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SECY-79-300
April 27, 1979

UNITED STATES -

NUCLEAR REGULATORY COMMISSION

INFORMATION REPOR f
For: The Commissioners

From: Robert 8. Minogi:e, Director
Office of Standards Development

Thru: Lee V. Gossick, Executive Director for Operations ,/ p/ .
v

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

Purpose: 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 Criteria."

Background: This paper is a sequel to SECY 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' investigations of geologic and earthquake
phenomena and proposed plant design parameters. The bases 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 seismology and geology 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 reassessmer.t involved identifying problem areas
needing resolution.

Issues identified in the enclosures have been synthesized from
comments by the staff, meetings with the Seismic Subcommittee of
the Advisory Committee on Reactor Safeguards and its consultants,
interested persons who responded to a staff FEDERAL REGISTER
notice on January 19, 1978 (eighteen comments were received),
and other sources. Enclosure E describes in more detail the back-
ground for this paper and sources of information used.

Discussion: Issues that have been identified have been divided into three
categories and presented in Enclosures A, B, and C. Enclosure A
contains issues that stem directly from geoscience requirements
put forth in Appendix A. Enclosure B contains issues arising
from engineering requirements in Appendix A, procedures for pro-
viding an interface of these requirements with geologic 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-
alle latitude and judgement. This latitude and judgement is
required because of limitations in data, the state of the art
of geologic and seismic analyses, and the rapid evolution taking
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 geoscience assess-
ments detailed and cast in Appendix A, a regulation, has created
difficulty for applicants and the s;aff in terms of inhibitina
tne 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 provide sufficient inf rma-
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
t'een handled effectively through the use of regulatory guides
c.nd a program for their continuous updating. Many problems
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 Appenoix A
be incorporated into a set of "1st 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 guides 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 analysis 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 OSD. 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.

b. '

Robert B. Minogue, Dir
Office of Standards Development

Enclosures:
A. Geoscience Issues Originating from Appendix A

to 10 CFR Part 100
B. Engineering Design Issues Related to Vibratory

Ground Motion
C. Broad Policy and Technical Issues Bearing on the

Implementation and Revision of Appendix A
D. Summary of Subsequent Stage in the Assessment

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

E. Background and Sources of Information Useu in this
Paper

F. Memo from R.B. Minogue to Commissioner Mason, 10/8/76,
"The Relationship between Safe Shutdown Earthquakes
and Operating Basis Earthquakes"

DISTRIBUTION:
Commissioners
Commission Staff Offices
Exec. Dir. for Opers.
Regional Offices
ACRS

ASLBP
ASLAP
Secretariat 367 N
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TOPICS OF ENCLOSURES

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

1. INTRODUCTION
1.1 Impacts of Issues

- Impaired efficiency of licensing process (delays)
- Expenditure of manpower
- Restricted ability to use advances in scien_e and

engineering
- Impacts on backfitting
- Difficulties for applicants created by the regulation
- Impacts on safety

2. ISSUES
2.1 Tectonic Provinces and Associated Concepts
2.2 Correlation of Seismicity and Tectonic Structure
2.3 Capable Fault
2.4 Specification o' Safe Shutdown Earthquake (SSE) and

Operating Basis Earthquake (0BE) Vibratory Ground Motion

ENCLOSURE B: ENGINEERING DESIGN ISSUES RELATED TO VIBRATORY GROUND MOTION

1. INTRODUCTION
2. ENGINEERING REQUIREMENTS IN THE REGULATION

2.1 Specification of Vibratory Groun.1 Motion
2.1.1 Site Specific vs Generalized Response Spectra
2.1.2 Variation of Ground Motion with Depth
2.1.3 Specification of Time History
2.1.4 Duration of Shaking

2.2 OBE Use in Engineering
2.3 Consideration of Aftershocks
2.4 Consideration of Potential Damage from Earthquakes Less than

the SSE
2.5 Use of Probability for Considering Combinations of Loads
2.6 Need for Seismic Scram

3. ISSUES REGARDING CONSERVATISM
3.1 Deterministic vs. Probabilistic Approach
3.2 Empirical Relations Between Earthquake Size and Ground Motion

Parameters
3.3 General Lack of Definition of Overall Seismic Design

Conservatism

367 diiEi,

19 7



, ,

ENCLOSURE C: BRlAD POLICY AND TECHNICAL ISSUES BEARING ON THE

IM[LEMENTATION AND REVISION OF APPENDIX A

1. INTRODUCTION
2. IMPEDIMEdTS TO IMPLEMENTING APPENDIX A IN THE LEGAL CONTEXT
3. INTERFACE OF ISSUES WITH OTHER NRC POLICY

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

3.2 Seismic Design of Fuel Cycle Facilities
3.3 Consideration of Seismic Design of Nonradiological Safety

Structures, Systems and Components
4. ISSUES PERTAINING TO NATIONAL POLICIES AND PRACTICES

4.1 Consistency of NRC Seismic and Geologic Siting Policy and
Practice with Other National Policies and Practices
4.1.1 Earthquake Hazards Reduction Act of 1977 (EHRA)
4.1.2 Presidential Directives

4.1.2.1 Executive Order - Improving Government
Regulations

4.1.2.2 National Energy Policy
4.1.3 Draft Congressional Legislation
4.1.4 Comparison of NRC and Other Federal Agency Critical

Facility Seismic and Geologic Siting Policy and
Practice

S. EXTENT AND NATURE OF REVISIONS TO APPENDIX A

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)
B. Revision of Appendix A to 10 CFR Part 100 and Development

of Supplemental Guides
.

ENCLOSURE E: BACKGROUND AND SOURCES OF INFORMATION USED IN THIS PAPER

I. Backgrourd
II. Sources of Information

ENCLOSURE F: MEMO FROM R.B. MINOGUE TO COMMISSIONER MASON, 10/8/76, "THE RELA-
TIONSHIP BETWEEN SAFE SHUTDOWN EARlHQUAKES AND OPERATING BASIC
EARTHQUAKES"
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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 General Design Criterion 2. Appendix A

sets forth considerations which guide the Commissioni 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 public. When Appendix A was developed, it was recognized that limita-

tions in data and the state of the art would necessitate futura 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 fue use in nuclear power plant design;

367 @ d1
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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 achieva 'ae above objectives..

Difficulties have arisen with regard to the application of these concepts.

An additional issue that has been identified but is not discussed

further in this paper- concerns volcanic hazards. Appendix A 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

hsues 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.

,o( l.,.
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Imoairec ef ficiency of licensing process (dela'(s),

Seismic offficulties in cases and debate over rcquirements in Appendix A

have led to considerable delays. The extant of impact in this area is

difficult to quan:.ify. However, NUREG-02'!2, " Nuclear Power Plant Licensing:

Opportunities for Improvement," indicates considerable schedule slippage

due to delays in geolc2y/;eismology reviews. In the reviews of Indian

Point 2 and 3, WPPS5 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 requirements of Appendix A was the reason

given for the withdrawal of the Sears Islard proposed site.

E/cenditure of mannower

Because of difficulties encountered, considerable manpower is required

for case review, p- paration and response to interrogatories, preparation

of testimony, ans ippearance at hearings. Often problems requiring con-

siderable manpowe, stem from difficulties in making geologic or seismic

assessments because of limitations in data and the state of the art.

However, uifficulties have been encountered 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 fundameni 1

issues stemming from Appendix A requirements and involved approximately 12

members of the staff (technical review and legal) over a 2 year period.

n~ 367- dc7 'E
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Restricted ability to use advances in science and engineering

The staff is inhibitad 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 research 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 nec titated 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 3 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 employed in the geologic and seismic

review process has been increasingly questioned by experts in the earth

science community familiar with these current procedures. In particular,

the concepts of tectonic province and capabl9 faulting, stated as regula-

tions, have been criticized by experts because they imply that certain

procedures involving interpretation and professional judgment are defini-

tive with respect to their solutions to a particular problem.

c. 367 .e**%
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Impacts on backfitting

Evolution of staff practice in an attempt to meet requirements in

Appendix A and to incorporate state-of-the-art procedures have raised

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 light 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

conservatism to be met, it inhibits staff reassessments of existing facil-

ities in terrr.s of assessing whether design or construction modifications

are needed, and creates uncertainty for applicants, as to whether plants

having construction permits will receive operating licenses in light of

new data.

Difficulties for applicants created by the regulation

Appendix A was developed prior to the present-day concepts of early

site review, limited work authorization and alternative site review.

Because the present regulation 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

regulation has fostered nonuniformity and redundancy in SAR submittals,

_.i- 367
~
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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 provirce schame is resubmitted

with extensive documentation that is already available in other SARs.

Impacts on safety

The issues identified in this enclosure have imprct an the margin of

safety presently being applied in seismic design. The degree of 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 ,o the adequacy of deter-

minations and the level of conservatism achieved. Our underttanding of

the impact of issues on safety is limited because safety margins and over-

all conservatism are not quantitatively definea.

2. ISSUES

2.1 Tectonic Provinces And Associated Concepts

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. These four elements are

the concepts of tectonic province, tectonic structure, capable fault

7i, W
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(discussed in Section 2.3), 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 consistency of the geologic structural features
contained therein."

The concept of tectonic province was developed to provide an appropriate

design basis for earthquakes whose cause is presently indeterminate. The

staf f interprets this concept as employed in Appendix A to imply regions

of uniform earthquake hazard.

A tectonic structure is defined as:

"a large-scale dislocation or distortion within the
earth's crust. Its extent is measured in miles."

The concept of tectonic structure is employed in Appendix A to ensure

consideration of structure which might localize reismicity in the vicinity

of a site, and therefcre, might require special attention in assessing the

seismic design bases.

What constitutes a reasonable correlation between seismicity and

structure is not defined in Appendix A. However, Appendix A requires:

" correlation of epicenters or locations of highest intensity of
historically reported earthquakes, where possible, with tectonic
structures any part of which is located within 200 miles of the
site. Epicenters or locations of highest intensity which cannot
be reasonably correlated with tectonic structures shall be
identified with tectonic provinces any part of which is located
within 200 miles of the site."

30 .si6
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Ep1 centers that cant.ot be reasonably correlated represent events which then

must be assumed to have the potential for occurring randomly within a tectonic

province.

The definition of tectonic 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 Paleozaic

(250-600 million years before the present) geological provinces depicted

on most maps. However, these maps, such as those by King (1969, 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

limited 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 earthquakes and Paleozoic structure. The

type of assessment called for in Appendix A does not 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:

'

s- .

