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MEMORANDUM FOR: Lawrence . Shao, Director

Division of Engmeering, RES N/Z/\ f[A /aw»l/"f
FROM: James E. Richardson, Director

Division of Engineering Technology, NRR 4///
SUBJECT: COMMENTS ON PROPOSED REVISION TO 10 CFR PART 100,

APPENDIX A AND ASSOCIATED DOCUMENTS 5;‘: \
{ 4
7,

5! ?7
In response to your July 3, 1591 memorandum, the Structural and
Geosciences Branch has reviewed the documents associated with the proposed
revision of Appendix A “Seisric and Geologic Siting Criteria for Nuclear Power
Plants." Enclosed is a markup of the text with our comments. These comments
were prepared by Robert Rothman, Section Chief, Geosciences Section,

Phy1lis Sobel, Geophysicist and Sang Bo Kim, Structural Engineer.
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“James £. Richardson, Director
.~ Division of Engineering Technology

cc: B. D. Liaw
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UNITED STATES
NUCLEAR REGULATORY COmMMIssIon
WASHINGTON, 0. ¢ 20585
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MEMORANDUM FOR: J. . Richardson. Director
Division of Engineering Technoloqy. NRR

A. C. Thadani, Director
Division of Systems Technology, NRR

D. M, Crutchfield, Lirector
Division of Advanced Reactors. NRR

V. Hinners, Director
Division of Safety Issue Resolutfon. RES

5. A Treby, Assistant Genera) Counsel
for Rulo-aking and Fye) Cycle, oge

FROM: k. €. Shao, Director
Division of Engineering, RES

SUBJECT RULEMAK ING REVIEW REQUEST PROPOSED REVISION oF 10 CFR paRT
100, aApp

for Office-leve) concurrence. Enclosure ) is 2 list of the documents that are
to be reviewed; Enclosure is the rulemaking Package,

The current version of Appendix A to Part 100 wil) remain in effect for existing
Plants. The Proposed ruleuakinq. which is applicable to applicants applying for
a CP after the effective date of the rule, covers & new Appendix g to Part 100
on Seismic and Geologic Siting Criteria, and a new Appendiy § to Part 50 on

Severa] basic assumptions or guidel ines were used in the Preparation of these
documents . They are:

A To the maximum extent Practical, the technica) guidance for
complying with the regulation will be in the regulatory guides or
standard reviey plan sections,

3. The new seismic and geclogica) siting criteria will make yse of both
deterministic and Probabilistic techniques to meet the regulation,




WL 5 gy

The current package represents the current status of the proposed rulemaking on
Appendix B to Part 100 and S to Part 50 with only a few technical d-:ails
requirirg verification, for instance, the one-third factor associated with the
elimination of the Operating Basis Earthquake (OBE) response anzlysic. These
details will be available cver the next several weeks (before *CRS and CRGR
review) as input is received from our contractor and peer panel.

A significant industry interest in the Appendix A revision has been expressed
through the Nuclear Management and Resources Council (NUMARC) and the Electric
Power Research Institute (EPRI). The staff had two public meetings (March 6 and
April 17, 1991). Based on industry presentations made at the second meeting,
there is major philosophical agreement between industry and staff regarding the
regulation revision. The staff has not received the written suggestions that
NUMARC said would be forthcoming in May.

There are two specific items pertaining to the Draft Federal Register Notice tt
I want to call to your attention.

¥4 Section VII, Future Regulatory Action, notes that several existing
regulatory guides will be revised to incorporate editoriai changes
or maintain the existing design or analysis philosophy. These
guides will be issued coin~ident with the publication of the
regulations unless additional changes are made to the technical
pesition which would require a public comment period. During your
review of the rulemaking package please indicate if any of the noted
guides need to have their technical position changed.

L Only one paragraph within Part 100 is revised to cite the new
Appendix B.

Your review and comments are needed by the July 16, 1991 so that Office review
and concurrence can be obtained by the s.neduled date of August 1, 1991.

-

f"al:
fb\. L.CY Shao, Director
Division of Engineering, RES

Enclosures: As Stated (2)

Contact: A. J. Murphy, SSEB, DE, RES
49-23860

cc:

S. beckjord, RES

P. Speis, RES

. J. Heltemes, RES
L. Meyer, ADM/RPB
A. Cunningham, RES/PRAB
E. Ader, RES/SAIB
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Enclosure ]

CONTENTS OF THE RULEMAKING PACKAGE,
PROPOSED REVISION TO 10 CFR PART 100, APPENDIX A
"SEISMIC AND GECLOGIC SITING CRITERIA FOR NUCLEAR POWER PLANTS"

DESCRIPTION

10 CFR Part 100, Appendix B, "Seismic and Geologic Siting Criteria for
Nuclear Power Plants" (Reduced Text Version)

i0 CFR Part 50. Appendix S, "Earthquake Engineering Criteria for Nuclear
Power Plants" (Reduced Text Version

10 CFR Part 100, Appendix B - Comparative Text Version
10 CFR Part 50, Appendix S - Comparative Text Version

Draft Federal Register Notice, "Seismic Siting and Engineering Criteria
for Nuclear Power Plants" vk

L2
Draft Regulatory Guide 86:1015, "ldentif .cation and Characterization of
Seismic Sources”

Standard Review Plan 2.%.2, Proposed Revision 3, "Vibratory Ground Motion"

Appendix A to Proposed Rev "ion 3 to Standard Review Plan 2.5.2,
"Probabilistic Consideration ' Estimates of Vibratory Ground Motion"

Draft Regulatory Guide DG-1016, Second Proposed Revision 2 to Regulatory
Guide 1.12, "Nuclear Power Plant Instrumentation for Earthquakes"

Draft Regulatory G.ide DG-1017, "Pre-Earthquake Planning and Immediaie
Nuclear Power Plant Operator Post-Earthquake Actions® ‘%1so included are
the standards endorsed by the guide).

Draft Regulatory Guide DG-1018, "Restart of a Nuclear Power Plant Shut
Down Due To a Seismic Event"

Draft Aegulatory Analysis, Proposed Revision of 10 CFR Part 100,
Appendix A -

Oraft Environmental Assessa- . and Finding of No Significant Impact,
Proposed Revision of 10 CFR Part 100, Appendix A.
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1 10 CFR Part 100, Appendix B
Appendix B -~ Seit and Geologic Siting Criteria for Nuclear Power Plants
GENERAL INFORMATION

This appendix applies to applicants who apply for a construction permit on or

after #EFFECTIVE DATE OF THIS REGULATION]. Prior to [EFFECTIVE DATE OF THIS
REGULATION] applicable seismic and geologic siting criteria, including
application to engineering design, for nuclear power plants are contained in

;; Appendix A to Part 100 of this chapter.

13 Criteria not associated with the selection of the site or establishment of the by

14 safe shutdown earthquake ground motion has been placed into Appendix S to .

15 50 of this chapter, ' other™ A ed~
16 design requirements. The effective date of Appendix S is also [EFFECTIVE DATE c"ﬂﬁn«;-
17 OF THIS REGULATION]. Taken together, this appendix and Appendix S to Part 50 '
18 provide the seismic, geologic and earthquake engineering criteria for nuclear

19 power plants.

—
WYL .

20 .
21 Changes that were made to Appendix A to Part 100, as reflected in this appendix,
22 in general, are clarifications and state-of-the-art advancements in the
23 geosciences, for instance, the use of probabilistic analyses. Nuclear power

24 plants licensed before these revisions to the regulation pose no undue risk to
25 public health and safety and there is no present basis for immediate action on

26 any regulatory requirements for these plants.’
27 s

I. PURPOSE e Y
W General Design Criterion 2 of Appendix A to Part 50 of this chapter requires that
31 nuclear power piant structures, systems, and components important to safety be
32 designed to withstand the effects of natural phenomena such as earthquakes,
Kk ] tornadoes, hurricanes, floc4s, tsunami, and seiches without loss of capability

34 to perform their safety functions. It is the purpose of these criteria to set
35 forth the principal seismic and geologic considerations which guide the
36 Commission in its evaluation of the suitability of proposed sites “or nuclear
37 power plants and the suitability of the plant design bases established in
38 consideration of the seismic and geologic characteristics of the proposed

H /
ig sites. M/eu.'o M'lﬁﬁl o
4] These criteria are based on the current geophysicalyand geologicalinformation

42 concerning faults and earthquake occurrence and efféct. They will be revised as |
43 necessary when more complete information becomes available.

LY

45

46 . U.S. Nuclear Regulatory Commission (USNRC), “Policy Statement on j

47 Severe Accidents,” Federal Register, Vol 50, 32138, August 8, 1985.

48 )( Considerations presented in this regulation are generai. Acceptahle“\ )

«;/0 methods and additional discussion are provided in Regulatory Guides |
;(W\ and Standard Review Plun Sections. ‘
vl

\
-~
‘ \—/‘\_ e P =N

—————
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IT. SCOPE

These criteria, which apply to nuclear power plants, describe the nature of the
investigations required to obtain the geologic and seismic data necessary to
determine site suitability and provide reasonable assvrance that a nuclear power
plant can be constructed and operated at a proposed site without undue risk to
the health and safety of the public. Geologic and seismic factors required to

be taken into account in the siting and design of nuclear power plants are
identifiedl‘j

{The investigations described in this appendix are within the scope of
inveStigations permitted by § 50.10(c)(1) of this chapter.

Each applicant for a construction permit shall investigate all seismic and
geologic factors that may affect the design and operation of the proposed nuclear
power plant irrespective of whether such factors are explicitly included in these
criteria. Both deterministic and probabilistic evaluations shall be conducted.
Additional investigations and/or more conservative determinations than those

included in these criteria may be required for sites located in areas having -

complex geology or in areas of high seismicity. If an applicant believes that the
particular seismology and geology of a site indicate that some of these criteria,
or portions thereof, need not be satisfied, the specific sections of these

criteria should be identified in the Ticense application, and supporting data to

Justify clearly such departures ;\ha]l be presented.

These criteria do not\;ddress investigations af volcanic phenomena required for
sites Teocated in are s of volcanic activity.\Investigations o the volcanic
aspectsﬁbs)such sites will be determined on a cave-by-case basis.

se€ \V(e)
IT1. DEFINITIONS

As used in these criteria:

(2) The "magnitude® of an carthquake is a measure of the size of an earthquake
and is related to the energy released in the form ~f seismic waves.
"Magnitude" means the numerical value on a stan“ardized scale such as, but
not Timitad to, Moment Magnitude, Surface Wa.» Magnitude, Body Wave
Magnitude or Richter Magnitude scales.

(b) An "expected maximum earthquake (EME)" is the largest earthquake that can
reasonably be expected to occur in a given seismic source. The expected
maximum earthquake is not necessarily associated with any given return
period. Considerable judgement is involved in estimating the magnitude of
the expected maximum earthquake.

(c) The *"Safe Shutdown Earthquake Ground Motion (SSE)" is the wvibratory
ground motion for which certain structures, systems, and components shal)
be designed to remain functional. These structures, systems, and
compenents are those necessary to assure:

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

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

2 July 3, 1991
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(d)

(e)

(f)

(9)

(h)

(1)

(J)

(3) The capability to prevent or mitigate the consequences of accidents
which could result in potential offsite exposures comparable to the
guideline exposures of this part. Pre Ve g

X

y M and ?
APt o vy i fidl U

*Operating Basis Earthquake." The definition and application of the
Operating Basis Earthquake to ergineering design is discussed in Appendix
S to Part 50 of this chapter.

A "faull® is a tectonic structure along which differential slippage of the
adjacent earth materials has occurred parallel to the fracture plane. A
fault may have gouge or breccia between its two walls and includes any
:ss:ciatod monoclinal flexure or other simiiar geologic structural
eature.

*Surface faulting® is differential ground displacement at or near the
surface caused directly by fault movement and is distinct from nontectonic
types of ground disruptions, such as landslides, fissures, and craters.

"Surface deformation® is distortion of soils and rocks at or near ground
surface by the processes of folding, faulting, compression or extension as
a result of various earth forces. Tectonic surface deformation is
associated with earthquake processes.

A "seismic source” is a general term referring to both seismogenic sourcos-
and capable tectonic sources. . A

A "seismogenic source”™ is a portion of the oarth(g:;;;iif::::; is assumed

to have uniform earthquake potential (same expected maximum earthquake and
frequency of recurrence) distinct from the earthquake potential of the
surrounding area. A seismogenic source is not expected to cause surface
displacements. Seismogenic sources cover a wide range of possibilities
from a well-defined tectonic structure to simply a large region of diffuse
seismicity (seismotectonic province) thought to be characterized by the
same earthquake recurr.ace model. A seismogenic source is also
characterized by its enmvolvement in the current tectonic regime as
reflected in the Quaternary (approximately the last 2 million years).

A "capable tectonic source” is a tectonic structure which can generate
both earthquakes and tectonic surface deformation such as faulting or
folding at or near the surface in the present seismotectonic regime. It
is characterized by at least one of the following ch :

(1) Presence of surface or near surface
of landforms or goolo?ic deposits within 7000 yea
at least once in the

(2) A reascnable association with one or more large earthquakes or
sustained earthquake activity which are usually accompanied by
significant surface deformation.

(3) A structural association with a capable tectonic source accerding to
characteristics (1) of this paragraph such that movement on one
could be reasonably expected to be accompanied by movement on the
other.

3 July 3, 1991
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In some cases, the geologic evidence of past ac
ground surface along a particular capable tectonic

at a particular si

determining whethe
this definition.

tivity at or near the
source may be obscured

te. This might occur, for example, at a site having a
deep overburden. For these cases, evidence may exi
structure from which an evaluation of its characteristics in the vicinity
of the site can be reasonably based. Such evidence shall be used in
r the structure is a capable tectonic source within

.

st elsewhere along the

¥
Notwithstanding the foregoing paragraphs 11 (1), (2) and (3), ""J*El ¥
structural association of a structure with geolog G

which are geologically old (at (eas
found in the Eastern region of the

conflicting evidence, demonstrate that the struc
tectonic source within this definition.

