de G5

POLICY SESSION

eats to 10 C¥rR Fart 10D, Feactor
and Geologic Siring Criteria and
jction and Utllization

ications.

it i B it s B it B S Tnden 10T B SN P

atior in

0 which vor

P,

1¢a
At

‘-

-

|

bl ¢l

P y—

B e

rar &




R AN 5 S i DAt oy g h Lo i S

; e ‘ .:.*‘ ; ’ - ‘\. -y, MRTULAT TN T AR G 6L AT Y Y | S S
N - S e RS 5 . . TR R g L S
-t - - ' S Paar S ol N Ky - P - y ‘. e T -t o e
:-t ey o el S b A AL e &l i St bt ok e r dam B W e v Van wors v Vot o hin ot Slinicemmind S e > ';
. »
-
) . P
BEFEEAL 18 fa
' i :t ~ .:"
Cormissioners -2 -

fmplementation of the critetia. The Advi .-y Comittec
on Reactor Safeguards has reviesed the proj ~sed Seismic
and Geologic Siting Criteria and believes the= acceptable
to publish in effective form.

The changes rade to the proposed rule as a result of the
comments received and other considerations are shown in
comparative text form in Enclosure A",

The criteria were prepared by the Rrepulatory staff in
cooperation with the United States Geological Survey and
the hational Oceanic and Atmospheric Adninistration.
These organizations have concurred in the changes made
ro the proposed criteria,

A footnote has been added to § 50.36(c)(2) of 10 CFR
Part S0 to assure that each power reactor licensee 1S
avare of the limiting condicion of operation which 1is
imposed under paragraph v(a)(2) of Appendix A to 10 CFR
Part 100. This limitation requires that if vibratoery
ground motion exceeding that of the Operating basis
Earthquake occurs, shut down of the nuclear powor plant
will be required. Prior to resuzing operations, the
licensee will be recuired to dewonstrate to the Commission
that no functional dazage has occurred to those features
anecessary for centinued operation without undue risk to
the health and safety of the public.

fecomendation: The Cocmmission approve publication of amendrents to
10 CFR Part 100, Reactor Site Criteria, rodifying 1100.10
and aading an Appendix A entitled "S

Seisnic and Geologic
siting Criterfa for Nuclear Fower Plants" and an amend-
sent to 10 CFR Part 50, Licensing of Producticn ard
Utilization Facilities by adding a {ootnote at the ¢nd
of §50.36(c)(2).

Note that no Environmental Iopact Statement is required
because the amendzenis ¢o not censtitate a sajor federal
action significantly affecting the quality of ire human
environment. A memorandua to file which discusses the
considerations which were made in arriving at this
deteraination is on file at the Public Docuzent Room. A

cupy is attached as Crclosure 'L

%ote that the acencrents, as sct cut in Enclesure "A", will
be published in the Federal Register to be eifective 30
days after publication. 3
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Note that the Joint Comnittee on Atomic Fnergy +1ll be
informed by letter,

. Note that a public announcement such as Enclosure '2" will
be issued when the notice of rule making is filed with the
Office of the Federal Register,

Coordination: The Directorate of Licensing and the Otfice of the GCeneral
Counsel concur in this recorwendatior. The Advisory
Committee on Reactcr Safeguards believes it is a=ceptable
to publish the proposed criteria. The draft pudlic
anncuncement was prepared by the Office of Information
Services,

Scheduling: For counsideration at an early policy session.

&92{; Y1
eBter roge

Director of gulatory Standards

Contact:
W. Morrisen
Ext. 7507
This paper will be ccnsidered at a special Regulatory Policy Session set for Eéigf
Tuesday, October 16 at 2:00 p.m. in Commissicners’ Dining Rocn, Germantown. {.}4
Cormissioner Doub has requested the 5 day Rule be waived because it relaces e
to the Cami:sion's response to Myron Cherry's letter of Septecder 26. The vh o
Cormission's response is 2 weeks overdue. 2
!
Paul C. Bender '
Secrctary of the Comissien :
{
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ENCLOSURE ™A™
TITLE 10 - ATOMIC EXERGY
CHAPTER I - ATOMIC ENERGY COYOMISSION

PART 50 - LICENSING OF PRODUCTION AND
UTILIZATION FACILITIES

PART 100 - REACTOR SITE CRITERIA

Seismic and Ceologic Siting Criteria

On November 25, 1971, the Atomic Energy Cormission published in the
FEDERAL REGISTER (36 FR 22601) for public cocmment proposed anendments to
10 CFR Part 100, "Reactor Site Criteria," which would add an Appendix A,
“Scismic and Geologic Siting Criteria for Nuclear Power Plants™. The

puerpose of the criteria is to set forth the principal seismic and geolopic

o

considerations which guide the Cormission in its evaluation of the suit- 3
oo
ability of proposed sites for nuclear power plants and the suitability ;~€

of the plant design bases established iIn consideration of the seismic and

nl.
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geologic characteristics of the proposed sites in order to provide reas-

onable assurance that the nuclcar power plant can be constructed and

operated at a proposed site without undue risk to the health and safety ;~;:
ShE S

of the pubdblic. F;f;
P
¥ A

All interested persons were invited to subait connents or sugpestions i

3
connection with the proposed amendments within 60 days after publication ’ i
of the notice of proposed rule making in the FEDLRAL REGISTER., After ?

consideration of the comments received in rusponse to the notlce ol ]
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proposed rule making the Commission has decided to adopt the anendments

{n the form set cut below. The amendments as adopted reflect the ! o5
suggestions in a nurber of the cotments. Major differences in Appendix A %%?:
from the zmendments published for cormeni are: 'i:é
1. The Safe Shutdown Earthguake and the Operating Basis Earthquake i??ﬁ
have been defined in terms of geclogy and seismology. %ﬁf

-

~ 3

The proposed rule defined the Safe Shutdown Earthqdake and the

Operating Basis Earthquake {n terms of the effect of these earth- P |

quakes on structures, systems and comporenta of the plant. This

concept has been retained {n these amendments, so that effects on

plant structure as well as geologic and seismic considerations are

required to adequately define each earthquake.

2. Advances in the state of the art of geologic investigations have

been taken into account by giving core credit to three-dimensional

investigations, such as those obrained from offshore geolopic surveys, ??
{n determining the extent of the zone requiring detailed faulting xi::
{aveatigations. f.£;
3. The selection of an Operating Basis Zarthquake has bdbeen naae o
pandatory and has been applied to those features of the plant that H;;
are safety related.
R

L
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The proposed rule required that the Operating Basis Earthquake
selected be related to the opcrability of those structures, svstens
and components necessary for power generation, Manv of the comrents
questioned the legality of imposing safety requirements on portions
of the plant which were not safety related. As a result of these
comments, the definition of the Operating Basis Farthquake was nmade

more restrictive.

Other significant changes wvhich relate to specific sections of Appendix A

are as follows:

8

B S opek Pl ¥ W
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“sction 1 of Appendix A, entitled "Purpose," has been revised to
refe.ence Ceneral Design Criterion 2 of Appendix A to 10 CFR Part 50
which requires that rnuclear pover plant structures, systems, andJ
components important to safety be designed to withstand the effects of
natural phenomena without loss of capability to perforn their safety

function.

Section II of Appendix A, entitled "Scope," has been revised to:

a. Clarify the Cormission's intent that the investipations described
in Appendix A of 10 CFR Part 100 are considered to fall withir
the scope of §50.10(c)(l) of 10 CFR Part 50,

b. Define in more precise terrs when addi{tional investi,ations or

more conservative determinations or both are regquired.
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c. State that the criteria do not address investigations of possible
volcanism required for sites located in areas of volcanic activity
end that investigations of the volcanic aspects of such sites will

be deterzined on a case-by-case basis.

3. A nucber of definitions included in Section III of Appendix A have
been revised to define more precisely the terms used in this appendix
with respect to geology and seismicity, and their relationship to
safety related structures, systems and ccomponents of a nuclear power

plant.

The specific changes made to the definitions of Section 1II are as

follows:

a. Pzragraph (c) cf Section IIT has been revised sco that the
Safe Shutdown Zarthquake is that earthquake 'vhich s based upon
an evaluation of the maximum earthquake potentlal considering
the regional a=d local geology and seismolopy and the specific
characteristics of local subsurface material.

b. 1In paragraph (d) of Section ITI the definitinn of the Operating
Basis Carthguare has been reviseld bv substituting for the defin! . {or
of the earthquare which produces the vibratory ground motien fer
vhich those structures, svstemm and commponents necessary for

power generatiocn are designed to remaln operadle, the eartnguake r

o

which precduces vibrating ground roticon for which thone Teatures
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of the nuclear power plant necessary for continued operation
without undue risk to the health and eafety of the public
are designed to remain functional, and censidering the regional
and local geology and seismology and specific characteristics of
local subsurface materfal, which could reasonably be expected
to affect earthquake vibratory motion at the plant site during

the operating life of the plant.

The term "active" fault has been

replaced by the term "¢

fault throughout the appendix to climinate the confusion

apable"

wvhich

has existed berwveen the Appendix

A definition of an

"active" fault

B T I D T R e et A A L2 ST M'L'M«:?_"’“':__J

and the other definitions of an active fault widely used by
geologists. As used in the Appendix, a capable fault is a fault
wvhose geologic history i1s taken into account in evaluating the
fault's potential for causing vibratory ground motion and which
is capable of causing surface faulting. An additional change

has been made to paragraph III(g) in that the regional restriction
concerning instrumentally determined macro-seismicity has been
deleted from paragraph (g)(2) of Section III. The definition
now includes only the characteristics of macro-seismfcity

instrumentally determined with records of suffictent precision

to deronstrate a direct relaticaship with the fault.

The definition of "zone requirinpg cdetafiled faulting investipation

in paragraph (j) of Secticr TII has been revised to state oore 'f

Yoclesure A"
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clearly the scope and types of investigations in the zone
needed to desonstrate that the need to design for surface
faulting does not exist, or that the design basis for surface

has been properly determined.

4. Section 1V, entitled "Required Investigations,” has been revised as
fol lows:

a. A statement has been added in paragraph (2) of Section IV that
the investigations for vibratory ground motion produced by the
Safe Shutdown Earthquake are considered to provide an adequate
basis for selection of an Operating Basis Earthquake.

b. Paragraph (a)(2) of Section IV has been modified to require that
investigations for vibratory ground motion and surface faulting
include consideration of the possible effects of man's activities
ou the tectonic structures underlying the site and the region
surrounding the site.

c. A new paragraph (b).2) has been added to Section IV to clarify
that an evaluation of tectonic structures underlying the site with
regard to their potential for causing surface displacement at or
near the site is required and that such evaluation shall incluc
consideration of the effects of man's activities cn the tectonic
structures underlying the site and the region surrounding the site.

d. A footnote has been added to paragraphs (a)(7) and (b)(7) of

Section IV to clearly state that in the absence of absolute datiag,

- 6 - ineloware A"
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evideance of recency of movement of a fault may be obtained by
applying relative dating techniques to rupture, cffset warped
or otherwise structurally disturbed surface or near surface
material or geomorphic features.

e, A footnote has been added to paragraph (a)(7) and (b)(7) of
Section IV to clarify that the applicant is to evaluate whether
a fault 1s a capable fault with respect to the defined charac-
teristics stated in paragraph Ilig by conducting a reasonable

investigation using suitable geolopic and geophvsical techniques.

5. The following changes have been made to Section V, entitled "Seismic
and Ceologic Design Bases:"

a. Taragraph V(a) has been expanded to provide for determination of
the design basis for the expected vibratory ground motion as well
as the design basis for maximum vibratory ground motion.

b. A requirement has been added to paragraph (a)(1l)(iv) of Section V
that, in the case where a causative fault is near the site, the
effect of proximity of an earthquake on the spectral characteristics
of the Safe Shutdown Earthgquake chall be taken into account.

¢. Paragraph (a)(2) of Section V has been changed to regquire the
applicant to specify the Operating Basis Earthquake. A requirement
which reflects the seismic dusign bases for plants recently
evaluated for construction permits that the nmaximum vibratory

ground acceleration of the Operating Basis Earthquake shall be

-7 - tnclosure A7
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tha. structures, systems and components can vithstand the seismic
and other concurrent loads.

