to ensure
conservative design., However, there is a great deal of
c3-tmical argment frem industry to use staller tectonie
STIINEeN.

cazarainazien of maxisun acceleration frem intansity creates
gafaisulel n that intansity is a subjective measure of grourd
=s=isn., Alse, direct information abcut the duration of strong
=azlon is lcas whan using intensity as a messuze. This is a
2i28culis pooblam since alrest all eacthquake data for the eastern
Calsed Statas ls in terns of Modified Merzalli intensity.

o
“am 0
l‘-

VI, IMPOPOANT ISETES WITH RESFECT 10 FELATICNSHI? SETWEEN C3E AND SSE

A.

snsidered to be not safety-ralated and

riatsly chosan by tha agplicant 23 a mactar

c? gcorcnic ‘udsamert. In such a case the guiding factoc

2:2 the arzplloans to checse a ceztain g-level for tha C3E would
s =g co9t 3f shukting down and restarting the plant after an
5% cccuss. 18 the applicant chooses too low a leval for the
=I, he nizhs Lcus heavy costs of shutting down and rastacting
==a plant sevaral times during the lifs of tha plant., Fuzthar,
12 +he zlant generally has an nadaguate saiznic Cesign Dasis
4 magy incur avtangive costs dup "o earthcuake danige to power
;anaratisn and transmission equipnant. (As an avarple damaje
ts utdilisy systans In the San FTernando easthGuake amcunted to abous
$100,000,5C9).

T-a (B2 can c»

(S
=Az8f3ze ATzicE
.
-
!

-
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fagulatory Culde 1.12 spacifies that vericus zsaisnizs instruvents
=e used t3 ascertain whether the C2S has Dasn exceedsd ducirng

2 ssrthciake. When (nstrumentaticn shews that tha peak
accalaration or the resconse spectca exgarienced at tha fourdaticn
3f the centalnment building cr in the free fleald axceed the C3E
sczalacation level or response sgectrr, thae plant is requized
t9 be shut down perding pernmissicn to rasure operaticn. 7O
daternise whether or not the zlant can salely rescns cgeraticrs,

Enclosure “F"
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; sigual fiald imspecticn of safazy-ralated items, vhich may

| imel o3 nonfagnsuctive testing i2 need is indicated, is

i=slamanced and 08 measursd resscnzes from both the gear=
: -aszrdisz amd 3tzong-moticn accelarograzhs are comparad with

i -~23s aza—ai i3 the design. Cansideranle cost ard tine is
! i-satved in this process of inspecticn ard verification, which

iest 2z gucs Ltens as (1) insgecting the piping for any movanent

= ruzpisz, (2) inspecting tie structures and equimment for
s=mcmal Ziszlacament, (3) rev tawing the recorded data on plant
ssszacing gazacatecs for any ahrornal cperation of ecuipmnent
gizing evenz, and (4) ceamparing the recorded respcnsas with

<=~a 22si7n tasiz, TO conpare +-a responses, the earthquaka data ncs
g ca=-igrad f:om the instrmiments, digitized, and used in the campu’
Zalyses, Tsoally cachnical spacifications of thre licensees are
~sad ta assc—=lish the inspecticn and ccmparison of the resgenses.

3, Scme m=—acs of the staff feel that the CBE should be establiched
=ased or srxsanilistic metheds, rather than being specified as
3 fraz=i:z c2 toe SSE. This cculd ba dere by checsing an eecthcouak
-acu=zancg ‘mzazval to cctain a sufficiently small prcbabilizy of
aq-sa’s=23 fusing the cperating life of the plent, and madifying
sr a&limims=i=z zhe requirement that the CS5E be at least cne-half
tha S3T, Ooma difficulty with this agzroach is in how to select
an aggoorTiacta racurrence inter;al. Also, there is very little
sar==z:ase 2az2 It the eazstern United States, creating preblens
i dg=a—i=i=z tha earthquake szverity for a given ¢ tusTence
ismoms=y’, mace is scme feel i~z that the historic recorés for
tsgrei L=a=:z3 avs tco short foo use in predictirg geologic phencme