(k) A "response spectrum

velocity or displ

freedom damped oscillators

escillators to a s

The geological, seismological and engineering ch

environs shall be inves

acement) of a family of ideal
pecified vibratory motion input
IV. REQUIRED INVESTIGATIONS

tigated in sufficient scope an

adequate evaluation of the proposed site, and to provide

to support both probabil

criteria and to permit adequate engineering

istic and determ

geologic and seismic effects at the proposed site. The s
investigated and the type of data pertinent to the investigations shall be

determined by the nature of the reg
investigations shall be carried out by a
field investigations as identified in paragrap

section.

(a) Vibratory Ground

Motion

The purpose of the investigations is to obtain

describe the Safe Shutdown farthquake vibratory ground motion. The NN

seismic sources (C
site region.

arthguake —assoctated wif
,-ot*ow"i!"fﬂi"iTti"?ﬁhTT‘"U!“!!tTlitia"us1ng

ic structural features O

t pre-Quaternary) such as many of those
United States shall, in the absence ot

ture is not a capable

* is a plot of the maximum responses (acceleration,

jzed single-degree-of-

against natural frequencies (or pericds) of the

at their supports.

aracteristics of a site and its

d detail to permit an
sufficient information

inistic determinations required by these
solutions to actual or potential

ize of the region to be

jon surrounding the proposed site. The
review of the pertinent literature and

hs (a) through (d) of this \ix
¢
l .
e
information needed to % %'

apable tectonic sources and seismogenic sources) in the -
. ,

luated

- i
ound ééé;n-/h

Wﬁﬁ sources which ©
. motdem At the stte

(b) Tectonic Surface Deformation

ential for

tectonic
Quaternary faul

T
t movemen e po

5 .
is derined by an evaluation of the regional

e —

3

————————————————————

the exp'ectomm v ( a\/.

#(6)

e ————————

The purpose of the investigations is to determine whether or not there is
tectonic surface deformation near >

July 3, 1991



seismicity.
(c) Non-Tectonic Deformation

Paragraph (b) concerns investigations required for tectonic surface
deformation which can occur coseismically. There are, however, other
surface deformations not directly attributable to tectonics suc. as these
associated with subsidence or collapse as in karst terrane, glacially
induced offsets, and growth f:ulting. These phenomena can represent
significant surface displacement hazards to a site, but can in many cases
be monitored, controlled, or mitigated by engineering, or it can be
demonstrated that conditions that were the cause of the displacements no
Tonger exist. Thorough geological and geophysical investigations shal) be
carried out to identify and define nontectonic deformation features and,
where possible, distinguish them from tectonic surface displacements. If
such distinction is not possible, the questionable features shall be
treated as tectonic deformation. -

(d) Seismically Induced Floods an. Water Waves

For coastal sites, the potential for nearby and distant tsunamis that
could affect the site must be assessed. Included in this assessment is
also the determination of the potential for undersea slides that could
generate tsunamis. Information regarding distant and locally generated
waves or tsunamis, which have afiecte. the site, and available evidence of
runup and drawdown associated with these events shall be analyzed. Local
features of coastal or undrrsea topography which could modify tsunami
runup or drawdown must be considered. For sites located near lakes or
rivers, analyses shall include the potential for seismically induced
floods or water waves, as, for example, from the failure during an
earthquake of 2 dam upstream or from slides of earth or debris into a
nearby lTake. Beth-deterministic-and probebilistic anatyses—shall-be-used

s by ﬁuﬁlﬁ- .tﬂju&1&€9;t0 MM ‘b
- 'h‘j,f“;,"&';ij , ;? :ﬁo,focﬁt"s o WEs S offfees #on vt
o —fégﬁ mb - V
(a) Detérmination of the Expected Maximum Earthquake

v

For each seismogenic and capable tectonic source identified in part IV,
the expected waximum earthquake shall be evaluated using both
deterministic and probabilistic approaches. As a minimum the expected
maximum earthquake shall be the maximum historical earthquake in each
source. The uncertainty in determining the expected maximum earthquakes
shall be accounted for in the probabilistic analysis. For each source the
expected maximum earthquake is the mean estimate derived from a
distribution of maximum magnitude earthquakes.

b Determination of the Ground Motion from the Expected Maximum Earthguake
®) g e 4 e ol

w\\ PO
The ground motion at the site shall he esfimated from the expect ximum
earthquake associated with each sourcq. Appropriate models including
local site conditions, shall be used to account for uncertainty in
estimating the ground motion fgr the site.
i wo?enic or capable tectonic sourcecthe «
expected maximum earthquake shall be located at the point of the closest

5 July 3, 1991
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' approach of the source to the site. For the case uhen\the site is located — 7
within a seismogenic sodrce, the expected maximum arthquake will [- -
located in the vicinity of the site. The uncertainty)shall be accounted
for by using the mean plug one standard deviation (84th percentile) of the

s determined . It is ?
defi:ed by t;zthfhorizonuld and fvert.ical free-field ground mot esponse \
spectra at the free ground surface or hypothetical rock outciop. ™~ o t?
(c) Determination of Earthquake Ground Motion for the Seismic Design lasis '7’3;;'Ex '

(=
L

4

5

6

7

8

<«

10
11 The Safe Shutdown Earthquake Ground Motion is determined by response e
12 spectra developed from the envelope of the composite of the ground motions
13 determined in Paragraph V(b). Deterministic and probabilistic seismic
14 hazard analyses shall be used to assess the adequacy of the Safe Shutdown
15 Earthquake Ground Motion. The probability of exceeding the Safe Shutdown
16 Earthquake Ground Motion is considered acceptably low if it is at least
}; comparable to that of the majority of operating nuclear power plants.
19
20

7The horizontal peak ground aceeleratéon of the Safe Shutdown (;;;;;;:i

X

gr

\ hall be at least 0.1g with an appropriate response spect
21 the founda ~ o o i
22 M D) g
23 (d) Determination of Need to Design for Surface Tectomic and Non-Tectonic \
2; Deformation \
7. \
26 Where it is determined, based on geological, seismological and geophysical a///{
i irvestigations that surface deformation need not be taken into account in

the design of a nuclear power plant, sufficient data to clearly

oo that determination shall provided in the license ap lication. [Where it a
30 | is determined that Surface de on shall be taken Tnto account in the U
M ’j design Yassurance shall be provided that in the event of such deformation S
32 those structures, systems and components necessary for safety shall remain ®
33 functional. PELOMNGS , n PRET SD 14

34 — T

TS et
35 (e) Determination of Design Bases for Seismically Induced Floods and Water

3; Waves = 7 oedi
, — . e & Lwhad
38 The size of seismically induced floods and water waves which could affect _ '
39 a site from either locally or distantly generated seismic activity shall
40 be determined, taking into consideration the results of the investigation
4] required by paragraph (d) of section [V.
42
43 (f) Determination of Other Design Conditions
44
45 (1) Soil Stability. Vibratory ground motion associated with the Safe
46 Shutdown Earthquake Ground Motion can cause soil instability due to
47 ground disruption such as fissuring, lateral displacement,
48 differential settlement, and .iquefaction, which is not directly
4 related to surface faulting. Goalo?ical features which could affect
S0 the foundations of the proposed nuclear power plant structures shall
51 be evaluated, taking into account the information concerning the
€2 physical properties of materials underlying the site and the
effects of the Safe Shutdown Earthquake Ground Motion. -
55 The SSE [faidonm e Teon ol [The va

te structfung shiX &2 5“”%4'2’/.0"‘“0 1y 3, 1991
;Z[ L%“Mwi‘ty o



(2)

(3)

(4)

Slope stability. Stability of all slopes, both natural and
artificial, the failure of which could adve sely affect the nuclear
power plant, shall be considered. An assess .. shall be made of the
potential effects of erosion or depositior and of combinations of
erosion or deposition with seismic activity, taking into account
information concerning the physical properties of the materials
underlying the site and the effects of the Safe Shutdown Earthquake
Ground Motion.

Cooling water supply. Assurance of adequate cooling water supply for
emergency and long-term shutdown decay heat removal shall _be
considered in the design of the nuclear power plant, taking in Yo
account information concerning the physical properties of Yfe
materials underlying the site and the effects of the Safe Shutdown
Earthquake Ground Motion and the design basis for tectonic and
nontectonic surface deformation . Consideration of river blockage or
diversion or other failures which may block the flow of cooling
water, coastal uplift or subsidence, or tsunami runup and drawdown,
and failure of dams and intake structures shall be included in the
evaluation where appropriate.

Distant structures. Those structures which are not located in the
immediate vicinity of the site but which are safety related shall be
d-signed to withstand the effect of the Safe Shutdown Earthquake
Ground Motion and the design basis for surface faulting determined
on a comparable basis to that of the nuclear power plant, taking
into account the materfal underlying the structures and the
different location with respect to that of the site.

VI. APPLICATION TO ENGINEERING DESIGN

Pursuant to the seismic and geologic design basis requirements of paragraphs v(a)
through (d), applications to engineering design are contained in Appendix § to
Part 50 of this chapter for the following areas:

(a)

(b)
(c)

Vibratory ground motion

(1) Safe Shutdown Earthquake Ground Motion
(2) Operating Basis Earthquake

(3) Required Plant Shutdown

(4) Required Seismic Instrumentation
Surface Tectonic Deformation

Seismically Induced Floods and Water Waves and Other Design
Conditions.

7 July 3, 1991




10 CFR PART 50, APPENDIX §

REDUCED TEXT



O 0D 4O U B D e

10 CFR Part 50, Appendix §

Appendix S - Earthquake Engineering Criteria for Nuclear Power Plants

GENERAL INFORMATION

This appendix applies to applicants who apply for a construction permit on or
after }EFFECTIVE DATE OF THIS REGULATION]. Prior to [EFFECTIVE DATE OF THIS
REGULATIUN], applicable earthquake engineering criteria for nuclear power plants
are contained in Section VI of Appendix A to Part 100 of this chapter.
ey v S

Criteria associated with the selectipn of the site or establishment of the safe
shutdown earthquake ground motion @g Tocated in Appendix B to Part 100 of this
chapter, consistent with the location in the regulation of other siting
requirements. The effective date of Appendix B is also [EFFECTIVE DATE OF THIS
REGULATION]. Taken together, this appendix and Appendix B to Part 100 provide
t?e :eisoic. geologic and earthquake engineering criteria for nuclear power
plants.

Changes that were made to Appendix A to Part 100, as reflected in this appendix,
in general, are clarifications and state-of-the-art advancements in earthquake
engineering. Consistent with Appendix B to Part 100, this appendix is general
in nature with more detailed information contained in supporting regulatory
guides or standard review plan sections. Nuclear power plants licensed before
these revisions to the regulation pose no undue risk to public health and safety
ind there is no present basis for immediate action on any regulatory requirements
for these plants.’

<1

Each applicant for 3 construction permit is required by §50.34(a)(12) and
General Design Criterion 2 of Appendix A to this Part to design nuclear power
plant structures, systems, and components important to safety to withstand the
effects of natural phenomena, such as earthquakes, without loss of capability to
perform their safety functions. Also, a condition of all operating licenses for
nuclear power p1antj& as specified in §50.54(ee), is plant shutdown if the

I. INTRODUCTION

critera in Paragraphi(a)(3) of this appendix are exceeded. The investigations
required to obtain the geologic and seismic data necessary to determine site
suitability are described in Appendix B to Part 100 of this chapter. Also
identified are the geologic and seismic factors required to be taken into account
in the siting and design of nuclear power plautf;égn -

(/YE“?I“t». purpose of these criteria to set forth the principal considerations

which guide the Commission in its evaluation of the suitability of the plant
design bases established in consideration of the seismic event.

1 U.S. Nuclear Regulatory Commission (USNRC), "Policy Statement on
Severe Accidents," Federal Register, Vol 50, 32138, August 8, 1985.

1 May 1, 1991
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J,;/:t';,/ I1. SCOPE
These-eriterid which apply to nuclear power plants, provide reasonable assurance

that a nucl€ar power plant can be constructed and operated at a proposed site
without undue risk to the health and safety of the public.

Saa0 M od

The evaluations described in this appendix are within the scope of investigations
permitted by §50.10(c)(1) of this chapter.

NOT WS =D /N
IT1I. DEFINITIONS SAALT S

—’

As used in these criteria: R "SI
(a) An "expected maximum earthquake (EME)" is the Targest earthquake that can
reasonably be expected to occur in a given seismic source. The expected
maximum earthquake is not necessarily associated with any given return
period. Considerable judgement is involved in estimating the magnitude of
the expected maximum earthquake. ———— . — s

e p—— —

e e e et

—_—

. —

(b) The "Safe Shutdown Earthquake Ground Motion (SSE)" 1is the vibratory
ground motion for which certain structures, systems, and components shall
be designed to remain functional. These structures, systems, and
components are those necessary to assure:

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

(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 of accidents
which could result in potential offsite exposures comparable to the
guideline exposures of Part 100 of this chapter.

(c) The "Operating Basis Earthquake" produces the vibratory ground motion for
which those features of the nuclear power plant necessary for continued
operation without undue risk to the health and safety of the public shall
remain functional.

(d) A “response spectrum" is a plot of the maximum responses (acceleration,
velocity or displacement) of a family of idealized single-degree-of-

freedom damped oscillators against natural frequencies (or periods) of the
oscillators to a specified vibratory motion input at their supports.

IV. APPLICATION TO ENGINEERING DESIGN

The following are pursuant to the seismic and geologic design basis requirements
of paragraphs V(a) through (f) of Appendix B to Part 100 of this chapter:

2 May 1, 1991
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(a)

Vibration Ground Motion

(1)

(2)

Safe Shutdown Earthquake Ground Motion. The Safe Shutdown
Earthquake Ground Motion shall be defined by free-field ground
motion response spectra at the free ground surface or hypothetical
rock outcrop. In view of the limited data available on vibratory
ground motions of strong earthquakes, it usually will be appropriate
that the design response spectra be smoothed spectra developed from
a series of response spectra related to the vibratory motions caused
by more than one earthquake. The horizontal peak ground
acceleration of the Safe Shutdown Earthquake Ground Motion shall be

at Jeast 0.ig with a1 appropriate rasponse spectrum at the
foundation level.