Paragraph VI(a){i) has been changed to elininate the requircment
that safety related stru~ture:, systems, and componcnts alsc be
designed to withstand the effects of vibratory motion of at least
fifty percent of the Safe Shutdown Earthquake in combination with
other appropriate loads well within elastic limits. This require-
ment is now includedAas part of the determination of the Operating
8asis Earthquake in paragraph (a)(2) of Section V.

pParagraph (a)(2) of fection VI has beern modified to reflect the
change made to the Operating Basis Earthquike definiti: aad to
define more precisely the stress and defocrmation linits within
which 211 structures, systems, and ccuponents of the nuclear
power plant necessary for continued operation without undue risk
to the health and safety of the public shail be designed to
remain functional.

A footnote has been added to the end <f paragraph (a)(3) of
Section VI that the criteria do not address the need for instru-
mentation that weuld automatically shut down a nuclear power
plant when an earthquake occurs which exceeds a sredetermined
intensity.

A foctnote has teen added to $50.36(c)(2) of 10 CFR Part 50 to

assure that each pcwer reactor licensee is aware of the limiting

Enclosurc "A"
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condition of operation -hich {s imposed under these criteria.
This limitation requires that {f vibratory ground motion
exceeding that of the |wrating Basis Earthquake occurs, shut
down of the nuclear power plant will be required. Prior to
resuriing operatiocns, the licensee will be requiied to demonatrate
to the Cormission that no functional damage has occurred to those
features nccessary for continued operation without undue risx to

the health and safety of the public.

The criterfa describe the seismic and geologic investigations required

to obtain information needed to determine the design Lasis for earthquake-
produced vibratory ground motion and for seismically indured floods and
water waves. They also describe investigations required to obtain infor-
mation to deternine whether and to uﬂat extent the nuclear power plant

necd be designed to withstand the <ffects of surface faulting.

- The design basis for the maximum vibratery ground motion i{s determined, as
described in the criteria, through evaluation of the seismolopv and reology
and the zeolor’'c and seismic historv of the site and the surrounding resfca.
The nost cevere earthquakes associated with tectonic structures or teczsn.o
provinces {n the region surrounding the site are identifted by considering
thoae historically reporteld eaithquakes that can be associated with these
structures cr piovinces. If faults i{n the region aurrounding the site
are capable faults, the nosat severe expectcd earthquakes ammancinted with
there faults are dezermined by alan ronafdering thetr gonlople htarar -

Becsuse of the limited histerical data, the sl severe varthauasben
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associated with these tectonic stiuctures or tectonic provinces are deter-
nined 1n a conservative manner and are usually larger than the maximunm
earthquake historically recorded. The design basis for vibratory ground
motion at the site i{s then determined by assuming that the epicenters or
locations of highest intensity of the earthquakes zre situated at the

point on the tectonic structures or tectonic provinces nearest the site.

The criteria require the evaluation of other design considerations which
are affected by the design basis for vibratory ground motion, including

soil stability, slope stability, and cooling water supply.

In order to ¢ .ermine whether and to what extent a nuclear power plant

need be designed to withstand the effects of surface faulting, the

criteria require that the location of the site with respect to capable

faults be considered. Procedures are provided for determining whether

the site is within a zone requiring detailed faulting investigation

based on i{ts location with respect to capable faults. Where a site is

within a zone requiring detailed faulting investigatfon, the criteria

require that the regional and local gerlogic and seismic characteristics

of the site be investigated in considarable detail. The adeguacy of the g
i

detafled investigation will be deternined by the Commission on an individual &

case basis, taking intc account the specific site characteristice. Vhere }

the detafled investigation indicates that surface faulting need not be

taken intc account in the design of the nuclear power piant, the criteria

require that sufficient 4ata to clearly justify the proposed design basis

be presented in the licerse applicaticn.

- I3 = fnclosure "A"
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The criteria also provide general guidance for the design of a nuclear ;;;3:
t;‘fﬁ:
power plant to withstand carthquake-caused effects, pending the develop- 1€f€~
ment of pore detailed criteria. tt::i
7O
T
The amendments were prepared in cooperation with the U.S. Geological %?ﬁf
Survey and the National Oceanic and Atmospheric Administration. The 5; ;
S
amendments reflected the experience accumulated by these agencies and ”~§;*
At
the Atomic Energy Commission in evaluating seismic and geologic charac- nif?
2 S
teristics of sites for the location of nuclear power plants. & T
£ 5 )

.Q" b’
o
2§

Discussions have been held with various interested groups to assure Kt g b3

¥

clarity of the criteria. {r;

A determination has been made that an Envircnmental Impact Statement is ,,:-f,
Q"e:i

not required. The .onsiderations factored into this determination are ivg
R

Ey-T R ¥ N

included in a memorandum on file at the Cormission's Public Document

deos

Room at 1717 H Street, N.W., Washington, D.Ce

The seismic and geologic siting criteria in this appendix supplenent
10 CFR Part 100 by specifying the seismic and geologic investijations and

analyses necessary to determine the acceptabiliity of a proposed site as

require? by 5 107 . The existing provisions in ! 100,10(c) (1) stating

that the design of a facility should conform ta accepted building codes
or standards and that no facility should be located closer than one=

fourth mile from the surface loc~tion of a known capable carthquake tault

will be superseded by these criteria.

e
"

- 12 - Enclosure
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The criteria also provide general guidance for the design of a nuclear
power plant to withstand earthquake-caused effects, pending the develop-

ment of more detailed criteria.

The amendments were prepared in cooperation with the U.S. Ceological
Survey and the National Oceanic and Atmospheric Administration. The
amendments reflected the experience accumulated by these agencies and
thie Atomic Energy Coomission in evaluating seismic and geologic charac-

teristics of sites for the location of nuclear power plants.

Discussions have been held with various interested groups to assure

clarity of the criteria.

A determination has been made that an Environrental Impact Statement is
not required. The considerations factored into this determination are
included in a memorandum on file at the Cormission's Public Document

Room at 1717 H Street, N.W., Washington, D.C,.

The seismic and geologic siting criteria in this appendix supplerment

10 CFR Part 100 by specifying the seismic and geologic fnvestipations and
analyses necessary to determine the acceptability of a proposed snite as
require? by 5 10" ‘. The existing provisions in { 100,10(:)(1) stating
that the design of a facility should conform to accepted building codes

or standards and that no facility should be located closer than one-

fourth mile from the surface location of a known capable earthquake tault

will be superseded by these criteria.
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fhe criteria will also assist license applicants in complying with

§ 50.34(a)(1) of 10 CFR Part 50 which requires that the prelimirary
safety analysis report include a descriprion and safety assessmdent of
the site on which a production or utilf{zation facility is to be lJocated,

with appropriate attention to features affecting facility design,

Pursvant to the Atomic Energy Act of 1954, as amended, and sectiions 552
and 553 of title 5 of the United States Code, the xollouing arendments to
Title 10, Chapter I, Code of Federal Pegulations, Parts 50 and 100 arxe

published as a docuzent subject to codification,

1. A footnote is added at the end of :50.36(c)(2) to rcac as follcws::

*

-/Soe paragraph V(a)(2) of 2ppendix A of Part 190 of this chapter.

2, 1In 5 100.10, paragraph (c)(1) is revised to recad as follows:*

§ 100.10. Factors tc be considered wien evaluating <ites.

Fuctors considered in the evaluation of sites include those relating
bYoth to the proposed reactor design and the characteristics peculicr
to the site. It is expected that reactors will reflect throush

their design, construction anc operation an extrem«ly low prebadliit:
for accidents that could result in release of sipgrnificant quantitics

of radfoactive fission products. In addition, the site locaticn

B
Deletions from the text of the proposcd rale are lired throush anc

hracreted, and additions are underscorced.
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anc the engincered festures included as safeguards against the
hazardous consequences of an accident, should one occur, should
insure a low risk of public exposure., In particular, the Conmissioen

will take the following factors into considerztion in determining

the acceptability of a site for a power or testiag rcactor:

. * B - *
(c¢) Physical characteristics of the site, including cseismology,
meteorology, geology, and hydrology.

(1) Appendix A, "Seismic and Geologic Siting Cfltetia for
Nuclear Power ?Plants," [eeto-ferth-the-principal-sodenic
end-geolepie-eensiderationa-whieh-puide-the-Comsdesioa—-din
ieo-evaluetien-af-ihe-euitability-ol-proposud-sites-fox

nuelear-pewar—s+lansey] describe the nature of investipations

required to cbtain the geolopgic and seismic data necessary

to determine site suitability and provide recasonable

assurance that a nuclear power plant can be constructed

and operated at a proposec site without undue risk to the

health and safety of the public. They describe procedures

for determinina the quantitative vibratery groun ) motion

design basis at a site due to carthquakes and descrihe

~ezded tc determine vhether

information and to what extent

- 1K =
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a_nuclear power plant need be designed to withstand the

effects of surface faulting

* ® * *

3. A new Appendix A is added to 10 CFR Part 100 to read as follows:
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ATPENDIX A

SEISMIC AND GEOLOGIC SITING CRITERIA FOR NUCLEAR POGWER PLANTS

I. PURPOSE

Gencral Design Criterion 2 of Appendiz A to Part 50 of this chapter

requires that nuclear power plant structures, svstems, and components

{moortant to safety be designed to withastand the effects of natural ohenn~-

mena such as earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches

without loss of capabilitv to perform their safetvy functions., It is the

purpose of these criteria to set forth the prircipal seismic and geologic
considerations which guide the Cormission in its evaluation of the suit-
ability of proposed sites for nuclear pover plants and the suitabilicy of
the plant design bases established in consideration o the seisnic and

geologic characteristics of the proposed sites.

These criteria are based on the limited geophvsical and peological
{informatfon available to date concerning faults and ecartlguake occurrence
and effect. Thev will be revised as necessary when more corplete

{nformation becomes available.

1. SCOPE

These criteria, which apply to nuclear power plants, deascribe the

nature of the irvestipations required to obtain the peoloegic and geisnic

- 16 - Y ioaeure A
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data necessary to determine site suitability and provide reasonable o
assurance that a nuclear power plant can be constructed and operated T
at a propoced site without undue risk to the health and safety of the i
public. They describe procedures for determining the quantitative -
vibratory ground motion design basic at a site due to earthquakes ana

describe information needed to determine whether and to what extent

a nuclear power plant need be designed to withstand the effects of
surface faulting. Otheir geologic and seismic facters required to be

taken into account in the siting and design of nuclear powcr plants are

{dentif {ed.

The investigations described in this appendix are within the

scope of investigations permitted by 5 50.10(c) (1) of this chapter. o
(T 3 5
Each applicant for a construction permit shall iamvestipate all ”5??

seismic and geologic factors that may affect the design and operaticn

of the proposed nuclear power plant irrespective of whether such factors

are explicitly included in these criteria. Additional investigations i)
and/or more conservative determinaticns than those included in these

criteria —ay be required for sites located {n [wenawai-peoiopte-ar-qes=are v 73

areasr] areas having complex yeclogvy or in arcas of high seisnicies. If Apet -
an applicant believes that the particular sciscology and geolopgy of a sit. ¥
indicate that some of these criteria, or portions thercef, newd not te

satisfied, the specific sections of these criteria should e fdentifies }

Tae bomare "
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in the license application, and supporting data to justify clearly such

departures should be presented.

These criteria do not address investipations of volcanic phenomena

required for sites located in areas of volcanic activity. Investigations

of the volcanic aspects of such sites will be determined on a case-by-

case basis.

ITI. DEFINITION

As used in these criteria:

(a) The "magnitude" of an earthquake is a measure of the size of
an earthquake and is related to the energy relezsed in the forn of seisnic
waves. 'Magnitude" means the numerical value on a Richter scale.

(b) The "intensity" of an earthquake is a measure of its ecffects on
man, oa man-built structures, and on the earth's surface at a particular

location. "“Intensity"” means the numerical value on the Modified Mercallt

scale.