.
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a. 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.

b. Post-Paleozoic tectonics

The post-Paleozoic and particularly neotectonic (15 million

years and younger) development of a region is important to the

assessment of tectonic provinces. In areas of relatively high

seismicity 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 tnat 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.

367 ,w.w
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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.

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 items subject to dispute. Additionally, situations where

" geological and se' aological data warrant" consideration of larger

earthquakes are undefined in Appendix A and, again, are open to dispute.

Appendix * alsr requires the most severe earthquakes associated with

367 IEEEE'
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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 little guidance is given as to how it is to be

interpreted. Section IV (Required Investigations) does mention the need

to evaluate tectonic structure "whether buried or expressed at the surface,"

implying that tectonic structure may include features that 6re 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 intended 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 tectonic

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
,

4.
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a tectonic structure could be interpreted to exclude frcm consideration

geophysical, geologic, and seismologic data that indirectly indicate the

existence of buried structure 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 scme 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 lacks 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 two. According to Appendix A, a " reasonable

correlation" between earthquakes and structure must be determined. The

staff interprets " reasonable" 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 seismoloaical 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 structure, e.nd 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, 'nd 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, tectenic history, and seismicity,

and for which credible causative mechanisms may be established. 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 di'ferent 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 conservatism 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 judgment

based on available information. Because of differences in professional

3p G4.
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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 zunu.

and clusters are clearly and persistently anomalous with respect to regional

background seismicity, broad-scale geologic. stmctura, 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 seismicity data have been

used in the same sense as other remote sensing data such as aeromagnetics,

gravity, and heat flow data, to reasonably correlate large historical

earthquakes with geologic 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 regulatory 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

werkness and instability. Because regulatory requirements do not mention

367 ===: -
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the Jse of these data, questions arise as to when and how they should be

used in performing investigations and specifically what weight should be

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 th2 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 States. It is questionable whether the types of

assessments used in the West are applicable to assessing structures in the

East, given the significant differences between the East and West with

regard to such factors as rates of tectonic activity and tectonic settings;

although some distinctions between '.he East and West were explicitly

recognized in earlier drafts of Appendix A, these were dropped in the final

revision.

h. - . .n ~.
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Additionally, Appendix A does not provide guidance for assessing

seismically active structures in the nearfield. There have been several

cases where this prob'.em 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 rocords

are available for earthquakes occurring in this area. Thus, the ..estion

arises as to how to evaluate nearfield effects given these variables and

the lack of instrumental data.

2.3 Capable Fault

The term " capable fault" defined in Appendix A was unique to the

regulation, i.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 cause 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 definition 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 35,000 years or

multiple movements within the past 500,000 years, (b) a correlation with

" macro-seismicity," (c) a relationship to a known " capable fault," and,

for non-capability, (d) a structural association with geologically old

structures. 2m

k_ I LI
: .

-

, . . .

}y 80 7 Enclosure "A"

YN



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 tectonic 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 in 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 problem 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, chocen and

accepted as being conservative, based on empirical knowledge of numerous

active faults with histories of surface displacement and large earthquakes.

Because 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, however, earth scientistr have not always been able to acquire

" absolute" age data (radiometric afge dates, etc. ) to meet these criteria

and often such assessments involve considerable professional judgmant and

indirect or relative methods of dating (the use of rates of denudation,

regional geologic history, geomorphology, etc.). 1 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

arisen.

Difficulty arises in applying t5e recurrent movement criterion in the

definition of capable fault. For faults with extensive amounts of offset

(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 whether a single or recurrent

movement 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

f ault defined by the age of last movement criteria does not necessarily

correspond to an explicit rate of activity as may be inferred from the

seismicity element of the capable 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 retard, App'ndix A provides no direction for establishing such a

direct rFationship. Appendix A provides no guidance as to what consti-

tutes "iecords of suff1s ient precision" and only speaks to the use of

instrumentally determineo 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 f,ault, it also must be considered capable. The only guidance on

structurahrelationshipsprovidedinAppendixAisthatmovementonone
.: ,
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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

field. For either situation, there may be cases where movement on 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 a e not specified in Appendix A. Since Appendix A

is unclear in this regard, professiona? 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.e. 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

demonstrated 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 easter., U. S., but the concept may

V. a? 367 g'~~~f
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have a more general application. The statement implies that faults that

can be shown te 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 known 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

V. S. tectonic settings, it is questionable whether it is the intent of

Appendix A to require extensive investigations of faults in the eastern

U. S.

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

faatures, growth faults, etc. The movement criteria in the definition of

capable fault were intended to deal with tectonic deformation. It 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 is the concept of design-

ing for surface displacement. Sections V (b) and VI (b) discuss the need

to 'esign for surface faulting. In order to accomplish and evaluate such
-.
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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

beneath 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 Earthquake (SSE) and Operating Basis

Earthquake (OBE) Vibratory Ground Motion

This section treats the methodology for specifying vibratory ground

motion from earthquakes. The overall procedure involves (1) taking an

earthquake of some size (magn.r.ude or epicentral intensity), (2) assuming

that event to occur at some defined location relative to the site, (3)

determining an acceleration level at the site represe.tative of this

earthquake, and (4) specifying design ground motion corresponding to that

acceleration level and representative of the postulated earthquake descrip-

tion. Appendix A calls for the specification of two earthquakes for

J . j. 367 Ef}m..
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design. The SSF is an earthquake based upon evaluation of the maximum

earthquake potential of a 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 covering 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 throLgh 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-

mental data were not available. Some larger earthquakes (post-1927) and a

few great earthquakes (post-1900) 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 some of these historical

earthquakes. Such questions impact on considerations of the seismic

^~7 367 E #9
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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 nearfield.

This interpretation is implied in Regulatory Guide 1.66, " 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

e- -
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investigations in the site vicinity to identify potential earthquake

sources. This practice does not appear consistent with a litaral 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 Respon e 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.lg, 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 suc:. an increase are: (1) it would

provide additional conservatism in consideration of acertainties in the

data base and would simplify case review; and (2) it would help alleviate

problems 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 the requirement that

ground motion be represented by response spectra corresponding to the

accelerations at the foundation levels of plant structures. Di fficulty

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 interp etation 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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measurements made at or near ground surface. In addition, some finite ele-

ment 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 at 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

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 consis*ent with

a literal interpretation of Appendix A.

The discussion thus far has focused primarily on problems in specify-

ing the SSE. Problems also arise from requirements for the OBE, which

have been found to be ambiguous, internally inconsistent, or contradictory

(See Section 2.2 of Enclosure B for discussion of OBE engineering issues,

and Enclosure F, memo from Minogue to Coronissioner Mason, dated October 8,

1976, which provides further information on the OBE concept). The diffi-

culty here arises from the definition of the OBE provided in Appendix A,

its interpretation by different scientific and engineering disciplines,

and the procedures described for determining the OBE acceleration level.

The OBE is defined as an earthquake reasonably expected to affect the site

during the plant's operating life. To some disciplines (geclogy/ seismology),

this implies a probabilistic assessment over the 40 year lifespan of a plant.

W
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To engineering disciplines an earthquake expected during the life of a faci-

lity implies an event whose likelihood 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 least 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 specifieo ia 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 probabilistic 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 OBE occurs, the

plant be shutdown and inspected. There are several problems in applying
' . - '
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this requirement. First, there is an overriding question, 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 response spectra at a

single frequcncy 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-

mu,n set forth in Appendix A (OBE = x .lg 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 moticn often would be exceeded. Criteria for

identifyir.g the permissible risk here do not exist. Such low OBE values

could result in large areas having OBE 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. INTRODUCTION

In adoition to the issues discussed in Enclosure A that arise in the

application of Appendix A, there is another category of techntcal issues

that relate to seismic design methodology. Included in this ca'egory 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 prccedures that supplement the regulation. These issues involve matters

for which the scate of the art is rapidly advancin0 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 intimately tied with issues of conservatism 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

excessive stiffness of some systems. St ' the impacts of these issues

are similar to these identified for issues discussed in Enclosure A. The
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acquisition and assessment of new geological and seismological 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 cther cases, licensing delays result from extended litigation and debate

over the appropriateness of a methodology that provides an interface between

grourd motion and engineering design.

2. ENGINEERING REQUIREMENTS IN THE REGULATION

Certain engineering design aspects of nuclear power plants are briefly

aated 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 beer raised whether

the regulation shc uld address the hydrologic aspec's of sitir:g. The hydro-

logic review procedures have been supported by a series of regulatory guides

which provide det ils in this area.

2.1 Specificatiou of Vibratory Ground Motion

Appendix A describes procedures for determining maximum vibratory

ground motion at a site for use as an engineering design basis. These

. .
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procedures were developed when relatively 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 soveral questions remain to be addressed.

Specific areas in which diff h lty 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) provide a supplement to Appendix A that is needed to complete

the determination of vibratory ground motion. The staff has developed

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 , -specific method to derive response

spectra (Agbabian-Jacobsen Associates, 1970, "A Study of Earthquaka 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 c'ontains energy at all frequencies, it gives unrealistically
'

'
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high values of motion at ce.tain frequencies when used as input 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 use of site-

dependent tpectra because of improved analytical methods and the increased

number of 5.trong motion earthquake records. Such site-dependent analyses

are stt'essed in a proposed revision of the SRP. In practice, site-dependent

spectra are needed for certain analyses used to investigate liquefaction and,

in some cases, in the design of embankment dams.

An additional question is whether there is enough data to develop

site-dependent spectra for sites in the East. However, the same question

can be raised regarding the applicability of Regulatory Guide 1.60 in the

eastern U. S. since the response spectra do not include any eastern earth-

quakes.

2.1.2 Variation of Ground Motion with Depth

Appendix A requires that response specs 'sponding to the maxi-

mum vibratory accelerations at the elevations of che foundations be defined.

Many methods have been proposed to achieve this requirement. Appendix A

does not provide detailed guidance in this matter; therefore, regulatory

guides and the SRP have attempted tt' complete the needea guidance.

Whether vibratory ground motion for soil sites is specified at
*

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

soil-structure interaction models, liquefaction studies, and response ana-

lyses for carth structures. Tne present methods for considering the varia-

** i of ground motion with depth include computer modeling techniques with

varying degrees of complexity. The one dimensional shear beam analysis

(SHAKE), which is frequently used, has a number of limitations: (1) it

treats all wave types as vertically propagating shear waves, thus

neglecting the effects of other seismic wave types that are included in

the ground motion; (2) because it is an equivalent linear elastic method,

it is not applicable when large strains occur; (3) for some soil profiles,

results can be unrealistic when generalized broad-band response spectra

such as Regulatory Guide 1.60 are input at depth, and (4) the analysis is

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-

ation of the effects of additional seismic wave types, such as surface

waves and nonvertically incident waves. Usually these methods require

specification of input motion at the base or at the side of the soil model.