The nuclear power plant shall be designed sc that, if the Safe
Shutdown Earthquake Ground Motion occurs, certain structures,
systems, and components will remain functional. These structures,
systems, and components are those necessary to assure (i) the
integrity of the reactor coolant pressu~= woundary, (ii) the
capability to shut down the reactor and maintain it in a safe
condition, or (iii) the capability to prevent or mitigate the
consequences of accidents which could result in potential offsite
exposures comparable to the guideline exposures of Part 100 of this
chapter. In addition to seismic loads applicable concurrent normal
operating, functional and accident-induced loads shall be taken into
account in the design of these safety-related structures, systems,
and components. The design of the nuclear power plant shall also
take into account the possible effects of the Safe Shutdown
Earthquake Ground Motion on the facility foundations by ground
disruption, such as fissuring, laterial displacement, differential
settlement, liquefaction, and landsliding, as required in
Paragraph V(f) of Appendix B to Part 100 of this chapter.

The required safety functions of structures, systems and components
shall be insured during and after the vibratory ground motion
associated with the Safe Shutdown Earthquake Ground Motion through
suitable analysis, testing or qualification method.

The evaluation shall take into account soil-structure interaction
effects and the expected duration of vibratory motion. It is
permissible to design for strain limits in excess of yield strain in
some of these safety-related structures, systems, and components
during the Safe Shutdown Earthquake Ground Motion and under the
postulated concurrent conditions, provided that the necessary safety
functions are naintained.zisﬁf.;«1144%x,4443yho A A e
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Operating las1§:Earthduzke. The Oherlting Basis Earthquake shall be -

defined by response spectra. A1l structures, systems, and components
of the nuclear power plant necessary for continued operation without
undue risk to the health and safety of the public shall remain
functional and within applicable stress and deformation limits when
subjected to the effects of the vibrctorylnotion of the Operating
i thquake in combination with normal operati oags i
Ny e g E s N
i. If the Operating Basis Earthquake is set at one-third of the

3 May 1, 1991
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1 o T *“gafe Shutdown farthquake Ground Mot ion level, the function of
2 S the Operating Basis Earthquake, as stated above, can be
3 satisfied without the applicant performing any explicit
¢ response analyses.’

5

£ ii. If an applicant chooses an Operating Basis Earthquake greater

7 than one-third the Safe Shutdown Earthquake Ground Motion an

B explicit suitable analysis and design shall be performed to

S demonstrate that the function of the Operating Basis

10 Earthquake, as stated above, is satisfied. The design shall

11 take into account soil-structure interaction effects and the

g expected duration of vibratory ground motion.

14 (3) Required Plant Shutdown. If vibratory ground motion exceeding that

15 of the Optrating Basis Earthquake occurs, shutdown of the nuclear

i6 power plant vill be required.” The value of the Operating Basis

17 Earthquake is set pursuant to Paragraph IV(a)(2) (1) or (i1) of this

18 appendix. Prior to resuming operations, the licensee will be \s -
13 required to demonstrate to the Commission that no functional damage

20 has occurred to those features necessary for continued operation

g without undue risk to the health and safety of the public. >
23 (4) Required Seismic Instrumentation. Suitable instrumentation shall be *°
24 provided so that the recorded seismic response of nuclear power ¥
25 plant features important to safety can be evaluated promptly to \
26 permit comparison of such response with that used as the design
27 basis. Such a comparison is needed to decide whether the plant can * _
28 continue to be nperated safely and tc permit such timely action as ~
29 may be appropriate. - .
30 \ \
3; (b) Surface Deformation. .
3 \Y
33 The design basis for surface deformation shall be taken into L\
34 account in the design of the nucless power plant by providing -
35 reasonable assurance that in the ever( of such deformation certain .Y
36 structures, systems, and comporznis will remain functional. These = .
37 ¢ - structures, systems, and components are those necessary to assure » g
38 (1) the integrity of the reactor coolant pressure boundary, (i1i) the &
39 capability to shut down the reactor and mairtain it in a safe = 3
40 shutdown condition, or (iii) the capability to prevent or mitigate ~ .
4] the . nsequences of accidents which could result ‘n potential |
42 offsite exposures comparable to the guideline exposures.of Par )_L
43 of _this Wmm&_ﬁﬁm /|
44 aftershocks, applicable concurrent functional and accident-induced |
45 ) shall be taken into account in the design of such safety
46 @un . sign provisions SRATT be based on an assumption tha |
&7 . ’ septntc analyses to compute structure, equipment and piping v
48 response associated with the Operating Basis Earthquake is not

4% required. Applicable design provisions associated with this

50 Operating Basis Earthquake, for instance, fatigue, are discussed in

sl regulatory ouides.

52 B Plant shutdown criteria are provided in a regulatory guide.



Bt Bt Bt Bt Bt ot
U PO OO DD IO U B L N

(<)

the design basis for surface faulting can occur in any direction and
azimuth 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 which the surface faulting
may occur.

Seismically Induced Floods and Water Waves and Other Design Conditions.

The design basis for seismically induced ficods and water waves from
either Tocally or distantly generated seismic activity and other design
conditions determined pursuant to Paragraphs V(e) and (f) of Appendix B
to Part 100 of this chapter 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.

5 May 1, 1991
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[7590-01)
NUCLEAR REGULATORY COMMISSION
10 CFR PARTS 50, 52 AND 100

RIX [T0 BE ASSIGNED BY RPB]

Seismic Siting and Engineering Criteria for
Nuclear Power Plants

AGEXCY : Nuclear Reoulatory Commission.
Action: Proposed ruilr.

SUMMARY: The Nuclear Regulatory Commission Proposes to amend its regulations to
update the CrLLEF I8 amegend Lo seismic siting and engineerinﬁ;\ﬁ;f};u?lear power
plants. Experience géined in the application of the procedures and methods set
forth in the current regulation, the difficulties encountered, and the rapid
advancement in the state-of-the-art of earth sciences have made it necessary to
update the present criteria which were issued in 1973. The proposed regulations
reflect industry design practices and the associated staff review procedures that
have evolved since the regulation was issued. The proposed regulatory action is
applicable only to applicants that apply for a construction nermit on or after
the effective cate of the regulations.

DATE: Comment period expires _ - Comments received after this
date will be considered if it is pra_cical to do so, but the Commission is able
to zssure consideration only for comments received on or before thi date.

ADDRESSES : Mail written comments to: Secretary, U.S. Nuclear Regulatory
Commissian, Washington, DC 20555, Attention: Docketing and Service Branch.
Del. ver comments to: 11555 Rockville Pike, Rockville, Maryland, between
7:45 am and 4¢:]5 pm federa) workdays.
Copies of the regulator analysis, the environmental assessment and finding
of no significant impact, and comments received may be examined at: the NRC
Public Document Room at 2120 L Street Nv. (Lower Level), Washington, DC.

FOR FURTHER INFORMAT 10N CONTACT: . Andrew J. Murphy, Offi-. of Nuclear
Jun 25, 19%]
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Regulatory Research, Mail Stop NL/S-Z217A, U.S. Nuclear Regulatory Commission,
Washington, DC 20555, teiephone (301) 492-3860.

SUPPLEMENTAL INFORMATION

I. Background.

Ii. Objectives.

I11. G “esis

Iv. Alternatives

V. Major Changes

vI. Related R:gulatory Guides and Standard Review Plan
Sectiun

VIil. Fulure Regulatory Action

VIII. Finding of No Significant Environmental Impact:
Availability

IX. Paperwork Reduction Act Statement

B Regulatory Analysis

XI. Regulatory Flexibiiity Certification

X1l. Backfit Analysis

XIII. Electronic Format

XIv. List of Subjects in 10 CFR Part 50

Xv. List of Subjects in 10 CFR Part 52

XvVI. List of Subjects in 10 CFR Part 100

I. Background

Appendix A, “"Seismic and Geologic Siting Criteria for Nuclear Power
Plants,* to 10 CFR Part 100, "Reactor Siting Criteria,” was originally issued as
a preposed rule on November 25, 1971 (36 FR 22601); published as a final rule on
November 13, 1973 (38 FR 31279); and became effective on December 13, 1973.
There have been two amendmente to 10 CFR Part 100, Appendix A. The first
amendment, issued November 27, 1973 (38 FR 32575), corrected 38 FR 31279 by
adding the legend under the diagram. The second amendment resulted from a
petition for rule making (PRM 100-1) requesting that an opinion interpreting and
clarifying Appendix A with respect to the derermination of the Safe Shutdown
Earthquake be issued. A notice of filing of the petition was published on May
14, 1875 (40 FR 20983). The substance of the petitioner’s proposal was accepted

2 Jun 25, 1991
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and published .5 an immediately effective final rule on January 1¢, 1977 (42 fR
2052).

II. Objectives

The objectives of the proposed regulatory action are:

1. Provide a stable regulatory basis for seismic and geologic siting and
applicabie earthquake engineering design of nuclear power plants that will avoid
licensing delays due to unclear regulatory requirements .nd provide a flexible
structure to permit consideration of new technical unc.. ..endings, and

2. Have the revision to the regulation completed prior to the receipt of
an early site application.

I11. Genesis

The proposed regulatory actions reflect changes intended to (1) benefit
fror. the experience gained in applying the existing regulation; (2) resolve
interpretative questions; (3) provide needed regulatory flexibility to
incorporate state-of-the-art improvements in the geosciences and earthquake
engineering; (4) simplify the text language to a more “plain English® text; and
(5) acknowledge various internal staff and industry comments.

Major points associated with the revision of the regulations are:

1. The proposed regulatory action will apply to applicants who apply for
& construction permit on or after the effective date of the revised regulation,
and

2. Criteria not associated with the selection of the site or establishment
of the safe shutdown earthquake have been placed into Part 50 consistent with the
location in the reguiation of other design requirements.

Since the revision to the regulation will not be backfit, the licensing
bases fur existing nuclear power plants must rezain in the regulation.
Therefore, the revised regulation on seismic and geologic siting will be
designated 10 CFR Part 100, Appendix B. In addition, earthquake engineeri:g
criteria will be Tocated in 10 CFR Part 50, Appendix S. Since Appendix § is not
self initiating, applicable sections of Part 50 (§50.34, §50.54) are revised to
reference Appendix S. Also, Parts 52 and 100 (Paragraph 52.17(a)(1)(vi) and
Paragraph 100.10(c)(1)) are revised to note Appendix B to Part 100.

3 Jun 25, 199!
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IV. Alternatives

The first alternative considered was not to initiate a rulemaking
proceeding. This is not an acceptable alternative. Although the siting related
issues associated with the current generation of nuclear power plants are
completed or nearing completion there is a renewed sense of urgency to initiate
the proposed regulatory action in 1ight of the current and future staff review
of advanced reactor seismic design criteria. The current regulation has created
difficulty for applicants and the staff in terms of inhibiting flexibility in
applying bisic principles to new situations and the use of evolving methods of
analysis in the licensing process.

A second alternative considered was the deletion of the existing regulation
(Appendix A to Part 100). This is not an acceptable alternative since it is the
licensing bases for many of the operating nuclear power plants and others that
are in various stages of obtaining their operziing license.

A tnird alternative considered was the replacement of the regulation with
a regulatory guide. This is not acceptable because s regulatory guide is non-
mandatorv. The staff believes that there could be an ircrease in exposure to the
public if the siting and earthquake engineering .riteria were non-mandatory.

The present approach of revising the regulation was chosen as the best
viiernative, benefitting all. The public will benefit from a clearer, more
uniform and ronsistent licensing process subject to fewer interpretations. The
RRC staff will benefit from improved regulatory implementation (both technical
and legal), fewer ‘nterpretive debates, and increased regulatory flexibility.
Applicants will derive the same benefits in addition to avoiding 1icensing delays
due to unclear regulatory requirements. A revision to Appendix A would increase
the efficiency of regulatory actions associated with any resurgence of 1icen: ing
activity.

V. Mzjor Changes

The following are major changes associated with this rulemaking:

1. Level of Detail. The level of detail in the proposed reculations has
been 1imited. The proposed regulations identify requirements; detailed guidance,
hat is, procedures acceptable to the staff for meeting the requirements, have
een removed and placed in regulatory guides or standard review plan sections

2. Greater Flexibility. The proposed regulations provide a flexible

“ Jun 25, 1991
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structure that will permit consideration of new technical understandings and
state of the art advancements.

3. Interpretations. Changes have been made to resolve past questions of
interpretation. As an example, the definitions and required investigations
sections of the proposed regulations have been significantly changed eliminating
or modifying phrases that were more applicable to only the western United States.

4. Text Clarification. The proposed regulations use more explicit
terminology. For instance, the Safe Shutdown Earthquake (SSE) is now referenced
as the Safe Shutdown Earthquake Ground Motion (SSE). Associated changes within
the text highlight that the ground motion used as the design basis is not
associated with a single earthquake but a composite of many exvected eirthquakes.

5. Current practices will be reflected. The proposed re,ulations reflect
industry design practices and the associated staff review procedures that have
evolved since the initial regulation (Appendix A to Part 100} was issued in 1973.
Many of these practices and procedures were incorporated into the revision of
Standard Review Plan Sections 2.5.2, 3.7.1, 3.7.2 and 3.7.3 ascociated with the
resolution of Unrescived Safety Issue (USI) A-40, "Seismic Design Criteria.”

6. Seismic Sources. Better definition of seismic source types and
streamlined procedures for their use in specifying ground motion expected at a
plant site will eliminate what has been a major source of licensing delays.

7. Probabilistic Analyses. The use of probabilistic techniques will also
permit easier Londling of uncertainties associated with the process of defining
relevant seismic sources and ground motions associated with them.

8. Eliminating the many facets of the Operating Basis Earthquake (OBE).
The OBE is now only associated with the functionality of structures, equipment
and components. Previously, the OBE was also associated with a likelihood of
occurrence and a minimum percentage of tho Safe Shutdown Earthquake (SSE). In
some cases, for instance, piping, the multi-facets of the OBE made it possible
for it to have more design significance than the SSE.

3. Potential for Reduced Analyses. Applicants that choose to set the
Operating Basis Earthquake at one-thiry of the Safe Shutdown Ea: thquake Ground
Motion can satisfy OBE functionality requirements withocut performing any explicit
response analysis. Applicants have the option of selecting an OBE greater than
one-third the SSE; however, a suitable analysis and design shall be performed.