1/

(¢) The “Safe Shutdown Farthquake"= is that earthquake which 13

based upon an evaluation of the maxizum earthcuake potentizl considerinap E =

the resi~nal and local peology and seismology and soecific characteristics e

of local eubsurface matertal. It is that eerthguaxe which procuces the Sk

maxirurn vibratory ground motion for which certain structures, systens,

1/ : . .
="The "safe Stutdown Farthguake” defines that eartt cvave which has
w Sl

f‘c"—nn‘v been rete"e,. to as the 'Desipgn 2asie  artn2uake. 4 b
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and components [tmpertent—te-sefety] are designed to remain functional,
These structures, systems, and components are those necressary to assure:

(1) The integrity of the reactor coolant pressure boundary,

(2) The capabil’ty to shut down the reactor and raintain it in 2 safe
shutdowm condition, or

(3) The capability to prcvent or mitizate the consequences of accidents
which could result in petential offsite exposures cnngarnble to the guideline

exposures of this part.

(d) The "Operating Basis Earthquake" is that earthquake which,
[p¥educes-the-vicrratary-grovad-metion-for-which-thege-ytrueturea - avaiems
and-eonpanentg-neeeasary-for-fiwer-gencration-are-degigred-to-remain-anerahies)

considering the regicnzl and local peolozy and seismclogv and specific charac=

teristics of local subsurface raterial, ~ould rcasonably be expected to affect

the piant site during the operating iife of the plant; it is that eartnguake

which produces the vibratory zround zotion for which those features of the

nuclear power plant necessarv for continued operation without uncdue rise to

the health and saferv of the public are desisned to remain functicnal,

(e) A "fault" is a tectonic structure aleng which differential _sien-
piacement] slipoare of the adjacent carth rmaterials has occurred parailel to
the fracture piane. it i. distinct fron [memteetente] other types of ;round
disruptions such as landslid{sag cs, fissur(émgies, and crater dmg]s. A

fault may have gouze or “reccia between its two walls and includes any

O
!
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associsted monoclinal flexure [(e-stepitke-bend-tn-otherwvise-horirental-or
gp«ny—de,,&ag-beén-vhéeh—passes-into-c—iou}e)] or other similar geologic
structural feature.

(f) "Surface faulting" is differential ground displacement at or
nea. the surface caused directly by fault movemen: and s distinct from
nontectonic types of ground disruptions, such as landsltid[4ngles,
fissur[¢=gles, and crater[¢ngls.

(g) [An-“eetdve] A "capable fault™ [%#] is a fault which has exhibited
one or nmore of the following characteristics:

(1) Movement at or near the ground surface at least once [¢nm] vithin

the past 35,000 years or [more-than-once—4n] movenent of a recurring nature

within the paat 500,000 years. [in-the—absenme-cé-data-perméteing-abssiure
ﬁattng:-fﬁc&ts-vith—sufffctentiy-ftcent-aoveneﬂt-to-*eavc-pcfcepttb*e
ev+donee—ei-4uffaee-rupeuee1-s«vCeee-vovpfngv-ov—o4$se&-o&-geomorph4e
fenturen—nre-constdered-aceive fanitay]

(2) gpcro—setsmictngtfl ingtrumentally [weii] determined [maere-

scisn&e&ey~§of-a—iou}e-}oeeted-in-ehe-eone&aenea&—ﬁe#eed-SQates-vese—e‘
the—Peoky-unuainin—Froney-er-4n-Aleakn‘-Have4i-or—?uereo—ﬂ&eov] wvith

records of sufficient precision to demonstrate a direct relarionship with

l_l‘g’_ifaul t.

é‘—The—eefta&?fon«ﬂnd—nse~o§—3eettve-feaieu-fa—ckeee—ertefffa-ia—neb—the—aere
ns—oe~ev—de&4ntk}ona—qenefoily—ened—by—goo&ofég&ov—-én—Jo&G#ve—&uu&&I-;»-a
favit-whoue-penlopte-hintorv-sheli-be-tokeninte-aceamni-in-cvarvating-iie
éec}£l9—rntentio}-‘of—een~+ng—0&bfo&arv—r-ou~é-nsk#«n—«;—nu»»aeo—&aul&#a..
fre-piatorie-seiomiettv-of-a-feuit-—whail-be-ionen-tAto-ncesunb-rA-deiaFaininip
eht-cestfn-besin-ﬁer'vébrnecry-xrewqd—«n4&ea-evan-ek««vk—tne-énul&—ia-ﬂes
conninered-to-be-an-artive—{ ault by -thesc-eriiertar}
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(3) A structural relationship to [am-eetive] a capable fault according

to characteristics (1) or (2) of this paragraph such that movement on one

could be reasonebly expected to be accompanied by rmoverment on the other.

In some cases, the geologic evidence of past activity at or near the

ground surface alung a particular [auvlt may be chscured 3t a particular

site. This might occur, for example, at & siie having a deep [eiluvie})

overburden. For these cases, evidence may exist elsewhere along the facle

‘1 site

from which an evaluation of its characteristics the vicinity of the

can be reasonably based. Such evidence shall be used in deternining whether

a careable fault within this definition.

the fault is [em-accive] 2

[Valid-peolinpie-veasans-muy-enist-to-demnnstrate-that-a-fnule-whieh
hras-one -6t the-eharaeterintieg-atnted-4n-{13-tnrouph-d3)-ia-nat-an-acesve
fFavit-withan-thia-adefinttdonr——ror-enampleg-acme-fanita-may-luck-deep

seaQed;-ieag-tefa-censes-and-be-due-to-shniiov—ahare-tern—ennsesqi ot

withstanding the foregoing paragraphs IIIg(l), (2) and (3), structural
association of « fault with geologic structural features which are

geologically old (at least pre-Quaternary) such as manv of thcse found

in the Castern region of the United States [may] shall, in the 2:sence

of conflicting evidence, demonstrate that the fault is not [em-setive]

a capable fault within this detinition.
(h) A “"tectonic province" is a repion of the North American centirent
characterized by a relative [wmtfermity] consistenc: of the grolepic
structural features contained therein.
. T L v
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' {g a larpe scale disiocat fon or

(1) A "tectonic structure’'

distortion within the earth's crust. Tts extent is reoasured in riles.

nvestigation” 1is [ere) 2

<&}

(3) A "zone requiring detailed faulting i

thin which a nuclear power reactor may not be located [eaiy-

zone wi
and local geologic and

unless a detailed {nvestigation of the regional

the site [4s—aade-in-ordev-eo-ennséder—the-need

seismic characteristics of
t the need to desizn for

co-destpn-for-surénce- jenleing=) demonstrates tha

roined.

surface faulting has been properly dete

“control width" of a fault is the maximum width of the zore

including all (Gueternary]

(k) The
faults [ewnces]

containing mapped fault traces,

y inferred to have experienced differential rovepent

vhich can be reasonabl

n reasonably ce inferred to

during Quaternary times and whi~h join or ca

-join the main fault trace, measured within 10 niles along the fault's
trend in both directions from the point of nearest approach to the site.

3! of this appendix.)

' i a plot of the naximum [pean) re

(See Figure 1{
gnonses

(1) A "“response spectrunm'

erent) of a family of idealized siagle-

(acceleration, velocity or displac

degree-of-freedon damped oscillators 2 azainst natural frequencies (cx

o a specified vibratory rotion input at treir

zzyiods) of the oscillatrors t

SUpPPOTLS.

1v. SuIVED L EST TICATIONS

{¢c and engineering characteristics of a gite and

The geologic, seisz
its cnvirons shall be {nvestigated in c:€ficient scop€ and detail to (427)
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rrovide reascnable assurance that they are sufficiently well understood

to permit an alequate evaluation of the proposed site, and {:2)) to provide
sufficient {nformation to support the determinaifons required by these
criteria and to permit adecquate engineering solutions to actual or potential
geologic and seismic effects at the proposed site. The size of the region

to be investigated and the type of data pertinent to the investigations shall
be determined by the nature of the region surrounding the proposed site. The
fnvestigations shall be carried out by a review of the pertinent literature
and{fer) fiell investigations and shall include the steps ov iined in [€a)

threugh (c) ] zaragraphs (a) through (c) of this _section.

(a) Reguired Investigation for Vibratory Ground Motion. The purpose

of the investijations required by this paragraph is to obtain information
nceded to describe the vibratory ground motion produced by the Safe Shutdown

Earthquake. All of the steps in paragraphs (a)(5) threugh (2 (8) af this

section need aot be carried out if the Safc Shutdown Earthquake can be
clearly established by investigations and determinations of a lesser

scope. The irvestigations required by this paragraph provide an_ac.juate

basis for sclection of an Operating Basis s Earthguake. The investigaticas

shall inclule the following:

(1) Deteraination of the lithologic, stratigraphic, hvdrologic., asd
structural geclogic conditions of the site and the region surroundin,g tihe
site, includizg its geologic history;

(2) 1Ildezmtification and evaluation of tectonic structures underliviag the

site and the reglen surrounding de site, wvhether buricd or expressesd at o}

-3 - Enclosure "A"
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rurfacel4]. The evaluation should consider the possible effects ~aused by

man's activities such as withdravali of fiuid from or addftfon of fliid to

the subsurface, extractior of minerals, o1 the looding cfiects of dacms or

reservoirs;

(3) [Peesveiration] Fvaluation of physical evidence concerning the
behavior during prior earthquakes of the surficial geolozic materfals and
the substrata underlying the site frea the “ithologic, stratigraphic, and
structural geologic studies;

(4) Determination of the static and dynanic enginvering properties
of the materials underlying the site. Included should be properties
necded to determine the behavior of the underlying material during carth-

quakes and the characteristics of the underlying material in transnititing

earthquake-induced motions to the foundations o: the plant, such as seisnic :;d,-
. A o R
Ty
wave velocities, density, wa.er content, porosity, and sirenging iy 028
Y
(5) Listing of all historically reported carthquakes wiiich have a8
LS.
. g
aifected or which could [be] reasonably be exjected to have aifected the A
o,
site, including the date of occurrence and the following =casuted or esti= ok
¥ é:‘ ’
nated data: magnitude or highest intensity, and a plot of the vpicenter E?
Forta )
)
or [reetea] location of highest intensitv. Where historically reportes Nal -
oo RF IR
\.‘-‘~'

earthquakes -ould have caused a maximun ground acceleratics of it least

onc-tenth the acceleration of gravity (0 lg) at the feircaticns of tne

proposed nuclear power plant structures, the acceleration oo {2teasity and

duratfon of grourd shaking at these foundations shai  alsn ne esiimaten,

M- e - 5
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Since earthquakes have been reported in terms of various parancters|s)
such as magnitude, intensity at a glven location, and effect on ground,

structures, and people at a specific location, some of these data may

have to be estimated Ly use of appropriate empirical relationships,

-

[Where-apprapriatey] The comparative characteristics of the matertal o
-0
underlying the epicentral location or region of highest intensity and iy
e
of the material underlying the site in transmitting ecarthquake vibratory ,z}ﬁ:
-

,kf'

wotion shall be considered;
(6) Correlation of eplicenters or [eeptenn] locations of highest

intensity of historically reported earthquakes, vhere possible, with

tectonic structures any part of which is located within 200 miles of the ?ﬁia?

RE o2

site. Ipicenters or [eeptens] locarions of highest intensity which can- o R,
—e et e N

DY B

not be reasonably correlated with tectonic structures shall be fdentified 2o
with tectonic provinces any part of which s located within 200 niles of
the site;

(7) For faults, any part of which is within 200 mtlcs‘l of the site

and which may be of significance in establishing the Safe Shutdowm Tarth-

quake, ceturnination of whether these faults are to be considered s

afe Shutdewn Earthquake can be associated with a fault closer

than 200 miles to the site, the procedures of paragraphs (ad(7) aand

(a) (%) ot this secticn need not be carried out {or successively nmore
faults. .