’ g g=222 =23 1 wife range cf szinicns on how such aa aggreach
 goguli s osal, Toece naye =san cases for which an CBE less
| emam zmg-=2" 2 33T has Ceen acces=ed by the gtaff as the earthquake
misn z=ut3 -azscnacly De exgacted to affect t-e plant during it
SPRTRATING =B

sn3= ==a minimua CB% should be set gcmawnere in the
2 .=g=r=!-4 to cne-fousth Of the SSE. It is theis
an=:2= =-3%, with an CBT scual to one-nelf of the £33, the
: in 2 muslear power plant is governs
8 imolving the C2E rather than oy carkinations
re 538, thile radicing tTe CBE/SSE ratio night
averze the si:iuation, inm otfar cazes it will not.
atrals the desizn are the choices of lca2 factors,
and allswzsle stressas used. To2 C3g is c
+ case acion of nenseian,
~ a~= on »2 design. 7O overcone
a2 camsirasisn cuasticrns ard allcwekle
e ravizad to give diffarent weichting
~i{sf:-a==28 of ozinfcn sxist within

. -
3 - ce " o iad ot ;1 %
sea s=27% gn whather of NCT LOLE should ta dcne.
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Pagulatscy Guide 1.€0 {s based cnly on limitad daca,
megra L8 rocm for {nprovement in the shage and amplitude
of tha fras fleld design responsa spectza as a function
of zagnitude and distance, v h
nguh:aa{ Guide 1.61, which glves the datping valuas to be used
in the selmic mdylll of tha nucleac power plants is based

on limited test data and ergineering judgenent. Room

for improvement also axists hers, because a sl ight difference

in daping valuss can maks a substantial differance in tha
resulting stzesses In varlous cungonents of the plant,

dyyulatasy Gulde 1,60 specifies that the save anplification
sactaorg e vged for the two horizontal spectra, and gives a
sazazats sat of wiplification factors for tha vertical spectrua.
T=are 18 scce feel that the amplification factors for the
gacerd horizeatal spectrum and the vertical -gocu'uu can ba
‘ass than those glven In Rejulatory Guide 1,80,

™9 ahape of the spectra as ﬁ'nn lnmuhtor/ Guide 1.60 is
ot sultanls for soil liquification yais, according to scne
viewa, A 1lss-compatible spectrum is wore agpropriats for
thase ansli sen,

301l 18 a sonllnear material when subjscted to tha dynanie
sotlon of sarthsuakes, At present most of the soil-structures
{atazestisa ar.alru ard slte analyzes for decounvolving the
<iag=iigoory moticns ace bassd on the elastic (1linesr) propectias
s# she woil, Thece must be a susstantial {rprovenant in the
grate~0f-tha-art before ronlinear analyses for soils can be
(acorporated nto the design aethodalogy.

Ta cacrying out the structure-to-structure interacticn
saalysas, the major problem encountared is the sate as
la sollestructure interacticn analyzes, i.a,, the alastic
rathar S=an ‘nelastic prope:ties of tha soll are vzed in
the analees,

™are 479 w0 usual kinds of analyses which are _wrlormned on
structures subjected to earthquake poticns: (1) rasgzcase
spactoun analysis and (2) tlre-history analysis,

The major quastion ralsed alout the response spectrud technicus
{s how te caubine the acdal response and the sflsces of thrae
corsonents of earthiquakas, Regulatory Guide 1,92 soecilles
proceduzes based on the presant state-ol-tha-act,

Enclosure "F"
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st technique is us=d and a simultanscus analysis

oS the hres diractions is perforsed, the problems of aocdal
SIir2ination and three carpenenzs of sarthquales are aliminated,
ZSwgver, ths srocedure recuires 2 covputer with very large mezccy
cazacity, tharafore it is not being widely us2:d at presaac.

R . 3

2. Fegulatory Geide 1.122 specifies procedures to broadan and snooth

e Il rasXnse spactra. The guide also providas the precedus:
20 comZina tha three flcor resgense spectra for a givan directicn.
-2 quastisns raised about the guide include the ztount o
Srcadaning and the procedure to combine the thrze Szectra for a
given directicn. The guide is tased on the pressat stata-
¢I-tta-act 22 can b inproved in the future.
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