However, since nearly all earthquake data have been recorded at or near

the surface, there is uncertainty in the form of the base motion to be used

for such analyses.

It is the general view of the staff that use of site-dependent methods

to estimate variation in ground motion with depth should be encouraged where

data permits. Use of such procedures raises the question as to when does

the data permit such analyses.
367-
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2.1.3 Specification of Time History

Appendix A requires specifying seismic input in terms of response

spectra corresponding to the maximum vibratory accelerations to be expected

at a site. In addition to response spectra, a time history of vibratory

ground motion is frequently needad to perform various design analyses.

Any number of time histories may be developed that satisfy Regulatory

Guide 1.60 rcsponse spet ra requirements within any given tolerance. Soma

of these may be more conserva';.it: than other~ because the frequency of motion

of the actual acce.12. ''r be distributed so as to resuit in canceling

modes of vibratic, trat are af significance in power piant design. The

question has been rai - ' .a to the need for explicit regulatory guidance

in the use of time hi.ta..es.

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 scoe lack of consistency in present practice in the

treatment of duration. That is, the length of time and number of cycles

of strong ground motion used is different for different analyses, e.g., in

performing liquefaction analysis, structural over-turning analyses, and

fatigue analysis.

The problem associated with duration of shaking is to define it in

a complete and consistent manner. Several definitions of duration have

beensuggestedby..'v{riousinvestigators,buteachinvolvesuncertainties
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and limitations. The definition of duration could strongly influence

trends from studies based on statistical analyses of strong motion.

2.2 OBE Use in Engineering

Additional questions, other than geologic-seismic ones, have been

raised about the way vibratory ground motion representing the CBE is used

in engineering design. The regulation requires that the effects of the

OBE 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 OBE 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 following an SSE.

The OBE is established as the most severe earthquake following which the

plant can safely be operated without special inspections. Engineering codes

and design practice apply these two earthquake levels differently. Cate-

gory I structures, systems and components, must maintain their safety func-

tion for earthquake levels up to the and including the SSE. On the other

hand, the engineering design objective with the OBE is that the plany, is

capable of being safe in operation after experiencing an event less than

or equal to the OBE.

72 %.
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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 lead

to loss 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 methods in the application of Faulted and Upset Conditions.

Many designers see the SSE as being the basic seismic design basis with the

OBE playing more th2 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 design 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 loads 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

N7-%.
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that of the SSE. Because the OBE acceleration level is used in a number

of engineering analyses in diffe:ent and complex ways, the significance of

this parameter tc the overall safety margin of a nuclear power plant is

difficult to assess and has not been determined. The question has been

raised as to w!, ether the OBE is needed at all or alternatively whether the

separate uses of the OBE should be differentiated. There is a need for a

detailed consideration of all uses of the OBE acceleration in engineering

design, margins of safety that may be affected, and the extent to which

geosciences and/or engineering assessments should affect determination of

the OBE acceleration level. It is important to note that the data base is

sufficiently large to permit the determination of the 03E probabilistically

in many cases (See discussion in Section 2.4 enclosure A).

2.3 Consideration of Aftershocks

Aftershocks are smaller earthquakes following a major event. After-

shock effects are required to be considered by Appendix A and it is per-

missible to allow strain limits in excess of the yield strain for the SSE

loading. In practice, however, structural stresses due to the SSE are not

allowed to exceed yield stresses except in localized areas; therefore, after-

shock effects are not taken into account. Should the SSE stresses be allowed

to go beyond yield, considerations regarding low cycle fatigue and ductility

demands during the aftershock must be properly accounted for in the design

of systems and ccmponents. However, some plants have been designed to

undergo a certain degree of inelastic deformation of structures. Such local

yielding is not allowed to place structures, systems, or components in danger

. y7 W
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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 low

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 motion: the LBE 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 OBE 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 probability 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. Design for a single limiting event (the SSE) and inspection and

evaluation for earthquakes in excess of seme specified limit (the OBE),

when and if they occur, may be the most sound regulatory approach.

2. 5 Use of Probability fcr 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 does 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

}/[ MD* ^ , -
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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 confirmed the staff

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.

3f7 & 13).~
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3. ISSUES REGARDING CONSERVATISM

3.1 Deterministic vs Probabilistic Approach

The tectonic province concept as used in Appendix A can be thought of

as having a combination of Doth deterministic and probabilistic 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 follows 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 3robabilistic analysis was ot 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 determinations; and (4) information to

reliably estimate the maximum earthquakes in such regions (also a prerequi-

site) is deficient. Because of these limitations, $$E level earthquakes

for design estimated probabilistically would have large associated uncertainty.

-
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Today, a number of arguments have been brought forth in favor of using

a probabilistic analysis: (1) the present Appendix A approach suffers from

the same shortcomings mentioned above; (2) unlike a probabilistic approach,

which allows for a quantified and consistent treatment of uncertainty, the

present approach does not lend itself to such treatment; (3) the present

approach does not lend itself to consideration of backfitting, which requires

assessment of significance; (4) the staff is frequently called on to make

probabilistic determinations to assess adequacy at hearings and before the

ACRS; and (5) probabilistic approaches have been adopted and are becoming

more widely adopted to determina earthquake hazard to establish the seis-

mic design fsr all types of structures (e.g., LNG facilities, general struc-

tures covered by the ATC building code).

Given these considerations, the issue has been raised as to whether

the Appendix A methodology should be changed to emphasize probabilistic

techniques for assessing earthquake hazard.

3.2 Empirical Relations Between Earthauake Size and Ground Motion Parameters

As discussed in Enclosure A, Appendix A requires that ground motion

from earthquakes, postulated to occur according to the methodology defined

in the regulation, be specified in terms of an acceleration level. However,

specific procedures relating information on earthquake size and distance

to acceleration are not contained in Appendix A. Numerous empirical rela-

tions between earthquake size (magnitude or intensity), distance, and acce-

1eration level have aen published. The data show wide scattering. Pub-

lished relationships have Deen derived using different data sets, data

from differing geologic regions, and varying procedures for data reduction.

/ 3/7 3 23 23
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It can be expected that as additional data become available the state of

the art will con *inue 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 * : tween earthquake size, ii,;ance, ar.)

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

methodology places too much emphasis on a single vibratory ground motion

parameter: acceleration level. The totality of vibratory ground motion

from an earthquake carrot be specified in terms of any one parm.ieter. While

Appendix A recognizes ...is in its requirement that ground motion correspond-

ing to the SSE and OBE be represented by response spectra, these response

W %-n
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spectra and the required investigative procedures are keyed to acceleration

level. Questions have been raised over whether more complete descriptions

of the ground motions from earthquakes, postulated to occur a. cording to

Appendix A, should be provided for use in assessing the engina ing design.

3.3 General Lack of Definition of Overall Seismic Design Conservatism

An overriding issue 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 the vibratory ground motion

at a site to use in seismic dasign, that is, to determine the input into

the seismic design methodology. However, Appendix A does not r.afine an

explicit level of conservatism appropriate to this input. Rather, it

defines a deterministic methodology to arrive at this inpu; irrplicit in

which is the premise that if the procedures are followed an acceptable

level of conservatism will result. The lack of an explicit definition of

an appropriate level of conservatism for the seismic input Fas led to diffi-

culties in the licensing process. It olaces an undue burden on individual

reviewers to define what is acceptable, which can lead to nonuniform appli-

cation of Appendix A and unwarranted inconsistencies between sites.

The staff has on occasion been pressed in hearings to assess levels

of conservatism associated with design earthquakes (i.e., using probabil-

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.

"7*
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Because of the lack of overall definition of an appropriate level of

seismic design conservatism, elements in the seismic design chain are

reviewed in isolation from other elements, such as the siting and various

engineering artss. 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-

7''eleration 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 seisc.:c loads where they would bette" 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

overall seismic design.
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ENCLOSURE C

BROAD POLICY AND TECHNICAL ISSUES BEARING ON THE

IMPLEMENTATION AND REVISION OF APPENDIX A

1. INTRODUCTION

The issues identified in this enclosure cover a wida 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 irnportant 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. EPEDIMENTS TO IMPLEMENTING APPENDIX f4 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 o; problems in assessing the magnitude of hazard associated with

-af6.-.
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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 to 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 A'ternative Site Reviews

At present, no policy has been established regarding the requirements

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 can-

cerning the options available to an applicant in terms of level of detail

required for preliminary geologic and seismologic 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 extensive regional analyses presently

required. Such an option would reinforce the need for publication of an

NRC seismic zoning map and more explicit policy concerning early deter-

minations of vibratory ground motion at a site.

...
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3.2 Seismic Design of Fuel Cycle 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. Because Appendix A lacks an explicit level of

conservatism based on a rigorous assessment of consequences, 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 consequencas of failure as a result of earthquakes,

for instance, does not permit qua itative determination as to the

aporopriate level of conservatin to be applied for fuel cycle facilities

with respect to these consequences. Regulations and regulatory guides

presently being developed for fuel cycle facilit.ies are turning to probabil-

istic 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 larsa buildings, LNG regulations)

and maps are available to facilitate determinirg the earthquake potential

at a site and seismic design input. As discussed previously, the use of

probabilistic procedures in determining seism'c input for nuclear power

plants is an issue in itself. The use of such acalysis 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 '~rar 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 Consideration of Seismic Design of Ncaradiological Safety Structures,

Systems and Comoonents

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 followin 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, a.1d structures

associated with nuclear faci'ities that pose nonradiological risk to the

public health and safety. As an exampla, the failure of an ultimate heat

sink dam could result in loss of life as a result 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

absent for the seismic design of systems, structures, and components not

classified as related to radiological safety, but which may pose non-

radiological i azards. The overall issue has been extensively discussed in

the past, e.g., SECY-76-399, SECY-77-222, SECY-78-358 and is presently

5under assessment as a separate topical iseJe outside the staff assessment
q .-

' .

}h7 Enclosure "C"
.



'

.

of Appendix A. The issue is mentioned here only as it relates to the

seismic area.

4. ISSUES PERTAINING TO NATIONAL POLIC?.ES AND PRACTICES

4.1 Consistency of NRC Seismic and Geologic Siting Policy and Practice

with Other National Policies and Practices

4.1.1 Earthquake 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 :.o 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 amenable to readily

assir,ilating information developed from research carried out under '.he 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 modified to assimilate advances in the

state of the art.

Anothcr objective of the Act bearing on revision to Appendix A, is

that the Act gives phfority to ;he 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

earthqu:1ke prediction is made for the area of a nuclear power plant.