«t
rTetule
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[eettve] capable Iaults.é,’ LY

This deterzination is required in order

to permit appropriate consideration of the geologic history of such faults
in establishing the Safe Shutdown Earthquaxe. For guldance in deternining
which faults may be of significance {n determining the Safe Shutdown Earth-

quake, Table 1 of this appendix presents the =ininmum length of fault to be

considered versus distance froa site. [Aeeéve] Capable faults of lesser

length than those indica:ed in Table 1 and faults which are not [active]

capable faults [gemeraiiy)] need not be considered in determining the Safe
Shu.down Earthquake, except where unusual circumstances indicate such

consideration is appropriate;

Table 1

Distance f{ro= Minioum length of fault (miles)

the site {te] which shall be considered in
(miles) establishing Safe Shutdown
Earthquake

0 to 20 1
greater than 20 to 50 5
greater taan 50 to 100 10
greater than 100 to 150 20
greater than 150 to 20C 40
. I =

In the absence of absolute dating, evidence of rccency of movement zay
bg_qj_gllig_;- a~p1vx 18 relative dating technigue to rugtursCA_pszE_‘

warped or otherwise structuraliy disturbed surface or near suriace
qaggqqg};wpygngc*orphxcﬂigptures.

4/, ) .

—/Anc applicant snall evaluate whether or not _a fault is a capable fauit
with respect to the characteristics outl‘ncd in paragraghs ITi(g)(1),
(2), and d (3) by co.duct.ng a r;asonable investigation using suitable

hyologgg_aw__x ophysical techniqus. B i
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(8) For cazpable faults, any part of which {s within 200 mtleszl of

o

. 2
L

the site and which say be of significance in estahblishing the Safe Shutdown

" Ll
L

Earthquarke [and-whieh-are-censideved-as-meetve-fanies], determination of:

3
s
vy
L 2
L
&

A A

(1) The length of the fault;

L

RN
"

APk ¥
5 ; N o

)

(11) The rclationship of the fault to regional tectonic structures;

0

and <.
‘i‘»'_:.l'_
(141) The nature, amount, and geologic history of displacements along .;.fé 
! SRR
the fault, including particularly the estimated amount of the maximum i}"

$

3

Quaternary displacement related to any one earthquake alonp the faule,

(b) Required Investigation for Surface Faulting. The purpose of
the {nvestiigations required by this paragraph is to obtain information
to determine whether and to what extent the nuclear power plant need be
desigred for surface faulcing. If the dosign basis for surface faulting
can be clearly ostablished by investigations of a lesscr scope, not all
of the steps in paragraphs (b)[€33] (4) through (b)[462] (7) of this
section need [mee] be carried out. The investigations shall include the
following:

(1) Determination of the lithologic, stratiyraphic, hvdrologic, and
structural geologic conditions of the site and the arca surrounding the
site, including its geologic history;

(2) Ewvalvation of tectorn ic structures unuorl»lnn the site, whetinr

buried or expressed at the surface, with repard to thcir potential for

causing surface displacecent at or rear the site. “ihe eviinating whall
= 4y Forer bromoars
— “'“mm‘mvm-‘ﬂhhhw ”’*mwm“?qm"
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consider the pussible effects caused by min's activities such as with- S

draval of fluid from or 2ddition of fluid to the subsurface, extraction v

of minerals, or the load’ng effects of dams or reservoirs; 5t

l(?)]i}l Deternmination of geolcgic evidence of favlit offset at or
near the ground surface at or near the site; £.:

[€33](4) For faults greater than 1000 feet long, any part of which
is within 5 milesél of the site, determination of whether these faults are ;'i‘;
to be consi{dered as [aective] capable faults; 7}§fi

[€43)(5) Listing of all historically reported earthquakes which can R
reasonably ve associated with [eetive] capable faults greater than 1000 :
feet long, any part of which is within S niles:! of the site, including
the date of occurrence and the following measured or estimated data:
magnitude or highest intensity, and a plot of the epicenter or region of
highest intensity;

[€53](6) Correlation of epicenters or [regions] Jocations of highest
intensity of historically reported earthquakes with [aeetdéve] capable faults
freater than 1000 feet long, any part of which is located within 5 m!lcwzl

of the site;

2/1{ che design basis for surface fsulting can be determined from a fault ! .'
closer than 5 miles to the site, the procedures of paragraphs (b)[435](4) sy
through (5)[463](7) of =his section need not be carried cut for succes-

sively more remote faults.

-
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[€63]1(7) For |eeedwe] capable faults greater than 1000 feet long,

/ 6/, 1/

any part of which is within 5 nilesz of the site, determination of : ="'
(1) The length of the fault;
(11) The relationship of the fault to regional tectonic structures;
(111) The nature, amount, and geoclogic history of displacements along
the fault, including particularly the escimated arount of the maxinua

Quaternary displacement relatcd to any one ecarthquake along the fault;

and

(iv) The outer linits of the fault established by mapplag Quaternary
fault traces for 10 miles along its trend in both directions fro= the

point of its nearest approach to the site.

(¢) Required Investigation for Setsmically Induced Floods and Water

Waves.

(1) For coastal sites, the investigations shall include the deter-
mination of:

(1) Information regarding distantly and locally generated waves or
tsunam{ which have affected or could have affected the site. Available
evidence regarding the runup ard drawlown associated with historic

tsunami in the same coastal reglon as the site shall also be included;

6
/ln the absence of absolute dating, evicence of recency of rovenent rav
be obtained by applying relative datirg 'Pfhﬁtcufﬁ to rupturec, offset,

warped or otherwise structurally dist Crbed surface cf 1 near-suriace
materiale or geomorphic features.

1/The applicant shall evalu~te whether cr not a fault 1s a capable fault

;s(n respect to (?e (haracterlq‘!r nitl.n'd in ‘nrnart,h~ l.l’,)(n),

gf)J and xiz by (nnductlvq n rvanrn'ﬂ.e .nvrnllhallnn using u-ll)hl"

peo!l qﬂlc and geophysical lrchnlr-re
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(i1) Local features cf coastal topography which might tend to modify
tsunami runup or drawdown. Appropriate available evidence regarding
historic local modifications in tsunami{ runup or drawdown at coastal

locations having [eé¢mider] topography similar to that of the site shall

also be obtained; and

(111) Appropriate geolog!c and seismic evidence to provide information
for establishing the design basis for seismically induced floods or water
waves from a local offshore earthquake, from local offshore effects of an
onshore earthquake, or from coastal subsidence, This cvidence shall be
determined, to the extent practical, by a procedure similar tc that

required in paragraphs (a) and (b) of this secrion. The probable slip

characteristics of offshore faults shall alsc be considered as well as

the potential for offshore elides in submarine material,

(2) For sites located near lakes and rivers, Investigations similar

to those required in [ewb]paragraph (c)(1) of inis section shall be

carried out, as appropriate, to determine the potential for the nuclear
power plant to be exposed to seismically induced floods and water waves
as, for example, from the failure during an earthquake of an upstrean

dem or frem slides of earth cor debris {nto a nearby lake.

V. SEISMIC AND GECLOGIC DESIGN PASES

(2) Determinatifon of Design Basis for Vibratory Ground Motion.

The design of each nuclear power plant shall take into acceunt the potential
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effects of vibratory ground motion caused by carthquakes. The desipn basis

for the maximum vibratory ground motion and the expected vibratory ground

motion [4s] should be detercined throuzh evaluation of the seismolepy,

geology, and the [geetegie-and] seismic and geolopic history of the site

and the surrounding region. The most severe carthquakes associated with

tectonic structutes or tectonic provinces In the regnion surrounding the
site [are] shou'd be identified, [by] considering those historically
reported earthquakes that can be assocfated with thesc structures or
1f faults in the reglen surrounding

provinces and other relevant factors,

the site are |metéve] capable faults, the most severe [expeeted] carth-

quakes associated with these faults [aee] should be determined by also

conaidering their peologic history. The vibratory ground motiocn at the

site [4e] should be then deternined by assuming that the epicenters or

[regtona] locations of highest intensity of the earthquakes are situated _2;:
- »Q'r,i
at the point on the tectoalc structures or tectonic previnces nearest to !ff:
éjé_ ?‘
the site. The carthquake which could cause the maxinus vibratory ground g
R
motion at the site [¢a] should be designated the Safe Shutdown Larthquake, ?Qt:'
o Tt Ry
The specific procedures for determining the design basis for vinsratory :77;
3
i pele s
ground motion are given in the iollowing [meeesens] paravraphs. P e
E '.""J‘_'
Ao
(1) Uetermination of Safe Shutdown larthquaae. The Sate Shmtdown Fy
S b
arthquake shall be identiried through evaluation of scismic ar ' pvoiag Et:
informat ion developed pursuant to the requirenents of paragraph Vi), o5 .
follows: E
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(1) The historic earthquakes of greatest magnitude or intensity which g ¥
hlave been correlaced with tectonic structures pursuant to the requircments Ay
of paragraph (a)(6) of Section IV shall be determined. In addition, for
[nceéve] capable faults, the information required by piragraph (a)(3) of
Section IV shall also be taken into accouit in determining the ecarthquakes
of greatest magnitude related to the faults. The magnitude or intensity
of [ethese] earthquakes based on geologic evidence may be larger than that
of the maximun earthquaxkes historically recorded. The accelerations at
the site shall be deternined assuming that the epicenters of the earthquakes
of grectest mognitude cor the [regtens] locations of highest intensity
related to the tectonic structures are situvated at the point on the
struct.res closest to the site;

(11) Where epicenters or [regtens] locations of highest intensity of
histcorically reported earthquakes cannot be reasonably related to tectonic
structures but are identified pursuant to the requirements of paragragh
(a)(6) of Scction IV with tectonic provinces in which the site is located,
the accelerations at the site shall be deternined assuning that tnese
earthquakes occur [adsacent-te] at the site.

(111) Where epicenters or lregtens) locations of the highest intensitv
of histerically reported earthquakes cannot be reasonanly related to
tectonic structures but are identified pursuant to the requirements of

paragraph (a)(6) of Section 1V with tectonic provinces in which the site

is not located, the acceleratfons at the site shall be deternined assuwiing

rw*v'vm" W"”‘—'. -"’m—-'w mv’-‘"p—m’-’wvc—',v.
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that the epicenters or [regtens] locations of highest intensity of these
earthquekes arc [docaeed] at the closest point to the site on the boundary
of the tectonic province;

(iv) The earthquake producing the maximum vibratory acceleration at
the site, as deternined from [suhdévéadans-{4)-through-444¢3) paragraphs

(a)(1)(4) threugh (111) of this section shall be designated the Safe

Shutdown Earthquake for vibratory ground motion, except as noted in

[aubdéviaian-4{v3] paragraph (a)(1)(v) of this section. The characteristics

of the Safe Shutdown Earthquake shall be derived from rore than one earth-

quake determined from [eubdévistens—{43-ethreugh-{4443) paragraohs (a)(1)(1)

through (111) of this section, where necessary to assure that the maximum-

vibratory acceleration at the site throughout the frequency range of interest

is included. 1In the case wvhere a causitive fault is near the s.te, the

effect of proximity of an earthquake on the spectral characteristics of the

Safe Shutdown Earthquake shall be taken into account. In order iu conmpersate

for the lirited data, the procedures in [sshbdiévistons-{ii-throunpa-{sis}]

paragraphs (a)(1)(i) through (iif) of this section [«heuid] <hall be applied

in a couservative nanner, The caximum vibratory accelerations of the Saie

Shutdown Earthquake at [eke] cach of the various foundation{s] location=

of the nuclear power plant structures at a given site shall be ceter-

pined taking into account the characteristics of the underlyinz soil
raterial in transmitting the earthquake-induced motions, obtaine. pursuant

ts> paragraphs (a)(1), (3), and (&) of Section IV. The Safe Shutdown

"o
o\
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Earthquake shall be defined by response spectra corresponding to the maxi-

wum vibratory accelerations as outlined in paragraph (a) of Section VI; and

(v) Where the maximu= vibratory accelerations of the Szfe Shutdown
Earthquake at the foundaticns of the nuclear power plant structures are
determined to be less than one-tenth the acceleration of gravity (0.1lg) as

a result of rhe steps required in [swbdivistons-{i}-enreousn-{4v3) para-

graphs (a)(1)(4) through (iv) of this section, it shall Le assumed that

the maximum vibratory accelcrations of the Safe Shutdown Earchguake at
these foundations are at least 0.lg.