10. Required Plant Shutdown. The revised regulations state in Part SC,
consistent ~ith other conditions of Vicenses, that plant shutdown is required if
the Operating Basis Earthquake is exceeded. Specific guidance as to what

S Jun 25, 1991
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constitutes an OBE exceedance, thereby requiring plant shutdown is provided. In
additien, guidance for an orderly plant shutdown and the re-starting of a plant
that has been shut down due to earthquake ground motion is provided.

VI. Related Regulatory Guides and 3tandard Review Plan Section

The notice of availability of the following draft regulatory guides and
standard review plan section is being published elsewhere in this Federal
Ricister:

1. DG-1015, "Identification and Characterization of Seismic Sources.” The
draft guide provides genera) guidance and recommendatiuns, describes acceptable
procedures and provides a list of references that present acceptable
methodologies to identify and characterize capable tectonic sources and
seismogenic sources.

2. DG-1016, Second Proposed Revisnion 2 to Regulatory Guide 1.12, "Nuclear
Power Plant Instrumentation for Earthquakes.® The draft guide describes seismic
instrumentation type and location, opi . ability, characteristics, installation,
actuation, and maintenance that are acceptabie to the NRC staff.

3. DG-1017, “Pre-Earthquz«e Planning and Immeoiate Nuclear Power Plant
Operator Post-Earthquake Actions." The draft guide provides guidelines that are
acceptable to the NRC staff for a timely evaluaiion of the recorded seismic
instrumentation data and to determine whether or not plant shutdown is required.

4. DG-1018, "Restart of a Nuclear Power Plant Shut Down Due to a Seismic
Event.* The draft guide provides guidelines that are acceptable to the NRC staff
for performing inspections and tests of nuclear power plant equipment and
structures prior to restart of a plant that has been shut down due to a seismic
eveni.

5. Draft Standard Review Plan Section 2.5.2, Proposed Revision 3
*Vibratory Ground Motion.* The draft describes procedures to assess the ground
motion potential of seismic sources at the site and tc assess the adequacy of the
Safe Shutdown Earthquake Ground Motion seismic design.

VII. Future Regulatory Action

Several existing reguiatory guides will be revised to incorporate editorial
changes, or maintain the existing desian or analysis philosophy . These guides
will be issued coincident with the publication of the final regulations:

6 Jun 25, 1991
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1.29, "Seismic Design Classification"

1.57, "Design Limits and Loading Combinations for Metal Primary
Containment System Components*®

1.59, "Design Basis Floods for Nuclaar Power Plants*®

1.60, "Design Response Spectra for Seismic Design of Nuclear Power
Plants*®

1.83, “"inservice Inspection of Pressurized Water Reactor Steam
Generator Tubes"®

1.92, "Combir '~ Modal Responses and Spatial Compo ' 's in Seismic
Response Analy. ' *

1.102, "Flood Protection for Nuclear Power Plants®

1.121, "Bases for Plugging Degraded PWR Steam Generator Tubes®
1.122, "Development of Floor Response Spectra for Seismic Design of
Floor-Supported Equipment or Components®

The following regulatory guides will be revised to maintain existing design
or analysis philosophy, for instance, change OBE to 1/2 SSE:

1.27, "Ultimate Heat Sink for Nuclear Power Plants"

1.100, “Seismic Quulification of Electric and Mechanical Equipment
for Nuclear Power Plants*®

1.124, "Service Limits and Loading Combirations for Class 1 Liner-
Type Component Supports*®

1.130, "Service Limits and Loading Combinations for Class 1 Plate-
and-Shell-Type Component Supports®

1.132, "Site Investigations for Foundations of Nuclear Power Plants”
1.138, "Laboratory Investigations of Soils for Engineering Analysis
and Design of Nuclear Power Plants”

1.142, "Safety-Related Concrete Structures for Nuclear Power Plants
(Other than Reactor Vessels and Containments)*

1.143, "Design Guidance for Radioactive Waste Management Systems,
Structures, and Components Installed in Light-Water-Cooled Nuclear
Power Plants®

7 Jun 25, 1991
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During the revision of the regulatory guides cited above, if additiona) changes
are made, the applicable guide(s) will be distributed for public comment.

VIII. Finding of No Significant Environmental Impact: Availability

The Commission has determined under the Nationa) Environmental Policy Act
of 1969, as amended, and Lhe Commission’s regulations in Subpart A of 10 CFR Part
51, this rule, if adopted, would not be a major Federal action significantly
affecting the quality of the human environment and therefore an environmental
impact statement is not required. The amendmen: of Appendix A to 10 CFR Part 100
as stated in 10 CFR Part 100, Appendix B and 10 CFR Part 50, Appendix S reflect
current lTicensing practice and wili not change the radiological environmental
impact offsite. Further, the Policy Statemsnt on Severe Reactor Accidents
Regarding Future Designs and Existing Plants, published August 8, 1985 (50 FR
32138) affirms the Commission's belief that a new design for a nuclear power
plant can be shown to be accertable for severe accident concerns if the criteria
and procedural requirements cited in 50 FR 32138 are met. Onsite occupational
radiational exposure associated with inspection and maintenance will not change.
These activities are principally associated with seismic instrumentation. The
proposed amendments do not affect non-radiologiral plant effluents and have no
other environmental impact. The envir- \ assessment and finding of no
significant impact on wiich this ¢ ernivgl - is based are available for
inspection at the NRC Piblic Document "som. ) L Street, NW. _Lower Level),
Washington, DC. Singlz .cpies of the envirty _.cal assessment and finding of no
significant impact are avaiisble from Dr. Andrew J. Murphy, Office of Nuclear
Regulatory Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission,
Kashington, DC 20555, telephone (301) 492-3860.

IX. Paperwork Reduction Act Statement
This proposed rule does not contain a new or amended information collection
requirement subject to the Paperwork Reduction Act of 1980 (44 U.S.C. 3501 et

seq.). Existing requirements were approved by the Office of Management and
Budget approval number 3150-0093.

8 Jun 25, 1991
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X. Regulatory Analysis

The Commission has prepared a draft regulatory analysis on this proposec
regulation. The analysis examines the costs and benefits of the alternatives
considered by the Commission. The draft analysis is available for inspection in
the NRC Public Document Room, 2120 L Street, NW. (Lower Level), Washington, DC.
Single copies of the environmental assessment and finding of no signifi-ant
impact are available from Dr. Andrew J. Murphy, Office of Nuclear Regulatory
Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission, Washington,
DC 20555, telephone (301) 492-3860.

The Commission requests public comment on the draft regulatory analysis.
Comments on the draft analysis may be submitted to the NRC as indicated under the
ADDRESSES heading.

XI. Regulatory Flexibility Certification

In accordince with the Regulatory Flexibility Act of 1980, (5 u.S.C.
605(b)), the Commission certifies that this rule will not, if promulgated, have
a significant economic impact on a substantial number of small entities. This
proposed rule affects only the licensing and operation of nuclear power plants.
The companies that own these plants do not fall within the scope of the
definition of "small entities” set forth - the Regulatory Flexibility Act or the
Small Businessc Size Standard set out in regulations issued by the Small Business
Administration at 13 CFP Part 121.

XII. Backfit Analysis

The NRC has determined that the backfit rule, 10 CFR 50.109, does not apply
to this proposed rule, anc therefore, that a backfit analysis is not required for
this proposed rule, because these amendments do not involve any provisions which
would impose backfits as defined in 10 CFR 50.109(a)(1).

XIII. Electronic Format Submittal of Public Commerts

The comment resoluticn process will be improved if each comment is identified to
the document title, section heading and paragraph nurber to which it responds.
Commenters may submit, in addition to the original paper copy, a copy of the

9 Jun 25, 199]
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Tetter in an electronic format on IBM PC DOS compatible 3.5 or 5.25 inch double
sided double density (DS/DD) diskettes. Data files should be provided in ASCI!
code, IBM Revisable-Form-Text Document Content Architecture (RFT/DCA) format (if
formated text s required) or Wordperfect (including version 5.1).

XIV. List of Subjects in 10 CFR Part 50

Antitrust, Classified information, Fire protection, Incorporation by
reference, Intergovernmental relations, Nuclear power plants and reactors,
Penalty, Radiation protection, Reactor siting criteria, Reporting and
recordkeeping requirements.

AV. List of Subjects in 10 CFR Part 52

Administrative practice and procedure, Antitrust, Backfitting, Combined
license, tarly site permit, Emergency planning, Fees, Inspection, Limited work
authorization, Nuclear power plants and reactors, Probabilistic risk assessment,
Prototype, Reactor siting criteria, Redress of site, Reporting and recordkeeping
requirements, Standard design, Standard design certification.

XVI. List of Subjects in 10 CFR Part 100

Nuclear power plants and reactors, Reactor siting criteria.

For the reasons set out in the preamble and under the authority of the Atomic
Energy Act of 1954, as amended, the Energy Reorganization Act of 1974, as
amended, and 5 U.S.C. 553, the NRC is proposing to adopt the following amendments
to 10 CFR Parts 50, 52 and 100.

PART 50 ~ DOMESTIC LICENSING OF
PRODUCTION AND UTILIZATION FACILITIES

1. The authority citation for Part 50 continues to read as fo. Jws:

AUTHORITY: Secs. 102, 103, 104, 105, 161, 182, 183, 1P6, 68 Stat. 936,
937, 938, 948, 953, 954, 955, 956, 2s amended, sec. 234, B3 Stat. 1244, as

i0 Jun 25, 1991



W O SN W e W R e

W W MO N N R R P PN N A R bt e e e et el el e e e

amended (42 U.S.C. 2132, 2133, 2134, 2135, 2201, 2232, 2233, 2236, 2239, 2282);
secs. 201, as amended, 202, 206, 88 Stat. 1242, as amended, 1244, 1246, (42
U.S.C. 5841, 5842, 5846).

Section 50.7 also issued under Pub. L. 95-601, sec. 10, 92 Stat. 295] (42
U.5.C. %851). Sec. 50.10 also issued under secs. 101, 185, 68 Stat. 936, 955 as
amended (42 U.S.C. 2131, 2235), sec. 107, Pub. L. 91-190, 83 Stat. 953 (42 U.S.C.
4332). Sections 50.13 and 50.54(dd) also issued under sec. 108, 68 Stat. 939,
as amended (42 U.S.C. 2138). Sections 50.23, 50.35, 50.55, and 50.56 also issued
under sec. 185, 68 Stat. 955 (42 U.S.C. 2235). Sections 50.33a, 50.55a and
Appendix Q also issued under sec. 102, Pub. L. 91-190, 83 Stat. 853 (42 U.S.C.
4332). Sections 50.34 and 50.54 also issued under sec. 204, B8 Stat. 1245 (42
U.5.C. 5844). Sections 50.58, 50.9]1 and 50.92 aiso issued under Pub. L. 97-415,
96 Stat. 2073 (42 U.S.C. 2239). Section 50.78 also issued under sec. 122, 68
Stat. 939 (42 U.S.C. 2152). Sections 50.80 through 50-81 also issued under sec.
184, 68 Stat. 954, as amended (42 U.S.C. 2234). Section 50.103 also issued undar
sec. 108, 68 Stat. 939, as amended (42 U.S.C. 2138). Appendix F also issued
under sec. 187, 68 Stat. 955 (42 U.S.C. 2237).

For the purposes of sec. 223, €8 Stat. 958, as amended (42 U.S.C. 2273),
§§ 50.46(a) and (b), and 50.54(c) are issued under sec. 161b, 68 Stat. 948, as
anended (42 U.S.C. 2201(b); §§ 50.7(a), 50.10(a)-(c), 50.3¢ (a) and (e),
50.44(a)-(c), 50.46(a) and (b), 50.47(b), 50.48(a), (c),(d), and (e), 50.49(a),
50.54(a) (1), (1)(1), (1)=(n), (p), (3), (L), (v), and (y), S50.55(f), 50.55%a(a),
(c)-(e), (g), and (h), 50.58(c), 50.60(a), 50.62(c), 50.64(b), and 50.80(a) and
(b) are issued under sec. 1611, 68 Stat. 949, as amended (42 U.S.C. 2201(i): and
§§50.49d, (h), and (J), 50.54(w),(2z),(bb),(cc), and (dd), 50.55(e), 50.59(b),
50.61(b), 50.62(d), 50.70(a), 50.71(a)-(c) and (e), 50.72(a), 50.73(a) and (b),
50.74, 50.78, and 50.90 are issved under sec. 161(0), 68 Stat. 950, as amended
(42 U.S5.C. 2201(0)).

2. In §50.34, paragraph (a)(12) is added to read as follows:

550,34 Contents of applications: technical information.
‘.) - - *

(12) On or after [EFFECTIVE DATE OF THIS REGULATION] applicants who apply
for construction permits for nuclear power plants, as p*rtial conformance to

11 Jun 25, 1991
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General Design Criteria 2 of Appendix A to this part, shall i /iement the
earthquake engineering criteria in Appendix S of this part. Prior to [EFFECTIvE
DATE OF THIS REGULATION], applicable earthy ke engineering criteria for nuclear
power plants are contained in Section VI of Appendix A to Part 100 of this
chapter.

3. In §50.54, paragraph (ee) is added to read as follows:

550.54 Conditions of licenses.

(ee) For licensee's of nuclear power plants that ha.> implemenced the
earthquake engineering criteria in Appendix S of this part, plant shutdown will
be required if the criteria in Paragraph IV(a)(3) of Appendix S are exceeded.

- » - * -

4. #4d Appendix S to read as follows:

Appendix § -- Earthquake Engineering Criteria for Nuclear Power Plants

TEXT OF 10 CFR PART $0, APPENDIX § WILL BE INSERTED MERE

PART 52 - EARLY SITE PERMITS; STANDARD DESIGN CERTIFICATIONS:
AND COMBINED LICENSES FOR NUCLEAR POWER PLANTS

S. The authority citation for Part 52 continues to read as follows:

AUTHORITY: Secs. 103, 104, 161, 182, 183, 186, 189, 68 Stat. 936, 948,
953, 954, 955, 956, as amended, sec. 23/, B3 Stat. 1244, as amended (42 U.S5.C.