4.1.2 Presidential Directives

4.1.2.1 Executive Order - Improving Government Regulations

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 efforc 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 regulation 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.

Second, the executive order calls for regulations tnat do not impose

unnecessary burdens on those affected by it (i.e., individuals, the public,

private organizai, ions, States, and local government). As noted previously,

issues have been raised concerning the requirements of Appendix A placing

..;. y1 igiM3
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an undue burden on applicants through excessive conservatism associated

with some requirements and lack of clarity in some requirements, ano ulti-

mately ori 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 procass (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 potentially 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 consistent with general NRC staff site suit-

ability practice. However, Appendix A does not cont.ain any explicit pro-

hibition for construction on a capable fault.

4.1.3 Draft 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 hava a bearing on Appendix A and the

/ .2-
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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 important 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 geologic 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 different siting and design approaches.

The staff has examined those earth science :riteria for critical

structures listed on the enclosec Table. Major cifferences in criteria

are.

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

used, toe ages used to define a fault as a hazardous one, the use of

,7 kat?
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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 nroceduras used to define seismic input for design differs in

terms of the degree of reliance on 7aps 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 toving 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.

5. EXTENT AND NATURE OF REVISIONS TO AFPENDIX A

The foregoing discussions in this and previous nclosures 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 proposed rule in 1971. Because of the

fundamental nature of difficulties it is clear at this time some form of

revision to Apper. dix A is warranted. A number of options have been

considered:

Minor,ge, visions (word changes, expansion for clarity) to presenta.
.. ,

regula cion';
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b. Substantial expansion of regulation (cdd detail to sections that

are difficult to interpret because of their general nature);

c. Simplifying the regulation (deleting sections) and simultaneously

providing raore detailed information in regulatory guides;

d. Rescinding Appendix A and rely entirely on regulatory guides to

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 subsequent stage of the staff effort.
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ENCLOSURE D

SUMMARY OF SUBSEQUENT STAGE IN THE ASSESSMENT

OF CURRENT SEISMIC AND GE0 LOGIC 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 issues identified to structure the revised

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

objectises of this phase incl'.de:

a. Using value-impact assessnent to consider the resolu-

tion of issues identified. This will involve considera-

tion of alternative ways of resolving technical and procedural

issues through an assessment of values and impacts, i.e.,

~

considerations of tradeoffs in meet 1ng objectives. During

this stage, the specific recommendations made by the staff,

ACRS and their consultants, and public comments 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 as to how the regulation

should be revised; (2) establish a common reference of

367 g g.
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intent to review changes to the *ogulation; (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).

c. Using the PVIS to establish the framework for the supple-

mental regulatory guides.

d. Documenting clearly what, how, and why decisions ware

reached.

e. Forming the supplementary statement (statement of considera-

tion) for revision of Appendix A and other policy and

practice.

2. Preliminary Value-Impact Process

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

with guidance ciready established by OSD, NRR (NRR office Letter

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

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

guidelines and will not be repeated here. Special considera-

tions will be given to those areas listed below.

a. Executive Order - Improving Government Regulations

b. Congressiona! Bills and Directives

c. Other Acts (EHRA, NEPA, NSLP)

d. Other Agency regulations (LNG, Dams, ATC)

e. National Energy Plan

f. Early site review
~~

367 Q20
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g. Standardized design

h. Backfitting

i. Use of Research

j. Impact on other facilities under NRC jurisdiction

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.

c. Recommendations for obtaining further public input;

d. Common ground for all to assess the revised regulation.

B. REVISION OF APPENDIX A TO 10 CFR PART 100 AND DEVELOPMENT OF SUPPLE-

MENTAL GUIDES

On the basis of decisions reaciz.d in performing the preliminary value-

impact analysis, i > vised regulation and regulatory guides will be

developed for promulgation for rulemaking and public comment. At the

earliest, the revised regulation and supplemental regulatory guides

could be promulgated in FY 1980.

367
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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 Siting

Criteria for Nuclear Power Plants," to 10 CFR Part 100, " Reactor Site

Criteria" became effective, regulatory requirements in the geologic and

seismic siting area were contained in 10 CFR Part 50, " General Design

Criteria," cnd in 10 CFR Part 100, These regulations providrd merely broad

requirements in the seismic and geologic siting area. A need fer more

definitive regulatory criteria in the earth science area arose from the

difficulties encountered in licensing review of the sitin.] of several

nuclear power plants in California in the early sixties. The types of

difficulties encountered included: (1) the lack of standards to assess

adverse seismic and geologic conditions at a si'.e; (2) the need for guidance

to applicants as to the type of investigatory procedures to follow; (2)

the absence of review procedures for the staff; (4) the lack of a framework

to make legal deterrinations and to assess compliance; and (5) protracted

delays and considerable debate in the licensing process over technical

issues.

. .
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As a .neans of resolving the above difficulties, work was initiated in

1966 to draft seismic and geologic siting criteria which lead to c semi-

formal siting document developed in March 1969. In 1971, Appendix A was

published for public comment, and in late 1973 the regulation became

effective. Appendix A in final form represerted a compilation of pro-

cedures and methods developed primarily from experience gained during the

review of early sites. It also reflected a synthesis of a broad spectrum

of professional views and ideas.

In developing Appendix A, it was recognized that the criteria were

based on limited available data End that revision would be appropriate as

the state of the art improved and additional information became available.

Such a statement is expressed in the PURPOSE of the regulation.

B. Review of the Application of Accendix A

Extensive experience 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 staff held several meetings and prepared a " straw man"

revised draft of Appendix A. The " straw man" draft differed primarily

from the regulation in the arrangement of sections and the incorporation

of additional wording to increase clarity. This draft was circulated to

staff for comment. Comments received were numerous and indicated a need

for an in-depth reassessment.

-266
367 329 J53

2 Enclosure "E"



.

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, 1976, 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. Subsequently, in

Policy Paper SECY-76-286A dated December 14, 1976, the staff outlined

topics in the seismic and geologic siting area being considered.

By letter dated January 27, 1977, the Secretary of the Commission

requested a proposed policy statement on seismic requirer. ants. During 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 other 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

seismic and geologic siting policy and practice for nuclear power plants,

its historical development, and outlir.ed the staff's subsequent papers.

Thus, SECY-77-288A established the framework for this paper and subsequent

papers

Following the preparation of SECY-77-288A, issues pertaining to ov 'all

seismic and geologic siting policy and practice were solicited and compiled

from technical and legal staff. Additionally, on December 15, 1977 and

January 26-27, 1978, meetings were held with the Seismic Subcommittee of

bhY mf'
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the Advisory Committee on Reactor Safeguards (ACRS) and their consultants.

The purpose of ?.hese meetings was to obtain their views on problem areas

identified by the staff and to solicit any additional problems. Following

the last meeting, the staff received reports from ACRS consultants. Also

on January 19, 1978, the staff published a notice in the FEDERAL REGISTER

requesting public comment on issues pertaining to Appendix A. The public

comment period ended March 1, 1978. Eighteen public comments were received

in response to the notice, and one public comment was received at the

second ACRS meeting. Source documents used in the identification of

issues are summarized below.

II. SOURCES OF INFORMATION

A. Staff Sources

Our review has consisted of discussions, meetings and solicita-

tion of procedural and technical issues from the staff (i.e., geoscientist',,

hydrologists, and engineers in OSD, NRR, RES, and I&E whose responsibili-

ties fall under Appendix A) and from both the Regulations and Hearing

Divisions of OELD. Formal comments on issues tere received from:

1. J. C. Stepp, Chief, Geoscienced Branch, DSE, NRR, memo to

L. Beratan, dated 11/22/77. Geoscience staff recommenda-

tions for revisions to Appendix A.

2. V. Stell), Jr. , Director, DOR, NRR, memo to L. Beratan,

dated 12/6/77, request for engineering and hydrology input

into the revision of Appendix A, 10 CFR Part 100.

367 3Essi
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3. 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."

4. I. Sihweil, Chief, ESB, DSS, NRR, dated 11/10/77 input into

the revision of Appendix A, 10 CFR Part 100.

5. Comments were also received _m the above sources as well

as other staff sources (NRR, I&E, OSD, 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.

B. Advisory Committee on Reactor Safeguards

Source information examined from the ACRS includes: generic

reports; reports on specific sites in which gener:c 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:

1. Site reports:

(a) Comments by J. C. Maxwell, consultant for ACRS, on

Skagit, dated 8/30/77.

(b) ACRS reports on Perk. ins and Cherokee, including

D. Okrent's remarks, dated 4/14/77.

(c) ACRS report on North Anna dated 1/17/77.
,

. ' , . '.''
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2. Generic reports:

(a) ACRS generic report #4, on seismic scram, 4/16/76.

(b) Minutes and consultant reports at the 178th ACRS

Meeting, 2/6-8/75.

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 (approximately six

hundred pages).

(b) Consultant letter reports by:

A. H-S. Ang

John D. Maxwell

n. Bolton Seed

Shailer S. Philbrick

Merit P. White

James T. Wilson (2 letters)

Zenon Zudans

(c) 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 staf f 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:
A

& a57
..
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1. Public comments in response to staff notice.

(1) Weston Geophysical Research, Inc.

(2) Arizona Public Service Co.

(3) LeBoeuf, Lamb, Leiby and MacRae

(4) Pacific Gas and Electric Co.

(5) D'Appolonia Consulting Engineers, Inc.

(6) Lindvall, Richter, and Associates

(7) California Division of Mines and Geology

(8) EBASCO Services, Inc.

(9) Southern California Edison Co.

(10) Los Angles Dept. of Water and Power

(11) General Electric Co.

(12) New York State Geological Survey

(13) Law Engineering Testing Co.

(14) Stone & Webster

(15) Dames & Moore

(16) Sargent & Lundy Engineers

(17) Commonwealth Edison

(18) Nathan M. Newmark Consulting Engineering Services

2. Public Comment at ACRS Seismic Subcommittee Meeting

(a) Central Maine Power rompany

3. Comment by AIF

a. Letter from J. Ward to H. Denton, dated 6/15/76,

summarizing comments presented at 5/12/76 meeting.

b. Verbal comments received at 1/9/78 meeting.

' Enclosure "E"
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D. Comments by the USGS

The staff has solicited formal commants on Appendix A from the

USGS. Formal written comments are still pending; however, we have had

several discussions with USGS staff on Appendix A, on 9/30/77 with

James Devine and with members of the USGS Nuclear Advisory Group in formal

and in informal session on 12/77. Comments received in these discussions

have been considered in our compilation of issues.