(2) Determination of Operating Basis Earthquake. The Operating

basis Earthquake [may] shall be specified by the applicant after considering

the seismology and peologv of the region surrounding the site. If vibratory

ground rotion [ecenrs-whiem-produces-a-ranimsum-aceeicrntion-eabove-c35p-at-sny
faundation-ni-the-aueiear-pewer-pliant-atruectures-er-which-exeeedn] ecxceeding
that of the Operating Basis Earthquake occurs, [whterever-da-grensee; |
stutdown of the nuclear power plant will be reguired. Prior tc resuming

operations, the licensee [sheid] will be recuired to demonstrate to the

Com—ission that no functional damage has occurred to thn<e features

necessary for continued cperations without undue risk to the health .-«

safety of the public. The maxinum vibratory ground acceleraticn of tiv

,,,,,,, R ——

Operating “asis Earthquake shall be at least one-half the maxizun

vibratory ground acceleration of the Safe Shutcdown iLarthquake,

(b) Determination of “eed to Desisrn for Surface Faulting. In créer

to cetercine wnether a nucigar power plant {s required te be cesizued (o
R
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vithstan? the effects of surface faulting, the locatien of the [#4re] nuclear
power plant with respect to [meeive] capable :aults shall be ccnsidered. The
area over which each of these faults has cauzsed surface faultinz in the

past is icentified by mapping its fault tracss in the vicinity of the site.
The faul: traces are mapped along the trend of the fault for 10 niles in

both directions from the poirt of its nearest approach te the [»ree] nuclear
power plant because, fa exza=ple, traces nmay te obscured along portions

of the fault. Tke naxin:ﬁ width of the rmapped tault traces, called the
control width, is then detercined from this =ap. Because surface faulting
has somet ipes occurred beyond the limit of capped fault traces or where

fault traces have not been previously reccgnized, the control width of the
fault is increased by a factor =which is depemdent upon the largest potential
earthquace related to the fault. This larper width deléineates a zone, called

the zone requiring “etafied fauiting investization, {n whiich the possibility

of surfa-e faultin be [eemnssderea] Zeccrmined. The followving

b 53 : vy

[seetden: parapraphs catiinel=] the specific procedures for deter=mining -:ﬁ

L
¢ : % ‘- 0’.": ..

the zone requiring detafled favliting investization for [ms-eetéve| 1 ca :oiv e
fault, oo
‘.

a

(1) Deterninatina of Zone Peguiring erailed Paulting Imvesti ot .on.

i o

The zone requiring dctailed foulting {nvestization for [en-meeswe] . canahie &
.

fault which was investigated pursuant to the requirenent of parazraph (b}
[€63)77) of Secticn IV chall te deter—ined through use of the [ollowing

table: |
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Table 2 J’
i e 4
Determination of Zone Requiring Detailed Faulting Investigation = ’i
oL
Magnitude of width of Zone Requiring Detailed 'nf
Earthnquake Faulting Investigation (See Figure 1) "
Less than 5.5 1 % control width g:;
5.5 =~ 5.4 2 » control width ALY
6.5 = 7.5 3 x control width i‘?
Greater than 7.5 4 x control width 1
'le,; 7
The largest magnitude earthquake related to the fault shall be vsed t";';
'.\ = '
= J
in Table 2. This earthquake shall be determined from the infornation
R, .
developed pursuant to the requirements of paragraph (b) of Section IV e ¥
ST o e T Frem iy
for the fault, taking into account the information required by paragraph Q‘i'
EEEAT
(b)(€63)(7) of Section IV. Tie control width used in Tzble 2 is detormined _-,-l:.
ALk
by mapping the outer limits of the fault traces from information developed -v?f‘.:‘-“
i
% .
Ui . 3 -i¥] p 2 n - 7 f Secti Ve S IR en
pursuant to [evbdiviasten ] paragraoh (b) [€62])(7)(iv) of Section '?_&?‘_‘
D
The control width shall te used in Table 2 unless the characteristics of # ol
b -
the fault are obscured for a significant porticn of the 10 miles on either ,:'_«E’ﬁ' " :
AL TIAKA
side of the point of necarest approach to the {s¢e¢e] nuclear pewer plant. «- e,
(R
AR 83
In this event, the use in Table 2 of the width of mapped faulr traces :}.“
prSe R
a o Dt
more than 10 miles from the point of nearest approach to the [mite] ) P
N e
nuciear power plant may be appropriate. E" :
:."’..‘“
The zone requiring detailed faulting investigation, as deternmined ivem F‘.-‘..\ ‘
Table 2, shall bc used for the fault ercept where: it
BN v
Ve Pyt o bgprr g | I s
C—‘-E.,‘..\‘-.‘_‘f-.. G P . S ade dh Sac i icay M RIaURis il e e n e R gl s oy o e o dl
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(1) The zone requiring cdetailed faulting investigation fron Table 2
is lees than one-haif aile in width. In this case the zone shall be at least
cae-half mile in width; or

(i4) Definitive evidence concerning the regional and local character-

istics of the fault justifies use of a different value. For exanple, thrust

or bedding-plane faults =ay recuire an increase in widtn of the zone to

account fcr *he projected dip of the fault plane; or

(111) More detailed three-dirensional information, such as that obtained

fronm prec.’'se investiga®ive techniques, zay justifv the use of a narrower b o
V-_ .: .
zone. Possible exa-ples of such technicues are the use of accurate recoeras ;;53;
g A
tron closely sraced drill holes or from closelv spaced, high-resolution ﬁS}@?
o~ oX 5
oifshore geophvsical survevs. i-s_..:_:_:‘
A
In delineating the zcune requiring detailed faulting investipaticn i}t;.
g
for a fault, the center of the zone shall coincide with the center of the 'Q;f?ﬂ
*‘.‘;
fault at [4es! the point of nearest approach of the fault to the [site] :;?
- .::;‘ )
nuclear power plant as illustrated in Figure 1. ok
i V:.:‘

iy

(¢) Determination of Design Bases for Sei<nicallv Induced Floods an!

water Waves. The sice of seiszically induced floods and water waves which

could affect a site froo either locally or distantly generited sefszic

activity shall be deterzined, toking into censideration the results o tig

iwestigation required by paragraph (¢) of Secticn IV, Local tepograp it

characteristics which night tend to z=od!{fy the possible rinup and drawdoss

st the site shall bte considered. Adverse tide conditions «hall also de
fa
taken into account in determining the effect of the {londe 0l wvavea o
=
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the site. The characteristics of the carthr 'ake to be used in evaluating
the of fshore effects of local earthquakes shall be determined by a procedure
similar tc that used te determine the characteristics of the Sa‘e Shutdowm

Earthquake in paragraph V(a).

(d) Determination of Other Desiypn Conditions.

(1) Soil Stabiitty. Vibratory ground motion associated with the Safe

Shutdown Earthquake can cause soil instability due to ground disruption such
as fissuring, differential consclidation, liquefaction, and cratering which
is not directly related to surface faulting. The following geclogic features
which could affect the foundations of the proposed nuclear power plant
structures shall be evaluated, taking into account the information con=-
cerning the physical properties of materials underlying the site developed
purcuant to paragraphs (a)(1), (3), and (4) of Section IV and the effects

of the Safe Shutdown Earthquake:

(i) Areas of actual or potential surface or subsurface sudsicence,
upiift, or collapse resulting Irom:

(a) Natural features such as tectonic depressions and cavernous or
karst terrains, particularly those underlain by calcarcous or cther seciuble
deponsits;

{0) Man's activities such as withdrawal of fluid froz or widit fon (o

id to the subsurface [$1atda], |ee-minera}) extractionis] of =inersis,

or the loading effects of daos or reservoirs, and

fc) Regional [warpénany] delormation.
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(i4) Deformational zones cuch as shears, joints, fractures, [and]
folde, or coezbinations of these features.

(111) Zones of alteration or irregular weathering profiles and zones of
structural weakness couposed of crushed or disturbed materials.

(iv) Unrelieved residual stresses in bedrcck.

(v) Rocks or soils that might be unstable because of their mincralogy,

lack of comsclidation, water content, oOr potentially undesirable response
tc seismic or other events. Seismic response characteristics to be con-
sidered shall include liquefacticnm, thixotropy, diiferential consolicationm,
cratering, and fissuring.

(2) Slcoe stabilitx. Stability of all slopes, both natural and

artificial, the failure of which could adversely affcct the nuclear power
plant, shali be considereé. An assessnment shall be rade of the potential
effects of erosion or deposition and of comblinations of crosion or depo-

sition with seismic activity, taking into aicount information roncerning

the physical properties of the materials underlving the site developed

pursuant te paragraphs (a)(2), (3), and (&) of Section IV ard the effects

of the Safe Shutdown Eartnguake.

(3) Cocling Water Supdly. Assurance of adequate coolinyg water suab; -}

for emergency and long-tert shutdown Jecay heat ru=oval slall be consicdured
in the desisn of the nuclear power plant, takire into acce.nt infornatfo®”
concernin: tne physical properties of the materials underlving the sire
de.eivpes jursuant to paragraphs (a)(1), (3), and (&) QL_Sﬁﬂilifhiz aad

the effects »f the Safe “hutdewn garthguake and the desiun basis for surfsve
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faulting. Consideration of river blockage or diversion or other failurcs

which may block the flow of cooling water, coasta) uplift or subsidence,

or tsunami runup and drawdown, and [#f-ehe] failure of dams and intake
structures shall be included in the evaluation, where appropriate.

(4) Distant Structures. Those structures which are not located in

the immedfate vic.nity of the site but which are safetv relsted shall be

designed to withstand the effects of the Safe Shutdown Earthauake and

the design basis for surface faulting determined on a comnarable basis

to that of the nuclear power plant, taking into account the material

underlying the structures and the different location with respect to that

of the site.

V1. APPLICATION TO ENGINEERING DESIGN [6RIZERIA)

(?hc-eng{neefing-des*gn—eféeefia-ine}uded—in—thiq—seetinn—are

ineenéed—»n&y-ief~gcn¢fal—guidanceg—nofe—de-g&%rd—evdeppéa—oof—neapnie

deaegn«nf-nue%caf—povef-p%nnes-efe-be4ng—deveeepedr]

(a) Vibratory Ground Motion.

(1) Safe Shutdown Earthquake. The vibratory ground motion produced

by the Safe Shutdown Earthquake shall be defined by response spectra
corresponding to the maximum vibratory accelerations at the elevations
of the foundations of the nuclear power plant structures determined pur-
suant to paragraph (a)(l) of Section V. The response spectra shall

relate the response of the foundations of the nuclear power plant structures

Enclosure A"
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to the vibratory ground motion, considering such foundations to be single-
degree-of-freedom damped oscillators and neglecting soil-structure inter-
action effects. In view of the limited data available on vibratory pround
motions of strong earthquakes, it usually will be appropriate that the
response spectra be smoothed design spectra developed from [an-enveleape-nf]

a series of response spectra related to the [mrensared] vidratory motions

caused by more than one earthguake.