12 Jun 25, 1991
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2133, 2201, 2232, 2233, 2236, 2239, 2282); secs. 201, 202, 206, 88 Stat. 1242,
1244, 1246, as amended (42 U.S.C. 5841, 5842, 5846).

6. In §52.17, paragraph (vi) is revised to read as follows:

452,17 Contents of applications.

. L - v

(vi) The seismic, meteorclogical, hydrologic, and geologic characteristics
of the proposed site (see Appendix A or B, as appropriate, to 10 CFR Part 100);

- . - - -

PART 100 - REACTOR SITE CRITERIA
7. The authority citation for Part 100 continues to read as follows:

AUTHORITY: Secs. 103, 104 161, 182, 68 Stat. 936, 937, 948, 953, as
amended (42 U.S.C. 2133, 2134, 2201, 2232); sec. 201, as amended, 202, 88 Stat.
1242, as amended, 1244 (42 U.S.C. 5841, 5842).

8. In §100.10, paragraph c(1) is revised to read as follows:

(c) Physical characteristics of the site, including seismology,
meteorology, geology, and hydrology.

(1) On or after [EFFECTIVE DATE OF THIS REGULATION] applicants who apply
for construction permits fu. “uclear power plants shall implement the seismic and
geologic siting criteria in Appendix B of this part. Prior to [EFFECTIVE DATE
OF THIS REGULATION], applicable seismic and geologic siting criteria are
contained in Appendix A of this Part. Both Appendices A ind B describe the
nature of investigations required to obtain the geologic and seismic data
necessary to determine site suitability and to provide reasonable assurance that

13 Jun 25, 1991
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a nuclear power plant can be consiructed and operated at a proposed site wilhoyt
undue risk to *e health and safety of the public. They describe procedures for
determining the quantitatitsvﬁtﬁratory ground motion design basis at a site due
to earthquakes anc describes information needed to determine whether and to what L//’

extent a nuclear . .r plant need be designed to withstand the effects of surface
faulting.
* . . » *

9. Add Appendix B to read as follows:

- - * * -

Ammmn_-;mw‘mummmmmsnummm
TEXT OF 10 CFR PART 100, APPEXDTY B WILL BE INSERTED HERE

v * - L -

Dated at Rockville, Maryland, this - day of - 1991,

For the Nuclear Regulatory Commission.

Sammuel J. Chick,
Secretary of the Commission.

14 Jun 25, 1991
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DRAFT REGULATORY GUIDE DG-1015
IDENTIFICATION AND CHARACTERIZATION OF SEISMIC SOURCES

A.  INTRODUCTION

10 CFR Part 100, Appendix B, "Seismic and Geologic Siting Criteria for Nuclear
Power Plants,” requires that investigations and analyses be performed to
fdentify and evaluate tectonic structures underlying the site and the region
surrounding the site, whether buried or expressed at the surface, to determine
their seismic potential or their potential for causing surface deformation ¢
the site and, to what ertent the nuclear power plant needs to be designed r
these hazards. 10 CFR Part 50, Appendix A, "General Design Criteria for
Nuclear Power Plants,” General Design Criterion 2, *Design Bases for
Protection Against Natural Phenomena,® requires that structures, systems and
components important to safety shall be desinned to withstand the effects of
natural phenomena. This guide provides ¢ «¢ guidance ind recommendations,
describe: scceptable procedures and provide: « list of references that present
acceptable methodologies to identify and characterize capable tectonic sources
and seismogenic sources. Standard Review Plan 2.5.2 describes procedures to
assesses”the ground motion potential of these seismic sources at the site and
to assess the adequacy of theé Safe Shutdown Earthquake - .

s ——

——

L4

The following are definitions of terms used in this regulatory guide.

1. Seispi~ Source

A "Seismic Source" is a general term referring to both seismogenic
sources and capable tectonic sources.

/ \
2. 3eismogenic Soyrce o w rid

s | &7 A

. : :“A":'w ;*L,“,.}.'
A "seismogenic source® is a portion of tne earth!s crust/which is — )

considered to have uniform seismicity (same expected maximum earthquakeﬂN g
and frequency of recurrence) distinct from tw the - ‘

GEocag ol ——
surrounding area. A seismogenic source is no P d Yo cause surface
displacement. Seismo-genic sources cover a wide range of possibilities
from a well-defined tectonic structure to simply a large region of

1 Jun 26, 1991
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diffuse seismicity (seismotectonic province) thought to be characterized
by the same earthquake recurrence model .

A seismogenic source is also characterized by development and | f’?

characteristics of the current tectonic r.dime that is reflected in the

Quaternary (approximately the last 2 million years). 7‘; ‘;N”,\ef4;4:ﬁ
e haat .

o (SS 1V

3. Capable Tectonic Source ff'_;iu,,ﬁwm Sl Bt |

A "capable tectonic source® 1s a tectonic structure which can generate
both earthquakes and deformation such as faulting or folding at or near
the surface in the present seismotectonic regime, excluding seismically
induced soil deformation such as lTiquefaction features. It is
characterized by at least one of the following characteristics:

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

(b) A reasonable association with one or more large earthquakes which
are generally accompanied by rignificant surface deformation.

(¢) A structural association to a capable tectonic source according to
characteristics (a) of this paragraph such that movement on one
could be reasonably expected to be accompanied by movement on the
other.

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

Notwithstanding the foregoing paragraphs, structural association of a
structure with geologic structural features which are geologically old (at
least pre-Quaternary) such as many of those found in the Eastern region of the

2 Jun 26, 1991
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United States 11, in the absence of conflicting evidence, demonstrate that
the structure i. 1ot & capable tectonic source within this definition.

4. Stable Continmenta) Region

A "stable continental region* (SCR) is comprised of continental crust,
including continental shelves, slopes and attenuated continental crust. [t
excludes active plate boundaries and zones of currently active tectonics
directly influenced by plate margin processes. It exhibits no significant
deformation associated with the major Mesozoic-to-Cenozoic (Tast 240 million.
years) orogenic belts. It excludes major zones of Neogene (last 25 million
years) rifting, volcanism or suturing.

. Safe Shutdown Earthouake

The "Safe Shutdown Earthnyake Ground Motion® is the vibratory ground motion
for which certain st uctures, systems, and components shall be designed to
remain functional.

6. Characteristic Earthquake

Characteristic earthquakes are defined as those earthquakes that are
characteristic for a particular area or fault zone. It is observed that seg-
ments (sections of a fault or faults that fai) during individual earthquakes)
of some fault zones fail repeatedly with earthquakes of similar size and in a
similar manner. These earthquakes of similar size are called tharacteristic
earthquakes, and the characteristic earthquakes are commonly associated with a
recurrence interval that can be determined directly from seismic,
paleoseismic, and geological data.

7. Expect.d Maximym Earthouake (EME)

An "expected maximum earthquake® (EME) is the largest eai'thquake that can
reasonably be expected to occur in a given seismic sourci. The EME is not
necessarily associated with any given return period. Considerable Judgment is
involved in est ‘mating the magnitude of the EME.

3 Jun 26, 1991
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8. Random farthquakes

\(AO‘Q“ v ok

e P0B oWy Aa ‘3\\V

/\b‘}v\
Randz:/‘:;;;;;:kes are defineq)as those carthquakcs that are not identified
with)seismic sources. They ‘ro.sometinegkreferred to as "floating earth-
Quakes."” Thi:(estimaté’of 2arthquake hazard,is also referred to as background
seismicity and\is commonly not related to specific faults.

e——————

m——

s et

earthquake can be assigned tc these zones.
often determined from historical seismicity and/or by comparing an area tv a

Random earthquake magnitudes

T;‘;;;;’;riiit*i”'ifTi1ly stable continental region (SCR) areas, seismic zones

can be delineated, put the causative seismogenic structures camnot. A random

are .

- similar source area for which the seismic hazard is better known. Random
- earthquakes are usually small to moderate in size and can occur anywhere in a

region or area. The larger random earthquakes can have magnitudes in the
range of 5 to 6.5, depending on seismotectonic settings. Since the
gngggbility of the random earthquake occurring d1roctl! under a specific
is,low, the earthquake is sometimes assigned to otcurﬁuithin 2 prescribed

distancc fron the sitt (tre—3blm) .
B WO /> L..\

B. DISCUSSION

5kt Shut s Eantpks

/‘,u/) M(Mqo M‘ec’(""w ‘I»_»

=

Thip§S£/1s compired to the expected ground motion from potential future
earthquakes around the site of interest.
site from each source depends upon thc magnitude of the expected maximum

earthquake, distance between

The estimated ground motion at

site

the

and

the site, earthquake source parameters such as type of mechanisms, stress
conditions (e.g. static and dynamic stress dreop), rupture velocity, etc.,
transmission path, radiation pattern and possible directivity effects and

The role of seismic sources is to define
where the futurc earthquakes are likely to occur, and prevides some acceptable
bases to characterize their source parameters, including EME's.

local site soi! and rock conditions.

The type, quality and quantity of data needed depends upon the ground motion
models deemed most appropriate and particularly for each seismogenic source.
In thc active regions. ft is Tikely that more of the data will be available

‘*C&/

«
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than in the SCR. In active tectonic regions the focus will be on the
fdentification of both capable tectcnic sources and seismogenic sources.

In the SCR east of the Rocky Mcuntains seismogenic source zones play a
significant role because of the inability to correlate earthouake activity
with known toctoa(fff?ructuro Some seismogenic source zones have been
identified in the SCR (i.e. eastern Tennessee, Charleston and New Madrid) but
specific tectonic structures have not been defined.

2. Deterministic and Probabilistics Analyses

6. ¥lma reLn ' wtiom — "’1_\,
The revised A’poad+i~l states that both deterministic and probabilistic | &
evaluations shall be considered; that is because both approaches huve thefv-£ '4 *’ﬁ
strengths and weaknesses. The identification of seismogenic sources for both
deterministic and probabilistic evaluations of the SSE follow similar paths. ’7%ﬂa,
The main difference between the two approaches is that in the probabilistic , j' /
approach, particularly in the SCR, alternative sources are explicitly modeled ’*/LL
and an attempt is made to include alternatives in the final assessment. |In
the deterministic approach alternatives are also evaluated, but alternatives
that are considered highly unlikely are eliminated from further evaluation.
A dual approach should be used in areas where significant uncertainty exists

about the configuration and characterization of the seismogenic sources.
AN TUn an SeeAhtin 5

\__/——*//

3. Seismic Sources
&. Capable Tectonic Source
(1) General

werq v MRT o0

A capable tectonic source is defined inl@ppcndix B as a tectonic structure
that can generate both earthquakes and deformation such as faulting or folding
at or near the surface in the present .eismotectonic regime, excluding
seismically induced soil deformation such as liguefaciion features. Except
for several regions such as Chairlevoix, Quebec, esstern Tennessee, Charleston,

South Carolina, and the New Mad-id Seismic Zone, seismicity t?‘::stcrchrorth

America is relatively diffuse. In most of the eastern U.5. tectonic
structures at seismogenic depthb-ov«!!ﬁm%.u, apparently

5 Jun 26, 1991
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1 bcur%po relationship to tectomic structures exposed at ground surface. Young

? faults either do not extend to .cztéa surface or there'is insufficient

3 geologic material of the appropriate age available to date the faults.

4 Seismogenic faults are not always exposed at ground surface in the western

5 U.S. as demonstrated by the blind reverse sources of the 1983 Coalinga and

¢ 1988 Whittier Narrows earthquakes. These factors emphasize ‘he need to not

7 only conduct thorough investigations at the ground surface but also to

3 fdentify structures at seismogenic depths to the extent possible

9
10 Investigations of the site and region around the site are necessary to
11 identify capable tectonic sources and determine their potential for generating
12 earthquakes and for causing surface deformation. Where it is determined that
13 surface deformation need not be taken into account, sufficient data te clearly
14 Justify the determination should be presented in the license application. The
15 level of detail of investigations should be governed by the current and late
16 Quaternary tectonic regime and the geological complexity of the site and
17 region. A detailed geological investigation including the potential for
18 surface deformation should be carried out within a radius of 5 miles (8 km)

5 around the site. A thorough but Tess detailed investigation should be accom-
20 plished out to a radius of 25 miles (40 km). The regional investigations
21 should extend to a radius of 200 miles (320 km). The area of detailed
22 geological investigations may be larger than a 5-mile radius in regions of
23 late Quaternary activity or historical seismic activity (including
24 instrumental data) or where a site is located near a large capable tectonic
25 source such as a fault zone.
26
27 Regional and site information needed to assess the integrity of the site with
28 respect to potential ground motions and surface deformation caused by capable
29 tectonic sources include determination of: (1) the lithologic, stratigraphic,
30 hydrologic, and structural geologic conditions of the site and the area
3 surrounding the site, including its geologic history; (2) geologic evidence of
32 fault offset or other iistortion such as folding at or near ground surface at
33 or near the site; and (1) determination of whether or not any faults or other
34 tectonic structures any part of which are within a radius o 5 miles (Bkm) are
is capable tectonic sources. This information will be used to evaluate tectunic
36 structures underlying the site, whether buried or expressed at the surface,
37 with regard to their potential for causing sur‘ace deformation at or near the

6 Jun 26, 1591
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1 site. The evaluation should consider the possible effects caused by huran

2 activities such as withdrawal of fluid from or addition of fluid to the

3 subsurface, extraction of minerals, or the loading effects of dams or

A reservoirs.