E. Additional Sources

Numerous other sources have been considered in our compilation

of issues. Included here are discussions with professional peers, review

of papers presented at professional meetings, scientific publications

discussing Appendix A, documents relating to NRC policy and practice,

documents related to interfacing issues, and the Appendix A historical

file.

(7 N
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SUBJB~2: THE RET.ATIC5 HIP BC,hd SAFE SHUIDITN EAFECUAKES AND

')PEFATING BASIS EAFGCGRES

In respense to ycc recuest this metoranden summarizes for your information
and dat of the other Ccrissicners the technical issues 1.volved
in the interrelationsM be ween the safe shutdown earthcuake (SSE) and
cperati:rg basis ear $7;ake (CEE) in their determination and application
to design.

ERC regulations (Appendix A to Part 100) identify two levels of earthquake
seierity to be a: plied to reactor seisnic design. These are called the
safa +""~.m earthgaake (SSE) and the c;erating basis earthquake (CBE) .

These eardgaakes can be and are regarded and defined as either geologic
events or as engineering design regairements. These two perspectives

-

are often cifficult to relate to one another. Both paints of view are
explicit in Appe.d ix A.

ViewtJ ceclecically, the SSE is the most severe ar d gaake which can
affect :ne site. The CEE is the most seiere earmquake which is reasonably
likely 00 cccur during the operating lifetime af the plant.

Appe. Min A defines in detail the elenents of the geologic and seismolcgic
investigatica of prcpcsed sites. Eeterministic prccr3ures are given to
es+1ish de safe shutdown earthgeake. These prccedures require consideratio:
of (a) the seis .olcgy of the region in which the site is located, (b) the
regicnal and 1ccal geolocy, and (c) the nature of the materials underlying
the site. If the structural geolcgy of an area is understocd, Appendix A
procedres for detecnining the SSE usually have the effect of placing greater
etiasis en structural geology than on historic seis ticity, largely
because Of de limited historic record.

.
.

Centn=t:
Robert S. Minocue 7gj -
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The inte .t of these precedures is to identify the maximum earthgake
which cr. affect the site. Sere is, of course, some prcbcbility of
exceed ng the SSE. Ehis problem is because of the uncertainties arising_

f:c: cur l'rited u :derstrding of the frecuency and severity of large
sca's erthgake pha .=ena and the limitaticns of geologic and geophysical
investiga:icns, rathe" than lack of validity of the concept of a limiting
ear d ;ne. In a sense, then, the likelihocd of exceeding the SSE is7
a ceasure of the state-cf-the-art of geolcc,ic and seismolcgic understanding;
it precacly is on de crder of perhaps 10-o in any given year fo any site,
but with a very wife error br.d.

Se cperati~; basis erdecake, although an infrecuent and major earthquake,
is a much =cre 11.<ely geclecic event. The recurrence interval frecuently
considered applic 21e : de CSE is in the range of 300 to 1,000 years.
Although in engineeri g practice the CEE is ucually established as a
fractica cf the SSE, in 22ny parts of the ccentry there is a sufficient
raccrd of historic seinic events to prcvide a basis for a probabilistic
assessment of the ~EE if dese eve .ts are considered in light of the
regi m ' " uc=ral Es-legy.

Apoendix A dces nc: prescribe specific geolcgic precedures for establishing
the CGS (aldcugh it dces specify a :ini m level). An ANSI staMard*
has been drafted dcscribing a methed of prcbabilistic accessment of the
CEE. Prccabilistic r.alysis was used for est&lishing the CBE for the
Koshkcnc.g :'uclea: ?c w_: Plant. Tne applicatica fcr a constructicn permit
has been r w iewed e_-i accepted by ACP3.

'Ihis apprcach of two letels of severit? of a natural phenomenon is not
unige to earthquakes. There is a geca analccy between the concept of
the SSE a-d GE rd that of the Prcbable Paximum Flcod (P:7) ar". Standard
Project Flced (S??) .: sed by the U. S. Ar=y Ccrps of Engineerr (and NF.C) .
'Ihe level cf likelitecd of these two f1ccd discharge levels is sostantially
the sce 2s de SSE rd CEE, respectively.

Viewed 33 2:: lied te enci serina desien, the design basis for the SSE
is s;=ci: .ec an c.ppen: x A to assure tnat the plant design adecuately
protects de polic health and safety in the event of an extrece earthgake.
The CBE is established as the cost severe earthcuake following which
de pizn: can safely be cperated without special inspections.

*"Guideli .es for recernining the Vibratory Ground Motion for the resign
Eardquake for Ncclear Facilities", AMS 2.1 Working Grcup Draft,
January 1, 1976.
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Engineering ccdes and design practice apply these two earthcuake levels
differently. Category I structures, systems, and cccronents*, must maintain
their safety function for earthquake levels up to and including the SSE.
'Itat is, although the plant, as a tower generat1% 5acility, may be severely
daaged in this extreme event, it must go through the earthcuake without
undue hazard to de public a.d follcwing the earthcuake the reactor must
be capable of being shut down and kept in a safe shutdown ccrdition.
Cn the other hand, the engineering design cbjective with the CBE is that
the plant is capable of being safe in operation after experiencing an
event less than or egaal to the GE.

As an example of hcw these events are applied to design, in use of the
ASM.E Eciler and Pressure Vessel Ccde, the SSE is nocally applied as
a Faited Ccndition, meaning that stress levels allcwed by the Code which
would result in permanent general deformation are permitted except when
defon.aticn wculd lead to loss of safety functicn. Cn the other hard
the CEE is corWa* 's an L'eset Condition or Eesign Cordition in applicatic
of the Code and is used in conjunction with lower allowable stress levels
at which no general defocation wculd cccur. In addition to differences
of allcwable stresses, there are other differences in design analysis
methcds in de arplicatien of Faulted and Upset Conditions. Many seismic
designers see the 532 as being the basic seismic design basis with the
GE playing .cre the role of a cross-check basis using different analysis
procedures and dif9_ent limits to assure the adecuacy of the margin
provided by the 51. casign over a wide range. Viewed frca this persrective
the CSE is :. ore of an engineering safety factor arplied to design analysis
rather than being seen as a seismic event.

To prcvide such a safety factor, Apperdix A to Part 100 contains the
statement dat the " Maximum vibratory ground acceleration of the Cperating
Bases Earcquakes shall be at least cne-half the maximum vibratcry ground
acceleration of t".e Safe Shutdown Earthcuake." 'Ihis is a scmewhat arbitrary
relaticnship which assures that the stresses asscciated with design lead
ccrc.bina:icns plus de CEE loading on systems essential to safe operacion
will ncc result in general yielding of the materials (i.e. will remain
in the elastic regime) .

Ch the other hand, if viewed as a seismic event the acceleration asscciatsd
with de CEE may range frca as low as ' "' the SSE to as high as 80 or
90%. In parts of the ccuntry where .ructural geology is not well
understood, current practice would L o CEE's typically ahout 1/2
the SSE; that is, roughly one Intenst./ unit icwer.

.

* Defined and listed in Regulatory Guide 1.29, "Seismir- Gsign Classification'

h7. 7
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Re shaking asscciated with actual earthcuakes is a very ccmplex vibratory
tction with wide variations in fregcency centent, amplitude, and duration
detendi .c en tne t*,- e of initiating crustal =cvenent cnd the trancissicn
of'de nc:icn thrcUh the earth. Normal engineering practice is to define
the vitra: cry =ction input as it affects the facility with a ccnoosite
respense s ect-"- %=M cn a nuder of earthcuake records. Usually this
rescense s:cctrum is reduced to a time-totion record (a synthetic seis=cgram)
for' applic'azien to design. 2is engineering definition of vibratory ,
r.:otien incut is cuite cccelex and contains a nu-ter of ele:ents of arbitrary

~ ~ ~

conse: ca: ism. A grcup of Regulatory Guides * has been isseed which provides
a c=:lete definition cf the vibratory motica input for reactor facilities.
'~he c'nly distincticn beween the SSE and the CSE in the application of
these respense s:ectra to design is a scaling by the ccmparative accelerations.

There are a ncter of specific issues and problem areas that are related
to the de:e~ .atien a-d a plication of these two events which are identified
and brie'ly described belcw. Attac'=ent I is a detailed staff analysis
discussi.c de subject at greater lemth, prepared with the assistance
of tr:e FEP. Divisicn cf Site Safety and Enviroc: ental Analysis.

1. Is de CEE a safe-f-related event in the strictest sense?

P.any pecple do nc: re ard the CBE as a safety-related event. Design of
the plant to withsta .d de SCE withcut uMue public hazard is felt to
meet the safety need. Se decision whether or not to continue operation
of the plant af:e En eardcuake is seen as a decision of the utilit1
.If an erd:uake should cccur, the safety of the plant for centinued
operation could be established by a suitable, possibly cuite extensive,
'inspecticn precrs: widou recuiring design to an CBE level. As originally-

_ ' published for cc=ent A_ perdix A reflected this perspective by making
the esticlish e:: cf an CEE cptional. Perhaps the best argument for
re:ardi g the CEI as a safety-related cuestica is a reccgnition that
in the a^te=ath cf a major. earthcuake needs for power would be significant.
' ora pt continued reac or cperation might be a comunity recuirement.
A.'otner arp=en: scce_i_ es advanced is that the widespre M shaking of
the ea-eg;2ka affects reactor systens in cceplex interactive mcdes
whit.h are not easily foreseeable. 'Ihis makes it apcropriate to recuire
sa:e '.ezel of general eareg.:ake design within the elastic respense rage;

m1ication of CBE desian to structures, systens, and cc=pnentsam, '=ccverec cyS=__ design is culte rare.
bu- h -

.. . . .

rc:

.

*Regula y Guides 1.60, " Design Res:cnse Spectra for Seismic Design of
nuclear icwer Plants"; 1.61, " Camping Values for Seimic Design of
Nuclar Pcwer Plants"; 1.92, "Cctbining F.oda' Ees: cases and Spatial
Ccc:enents in Seismic Response Analysis", and 1.122, "Ficcr Design
Eespense Spectra Cevelegtent for Seism - ign of Flect-Supportedi

Egai= ent cr Ccng.rrents". }[]
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2. SPould the CEE be esrablished as a sei.snic event or as an engineer ngi

safety factor?

A widely-held engineering view is that the analysis of a seismic load in
the ra =e of frcm 1/3 to 1/2 the S5E provides the best engineering verificatic
of seismic design, and that the CBE should be established in Ais range
at a value such that the seisnic design is determined by the SSE, not the
CBE, since the CBE is seen as a design check. Note that other non-seismic
factors may centrol the design cverall. Cn the other hard, if determined
probabilisticall; as a geologic event, the CBE would not necessarily be
within this range, and may or may not deternine seismic design.