The nuclear power plant shall le designed so that, if the Safe Shut-

down Earthquake occurs, [ea®:] certain structures, systems, and conponents

[émpertane-to-safety] will remain functional. These structures, svstens,
and components are those necessary to assure (4%3] (1) the inteprity of the
reactor coolant pressure boundary, [423] (11) the capability to shut down
the reactor and raintain it in a safe condition, or {433] (iii) the
capability to prevent or mitigate the conseguences of accidents which
could result in potential offsite exposures conmparadble to the guideline
exposures of this part. In addition to seismic leads, iacluding after-
shocks, applicable concurrent functional and accident-irduced loads shaill
be taken into account in the design of these saiety-related structures,
systens, and components. The cesign of the nuzlear paver plant siaasl
also take into account the possible effects of tne Safe Shutdown furtas

quake on the facility foundations by ground disruption, such as tissuring,

differeatial consolidation, cratering, liguefaction, and iandslidine, as o3 o

} h‘

required in paragraph (d) of Section V. t (AN
The enginvering method used to ensure nat the reguired safely

functions are maintained Curinz and altet tne eineat . T T DG WHLid”
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associated with the Safe Shutdown Earthquake shall involve the use of -E*'
- A3
either a suitable dynamic analysissy (oueh-as—.-eiqe—hteeory-neehedT] fﬁi*
S — ot
or a suitable gualification test tO demonstrate that structures, systems =, 4.0

O]

aad ccoponents can withstand the seismic_and other concurrent loads,

except where it can be demoastrated that the use of an equivalent static
lozd =etnod provides adecuate coaservatism.
The analysis or test shall take into account coil-structure interaction
cffects and the expected duration of vibratory motiom. It is pernissible
to [ediew] design for strain linits in excess of yield strain in some of
these safety-related structures, systems, and components during the 3afe
Shatdown Earthquake and under the postulated concurrent conditions, provided
that the necessary safety functions are maintained.
i?hese-saeeey-reiaeeé-etrseeurea1—eyaeeaeg-ﬁnd-eeapenen&e-ﬁioit-aiuo
be-ée«igned-to-uéchst.nd~&he-e&4ce&e—o&-v&bvﬁeo!y—nebion—oi—oe-}ens&—t&‘&y

pefetni—vt~the—&t‘e—SandEHﬂ—SC!thulkb-4!-e@mb&ﬂﬁiion—wi&h-e&hbt~epp$6?¥$l6‘

4nnas~uvii—viehin-eioeeie-%énieav]

(2) Operating Basis Farthouake. [Hheve-ehe-applieane-ehooses-co-den:gn

Qne--neiear-f«ver‘picae—ee—viehsennd-ehe-e‘feces-aﬁ—sa—éfereeéng-ﬂasia
rurshaqares| 1he Operatinz Easis Earthquake shall te def ined by response
spectra. All structures, systems, and components of the nuclear power
plant necessary for ipﬂ-er-geaerecfnr-4An1§-be-&cefgnré—ts-wétbe!nnd]

contirued opera 1uq)jtirux_lghk§ risk tq_ghc‘v:)lh and safety of the

sublic snall be dqni:ned to rvrg:nwﬁunrtioﬂal &ﬁi;&ifhln f—wlica“le SELress
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and deformation limits when subjected to the effects of the vibratory

motion cf the Operating Basis Earthquake i{n cochination with normal
operating 'sther-aprrepriste] loads, !vei}—wéthin—e%aseée-}fn}est} The
engineering method used to ensure that [@id] Ihese structures, systems,
and components [neeeonary-fsf—pe-er-genefaefon] are capable of with-
standing the effects of the Operating Pasis Earthguake shall involve
the use of either a suitable dynamic analvsis {9=eh-es—a—e§ae-hfseary

——

methed,] or a suitable qualffication test to demonsirate that the

structures, systems and components can withstand the seisrmic and other

concurrent loads, except where it can be demonstrated that the use of an

equivalent static load metiod provides adequatc conservatism., The
analysis or test shall take into account sofl-structure interaction
effects and the expected duration of vibratory zotion.

(3) Reguired Seismic Instrunentation., Suitable instrunentation shall

be provided so that the seiszic response of nuclear power plant features
important to safety can be determined promptly tc permit compatison of such
response with that used as the design basis. Such a comparison s needed

to decide whether the plant con continue to be trerated safely awd teo pernit
such tirmely action as may be appropriate.

These criteria do not address the need for instrumentation

automatically, shut down a nuclear power plant wiv. sa earthouale cecurs
Ll ol L. " ——————

which exceecds a precdetermined intensxgg.‘ The neez for such fnstrusvntat isn

1S under ronasideration.
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(o) Surface Faulting.

(1) 1If the [remeror] [faciisey] nuclear power plant is to Le located
wvithin the zone requiring detailed faulting investigation, a detailed
fnvestigation of the regional and local geclogic and seismic characteristics
of the site shall be carried out tu determine the need to take into account
surface faulting in the design of th. nuclear power plant. Where it is
Jetermired that surface faulting need not be taken into account, sufficient
data to clearly justify che determination shall be prcsehted in the
license application.

(2) Wwnere it is determined that surface faulting rust be taken into

account, [guédenee] the applicant shall, in establishing the design hasis

for surface faulting on a site [ahnii-be-nbecined] [frem-the-deta-in
?eehaicné-*n&ornaeécn-?neenene-26{24;-2Héseorée-&er&nee-?au}eéng-én
Gone&aeaeai-FnQQed—Seeees-ond-hdjceene—?ares-e‘-Ne-Qeogﬂ—by—Nr—Gr—aeﬂi}iny

Brbr-beetegival-Sumvey;-1967y] take into account [frem-eme] evidence

concerning the regional and local geologic and seismic characteristics

of the site and from any other relevant data.

(3) The design basis for surface faulting shall be taken inte
sccount in the desigr of the nuclear power plant by proviling reasonanle
assurance that in the event iaé—oeeereenee] of such fvliﬁﬂiﬁfffJ-}yﬂi;j
faulting (ed:) certain structures, systems, and conmponents |[dmpeareant

teo-=ateev. will remain junctional., These structures, Systens, and

cowponents are those necessary to assurc [€33) (1) the intexritv o: t
eactor coolant pressure bhoundary, [€29) (1) the capatdpirty v b eve
hi - Fo.0 Jos@ere®
- — e —
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the rezcto: and = intain it in a safe shutdown condition, or [43)] (1i1)
the capability to prevent or m{tjgate the consequences of accidents

which could result in potential offsite exposurcs comparable to the guide-
l.ne exposures of this part. In additicn to seismic loads, incluvding
aftershocks, applicable concurrent functional and accident-ircduced loads
shall be taken into account in the design of such safety features. The
design provisions shall be based on an assumption that the design basis
for surface faulting ran occur in any direction and azinuth and under any
part of the nuclear power plant, unless evidence indicates this assumption
is not appropriate, and shall take into account the estimated rate at

wvhich the surface faulting may occur.

(c) Seismically Irluced Floods and Water Waves and Other Design
Conditions. The design basis for seismically induced floods and water

waves from either locally or distantly generated seismic activity and

other des:gn conditions determined pursuant to paragraphs (c¢) and (d) of
Section V, shall be taken into account in the design of the nuclear
power plant so as to prevent undue risk to the health and safety of the

public.

"
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MAP OF QUATFRNARY TRACTS

POINT OF NEAREST APPROACH TO [63%FR)
SUCLEAR POWER PLANT

10 MILES

[63FE],NUCLEAR POVER PLAYT LOCATION

d

NTROL WIDTH OF FAULT

|
\‘;—»"ﬂ“ff'l OF 27%E RIOUIRING DETAILED

.....

FAULTING TXVESTIGATIONS (1 TO 4
TIMES CONT®OL WIDTH)

et——

10 MILES

| CONTROL WIDTH OF FAULT

5
i 27

[Gonle-1Y = Lopilen)

| S

Figure 1 - Diagrarmatic jllustration of delineation of width of 22ne
requiring cdetailed faulting investinstions for a specific
[eé¢4e-ereasr] nuclear power plant location.
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Ef fective date.

(Sec. 161, Pub.

Dated

This acendment becomes effective on _ &

Law 83-703, (8 Stat, 948 (42 USC 2201)

, this day

of

1973.

*A date certain will be inserted calculated 30 dayw after publdfcatlon
in the Federal Register.

'rmm «o-'m mmﬁmw:wmrww«w
- i - LA'A—‘“—*" I ST ““L‘““‘M‘—&MM‘

For the Atomic Energy Commission

Paul C. Bender
Secretary of the Cormission
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ENCLOSURE "B"

List of Individuals ané Organizations Submitting Corments on Notice of
Proposed Rule Making (36 TR 22601) Published in the Tederal Register,
Yovember 25, 19711/

1. Daniei N. Miller, Jr., The Geological Survey of
Wyoaing, Uriversity of Wyoming 12/10/71
2. Larry Williams, Oregon Ervironmental Council 12/13/71

3. J. W. Gore, Jr., Baltimore Cas and Electric Company 12/16/71

4. WHarold Oslick, Edbasco Services Incorporated 1/6/72
5. Floyd L. Goss, Department of Vater and Power,

The City of Los Angeles 1/14/72
6. Richard J. Holt, Weston Geophysical Pesearch, Inc. 1/17/72
7. Rev. Daniel Linehan, S. J., Boston College 1/17/72
8. L. C. Dail, Duke Power Ccmpany 1/18/72
9. J. D. Stevenson, University of Pictsburgh 1/18/72
10. R. F. Walker, Publ 'c Service of Colorado 1/19/72

11. ®. F. Swiger, Stcne & Webster Engineering Corporation 1/20/72

12. R. S. Hunter, rfzerican Electric Fower Service Corp. 1/20/72
13. Douglas H. Haniiion, farth Science Associates 1/20/72
14. Charles ® trocher, Southern Californiz Edison Co. 1721772

15. “odesto Iriarte, Jr., Puerto Rico Water Resources
Authority 1/21/72

1/

Copies of comments rece:ved are available in the Office of the
Sceretary of the Commission.
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16, W. H. Arnold, Jr., Westinghouse 1/21/72
17. Philip A. Crane, Jr., Pacific Gas and Electric Co. 1/21/72
18. R. D. Allen, Bechtel Corporation 1/21/72
1. Richard H. Jahns, Stanford University 1/21/72
20. Vicent J. Murphy, Weston Ceophysical Research, Inc. 1/21/72
21. John M. Vaage, Gulf General Atomic Company 1/21/72
22, Rovbert H. Bryan, Oak Ridge National Laboratcry 1/24/72
23. Joseph G. Fischer, Dames & Moore 1/24/72
24, A. P. Bray, General Electric Company 1724772
25. J. J. Vr:itimoe, Sacramento Municipal Utility District 1/24/72
26. James E. Watson, Temnessee Valley Authority 1/24/72
27. YNeal L. Moylan, New York State Stomic Energy Council 1/26/72
28. D. C. Switzer, Northeast Utilities Service Company 1/27/72
29. Martin R. Engler, Jr., San Diego Gas & Electric Co. 1/27/772
30. J. L. Ward, Sargent & Lundy 1/31/72
31. Jazes F. Malloy, Babcock & Wilcox 2/1/72

32. Jchn D. HOffman, Sierra Club Legal Defense Fund, Inc., 2/22/72
33. Georgzge A. Kiersch, Cornell University 3/29/72
34. Gary B. Griggs, University of California, Santa Cruz 5/26/72
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liquefaction, transmission of vibratory ground motion to the
foundations of nuclear power plants, dazping factors, and acceptable
soil and rock investigativ: techniques. This task will require a
number of vears to complete and will provide cdetailed guidance for
evaluating the adequacy of rarticular site locations and for develop~
ing the proper design inputs for these sites.

Seismic design criteria and analysis requirements are also being
developed. For exacple, a special task tcrce under the sponsorship
of the A.S.M.E. is developing seismic design criteria and analysis
requiresents for code system components. It is intended that these
criteria and requirements will be included in the A.S.M.L. Boiler
and Pressure Vessel Code, Section III which has been adopted as a

part of ALC regulations.

¢. Comment - The criteria should tecrter define the Cormission's rele with
regard to review of applicants' data, investigations, and desi:

to issuance of a conmstruciion permit or an Cperal.irng license,

Resolution = Section 1 entitled “Purpose" nas been reviszd to reler-
ence General Design Criterion 2 of Appendix A of 10 Ci# 50 which
defines the Cormission's role with regard to the abilitv of saretw

related items to withstand the effects of natural phenonena.