S

3 To identify and characterize the hazard of a capable tectonic source the

7 following information is needed:

& dJ%?*MﬁlﬂV)

9 (a) The tength of the structure.
10
11 (b) The strike and dip of that structure including, if possible, its
12 geometry within the seismogenic zone and the orientation of regional
13 and local tectonic stresses.
14
15 (c) History of Quaternary (last 2 million years) displacements such as
16 age of last offset and previous displacements, estimated magnitudes
17 per of “set (i.e., characteristic earthquake), rupture length and
18 estimate of rupture area per event, recurrence intervals (including
19 the occurrence of temporal clustering), slip rate, and displacement
0 history or uplift rates of seismogenic folds.
21 e
22 (d) Relationship of the fault to regional tectonic structures.
23 -
24 (e) The possibility of favlt segmentation, both along strike and down
25 dip through the seismogenic zone, with the bases for defining the
26 segmentation points included.
27
28 (f) Seismicity associated with the structure.
29
30 (2) Wmmmmmmkﬂﬂ—mw
3 preliminary Information
32

33 Planning of site and regional investigations and the interpretation of
34 data require a thorough understanding of the geology and seismology of
35 the site. This understanding can be obtained by field reconnaissances
16 and reviews, either pre-eding or accompanying the actual field studies,
37 of available documents and results of previous investigations. In most

7 Jun 26, 1991
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cases, a preliminary study of the regional and site geology and
seismicity can be done by reviewing current and historical documents,
inciuding aerial photographs, satellite imagery and cther remote-sensing
imagery and earthgquake catalogues. Possible sources of fnformation may
include:

(a) Geology, geophysics and engineering departments of state and local
universities,

(b) State government agencies such as state geological surveys,

(c) U.S. Government agencies such as the U.S. Geological Survey and the
U.5. Army Corps of Engineers,

Topographic maps,
:0logic and tectonic m _s, particularly those showing Quaternary
ratures, geoph © ps, structural geology maps, engineering
:0logy maps, so1. -wi vey and hydrogeologic maps,

(f) Geological and geophysical cross sections,

(g) Seismicity catalogs, including maps and cross sections, and
historical earthquake records,

(h) Geologica. reports and other geological literature,

(1) Geotechnical reports and other geotechnical literature,
(J) Water well boring information and water supply reports,
(k) 011 and gis well recorcs,

(1) Mining history, old mine plans and subsidence records,

(m) Newspaper records of geological phenomena such as earthquakes,
landslides, floods, subsidence and other events of geologic or

8 Jun 26, 199]
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geotechnical significance,
(n) Records of performance of structures in the vicinity, «nd

(o) Personal communication with local inhabitants and local
professionals.

(3) Regional and Site Investigations

Geological investigations are typically evolutionary. As information is
obtained, the next phase of the investigation is planned based on that
information. The investigator moves from one level of knowledge to the next.
Therefore, it is not possible in the beginning to provide guidance that will
cover every situation. Many of the procedures listed below will not be
applicable to every site. Likewise, situations will occur requiring investi-
gations which are not included in the following list, and the state-of-the-art
in the geosciences will develop newer technologies. These methods are
suggested but they are not all-inclusive and investigations should not *-
limited to them.

; - ﬁ_kaﬁaid_,&w&& [ty _ .
B B e R T / /J e p= 1

”7!‘\\‘; /
Investigations should include detailed surface and subsurface exploration of

the site area within a radius of five miles. Less detailed studies may be
required out to a radius of twenty-five miles. Additional cetailed investi-
gations in arcas more remote to the site area may be required to complete the
geologic evaluation of the site or te conduct detailed investigations of
significant capable tectonic sources beyond the 5-mile radius. After
fdentifying the surface expression of a capable tectonic source it fis
necessary not only to determine the age of last activity on that structure,
but also to estimate its history of Quaternary displacements for use in hazard
characterization analyses.

P et o
e . — —

Surface exploration needed to assess neotectonic conditions of the site area
geology is dependent on the site lTocation and may be carried out with the use
of any appropriate combination of geological, geophysical, seismological and
geotechnical engineering techniques. Capable tectonic sources are manifested
at or near ground surface, tncrefore, by utilizing the following methodologies
that are applicable to a specific site, even the most subtle evidence of

9 Jun 26, 199]



surface deformation can likely be identified.

(3)

(b)

(c)

(d)

()

Detailed mapping of topographic, geclogic, geomorphic and hydrelogic
features at scales and contour intervals suitable for analysis, par-
ticularly Quaternary stratigraphy, surface tectonic structures such
as fault zones, and Quaternary geomorphic features. For offshore
sites, coastal sites, or sites located near lakes or :.vers this
includes topography, geomorphology (particularly mapping marine and
fluvial terraces), bathymetry, geophysics (such as seismic
reflection), and hydrographic surveys to the extent needed for
evaluation,

Detailed geological interpretations of aerial photographs and other
remote-sensing imagery, as appropriate for the particular site
conditions, to assist in identifying rock outcrops, tectonic
features, soil conditions, evidence of past landslides or soil
Tiquefaction, faults, fracture traces, geologic contacts, and
lineaments.

Identification and evaluation of vertical crustal movements by: (a)
geodetic Tand surveying to identify and measure short term crustal
movements, and (b) geological analyses such as anmalysis of regional
dissection and degradation patterns, marine and lacustrine terraces
and shorelines, fluvial adjustments such as changes in stream
Tongitudinal profiles or terraces and other long term changes such
as to lava flows, etc.

Analysis of stream profiles such as the upstream migration of
knickpoints.

Analysis of offset, displaced or anomalous landforms such as
displaced stream channels or changes in stream profiles, abrupt
changes in fluvial deposits or terraces, changes in paleochannels
across a fault, or uplifted, downdropped or laterally displaced
marine terraces.

(f) Analysis of Quaternary sedimentary deposits within or near tectonic

0 Jun 26, 1991
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(9)

(h)

(1)

zones such as fault zomes: (a) fault related or fault controlled
deposits including sag ponds, graben fill deposits, and colluvial
wedges formed by the erosion of a fault paleoscarp, and (b) non-
fault related, but offset deposits including alluvial fans, debris
cones, fluvial terrace and lake shoreline deposits.

Identification and analysis of deformation features caused by
vibratory ground motions including seismically induced iquefaction
features (sand boils, explosion craters, lateral spreads,
settlement, soil flows), mud volcanoes, landslides, rockfalls,
deformed lake deposits or soil horizons, shear zones, cracks or
fissures.

Estimation of the ages of fault displacements by analysis of the
morphology of topographic fault scarps associated with or produced
by surface rupture. Fault scarp morphology is useful in estimating
age of last displacement, approximate size of the earthquake,
recurrence intervals, slip rate and the nature of the causative
fault at depth.

Listing of all historically reported earthquakes which can
ressonably be associated with capable tectonic sources any part of
which is within a radius of 200 miles (320 km) of the site,
including date of occurrence and the following measured or estimated
data: highest intensity and a plot of the epicenter or region of
highest intensity, magnitude, hypocenter location, focal mechanisms,
stress drop, crustal velocity model, etc. Historical seismicity
includes both historically repnrted and instrumentally recorded
data. For purposes of this regulatory guide the magnitude and
epicenter values should be determined. For historically reported
data, intensity should be converted to magnitude and epicenters
shall be determined based on 1nteq;l£§ cont ::; The lptensity data
should be preserved and the ’\convertedﬁto magnitude
should be clearly documented.

Subsurface investigations that should be accomplished in the site area or
within the region to identify and define capable tectonic sources may include:

11 Jun 26, 1991



(a) Geophysical investigations such as ground penetrating radar, air or
ground magnetic and gravity surveys, borehole geophysics, etc. and
seismic reflection or seismic refraction surveys.

(b) Core borings to map subsurface geoiogy and obtain samples for
€—— testing such as age dating. -

(c) Excavating and logging trenches across geological features as part
of the neotectonic investigation and to oStain samples for age

10 dating those features.

i1

12 An important part of the geclogic investigations to identify and define
13 capable tectonic sources is the age-dating of geologic materials. The
14 following techniques are useful in dating Quaternary deposits:

15

L I T R

14 (a) Radiometric Dating Methods: Carbon 14, Potassium-Argon, Uranium
17 Series methods, Fission Track, Thermo-luminescence (TL), and

18 Electron-spin Resonance (ESR).

19

20 (b) Other Quantitative Numerical Methods: Paleomagnetism, Thickness of
21 Weathering Rind on Clast Margins, Cation-ratio Dating of Desert
22 Varnish, Tephrochronology, Amino-acid Racemization, Lichenometry,
23 Soil Profile Ages, and Dendrochronology.

24

25 (c) Relative Age Dating Methods: Relative Degree of Soil Profile

26 Development and Relative Degree of Weathering of Clasts in

27 Sedimentary Deposits.

28

29 The above appropriate investigative procedures should also be applied, where
30 possible, to define offshore structures (specifically faults or fault zonmes,
n but also including folds, uplift or subsidence related to faulting at depth)
32 adjacent to coastal sites or those sites located adjacent to landlocked bodies
33 of water. Investigations of offshore structures will rely heavily on

34 seismicity, geophysics and bathymetry rather than conventional geologic

35 mapping methods which can be used effectively onshore.

36

37
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(4) Distinction Between Tectonic and Nontectonic Deformation

In past licensing activities surface displacements caused by phenomena other
than tectonic phenomena have been confused with tectonically induced faulting.
Such features include faults, the last displacement of which was induced by
glacfation or deglaciation, collapse structures such as found in karst
terrane, and growth faulting such as occur? in the Gulf Coastal Plain or in
other deep soil regions subject to extensive subsurface fluid withdrawal. i1
of these phenomena can pose a substantial hazard to nuclear power plants;
however, the di ferences between them and capable tectonic structures shoul
be identified and documented. Glacially induced faults generally do not
represent a deep seated seismic or fault displacement hazard because the
conditions that created them are no longer present. However, residual
stresses from Pleistocene glaciation may stil) be present in glaciated regions
although they are of less concern than active tectonically induced stresses.
These features should be investigated with respect t2 their relationship to
current in-situ stresses.

,/‘

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

Large, naturally occurring growth faults as found in the coastal plain of
Texas and Louisiana can pose a surface displacement hazard even though offset
most Tikely occurs at a much less rapid rate than that of tectonic faults.
They are not regarded as having the capacity to generite damaging earthquakes,
are easily identified and can be avoided in siting, and their displacements
monitored. Antithetic faults related to growth faults are sometimes not
easily identified; therefore, investigations described above with respect to
capable tectonic faults and fault zones should be ajplied to large scale
growth faults. Local human-induced .uwth faults :an be monitored and
controlled or avoided.

b. Seismogenic Source

A "seismogenic source® is a portion ur the earth's crust which is considered
to have uniform seismicity (same expected maximum earthquake and frequency of

13 Jun 26, 1951
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icurrence) di“tinct from the seismicity of the surrounding area. Seismogenic
sources cover a wide range of possibilities from a well-defined Qectonic
structure to simply a large region of diffuse seismicity (seismotector ;¢
province) thought to be characterized by the same earthquake recurrence mode).
A seismogenic source is not expected to cause surface deformation. A "capable
tectonic source® on the other hand, 12 a fault o tructure that is Judged
capable of both generating earthquakes and caus? urface displacement .
Reconnaissance investigations and regional and sy.. Investigations needed to
identity seismogenic sources are the same as those used to identify capable
tectonic scurces. However, site investigations will rely more heavily on
subsurface methods such as geophysics than on surface methods.

4. leisnic Sources and Predicting Future Seismicity

a. crelation uf seismic Sources and ﬁgtgbgligg;

Section B above provides information on dcceptable methods for
identifying potential earthquake sources and Quantifying recurrence intervals.
This s ction discusses the relationship between earthquake sources, recurrence
rate: and earthquake magnitudes. The most dccurate earthquake-tectonic
structura) éssociation is possible when the ground is ruptured during the
earthquake (capable tectonic source) and there are good records of foreshocks,
the main shock, and aftershocks from which fault mechanisms and hypocenter
locations can be calculated as well as information on the fault surface itself
such as orientation, attitude, area, stress drop etc. Even in the western
U.S. where coseismic surface faulting 1s common, it is unusual to have al} of
this information available rg%ﬁ:gjng d specific earthquake. In the eastern
and central U.S. (SCR) data fs“jimited to relatively poorly located

hypocenters and focal mechanisms w+th"ttvETIT”UTfferen¥—+nterpco&4&4on¥T4L’”'/7

In regions of low seismicity scch as the SRC, future seismicity can occur on a
stracture with no priviousiy recognized e
earthquake can occur on a fault with very
intervalg§ Future seismicity can occur by reactivitation of previousiy
unrecogni or inactive structures by new, amplified or changing stress
environme:tf or development of new plate-stress Jomains asse-iated with
intraplate crustal and upper plate motions (ductile shear Zones, rifts, or

/
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hotspots).

Precursors of moderate 1o lirge sarthguakes have besn extensively studied
and quantified using probabilistic models and statistical analyses,
!nterpre;i\g:gnrzbqunke precursors reliably requires nodnls;gl,;hg_fynpamental
tectonic processes—that create the earthquagg.tOUrces Adequate and
acceptable models are not yef‘tuaiitb?i-<nor #re understandings of Intraplate
tectonic processes ;nd—cv:ilablo data ad‘uuaﬁo\xg assess causative models or
describe sourtes oﬂpmﬂthuy hm mmuw"n of
certainty. The problems are most acute in the SCR. tut’:?h?*irsarobleus also
ex?¥t in Lhe western S

B. Fault Ruptyre and Seismicity

Fault models that relate rupture geometry to earthquake magnitude are
based on empirical and theoretic 1 relations between area of fault rupture,
average fault slip and earthquake magnitude. From this information, it is
possible to predict large-scale deformation patterns. There are two types of
fault qeometry-earthquake magnitude methodologies: rupture length to
magnitede (an empirical correlation between the surface rupture length during
an event and the magnitude of the event) and seismic moment (approximate
Tinear relation between magnitude and rupture area). Seismic-moment-can—also
ba_retated-to-stressdrop——Seismic moment studies predrct the extent of
ruptureatongthe fauls.

The potential rupture area can be predicted by knowing the following
fault characteristics: 1=ngth, shape, depth, orientation, area, amount of
slip on rupture surface, recurrence interval and history of the source
structure. The Tength, shane and surface orientation are determined from the
topography or bathymetry. The depth and subsurface orientation are determined
geophysically (seismologically and by seismic reflection profiling). The area
of slip is defined after a coseismic rupture based on the length of surface
offset, the extent of the seismically active zone during rupture, and the
depth of the hypocenter.