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

The c=plen culti-frecuency shaki.~; of an earthcuake is normally represented
for design pr cses by a highly conservative smccthed response spectrum.
The sz;ae response spect um shape is nocally used for both the' SSE ard
QE design, adjusted caly as to acceleration. Since the CBE is an earthgaake
of lcwer intensity and likely shorter duration, a less conservative respense
spectrum might all be apprcpriate.

4. Eow should isolated acceleraticn peaks be treated?

It is not cusual in an ea'rthcuake to have a high amolitude acceleration
peak of limited d=ation and little impact _n the ressense of a ccmnlex
structre. For exz=gle, such a peak (1.25 g) was measured at the Paccina
Dam in the San Fernando earthcuake in 1971. Current practice is to base
the engineering daign en a resmnse spectrum which implicitly assumes
sustained shaking (and in effut disregards isolated peaks) based en the
general engineering ccnsensus that isolated peaks do not have any significant
effect en structures.

5. What inspections should be carried cut following an earthgaake exceeding
the rc=?

Appendix 7. dces not provide guidance en this matter. It is very difficult
before the fact to identify in a generic way exactly what inspection prcgram
wculd be appropriate afcer an earthcuake. Ccnversely, following an earthq2ake
cbservable effects on the facility could reasonably be expected to indicate
the areas recuiring ins _metion and the tyces of instection needed. Tne
staff pcsition has been that the level and extent of inspection following
an earthq2ake should be based en cbserved damage and a concarison between
the E=cched respense spectrum used as a design basis and the respcase
spect um correspending to the =ction actually experien -cd by tMa facility.

3{J % Enclosure "F"
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*Ihe acetal shaki.~g can be detecnined by seisaic instrt:nentation regaired
en all nuclear pcwer plants to r:easure earthcuake input. An AIEI car:nittee
which develcped a sta-dard defining seisnic instrt:nentation recuirements
to meast e input" is now well alcng en a standard which defines a basis,
for assessing "exceede .ce" of the design response scectrtra in a real event **,
to prevife a basis for decision on level and type of inspection based
on the actual facilit', res;cnse.

Y /$ h&w 4.

/

Pchert B. Minogt:e, Dir'ector
Office of Standards Derelopment

At'' * ent:
Ce:2iled Staff Analysis

cc: Chai .an FOwden
Crissio"*'" " Msk'f
Cx=i5sicner Ren~.ed*]
Cffic e o f "= = =~ ~ =- = '']

.

*;23 N'.3.5, "Earthcuake Instrtrentatien Criter la for Nuclear Power Plants",
e-dcrsed and c clified in Regulatory Geide 1,12, "Instrunentation for
Earthetakss".

**;;3 N543 (;;3 2.10), " Guidelines for Retrieval, Review, Processing, and
Eval' cation for Fcccrds Cbtained fraa Seimic Instrt=entation".'
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The Safe Shutdcwn Eardquake (SSE) is that ear'thquake which is based
en an svaluation of the' a:ci .tra earthcuake potential in the region
of the nuclear pcws: plant site. The e/aluation is basad on a
censideratica of the regional and 1ccal geology and seimology and
en the sp=ci#ic c'-=---=-istics of the naterial on which the power
m,

- -.m,. - - . e -s .. ,.. 3 c.

ar :=_le i:n cf -he SSE, Part 100 Appendic A describes two distinct
geci~-i:='.'seis clcgi ai situations widin which saceuhat different
precedu es a e re uired for determinin: the SSE: (1) 'ohen the seismicity
~.,...= .=_..-..s_ . -__ ~ 4. o- . - - - . .'-. u- .. as ..4./ or ca__able faul'ws ar.d (')) ~+..=n. . _ . . . ..

-

_f _.4. 4 _.. -_..,_=..=.,.=m.e.a ug e,,gg, _4- .e...u-*" es and./cm c%'"able faul'~.
_

_ . _--. . __ m w -- -

A. Situacien Cns: ~4 hen Earthcua'<e Generating Structure Can Be
_ _ ._._.

- = - . . _ - - _ _ _ ._

"."ne first situatien, in which seis--icity can be relatsd to
_

cecicgic e-- --- --=s and/or capable faults, is more typical
cf -he western :nited States, which is a region of ct= plex
g=cicgy a d hi h seismicity. The following four steps represent

. = ._ a-
: -_-a.,,.e ge o-u..e , ~#. . 4 ,,- % eo ,n:c~..nm c:' ac ele. aM on. - .. - -_ o . .. -

.a_.,. _o a..-=____.._-4- 4 .. 2

1. Zete '.2:icn cf-tectonic structures. 1n assessment of the
ear:nqua.<e n:.s: cry or :ne area .n wnich a nuclear pcuer plant
-ill be located is made. Tnis assessment includes the
frecue-_ y of eccurrence, and the ma<imum earthcuake of
recerc. Tacconic structures in the area that have associated
seisticicy re identified. Sy definition tectonic structures

re lar e scale dislocations cr distortions of the earth's
crust a .c nay or may not encccrass capable faults. For
=.cca--le, the San Andreas fault zone of California and the

Cincin .ari Arch are both censifered to be tectenic structures.
One r= presents a ructure of the eerth's crust, and the other
a large flecure. If the ma<i .um historic earthquake occurs
en a tec cnic structure either near or upon which the power
plant a i.il be situated, the ea-thcuake is treated as though
it tcck place at the prcycsed power plant site.

.

..
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By naans of historic records
Ce erinz:icn of Cacable Faults.

gecicgica.:. Inves:1gatione, capable faults ' aich cculd
2. '

Table I frcna .:c:nceitably affect the site are identified.
section rl of A:pendix A to 10 CFR 100 presents a minie.ra fault
lerge versus distance frem site, for considaration of the
faul: in establishing the SSE. For capable faults, theThese characteristicc
charac . eristics of the fault cust be known.a e determined frc:a historic records and by geologic investigation
they include the lergth of the fault, arount and nature of
displacsccct en the fault, physical properties of rock and soil
asscciated with the fault, and information en past mov. cents

,,_ = _ . _ . _ .,,,c~,_ ..._

Since a fault does not
Esteri .a:ica of maxi.".ra earthcuake.1.
csua.__y rup:=e along its entire length, an effective rupture

Current staff practice is to
1e g _h cus: he established.
ass =e that a:pecximately 40% of the total fault lergth will
be i.-tcl red in any si .gle event.

Gi-ten this rupture len:th, an Orthcuake magnitude is
E.pirical relationships betweendete=ined fcr the fault.

ru :ure le.;th, earthg.:ake magnitude, and displacement haveThe relationship-

bee . detel=ed and are used for this purpose.
detalcpef en AEC centract by Ecnilla and Buchanan (1970)
fcr this purpose is cost widely used, althcugh others (Algermisca

2=i .t.braseys ard Tchaleto (1963)) are cemetimes exclcyed
(lifi:
Tnis ti = earthq:ake has al,;ays been larger than the rasxiac:
his:cri:. earthquake associated with the fault; however, the
czxin= historic earthgaake would be used if it were the larger
of he two.

The maxirca
Determinaticn of raxixc.n accaleration at site.
e =7ea.<.e :ntensity is assumea to cccur on the portion

4.

er :he fault or tectonic structure closest to the plant site.
Given ne earthcuake and the distance to the site, the
acceleratica at the site is determined using attenuatica

c*N1 and Seed (1973) . Ctherrela:icnships develcped by
relationships (Hof=cnn (1974), Ecusner (1955), conovan (]973))

The largest acceleration resulting
a e also s=eti' .es used.the site irc= the earthcuakes on the varicus capable f aults
is then used as the maxi:.u: vibratory acceleration for the
a:

k;:cendix A recuires that this acceleration be at leastSSE.one-tenth the acceleration of gravity (0.lg) .
.

r
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3. S it 2ticn Two: When the Cause cf Histcric Earthaakes Cannet
ce P.eistec to Kncwn Geolsic Structures

The second situation, in which saismicity cannot be related to
geologic structure a .d/or capable faults, is typical of the
eastern United States, where it has generally not yet been pcssible
'c relate seism'icity to tectonic structures or capable faults in
many areas. In this case, tectonic prcvinces are used in the

establishment of the SSE. . 'Ihe following steps present current
_ . . .

star:_ e_ cceecu e in ts.uas situaticn.
_

l. Deteri .anien of tectenic crevince. A tectonic province is
_

(as ced nec in Apper-aix A) a region of the North Tcerican
~ - '-=* characterized by a relative censistency of the
geciccic s=uctural features. There is no cietinitive

\ -
c=-=-= 'v ac.ected identification of such provinces in the

'

United 5':2tes.' Several prcvince maps exist (by . King (1969),
Eardley (352), Hadley-Cevine (1974)) and are used for
gene al guidance, but the basic determination of such a
provi ce, if recuired, is nzde on a case w,y-case .casis..

.

2. Deterinacion of maximum earthcuake. Since in the second
sicua::.cn we are concernec witn a regicn in which seismicity
is n-- -=' W to known gecicgic structures, the macimca
hiscort- ="" quake of the region is treated as though it cculd
occur 3 ywhere in the tectenic "revince (i.e. , at the plant
site). Geological evidence, a high level of seismicity or
a shcrc his crical record, may dictate the use of an
ea-thcu.ske intensity greater then that of the maximum historic
carthcuake of tne tectonic province.

When an ad3ecent tectonic prevince has experienced an earthcuak:
greater than those of the tectenic prcvince in which the pcwer
plant is to be lccated, the maximum recorded earthquake of the
adjacent prcvince is treated as though it occurred on the
bords cf the two provinces at the point closest to the power
planc site. The effect of such an earthquake on the plant site
is de:e=ined as described helow.

3. Deterina icn of maximum acceleratien at site. t'ost historic

ear:ncua<es in tne eastern Uniteo States are recorded in te=s
of Mcdified Mercalli intensity (Im), and the maximum earthquak
for Se site is also specified in Im. A meximum acceleration
is derited frcm this intensity. A ntrter of correlaticas of
acceleratica r.r.d intensity have been develcped by various
authcrit-ies. Cecenly used is the relationship developed by

A relaticnship frca Neumenn (1954 )

is alcd 'cc:etimes N(1975) . M J@
Trifunic'and Bredy

~

.