=31 - Enclesure "J"
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d. Coment - 1t should be nmade clenr thet all necessary site
{nvest igation will be pernitted prior to the issuance of a
construction permit.
Resolution - The section entitled “Scope” has been revised to state
specifically that the investigations described in Appendix A of
Part 100 fall within the sccpe of investigations permitted by
€50.10(c) of 16 CFR Part 50 waich perzits site eyploration prior
to issuance cf a construction permit.
e. Coonen: - The section entitled "Scope" should be revised to better
define the term "unusual geologic or seismic areas.”
Resolution - A change to the third paragraph of this section has been
sade to reflect this cc==ent.
f. Comment - The criteria should sake it clear that they are not
intended to address the subject of "yoicanise.”
Resoluticn - A change has veen made to the section entitlec "Scope”
to reflect this com=ent.
g. CoZment - The criteria should specify pertinent modificaticns to
vercalli Scale and Fichter Scale.
Pesoluticn - The Regulatery staff considers it desirable to provide
flexibility for the use of all of tne available data in evaluating
e
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the magnitude and intensity of the maximum earthquake potential. :f.':,
~‘~~'-
This data mav be available in many forms, and therefore, a b
L2
ST N
requirement that a particular scale be used is unnecessarily B2 2%
P
P s
restrictive. RS
gy
Sy
h. Comment - The criterfa should define the Safe Shutdown Earthquake .:';'.
3758
in geologic terms racher than in temms of how it will be applied to ,..3‘1
the plant design. ,ij.
R W,
b B
. Hi
Resolution - A change te the definition of the Saie Shutdown Earth- 3{{;"#‘
quake in paragraph (c¢) of Section I1I1 has been made to include .‘ e
consideration of regional and local geology and seismology and ;J"»
et N
specific characteristics of local subsurface material in evaluating ..
Tl
the maximum earthquake potential. PN 3
A
i. Cecrment - The Operating Basis Earthquake definition of paragraph (d) Baor
po 92
TR
of Section Ill should relate: 0
.:':'
(1) Only to safety related features of the plant and not W e
(5 X 5,
to features necessary for power generation. :-, i
o
by~ s
(2) To the level of expectation of occurrence that could be ead 54
expccted to occur at the plant site during the life of K
the plant. il j.'
]
B #3
Resolution = A chanpe reflecting this comment has been made to . %
paragraph (d) of Section III. The Operating Basis iarthquaxe has
f
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also been redefined to include a consideration of the regional and
local geology and seismology and specific characteristics of local

subsurface material.

Comment - The term "active" fault is ambiguous. There has never been
general agreenment among geologists as to the definiticn of an "active"
fault, and it is too much to expect that adding another Jdefinition
will clarify matters. Suggest use of the relatively clear term

“capable" fault in place of "active" fault.

Resolution - The term "active" fault has been replaced by the term

“capable” fault throughout the criteria.

Comment - Ia paragraph (g)(1) of Section III delete the phrase "or

more than once in the past 500,000 years" since there is no way in
which it can be used without requiring extraordinarily unusual

geologic data.

Resolution - Paragraph (g)f1) of Section IlI has been revised to

clarify the original intent that novement of a recurring nature

within the past 500,000 years should be used as a charasteristic
in the determination of a “capablc" falt, Further, a fcotnote has by
been added to paragraph (a)(7) and (b)(7) of Section IV to emphasire Wz s

the use of relative dating techniques and other peozorphic evidence

e
-~
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in the determination of recency of movement when absolute dating

evidence does not exist,

Cooment - In paragraph (g)(2) of Section IIl Puerto Rico is included
as an area having well-defined macro-selsmicity-fault relationship
alchough there are no known active faults on the island of Puerto
Rico. It is reconmended that Puerto Rico be excluded froa the
category. Further comments received from the ACRS Seicmic Sub-
coumittee indicated dissatisfaction uith.the regional approach of
paragraph (g)(2) of Section II1 which lists instrunentally well
determined macro-seismicity fer only those faults located in the
contineatal United States west of the Rocky Mountain Front or in
Alaska, Hawaii, or Puerto Rico as one characteristic of an Yactive"

fault.

Resolution - Paragraph (g)(2) of Section Iil has been revised to

eliminate a regional consideration of characteristics of an "active"

("capable") fault and to define one characteristic of a “capable"
fault as "macro-seismicity instrumentally determined with records
of suffizient precision to demonstrate a direct relationship with

the fault."

Comment - A number of comments received expressed concern that the

criteria place the burden of proof upon an applicart *n de=nnets ate

" g
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that a fault 1s not az “active" fault instead of requiring an
applicant to make a reasonable investigation to determine whether
a particular fault exhibits any of the characteristics listed in

paragraph (g) of Section 4

Resolurion - A faotaste has been added to paragraphs (a)(7) and
(b)(7) of Section IV which requires the applicant to evaluat:
hether or not a fault is a capable fault with respect to the
characteristics outlined in paragraphs (g)(1), (2) and (3) of
Section 11 _onducting a reasonable investigation using suitable

geologic a: ‘ophysical techniques.

Compent - Revise the definition of a "zone requiring detailed faulting
investigation” to prohibit building a nuclear power plant anywhere
vithin the control width of an active (capable) fault or on top of

ar active (capadble) fault.

Resolution - Paragrazn (j) of Section 1I1 has been revised to clarify
the original intent that a "zone reguiring detailed faulting investi-
gation”™ is a zone within which a nuclear power reactor may not be
located unless a detailed investigation of the regional and local
geologic and seismic characteristics of the site demcnstrates that

the need to design for surface faulting does not exist or that the

design basis for surface faulting has been properly determinead.
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L. ment -~ Ia paragraph (1) of Section II{ redefine "response spectro=”
by relating oscillator acceleration, velocity and displacement to

natural period and dacping.

Resolution - A change reflecting this cormzent has Leen zade to
paragraph (1) of Section 1II.

Comzent - Investigations for vibratory ground motion sihould include
consideration of hydrological conditions.

Resolution - A change reflecting this comzent has been made to
paragraph (a)(l) of Section iIV.

Comzent - In paragraph (a) of Section IV entitled "Required Investi-

gation for Vibratory Ground Motion" the full investization of
paragraphs (a)(1) through (a)(8) of Section IV should be required in
all

cases except where there are no historically

repurtec earthguates
of potential significance to the site, and no faults within 200 =i.cs

of the site.

Resciution - In paragraph (a)(5) of Section IV the criteria rejuire

censiceration of all nistorically reportec earthguares wiich have e
aifected or which could reasonably be expected to ilave atfected the ﬂ?’ .
-t
site. Paragraph (a)(7) of Section IV reguires thst for laulis, auy f‘ :
part of whicn is within 200 miles of the site and wiich may te of ?{;
significance in establishing the Safe Shutdown rarthjaare, 4 deter- r

cinaticn be ade whether the faults are consigered (o he

capatle kS ‘




faults. Further, guidance is provided in Table I to establish the
significance of capable faults. This is considered to be sufficient
to establish the scope of investigations required under paragraph (a)

of Section IV,

r. Corment - The criteria should clearly state that the most scvere
possible earthquake and surface fault nust be the design bases in

all cases.

Resolution - The definition of the Safe Shutdown Earthquake has been
revised to require an evaluation of the maximum earthquake potential
considering the regional and local geology and seismolegy and specific

characteristics of local subsurface material.

s. Corment - In the case where a causative fault is near the site, the
ef fect of an earthquake on the spectral characteristics of the Safe

Shutdown Earthquake should be taken into account.

Resolution - A change reflecting this comrent has been made to

paragraph (2)(1)(iv) of Section V.

t. Comment - A number of comments were made which reilect concern over
the need to shut down the plant followin, an earthquake greater than

the Operating Basis Larthquake. Many of these concerns sten from

words in (he proposed rule which require that the licensce demonsrrate
to the Cormission that no functienal damage Lo v aree? te Tnnne

features necesaary for canrinand Aanarar jn-
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Resolution - Paragraph (a)(2) of Section V has been revised to
require the licensee to demcnstrate to the Commission that no

functional danmage has occurred to those fcatures necessary for
continued operation without undve risk to the health and safety

of the public.

u. Conzert - In paragraph (b) of Section V, the reference point for

tracing a fault should be the reactor and not the site boundary.

Resolution - A change reflectini this comment has been made to

paragraph (b) of Section V and to Figure 1.

v. Cornent - For thrust or bedding plane faults the criteria should
require a zone of investigation which extends along the projected

dip of the fault plane.

of Section ' to emphasize that regional and local geologpic charac-
teristics of a fault may require a different control width for the

zone requiring detailed faulting investigation.

w. Coz=ent - Paragraph () (1) (1) (&) of Section V shoule be expanded

to include the loading effects of dacs and reservoirs.

Resolution - A change has been made to paragraph (£)(1) (1) of

Section V to reflect this comment. Further, revisitas nave Leen

v
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made to Section IV to require consicderatisn of the possible effects
of fluild withdrawal or addition and the loading effects of da=s or
reservoirs during required investigations for vibratory ground

moiion and surface faulting.

X. Comzent - The criteria should define more clearly the Safe Shutdown
Earthquake requirements for auxiliary structures located a consider-

able distance from the site.

Resolution - A change reflecting this comment has been made to

paragraph (d)(4) of Section V.

y. Comment - In paragraphs (a)(1) and (2)(2) of Section VI, qualification ti?ﬁ,
) + 5 }‘L
"~ Ty
by testing should be considered a suitadble sudbstitute for dynamic e H
s % o
analvsis to prove the seismic capability of systems, structures and ;Qgﬁ}
RN
2 5 -
cozponents. DG
A
e
Resclution - The use of suitable qualification tests to demenstrate -3#%2'
yhe
that structure, syste=s, and components can withstand the seiszic
and other concurrent loads is now permitteZ by paragraphs (a)(i) and :2§j
RS
- " » PR o
(a)(2) of Section VI. E
-5 o,
‘..._;”;“
;Jz S &
2. Comnent - Eliminate the requirezent of paragraph (a)(l) of Section V! "i};
sOTTan Ry
i
tnat, for the Safe Shutdown Farthquake, safety rc¢lated structures, F,--
N
systeczs, and components also be desigrec to withstand tiie effects ar X
=
-
- i - f
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-
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vibratory motion of at least fifty percent of the Safe Shutdown

Farthquake in combination with other appropriate lecads well within

elastic limits.

kesolution - The 50 percent requirement of the Safe Shutdowm Earthquake
has been eliminated from paragraph (a)(l) of fection VI. This require-
ment is now included as a factor in the determination of the Operating
Basis LCarthquake by the statement in paragraph (a)(2) of Scction V

that the muximum vibratory ground acceleration of the Opcrating

Basis Earthquake shall be at least one-half the maxirum vibratory
ground acceleration of the Safe Shutdown Earthquake. This requirement
reflects the seismic design bases for plants recently evaluated for

constructicn permits.
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ENCLOSURE *'D"
DRAFT PUBLIC A IOUNCEMENT
AEC PUBLISHES SEISMIC AND GEOLOGIC
SITING CRITERLA FOR NUCLEAR POWIR PLANTS
The Atomic Energy Commission is adding aa Appendi: . “Seiszmic and Ceologic
Criteriabfor Nuclear Power Plants" te Part 100 5f its Negulations. The
asendment, first proposed in Novewmber 1971, will becone effective 30 days

after publication in the Federal Kegister on .

The purpose of the new Appendix is to set forth the principal seismic
and geologic considerations used by the Cormmission in evaluating the
suitability of proposed sites for nuclear power plani: and the suic-
ability of the plant design taking into consideration the seicric and

geologic characteristics of the proposeZ sites.

The criteria were proposed and have been finalized in cooperation with

the United States Geological Survey and the National Oceanic and
Atmospheric Administraticn. They reflect advances in the state-of-the-art
geologic investigatiors achjeved since late 1971 bty ziving nmore credit to
tihree dizeasional investigations such as those obtained froa of fshore
geologic surveys in the determination oI the extent of the zone requiring

¢etailed faulting investigations.

"
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The criteria describe the {ovestigations required to obtain the geologic
and seismic data necessary to determine site suitability and to provide
reasonable assurance thar the proposed nuclear power plant can be
constructed and operated at a proposed site without undue risk to the

health and safety of the public.