These characteristics are not always easy to obtain in parts of the
western U.S., where surface rupture recurrence intervals ex:eed the historic
seismic racord. To determine potenfial rupture areas for apparent inactive
sources, the geometry of thefzﬁoe¥4ve rupture should be estimated. This
inactive section of the fault is then used to segment the fault zone into

15 Jun 26, 1991
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discrete lengths assumed to rupture Coharently. A percentane feetor of the

1
2 total fau\c'lcngth can also be used to estimate rupture lg%gth. for example,
3 1/2 or 1/3% Deeuczoaeo_4atervcls\cnn_hg\gglgylnlnd_ta01rﬁ+t§or+c-sgis-ic3ty
4 ~and/or paleaseismieity,
5 In seismic regions, resolution of the seismic potential depends on a
¢ combination of detailed seismologic information, experience with past earth-
7 Quakes and reliable geulogic mapping of potentially activesfgaiikfboThe
£ methods to be employed depend to a great nxti:fbyn the Qeolggiffl__’-’;f;*4£%z¢n1«2j
9 characteristics of the region, MMUK about the composition '
10 and fabric of the crustal lithosphere beneath the region and specific site
11 based on lew-resolution geophysical data, and comparisons with similar
12 features elsewhere. ’
13 WWWW ased
14 on qualitative percepticns of possi!ﬂlbgﬁewda ~
15 is sp;;scr~”ﬂ6§5;ér, the state-of-stress of a specific region, ifﬂjg:gga bet .
16  determined, gan-provide quantitative 1imits on effective stress relea “:ff#ksbd
17 Ao _improve the ability tepredict recurrence intervals and detérmine
18 ";:;E““!Qg:;f“d" for tectomic structures, more informatio th respect to
19 the follow 15 required: (1) a better understlndigg,cf’toctonic processes
20 and thewr relat ship to the generation of earthquakes; (2) a refinement of
21 age dating techniqu;}\(gr the Quaternary/peffia; (3) a more complete
22 earthquake historic reci?l\ng pglno{if}uic record; (4) the cevelopment of
23 quantitative landform anal;sci“i&thggs; (5) higher resolution of geophysical
24 techniques; (6) neq/1a11iit into crusft$\sttucturc; (7) increased
25 understandi ,of’i;tcrial properties and rheology of the earth's crust; and
26 (8) statistical methods for evaluating divergent prob istic estimates of
27 essth sctence experts i
28 _
29 5. Expected Maximum Earthquake Evaluation g;j;vf”
30 ; L\ S P 1/:
31 a. Genera) “opeAla SSE s Tn.
12 - |
33 Expected maximum earthquakes (EMEs) should be assessed fod each of the seismic
% sources '(capable tectonic sources and seismogenic sources). A Crittoelview-is
35 that maximum earthguakes are not random events end the historie record 13 an
1% thadequate TItT base for o valid statisticel and probabilistie ens*3TE,
37 “therefore, 3 deterministic evalualion is more appropriate. Another vies is

16 Jun 26, 1961
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thet décause of uncertainties in the nature and location of future
earthquakes, SETSWIC risk cannet be expressed tn deterministic terms and
greater-reliance should be plated on probabilistic analyses. EMEs are used in
the deterministic assessment, and, with associated uncertainties, in the
probabilistic assessment. Several of the following approaches should be used
for each seismic source and for each approach alternatives should also be
considered —Becsuse-each of these magnitude estimation approaches is subject
to uncertainties due to the Timited historical earthquake record and available
geotogteal Informition, uncertainties and subjective judgements shoutd be-
acknowledged in these assessments.— The preferred megnitude estimetes ave
those that are best substantieted by the available data; however, the use of
luliinll—lpottichtt"iﬁll:ﬁssess the uncertainties in the EME estimates and
identify parameters which could be studied further.

(1) One approach is to consider the maximum historical earthquake
a.sociated with the fault, structure, or province. The maximum
historical earthquakes have commonly been used as a lower bound for
EME estimates. Jecause the historical record is usually short, the
pattern and rate of seismic activity may suggest that an EME larger

than the maximum Mstoricn cwhquake shﬂli_ be con ~itiz‘r'od‘. s

<o .

(2) The paleoseismic approach is essentially an extension of the
historical record by identifying and characterizing prehistorical
carthquakes. The paleoseismic observations could be 2%ong the
seismic source or ‘n adjacent areas that have been affected by
paleoseismic events. Thesz studies provide 1nforlation that can be
used to estimate the EME. \_egrtuza~¢x (

(3) Another approach to estimaling the EME is based on the physical
characteristics of the capatie tectonic source or seismogenic
source. Ar EME may be bas:d on fault parameters such as surface

(4) The relative comparison approach compares the seismic source with
similar seismic sources. This approach extends the limited

17 Jun 26, 1991
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seismicity and geological data available for the seismic source.
The basis for the comparison must be established, such as tectonic
regime, type of displacement, fault length or size of the
seismotectonic province. Relative comparisons are commenly used as
corroborative evidence to EMEs estimated by other approactes.

——

For active tectonic regions all 8?”%3; a‘gve methods can be :giiied However |

in the SCR the problem of determination of the appropriate

to use

for the SSE is more difficult. In the SC: a number of significant tectonic

structures exist which could be considered as se.smogenic sources.
no clear procedure to follow to characterize the EME magnitude to associzte

T

here is

with such pcisible seismogenic/tectonie sources. First, it 1s most likely 'fA:“I‘
that the determination of the seismogenic nature of the source wil' be :[;*._

inferred rather than oemenstrated by strong correlations with seismicity

and/or geologic data. In fact, if such strong correlations and/or data exist, ﬁ.p

then approaches used for active tectonic regions can be applied.
historical record and judgment play key roles. The approach used
rharacterize the EME for the SSE for a deterministic -odel can be

\ significantly different than for a probabilist!c mode] . s

e ‘,N 37

Ons-possible upperhound fo

j=2” —— S
1d be based on the size of theltectonic structure. However, such

The

t L
0 5P
A ,: '
Lok
4
b

in-the-SCR /'~

correlations based on active tectonic regions are not applicable for SCR as
the teéihqic structures of interest were developed under g/totaily different
tectonic reﬁ‘ln than the present regime. The pr!t!/}wfigill is characterized
by s ability, ?i(\scisaicity and very low rate. of deformation and thus the

size of tectonic s
future earthquakes.
appropriate magnitude for
SSE in the SCR. Factors that

P
1. Maximum historjca) €arthquake #ssociated with the structure.

2. Pattern a

'

ture is not 1nd1cattg,f§? maximum magnitude of potentia’
sidersble Judga.ﬂf 1s required to estimate the

e oarthqdak;'to be used for the development of the
ipportant in estimating the EME include:

of seismic activiy
3. Neotect (post-Miocene or about 5-miTijon years and younqer)
dev nt and characteristics of the sourc

. Kgfrent stress regime.
§ Palecseimic data. lwwl W

=, /((/l./‘\ /w
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1 For the most significant seismogenic source zones, {.e., those zones which

2 make a significant contribution to the SSE, additional information should be

3 developed for instrumentally determined earthquakes such as focal mechanism,

4 stress drop, etc., which would be useful in assessing the ground motion from

5 earthquakes occurring in the seismogenic saurce zone.

é

7 Am&miu uismoaic 2one configur atio}g,ﬂmdd be assessed and the

£ dppropr Ju#atrd!vmmtﬁ aodress Wiy certein zomes are to - ‘s rejected if

9 they could lead to a larger SSE. N 4-»1 aor. 10 4’,[,‘ T
” ;: MK{;A& -,nu#'/W
11 b. Deterministic Analvses S - /
12 gl ( 'LM ) .,L e\
13 (1) Appendix A 10 CFR Par¢ 100 Methodology b buwsvess of Ferton
. el ph Prcse
is The investigations and analyses required bfyﬂkpcp‘:‘ ix A 10 CFR, Part 100 “"’”“"\ .
16 are entirely deterministic studies. A methodology has been developed over the
17 past two decades that is in relative accordance with that d..ment.
18 Probabilistic methodologies (LLNL, 1986, EPRI, 1986) have bven developed since
9 '.'he..t,:\:, However, continued use of deterministlc ntho&olo‘aies is stil)
20 mzet due to the hrge in results bo%nu-t».o pro"abﬂistic
21 methodologiess™ “=' e o upprep . et “""’ ] v Yo oo @ alonel T fomhi,
22 The first step in detemining the SSE and EHE deterministirally is to
23 identify earthquake sources. This is accomplished by: (1) identifying and
24 analyzing all significant urth $ within 2 racius of 200 miles of the
45 proposed site; (2) identifying significant Mtrnctuns within a radius
26 of 200 miles of the site; (3) if possible correlating srismicity with tectonic
27 structures; (4) if it isn't possible to associate earthquakes with tector ic
28 structures defining sefsmotectonic provinces; (5) determining the maximum =
29 earthquake (EME) for each source--(2) for seismotectonic prov.nces, this is L v
30 the maximum historic earthquak: or the maximum earthouake estimatyd frow
3 paleoseismic information, and (b) for tectemdc structure thi. '+ the maximum
32 earthquake that the structure is capable of generating based on its
3 characteristice (Tength, ares, seamentation, rupture Tength, offset per event
3 etc.) The next step 14: deterninir« the sile ground motions by: {1, assum...g
35 that the maximum nrtt;pako on 2ach ‘nurce (lectonic st.uctures and

6 seismotectonic provinces) can Jccur at the closest approach of that scurce to

37 the site /for the host tectonir province the & earthguake will be a.swaed to

19 ou 6, 1991
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occur near the site 1 J(2)(a) estimating largest or contrplling ground motions
using intensity-acceleration relationships or lagnitudt-aé?;feration
relal ionships ﬁmmwmmnmmmde

1

2

3

4 -1.§n1,¢au¢+or-(b) selecting earthquake information from a larger data base
5 | (worldwide) from earthquakes of similar sizes as the EME's and located a
6

7

8

-

similar distance from recording stations founded on similar foundation
| conditions and developing spectra from plots of these data (current practice

\

! uses the B4th percentile as SSE ground motions). (See SRP S-ction 2.5.2 for

\\gsf:jlrf_gifcussion of ground motion determination) 'uc44%~°?’ A ;;“«’
10 e ik, 4&&&1_;4\ (o Coe G¥ 252
11 (1) Historic Seismicity : P N v
12 A;é\_;lig_ggnr:nuznno-+ee+snot!tt6”Tt province) is a broad rc;/tﬁ/i is

13 holievod\(p be characterized by relatively uniform seismicity t,;a the

14 standpoint expected maximum earthquake and carthquake t;eﬂ?ronco Seismic
15 source zone comcepts are applied in the eustern and central U.S. because it is
16 as yet not possible to correlate earthquakes with specific tectonic

17 structures. A basic\}i\umption of this concept 4/’that future patterns of

18 seismicity will be similar to those of the,;i%t which is the primary basis

19 for a given seismic source zbug\\ 7~

21 Much of the assessment o” ;lfs§¥s\sonrco zones in the SCR is based on
22 historic seismicity. vavg,rf’ns statei\i:clior. studies of the historic

23 seismic record"%?i“ﬁnquqﬁite by themselves in fcting future seismicity
24 becavie of the shoc&ﬁiss of the record, the : 3 ,(\]a;;:‘:arthqu.nes in
25 the SCR and tQ;,i/hitod empirical data base. For this redson, our

26 undcrstandjnﬁ/of the controis on maximun earth; come from an

unders aing of the 5 of : strain accumylation and its effect on % 4
z of weaknesses. )

-

—

(2) EBileoseisricCity

In ;dd{{foa\&o the historic and instrumental sef ecord, another
promising method {;\torigyain the boundarie eismic source zones and
provide some information re efr EME's 1s to identify and define
geologic evidence fgg/prcﬁTitoric \itt&bquakcs For example, a recent
‘nv:stiga;jgn,(AiTEk and others, 1989) aliﬁg\;pc Atlantic Coastal Plain from
lev(}crfi; to Georgia searching for paleol1quef§ét4qg\f:ftures similar to

20 - Jun 26, 1991
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those historic and prehistoric seismically induced 1iquefaction features
the meizoseismal area of the 386 Charleston Eafﬁbqﬂ/ie (Talwani and

Cox, 1985; Goha_and others, 1986; Amick and others lngy’found no such
evidence outsiZ:Q;?\Squth Carolina. "l

x\w Lo M ey ,/

Other engoing pa\eoseisnic*ty s;udies include those ongoing in the
eastern U.S. - pa]eo]iquefaction/fnvei"gations in New England and neotectonic
studies in the southeastgrﬂ'u . by [btsc6\5¢gv1ces. Inc., for the NRC, and
paleoliquetaction 1nvistigations in the Wabash i?vc: Valley by the USGS; and
those in thc/yc!tern U.S., such as paleoseismicity stud leng coastal
Hashinggpn'and Oregon, and fault §:§25233£19n studies in California by the

USG-Z ? deendicm X
(4) Precursor Phenomena

ngfining potential seismic sources and estimating their EME's #h the SCR
is very‘ljfficult As indicated above, a study of precursors and ?ssociated
dcforlation\can be important in predicting future earthquake laﬁnltudes on
potential seisQUc sources. Such a prediction is based on idéntification and
interpretation oﬁ\lonq and short-term precursors from uhtcﬁ models and the
assignment of nrobgb(]ities are derived. Long-term pr!cursors include
historic seismicity and~crusta1 strain measurements,’ " The usefulness of Tong-
term precursors depends oh\Qistoric seismicity rptbrds and xnowledge about
tectonic sources. Recogniziﬁ; the shortcomings of historic sefsmicity, the
historic record may be related t phenontnoldjical or statistical
relationships such as Weibull distﬁiQyti.hs. seismic gaps and migration of
seismicity. These factors can be usad\@o help ascertain or somewhat rectify
historic incompleteness. rd N\

Measurements of crustal stfain can previde such information as the
accumulation rate of strain/ ‘the ultimate cruffll}jtrain. and site-specific
and geodetic measuremen Measurement of crustah strain, which requires
repeated geodelic supveys and experiments, probabl;\hqtvgroater potential in
the future of estjMating EME's than analyzing historic seismicity.