~
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For =ni = earhtq2kes presced to occur at the border of
adj acen: tectonic provinces, the intensity of that
eardgske is cer;;erted to a Richter nagnitude usi.~g
relati nships developed by Richter (1958) or Nuttli (1974).
Given . is negnitude, the mui== acceleration is calculated
in de sa e canner as for earthcuakes asecciated with known
faults, using the same attenuation relationships.

In de case of the Charlesten SC 1836 and New t!adrid MO
1311-1312 eardcuakes, the recorded intensity centours are
used to determine the intensity =t the site, and the site
accelration is dete=ained frca relationships such as Trifunac
r.d 3.ady (1975) or Neum:nn (1954).

.r_ . .=..=. _- _. ___c e : r__e_ _ n.v._ _ _c:; CTL,_s _ __

T da'i s de 55I preciul" for engineering design pu poses, the maxictra
heri::nta.1 gr:=, d 2::aleration associated with the SSE for a giver.

_ a e e.x_,1.; :__._ _ .:.= u6, tw.e a ylicant cnd .,_ ovedg_
-

..____._._._._:___,4_ .r . %_
. 2 ._c a. . _ . _ , = _

by _he :GC. Ad:er agreei .g cn the taximu 2 ground acceleration for a
given si_s, Re; Cat: y Guide 1.60, "C.asign Response Spectra for Seismic
Design cf Nuclea- ?cwer Plants," scale' to the SSC acceleration, is
nc= ally .: sad f:: es_2hlishing the free field ground vioratory motion
asscciated with the 55E for the site. The applicant also has the oction

. . .. . . .
. .

or us=c site-ce = .:e. .: desicn resc_ense crectra in P. lace of thoce 9iven.
.

i,., : , _. .,. _._ ._ , r ._. m_ 1. . ,. . _ _ ... e _ ._

It is pcinted c= in Reculatory Guide 1.60 that the acceptable design
respc-== =pec- = pr cefure for nuclear pcwer plants is a precedure
devel: ed as a reruit of two statistical studies of response spectra
fr= pas ear _h nkes. A surnary of de tuo studies and the
recc- = .ded desi n precedure is ccatained in the parer entitled " Seismic
resip . 27-' '-- :bclear Power Plants" by Nathan M. Nemark,
Jchn A. 31=e a-d ''.anwar K. Kapur OSCE, Journal of the Power Division,
Neve= er 1972). In a study hv John A. Slume, a total of 33 different
ea-272 :e rec:rds ware censidered, with the peak ground accelerations
f:: :..::a ea-d;2kes ranging frca 0.llg to 0.51g. A total of 23 records
we e 1. sed i . a :udy by Nathan M. Ne c. ark, with the maxi = ground
accele aciens i . de horizontal direction ranging frca 0.03g to 1.25g.
?srpense scect a were calculated for each record for varying degrees
of d_._pi 7 a-d ..ean spectra vere derived frca statistical analyces. The-

==~ ~ -= = the two studies were cc:bined and a single scectrun was
.

recc e:ceo ::: cesign pur oses, ustn 2 ean plus cae stanc.ard c,en. tion. . . . . a
- -

-

as de design spectrun prcbability level.
.

. -

.
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It een be seen therefere that the characteristics of the actual
er 2 f<e re: rds used by Bit ne a-d Marxk, such as their fregaency
cents . and the d ration of their moticns, are inherent in the design
spect a fc=d in ?.egulatory Guide 1.60. Since a number of conditions
a e e te'. e3 in 7agulate y Guide 1.60, the detelo=ent of smcothed
sits f erardent scac ra frc 1 a single earthgaake record would be less

_

censa. rative because it ccvers only cne condition.
,

It is i p_ tant to czghasize that the peak ground accelerations of the
eardscakes used in the altrae ard New. ark studies are maximtra moticas
c_bse ve_d in_decendent of_ _th_e durat_i.on_o..f c rc_und_s..haking_a. t thos.e__l_e_v_e.ls.~ A

Tnis introduces a de:ree of ccnservatin into design spectra, since it
is wil es ablished in earthgaake ewgineering tlat the most damaging
gr:=d cc:i ns are typically those le/els of motion (frecuentIy of lower
a. ~ i tude San the reaks) that are maintained for 1 cager pericds of time.

_ _ __, . _ : _ _ . .__._ _,. _ ___ . .e,.. D TO _ c:. c ,, S mR S r r :.C", IC'I Ca m.s ,_: .:. _.u._ _ _.- m .. - .e: m m r___

.__.

"'he 'peraci r; Easis I2-27 ake, as defined in 10 CFR Part 100, Ac. eendix A,
is .a: ea-2:aake unich , considerin: the regional and 1ccal geolco,v_ ard

,

sei=:'.:cy a-d spe:-dic characteristics of local subsurface material,
c ,5 - = 3 3 --. , - - - ---'=-d to affect the clant site durin~s the crerati_~;-

-.

life Of the 3 2.:. I is that earthcuake which produces the vibratory1
grou.f ::ica f:: which those features of the nuclear power plant necessary
, . _ _ =_ _ _ __. ._ . . -#_ *u .o u"_ u .A ta_ _- ia- k. 'so tb._ ha_ ale. ar.e sa t-] o '#n
x~,, _ ____e_._.=_: _. ___

_ . . _ _ _:__._=____..=_..: . o e:a in ,,, ..u ,.. .,l .. , . =
-

._. u. . m...___4_- - _. -... r__

?.e ci .i = va':e of the acceleration lezel for the C3E is currently
specifief in Appe-dix A to 10 CFR Part 100 as at least cne-half the
accelera_ica de:e=i .ef for the SSE and t".is is the value normally

.

_:: site.s not in alc. hly sei_mi_c _ areas , En. .rs-recuirement. ... . . .

st.ec;;.e . : .

is.c =_ :11in: in -he selection of C3E. In these areas, earthgaakeo
accale a:icns t.i:'- can reasonably be expected to occur in the life' -

of tna plant w_11 usually be less than one-half the SSE acceleration.

For si_ad in hi:hly seismic regicas (mainly in the western United
5:2:es' a cc plete description of the CBE is develeced. Geolcgic structurc
capah'.e faults. :: textenic provinces with which historical earthgaake
e :i.- .:7 has ht-sn asscciated are considered as possible source mechenisms.
Pr:d=.hi_ity ca'c".lations such as those described by Algermissen and Perkin:
(19-~' .13'5 ) can be used to help estimate the acceleration level that can
reasc. a:ly be ex:ected to affect the plant du-ing its operating life
'ap::: .i ately forty years) . 'Ihis acceleration .ny be greater than one-hal

. : -

_ _ . _: - _ _= s ._. a_ _, _ o. _ _,v, .,. fo ,. s_-,., e si ._s.m_ . ... _ __ .
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To dafi e da C5I precisely for engineering design purposes, the
w- +'.a. c7 _i - us_u ,.e. calc.d ci, y as#c '.,__,e~...._3 a, _e,_. _ _ _ .. a a '."''u-

u a- a -. __r
o _= _ _ e__ o __ , _ _4 ,, ,,_

__ .

e _ ...

'2.e pnC.:: ;hy behi .d establishin"s the CSE to be not less than one-half
_e _ - _. _= _. s _ .s. _n_, . , .:_ . 2.

.

1. '2.e sress level in 'the safety-related structures, systems, and
c gnr.:s is allcwed to reach yield level when the plant is subjected
te - SSE in cr3i .ation with other applicable loedr, prcvided the
ne: issary safety f=cticas are maintained. For the CBE, all structures,
sys . ens, a-3 :=;cnents necessary for centinued operation without
.=i e ris k tc " = '= C '+ and safety of the public are designed to
ra . fin f=ctions.1 rd well within elastic limits when subjected to the
CEI in crbi .ani:n with n:=al operating loads. The usual range of
a'': nle elas i: stess is frca 0.43 to 0.6 of the yield stress.
Se ch: .:e Of . .e 2I to be ene-half SSE is consistent with the
rati: cf the yield stess (allcwed for SSE) to the allowable elastic
____=_=._-.;s____..=..=.r.,__, , ,_

_ . ,

2. '= enfin A :: '.; C?2 Part 100 requires that the nuclear ecwer -lant be. e
shut d:en if t'.e vibratory ground actica exceeds that of the CBE.

; .u_ _ a_ ._. .,s u._ cav _, - , o .; .f o f an C3 c. ,.in ,.h l a- large
. ._.;e_:_ _ % __._. ._. :. _ . -. m u _-._

en:ug'. so that dri g a strcng earthgcake all the nuclear power
a lance :ecerachical area a e not shut dcwn and the publicc1 =- - = i

-1 e _ _ .,.,. _ .__..c.,_ _.. __ -- . -.

__ - = _ _ _ _ ~e, .

(It shc0 be n :ed ra: another applica ica of the CBE arises when seismic
effects a a c:nside ed in czbination with other nacral phenmena. For
exa:ple, i- de:erini.; d.e design basis for certain structures of the ultimate
heat si .k, the C5I is censidered in cm.bination with waterflow based on
severe his:Orical events in the region of the structv c. 'Ihis applicatica
of the CEI is basica"y not ge=ane to the issues of SSE/CEE interrelationship

' "'
d _i e_ -' .. _- 9_ _ ..-_--._=__-"v.y.

ft.e z.o.D "I : u n..__..r :u- D::2Iw~ f.r_T .~ZCrfGY- - - . . _ _ ~ _ . . .....2 r
_ .m. . t.---: -m. ._ . _ . _ . _ . . .._ m

_:C F 3 5I:5:2C CESIGN CF PL.GTS 5CEUEC-'ID TO SSE Eu CBS

2e atta:nef diagre cutiines the dccumsnted seismic design methodolcgy
'cei .g .sef taiay i . the engineering design of nuclear power plants
_ e _ _ .. , - - u._ .c. _= =_c. .: CE ... .. ._ -m .~

,

A to 10 CF?. Part 100 require.s that vibratory motions of the. .: endi.::.
SSI s-i .3I be defi .ed by respense spectra of the foundatica level
cf ne ;. ant. These spectra are ebtained by deccruolving the ,three-'

di e:t .:nsi specta specified in Re ulatory Guide 1.60, which are2

c. -
Enc 30sure il { "
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...y _", 'w. a N..w , ul a "w- . / Guida_ 1.60_ :: :. ~ %. ~o uros .F .i _s _' d
c

__=.2_ __=__.2 _e . c... __ , c
_. . .. _ -. ; .

-
- - - cc.m..,a_1_rl, a l,w,n tac Orc _ _ _ : .: _ . , , u,,.; ,---,, e_g.,, t_,.a y .V in,3 v., .- _ :: _

...
., w. . xc .~

.=.=_~.-_.s ". . e". _' .~. g =. .yl i f is u= _ .4 ^- .#-*~_-- P. . . ic hL r ~= ".9 e f _r ".,..= =-=._-_'-a_ --
: . .. s.r u w a ..-

tbn r.o.-i ~n's a1 Se~_c'-u u.. = _ _=_=_..=__..,m., - .=_ =.~;. A' .i .#i~, < "wi o n A'..= " "O r Lv.=.~- A fo6# ' -
. v. - . s -

_ _. . . ,* 71DJ , t.i .''..w's b.i c"..^.-ia S C". ._Oa'.ible Wi t.h t.m. s fu~c _
-

. __. _ _ _ e .e. a- g_: a= . . . . . . . ... ,.__s.