Information obtained from the investigations will be used to determine

the design basis :or earthquake-produced ground motion and for seismically-
induced floods and water waves. Information also will be used to
deteraine whether and to what extent the nuclear power plant needs to be

designed for surface faulting.
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ENCLOSURE “E"
PETERMINATION WITH RESPECT TO THE NEID FOR AN ENVIDONMENTAL

IMPACT STATEMENT IN THE MATTER OF ZFFECTIVE AMEWDMENTS TO
10 CFZ PART 100, SEISMIC AND GEOLOGIC SITING CRITERIA

I. INTRODUCTION

On Novezmber 25, 1971, the Atomic Energy Cormission published in the
FLDERAL REGISJER (36 FR 22601) for public comzent proposed amendmente to
10 CFR Part 100, "Reacter Site Criteria," which would add an Appendix A,
"Seismic and Ceologic Siting Criteria for liuclear Power Plants". The
purpose of the criteria is to set forth the princijal seismic and geolcgic
considerations which guide the Ccamission in its evaluation of the suit-

ability of proposed sites for nuclear power plants and the suitability

of the plant design bases estzblished in consideration of the seismic and

-

¥4 -
£33 et 2R s

geologic characteristics of the proposed sites in order to provide reasonahle

assurance that the nuclear power plant can be constructed and operatec at

a proposed site without undue risk to the health and salety of the public. <
- ‘;

All interested persons were invited to submit comments or sugpestiorns in ,T.
]

connection with the proposed a-endments within 60 days after publication of 3

the notice of proposed rule naking in the FEDEPAL REGISTEA. After considerati e

of the corrents received in response to the notice of proposed rule saking ol =
the Cormission is concidering adopting amendzents which are the subject of
this detercination. The amendnents as adopted would reflect the supgestions

in a nu=ber of the cotments.
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This report suarizes the resules of the evaluation by the Regulatory

Staff to deter—ine vhether there is a need for p:tlication of an environ-
pental statement in connection with this anendzent to the Commission's

regulations.
II. ' DISCUSSION

The criteria cescribe the seismic and geologic investigations required to
obtain i:formation needed to deternine the desige basis for earthquake-
produced vibrztory ground cotion znd for seismically induced floods and
vater waves. 1hey also describe investigaticns required te obtain
inforzation to determine whuther and to what extent the nuclear power

12nt need be designed to withstand the effects of surface faulting.
P g B

The cdesign basis for the maxicum vibratory ground motion is deternined,

as cescribded “n the criteria, through evaluation of the seismology and
geology and the geologic and seisnic history of the site and the surround-
ing region. The most severe earthauakes associated with tectonic structurcs
or tectonic provinces in the region surrounding the sire arc identified by
consilering those historically repcrted eart“quakes that caa be assocciated
vith these structures or provinces. 1f faulits in the region s.rrounding

the site are capable faults, the rost severe Joxpected earthquaees associated
with these faults are cetermined by also concicdering their jeclopic histery.
Becsuse of tie lirmited historical data, the nost severe earthquaves

associated with these tectonic struc'uresr or testonle srovircos are
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deteirined in a conservative manner and are usuzlly larger than the maximunm
earthquake hictorically recorded. The design basis for vibratory ground
motion at the site is then determined by assuming that the epicenters or
locations of highest intensiry of the earthquakes are situated at the

point on the tactonic structures or tectenic provinces nearest the site,

The criteria require the evaluation of other design considerations which

are affected by the design basis for vibratory ground motion, including

soil stability, slope stability, and ccoling water supély.

In order to determine whether and to what extent a nuclear power plant fate;

need be designed to withstand the effects of surface faulting, the

criteria require that the location of the sitc with respect to capable aflku
~ g

s

faults be considered. Procedures are provided for deterrining whether é;§~

the site is within a zone requiring detailed faulting investigation
based on its location with respect to capable faults. Where a site is
within a zone requiring detailed faulting investipation, the criteria
require that the regional and local geologic and secismic characteristics

of the site be investigated in considcrable detail. The adequacy of the

detailed investigation will be determined by the Cormission on an individial

case basis, taking into account the specific site characteristics. Wher b ;~_

b

the detailed investigation indicates that surface faulting nced not be '; :;

IR

taken into account in the design of the nuclear power plunt, the criteria }ifll

reqguire that sufficicnt data to clearly justify the proposed design basis Lot
3

be oresented in the license application. ! g
- 66 - tnclosure """ y
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The criteria also provide general guidance for the design of a nuclear
power plant to withstand earthquake-caused effects, pending the developrent

of more detailed criteria.

The proposed amendments were prepared in cooperation with the U.S. Geclogical
Survey and the lLational Oceanic and Atmospheric Administration. The proposed

anendrents reflected the experience accurulated by these agencies and the

Atomic Energy Cotmission in evaluating seismic and geologic characteristics Y
e
of sites for the location of nuclzar power plants. F'Q':
: B 7o
Prior to and after issuing the proposed anendments for public comment, %;.;}
discussions were held with a representative group of utilities and their "
- ;&".‘"
specialist consultants in order to assure clarity of the criteria and : P
Bt
their applicability to sites being considered by the nuclear industry. ﬁ
After the public comzent period on the proposed amendment and as a result Lagay
2 -
of cormments received from the Sierras Club lLegal Defense Fund, meetings ';ag(
#
+ 0
¢ A gd
were held with representatives of the Sierra Club to assure that their oy wd
",'-T.:f'
corments couldé be properly taken into account in preparing the final = s
- &
azendments. et
=%
o oo
The seismic and geolcgic siting criteria in this appendix will supplezenz BN T &
2
10 CFR Parc 100. b- S
e
A
The criteria would also assist applicants in complying with © 22.34(a){l1) e
of 10 CFR Part 50 which requires that the prelininary safety analysis ;

report include a description and safety assesszent of the site on which

7 - Iaclosurce
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a production or utilization facility is to be located, with appropriate

attention to features affecting {acility design.

I1I. EVALUATION

The following considerations are pertinent to the evaluation of the neced

for a detailed environnmental statement.

A

Environmental Icpact

The expected result of this rule making action is to codify criteria
currently being used in the evaluation of license applications on a
case-by-case basis to determine if the applicant provides reasonable
assurance that the propesed nuclear power plant can be built and

operated without undue risk to the health and safety of the public,

The establishcent of Seisric and Geologic Siting Criteria for Huclear
Power Plants will not have any direct effect on the public. Any public
impact of earthquakes on a nuclear power plant is evaluated by review

of the seismic and geologic history of the area surrounding the site

and the material underlying the foundations of the plant. Durinz the
licensing process all aspects of the design of a nuclear power plant

are reviewed to assure that in the event of a raximun potential
earth-uake that certain structures, syctems, and components will rerain
functional. These structures, systems and components are thuse necessary

to assure:

- B8 = Enclosure "




ORI DN U R ST R T N G R S TGRS SR TR, S I TS T T R R L 49

(1) The integrity of the reactor coolaut pressure boundary of accidents
which could result in poteitial cffsite exvosure comparable to the

guideline exposures of 10 CFR Part 100.

(2) The capability to shut down the reactor and maintain it in a safe

shutdown condition, or
(3) The capability to prevent or mitigate the consequences.

1n addition, detailed environmental izpact statements ave preparéd for
issuance of censtruction permits and operating licenses for fuel

reprocessicng plants.

The Seirmic and Geologic Siting Criteria are written on a general basis

to assure that the licensee developed site investigations and evaluatiocns
result in plant designs which can withstand a caximun potential earth-
quake without undue risk to the health and safety of the public. The
establish=ent of these Seismic and Geologic Siting Criteria are based
on Regulatory Staff experience in the review of the seisnic design bases
of nuclear power plants and the investigations and evaluations necessary

to assure the adequacy of these design bases.

1 ~

A detailed investigation of the regicnal and local geologic and selsiic
characteristics of a site can nave a cdirect impact on the environzent.

It may be necessary to have limited terrain alterations for a testing

wyon
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prograz that is conducted in and around the site location. Investiga-
tions that can require aiterations of the site include:

(1) Bore holes (usually & to & inches in diameter),

(2) Trenches,

(3) Test pits,

(4) rCeophysical surveys,

(5) Installation of piezozeters, and

(6) Installation of seis—ographs.

The amount of additional land, other than the plant site that would
have Lo be cleared would be a small fraction of the total site arca.
In most cases, other thaz for bore heles, this would not extend tevond
the site boundaries, ané as such, native or wildliife habitat would

remain undisturbed.

Any aesthetic impacts on the land resulting from implementation of
uncultivated land for the testing can be reduced by the filling of

trenches, regrading, landscapine, and planting of grasses to prevent

erosin. Bore holes can be sealed to prevent possible ground water it

cent: ination.

Site investigation will coatribute a noise impact which 1s loczlized a2
and temporary and therefore considerel to be insiynificant. Iin addi-

tion, the noise level is reduced by the surrounding terrain and foflaye. B
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F. Cost-Reneft Analysis

The Seismic and Geologic Sfting Criteria do not establish a basis for
develuping a cost-benefit analysis in the strict sense. It is not
possible to quantify elther cests or benefits with these criteria

and any qualitative assessments associated with the rule would be
necessarily vague. Specific site and plant characteristics would
establish a basis for a meaningful cost-benefit analysis. A typical

site investigation may raage from $300,000 to $1,000,000.

A possible cost savings may L=» realized by applicants in that this
acticn will identify for use in siting and designing the nuclear
power plant the same criteria that will be used by the AEC in
evaluating the suitability of a proposed site criteria. An
application that speaks to these criteria could be expected to
require less supplemental information and a sherter time for
evaluation. This could also result in a savings to the AEC in the

commitment of manpower for the evaluation of the license application.
IV.  SLMARY

These criteria by themselves, do not have a significant effect on the peners
public or the environment. The Selwmic and Geologste St ing Criterla, wiieh
cover all nuclear power plants, are by their nature broad to penidt site

{nvestigations and < valuations required of epecific propoused sites and
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and safety of the public. The issuvance of formal guidance does not
change the envircnmental impact of nuclear power plarts, nor does it
affect the licensee's requirewent to protect the health and safety ol
the public. The Com=ission's review assures that the health and safety
of the public is not jecpardized. Case-by-case license evaluation
has provided assurance that nuclear power plants can be designed,

built and operated without undue risk to the health and safety of the

public.

Although the issuance of the Seismic and Geologic Siting criteria does
not affect the health and safety of the public, it doec precent to the
public the criteria against which proposed sites and dsigns of nuclear

power plants are reviewed.

Modification of the Criteria

The Seismic and Geologic Sitiug Criteria describe the seismic and peolegic
investigation that are currently being reviewed during the iicensinpg process.
A possible alternative to the criteria would be to prohibit reactors from
regions of the country that have a high seisaic history. Hosever, the
deta‘led investigation of the regional and local geolopic and seismic
characteristics of the site called for by the Criteria should enable

adequate safety judgments to be made on a site by site basis and obviate

any need for such & broad pronibition.
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The detailed investigations described by the Seismic and Geologic
Siting Criteria are currently being used by licensees and are within

the scope of investigations permitted by & 50.10(c)(1).

Adverse Environcental Effects

The Seisnic and Geologic Siting Criteria do not significantly change
the environmental effects currently resulting from operation of

nuclear power plants.

Relationship between Short-term and loag-term Productivity

The relationship between local shori-term uses of man's environment
and the maintenance and enhancement of long-term productivity would

nct be affected as a result of these criteria.

Irreversible and Irretrievable Cocmitrent of Resources

There !s no irreversible or irretrievable commitment of rescurces
as a result of the Seisnic and Geolcgic Siting Criteria.
Alternatives

No Seismic and Geolozic Siting

The evaluation of the licensee's seis=ic designs and associated site

investigations and evaluations could continue on a case-by-case basis,
although this would not provide for=ai guidance to appllcants and *he

public concerning the minimm requiresents for protecting the healrh

~
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plant designs which form the bases for the licensing review of a
particular proposed site and plant. These specific plant design and
site consideratjons establish the impact that cperation of that specific
plant will have on the general public and on the environmeat. The
licensee-generated site fuvestigations and evaluations and specific
plant design features form part of the bases for the environzental
impact statement that is published in support of action to license &

nuclear power plant for operation.

V. CONCLUSIONS
Pased on the above evaluation of the need for an environmental impact
statement in the matter of the amendoents to 10 CFR Part 100, by adoption
of Appendix A entitled "Seismic and CGeologic Siting Criteria,” we have
concluded that an impact statement 1is not required for the fcllowing
reasons:
1. The Seisnic and Geologic Siting Criteria ccdify existing licer .l..g
practice. The rule nmaring actjon will not increase or decrease
environmental impact resulting from the licensing of nuclear power

plants under existing interim criteria.

2. These criteria are written on 2 broad basis and they do not specifically

identify methods for conformance. st variations for meering these
criteria will depend cn each individual licensee's proposed site
characteristics. Therefore, the levels of envircnmentzal iwmpact {roa
nuclear power plants will not be dictated by these criteria.
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