__2_;_ __.:- _ _3 _2_. 3 -=_ e_ _ 3_ _. 4 . t. .r, in o_ e_ ,. 4 . ., c.n.31 3.43 o.f tE.A. Sita. i" "e." fo r~.".:Ame _.

. - ..These bedrCCh COtionS are used in
_

_ _ 1
-

a e .

t- fi~.d t''.e CICp3rirle bidrCCk Cotions.
_F undation "4.O'iC7S. 'i' .''.ea.O 4.1'.".d th.a ,Cl = ".'w- . 3 3 ._. 4 ., .4 #e.-_ _- _... _._._ 3 C <w .. .v.4.2 .

( n_ ,. o e a.n * gd i.'.V "a y _o 'w_ a O r t.4 ".~'5-b..i to ia S ) are_ _ ..
e_,.a__ - 4. :-

:_ . . _. : , ._. _4 c S -
,

.-a , -_ 6u .,. ~ . . ..

'. _ _ .. "_= =.' . . ".. .= .= _- -- ". a1 ~a.Cd e1 o u' 'w ' .a...c~lan- cou=__ c1=nt to fir.d. . - -- .
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C. '/ary high isolated peak acceleraticas hrie been measured but
are nc used in sc21ir.g and applying Eagulatory Guide 1.60
desigr spectra. These maximum acceleraticas are usually of
shorc cc atica and do r.ot have ti e to build up da aging energy.

:: ear-peak acceleraticas maintained for longer durations will
be more d= aging. Tne duration of strong cction is particularly
sicnificant for design stresses near the yield point (as is the
case wi,th the SSE).

D. Cetermination of tectonic provinces is a point of contention
betw=en de staff and industry. In general, staff praccice
is to use relatively laru tectonic c cvi.nces t_o_ ~ ensuree

- - - - -

censervative design. However, there is a great desl of
' =#-+ = 1 arg=ent frca industry to use smaller tectonic
prr-t. css.

E. Ze_arnina:icn of maxima a--a a ation frca intensity creates
2 . = -. . ? - * " "=t in*ensity is a subjective Ineasure of grourd
: ion. Alsc, direct infocation about the duration of strong

n:cion is icsc -inen .: sing intensity as a measure. This is a
difficulc problen s nce al cst all earthcuake data for the eastern
United States is in terms of ?*.cdified Mercalli intensity.

VI. DZ7_""-JT ISSCIS WI'~d RESPECT 'IO EERTICSSEIP EE"4EEN 03E TJ'D SSE

A. T' e CBE can be ccasidered to be not safety-related and
-larefore =__ , 'ately chosen by tha applicant as a matter
af econ =ic judgscent. In such a case the guiding factor
f:: the a plicanc to choose a certain g-level for the CBE would
:s 9.e ces: cf shutting down and restarting the plant after an
.=. cccurs. If the apolicant chooses too low a le/el for the
EI, he night irrur heavy costs of chutting down and restarting

_ e plant several times during the 1ife of the plant. Further,

if de plant generally has an inadecuate seismic design basis
is arf i . cur e_ttensive costs due to earthquake damage to power
aneration and transmission ecuipment. (As an examo.le damar.e

-c utility systems in the San Ferna*.do ear $ quake escunted to abcut-

5100,000,000).

Regulatorf Guide 1.12 specifies that varicus seismic instrcents
he used to ascertain whether the CSE has been exceeded during
an earthg. lake. When instrumentatica shows that the peak
acceleration er the response spectra experienced at the foundatica
of the centainment building cr in the free field exceed the CBE
acceleration lezel or respense spectra the plant is.recuiredr

to be shut down r.endinc. permission to resume oc.eration. To
detemine whether or not the plant can safely resume operaticns,

3(7 M
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.;.4e e. 'i C 4 i scection of safe:v-related itces, which mayc_ .. . .. .

L.c ::e n ncestructive testing 1: neec is incicated, is. , .
-

. .

i p_erent:-d a .5 the ceasured respenses frca both the peak-
re::: ding rd st:Org-rction accelerographs are ccrpared with
: csa assred in the design. Ccnsiderable cost and time is
i.ct:lled in this p ccess of inspection and verification, which
includes such items as (1) inspecting the piping for any mc7 ment

ruhoi g, (2)f i rpecting the structures and ecuipment for
a:nc = al displa m nt, (3) re/iewing the recorded data on plant
c:

crerating pa-= = a s for any abnor tal operation of ecuipment
dri.-c eten:, a .d (4) cc parir.g the recorded respcases with
:he design ': asis. To cc: pare the responses, the earthcuake data nur
h-E reriered f::- the instrt: ents, digitized, and used in the cqui

Csua'ly technical smcifications of the licensees arez.217ses.csed .c 2::=:lish the inspectica and ccmparican of the respences.

5ce as=-rs of the staff feel that the CBE should be establiched3. cased en p:= bilistic metheds, rather than being specified as
2.is cculd be done bv checsing an earthcuaka # a: i:n cf :he SSE. ^

re cre .:e ince tal to cctain a suf Ciciently snall prcbability of
exceeia :e dric: de creratin~ life of the plant, and mcxiifyinc
cr # ""-':i ; -5e rectiirecent that the CBE be at least cne-hal'f

C .e dif:iculty with this approach is in how to selectthe 55I. Also, there is very littletman
FA an app:cp-iate recurrence interval.the eastern United States, creatina problems

earthcu2he da_a 50:
N in de:e--ini-: the earthcuake severity for a given r 5:rence~ w

is sece' feeling that the historic rccords for
~

inte cal. 25: 2

. ar-h eri:2 re too shcrt for use in predictir.g geologic phena r
. , m= = - - -_ . .-== , wice rance or cerions on how such an ac.e.rcach..

_ . .

-

been cases for which an CBE less
-

. . y
Inculd be 2ed. Ehere haven :ne-h27 f 555 has been accepted by the staff as the earthquake

t
t

ppQ-:::n:f | ~hich =u'd reasonably be expected to affect the plant during itscr: ,w
-um..~.-,4.-4:L , - --.- - - -

in the
ic= fsel t'.at t".e minimum CBE should be set scmewhere( :. It is their:rge :f :ns-:hird to ene-fourth of the SSE.
::n:en-icn ist, with an CBE ecual to one-half of the SSE, the3

.

design f na .y ccmponents in a nuclear power plant is gcVerned by
lead c=:i ations involving the CSE rather than by cc binations

While reducing the CBE/SSE ratio night, /-ich " /'lude the SSE.7_n sce cases, reverse the situation, in other cases it will not.
'

factors ,
-=='1y controls the design re the choices of loadcw Tne CBE is en!1:edi p c=binations, and allowable stressas used.

:ne of :he leadings but in many cases the ccrrbination of nonsein u
To overecceleeds has the centrolling effect on the design.

this p::blem, the lead ccdoination cuestions and al,lowable
s ressas would have to be revised to give different weightings

-

to the loads irr/olved. Differences of opinien exist within
the staff on wheths cc not "ic should be done.

,

..%
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VII. I.'' CP"7d7? I53DTS ETIS EE SEI5 'IC DESICI METECCCCGI

A. P.aquiatory cuide 1.60 is based only on limited data.
There is reca for imprcvement in the shape and amplitude
of the free field design respense spectra as a function
of magnitude and distance. ,

3. Regulatory Guide 1.61, which gives the damoing values to be used
in the ceimic analysis of the nuclear power plants is bascd
on limited test data and engineering judgement. P:cm
for impr^ ... tent also exists here, because a slight difference
in da: ping values can make a st6stantial difference in the
resulting stresses in various ccrponents of the plant.

.egulatcry Guide 1.60 smcifies that the sane a plificationC.
facters be used for the two horizontal spectra, and gives a
separate set of a plification factors for the vertical spectrtra.
2.ere is s=e feeling that the a. plification f actors for the
seccrd horirental spectrum a .d the vertical spectrt:1 can be
' ess than these given in Regulatory Guide 1.60.
_

D. O.e shape of the spectra as given in Regulatory Guide 1.60 is
not suitable for soil liquification analysis, according to sre
views . A site-espatible spectrum is more appropriate for
these analysas.

E. Soil is a nonlinear material @.en subjected to the dynamic
notion cf earthquakes. At prescnt cost of the soil-structures
interaction analyses and site analyses for decenvolving the
cine-hist:ry noticns are based en the clastic (linear) properties
of the scil. There cust be a substanHa! improvement in the
state-cf-the-a-t before nonlinear analyses for soils can be
incorporated into the design methodology.

F. In car ying out the structure-to-structure interaction
analyses, the major prcblem enccuntered is the sa e as
in soil-structure interaction analyses, i.e. , the elastic
rather dan inelastic properties of the soil are used in
the analyses.

3. 'Ihere are two usua.. kinds of analyses which are performed on
structu es subjected to earthquake motions: (1) resconse
spectrtra analysis and (2) time-history analysis.

The major question raised about the rescense spectrum technicue
is how to ccabine the medal rescense and the effects of three
cepenents of e *' ske% ,Regulatcry Guide 1.92 seccifies
procedures bas. rd the /,;:Jdent state-of-the-art.

3g7 ,yg;r- ~
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If ti- e-history technig.e is used and a simultanecus analysis
of the tree directions is perfoc ed, the problems of acdal
ca-bi .ation r.d three cmpenents of earthquakes cre eliminated.
Ec-eter, the prccedere regaires a c=puter with very large meccry
c2pacit/, therefore it is not being widely used at present.

E. Fegulatory Guide 1.122 specifies precedures to ' orc den a-d =ccth
the flec: re: pense spectra. The guide also prcvides the procedur<
to cc$i.e the three ficar respense spectra for a given direction.
' he cuestions raised about the guide include the a= cunt of
broedeni .c r.d the precedure to cc. cine the three spectra for a
given direction. The guide is based on the present state-
c# '' -=-t ed can be i. proved in the future.-

. _ _ _ . _ .
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