Short-terp/precursors in seismically active areas may.include anomalous
uplift, change- n sea level, tilt, strain, crusta) deviator
premonit ée. wuQuakes, geomacnetic and gooelectric precursors,

eochemical,

macrosgopic phenomena (anim: for, etc) and seismological precursors.
Seismological phenomena are . . important short-term precursors. Such

21 Jun 26, 1991




L I A T I U

oW W UHUUNNNNNNNN\lr-t—‘b—"-‘b-‘.-"-“"b—‘b"-‘
N‘U:WNNOO.NOU"UN&‘OO.NOM&UN’-‘O

charactlristicx\ig;I:::\foreshocks anonal seismic activity, seismi gaps,

growth and decay o smic activi/;,xfburce mechanisms, hypocentra) migration
of microearthquakes and chan n seismic wave velocities.

Other, less inpor;c;;\zzbzifz\?TE!~ ophysical precursor phenoma are
earthtides, po@;ptfil field values such :3£;;Bﬁign¢§jc and geoelectric and

ground u!tcr’Jitl. T

(5) Regional State of Stress and Strain

SeisaiQ source zones can be defined and their EME's de;lfn1ned to some
extent by cstinating regional stress and strain chars cf/;tics In order to
estimate the reg*onal stress-strain regime, it is fic..ssary to determine the
characteristics of the in-situ stress in Egn/figtext of worldwide pliate
tectonics environment, and\{\fn int e available earthquake information
into the data set as there is ely to be a relationship betweer zones of
weakness and seismicity.. odetic\TTy\de geologically observed strain as
determined by usi eomorphic and stratigfiphxc\\gdicators described in
Section B mportant input in defining regional stress and strain.

—

P

(6) Tectonic Processes

Anmsther proceedure that may be <eful in defining setsuic _scurce zones
and ostinﬁl‘ng their EME's is to estimate the tectonic g/pcisses that may be
acting on the ° eqjon to generate the measured or obsorfid stresses in the
region. Tectonic p?tcgsses include plate tecto phenomena such as ridge
push or trench pull, thermal pertabations, ;szaifons in crustal and
lithospheric thickness, memb
curvature, erosion and sedimentat¥ep; and glacial rebcund. Local processes
may be itress corrosion due to ffects within the 1ithosphere,
localized movement along zon€s of different mechanical propertics,
inhomogeneities in la and small-scale Tithospheric composition or rheology,
stress amplification, enhanced fluid pore pressure, h logic weakening of
minerals in tho/ypﬁor Tithosphere, iiess-induced crack growth and brittle
reactivation of previously ductile zones bs uplift.
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1 (7) Iectonic Features

2

3 d on surface

4 and near s\N\ace geology and subsurfacl crustal and cho\saheric strmres

5 defined by intermtation of Jow resetutson ~geophysical datas. Mt

t should be concoWﬁne Wumdfy a nnim-/

7 ngnftudg earthquake and predict its location intlude: ducu}!/shur zones

3 (upper and middTe ﬂfﬁhphu). plutons, otheWic inhomogeneities

“ such as water at depth and britﬁ\WIones (if zones of weakness can be N
10 defined), the stresses and straths around the zofe;-strain accumulation and . M
11 ‘MmahMch \"‘7" K": ’b\)(
12

13 / Tn Seatemic areas in the western U.S. tha-best dau set for dctuuininq

14 [ EME recurrence on a tectonic structure or seyment of a structure, is a

15 recurrence based on well-dated stratigraphy that constrain ages of fault

16 offsets. TWW-NMMWW DN 1

17 l -Lectonism and related sedimenitation: —Other databases can be obtained from |

18 \‘ stream profile analysis, fault scarp morphology analysis and analysis of ,,”/
19\ vertical crustal movements related to tectonism. DU 2 i

20 " Recurrence intervals in seismic areas are determined by a CMMINO!; of o
21 | seismic information along structures, geological mapping and experience with J
22 | similar features at other location © "’W{' e 5%%,_,
23 » most of the methods described above cannot be applied

2 | the lack of da \la\ch\ understanding of the cause -seTsmicity and the

25 : relation of seismicity and tec 4 n that region. A possible

26 | approach that #s likely to bocMnc/msingly m tant, is to first

27 f determine the stat e regional stress-strain regime, s;mkt*'

28 ( constder ectonic processes that are causing that stress regime, and - ~

29 | finaHy, identifying and defining the major tectonte features in that region.

T e . S, e \\

31 c. Probabilistic Analysis - SCR o [ €03 4 LhNL )

- ’ /‘\AJ%IMN ‘

33 A probabilistic anal ‘i/saccolplishod using the results of the deter-

34 ministic studicMﬂng consideration of recurrence models and

35 uncertainties. Aquakes—and their

16 causstive sources € Lern U5, @nd theSCR

47 “anc-atso from region to regiofi within-these broad areas. The 2fors, because
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of th1s vartability in quantity and quality of avatiebie dete frem one region

to another te seismic potential should be a graded
one. T /gf,datif’;V

deterministic'hnalysis should predominate, but uhe[;,tﬂére are large

untértainties, the probabilistic analysis shoyld” predominate. For-example, in
the SCR where there are extensive ungg;xc1ﬁt1cs about the nature and location

of futu:c_o4c%hqutktsx—+f—+e~n;:e§iiiy-&o~:ol;_hcalex_nn_ggggggil1stic

analyses. Seismic hag!;d/ii;lyses. which calculate the probability that some

Tevel of earthqu Wmmm.m

data such s« 1dent1fica§jggl,location and definition of seismic sources,
esti each source, recurrence intervals

gpd/;stination of ground motions at the site.

O Bequorance Models

Recurrence models for each source are determined using historic

seismicity and paleoseismicity (determined by using the liner regression

,Anllxsix~:31o%+ng~tv~etr%hqnttv*xt!!“tntgn#tudo—or*1nt!ﬁiTt?)‘tU‘T?tqutﬂtyﬁof

otcurrence.. The recurrence models are terminated at the largest earthquake

expected from each source. Iho/vrubtbTTTtt1t"lndt+s~tfiul0—thct~oazthquote
sccurrence-either foliows ¢ Potssunprocess or earthquakes—octur-randomiy with

The ground motion (peak or
spectral accolog}ion) at the site from the different earthquakes at different
distances is estimated using a set of magnitude -for—intensity)--ground motion
relationships that explicitly incorporate the dispersion of the data around
such relationships. The effect of different size earthquakes from different
‘vcations in different sources is then integrated with the recurrence
information and the probabilities that given levels of ground motion will not
be exceeded within given time periods are calculated.

(2)

oach to define t swic hazard for a specific area
~. /

is to: (!' form a panel ences exper LNL, 1986) or set of

teams of experts (EPRI, 1 ut$n\1 broad range of expe . A2) formalize a

methodology for ev ting and rankiﬁi"hqgt;:\:ssoss-eng;xuiae 6)\{59h expert
or team; evelop consistent and genera) Sfeptcd methods for assigning

24 Jun 26, 1991
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pf*bth1l1t40i—%0~h4¢a:ds,_And_4‘4_£0G¥—%hc_lnllxs¢sNgx*_ngzjgg_xho—§ec #qu{s
to 1,s0t—of"dttt~+n~%bo—uoln£nnn_And,nulllrnlry_iumuhichwh4stor+c-dttt~e*+rt
5 wetitosee whether or net- the-analysis provides reasonable probabiTities
for-events that heve TTFeady-occurred.
Both deterministic and probabilistic approaches are controlled by the
choices of input parameters. To take into account the uncertainties, expert
opinion may be convassed for such information as choices of input pqrameters. ; )
range of parameters, and what credibility could be given them. 'E;;Ez:a-uay‘"ycb“ .

then be computed for each expert at each site., A¥ experts at each site based

on their self-ranking may then be synthesized. FtY;;;;:;;;;;;I;;;:iiitul;;IT—““—3
Configuration of setsmic source—zones, () targest Tar hquake expected/treach ¢ /v
zohe (3) earthouake activity rate and recurrence statistics for ea;h’zone and 2T
(4) methods for predicting ground motion in the SCR from an earthquake of a

given size at a given distance. ,//

Examples of the way this deterwinistic data serves ;r 1nput to
probabilistic ana\yses for assessing the seismic hazapd’in tne eastern and
central U.S. is the EPRI Seismic Hizard Study (19951 The database used in
this study consisteﬂxof that 1nfor-®tion that cOntrlbuted to an understanding
of the causes of crusta) stress in the reqjah. the precent state of stress in
the region, and the identity and charact‘§1st1cs of tectonic features in the
region. These data formed a matrix 9(/phyi}tal characteristics of the region
and included tectonic lechanisns//ﬁagnitudes ahd orientations of crustal
stresses, crustal and litno;phqﬂc features, surfi:p and subsurface geclogy and
earthguake history. / \

Based on that lcthodology the wiy to defina the tgctonic framework of a
region is to first 1dentify tectonic structures and filter geologic data using
preestablished critortl’ The criteria 1ut\ude size of the\featu'c, the type
of fault motion exp ted the potential for\tqrge cartbquakix and deep
crustal expression/ The second step is to dcffho the spocific physical
characteristics of each structure. The carthquake\ﬂptential of each structure
should be defiried based on tae known stress onvironn;ht( orientation of the

siructure, and the tectonic processes that may act on it.. Finally.
probabiliga that an earthquake of a certain magnitude will 6bqyr on each
structupo is calulated. e
ch EPR] geosciences team constructed a tectonic framework aﬁi ~ach
fra.#P‘rk was equally weighted relative to the other framew~rks. Eachxgoan
“hezerd-estimatos were
25 Jun 26, 1991
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1 congifed by the mechanical aggradation procedure in which a ue1ghtgg,lverlge
2 of the~dndividual results was computed. This methodology has';)gﬁificant
3 advantages™Mn that it addresses the fact that there is a critical relationship
4 between the pr ses and the physical features. i.e},/(ﬁ earthquake s the
S result of stress réT}{gg to ongoing tectonic prg;zf?es acting on a specific
" feature, and the aqgradif*cn procedure cllogs/fbr Quentitative statistical
7 results to be developed for ih‘~assess 5. The weaknesses of this
& methodology is that there is poo;fyqugf::;ding of the relevant tectonic
9 processes, a lack of available data for~a_region or a site, and Lhere is
10 Tittle ability to teti/;bc’probabilistﬂc riT)(igns*ip in the real world.
11 As stated above;” the best information to have.in order to predict the
12 seismic haza;dfﬁfﬂtectonic structures are recurr:::;\B:tq based on datable
13 gzzzzigpnﬂﬁ?c sequences in areas where there has been lat;\buatcrnery and
14 ene tectonism and sedimentation.
15
16 d. MM&WM% S
17 Ngkﬁ‘," ;i%e;%s?zgwgﬁﬂ&% butlado w/| be iy vussn
18 Probabilistic evaluations ;aou1d be performed to estimate the probability of
19 exceeding the SSE and the probability of surface cisplacement at the site.
20 The procedure for estimating the probability of exceeding the SSE is described
21 in Standard Review Plan Section 2.5.2. This section describes the procedure
22 for estimating the probability of seismic and fault displacement at the site.
23
24 Probabilistic estimates of the surface displacement hazard for each capable
25 fault 5 miles (8 km) from the site should be calculated. Section B 3a(2)
26 describes those situations where faults further from the sit. ne‘d to be
27 considered. The underlying assumptions and associated uncertainties should be
28 documented to assist in the staff's assessment of the putential for surface
29 displacement at the sitc?g 4 investigation showid
30 e radius of 25 miles {(40km)— T [
: invesiigations should extend to a radius of I8 miles ; <" In regioss of
32 Tate Quate.nary activity or historical seismic acti (including ‘
i3 instrument: ' data) or where & site is lggg'o: Within several tens of miles
3% from a large capable toctggig,snurct/iuch as 2 fault zone, 1t may be necessary
s to extend the area of detailed investigations substantially beyond § miles
16 from thg/sstc’{i/incfude that structure. This assessment should consiuer
37

alternative sources to bound the uncertutnty.’ Documents, that describe
5 4detm
26 Jun 26, 199]
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currently acceptable methodologies . » REFERENCES.

() Obiectives

\\

Sgisnic_sour.o—ch;accLa:izA11nn_1s_1ha~uca&—Q§ep~+n~dtffnT1g-th@

earthquake (EME) and surface faulting potentia) to be used in a sefsmic hazard
analysis and can be accomplished following the definition of seismogenic and
capable tectonit sources using the investigation uethodologics described in

Section B.

The obioctives of programs to make the- - detcrninltions in regions

where seismogenic sonrces and capable tecionic sources are_located at or near.

ground surface are:

(2)

/

’
J
4
/

Utilize the data ang interpretations from gonscionc&s investigations
to define the earthhyake environment of g/sitc
\\‘ 7
Incorporate fully the range of interpretation; advocated in the
s:ientific community and those deryZZ:’fron the investigations with
complete consideration of uhcert,f%ties Proper emphasis should be
placed on those interprctationQ'in accordance with the supporting
data. 7 N\
R
Develop, when appropriat'/and the di\g call for it, new or approved
methods and lpproarhcg/iouard charactd(lzing earthquake sources, in

order to understand more fully the phys¥c11 processes.

/ ‘\
Document ints qy‘tations of source charactoh@zation and their bases
in the geoscignces data. \\\\

Present the conclusions in ways that are appropriate for subsequent
in p:gl‘bilistic and deterministics ground motion a 1yses.

A A

\
haracterizatiun of sources should be closely linked to the \

in stigation program and be driven by the data rather than the preferrbd
ctonic models. The geosciences program should be focussed on reducing

27 Jun 26, 1991
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“.uncertainties with emphasis on the most significant-sources (i.e., closest,

llrgest or most active).

“There are two principle aspects for understanding the future behavior of
earthqutkg sources: the widely accepted relationships between fault rupture
length and larthquake magnitude such as fault slip rate and magnitude, and
earthquake recurrence and magnitude; and the stil) experimental aspect of
fault characterization that includes fault segmentation and coseismic folding.

Hazard analyses of sites are usually based on 1ntrcpretntions developed
by experts to assess the range of interpretations and associated earthquake
potential in a variety of interplate and intraplate tectomic settings (LLNL,-
1985, EPRI, 1986). The range of these expert opinions and the uncertainties
are large. The analyses are focussed on present understanding and not on
gathering data to resolve or reduce the uncertainties. The hazard analyses
recommended here for regions where seismic sources Are near ground surface is
opposite to this in that studies should be geared to reducing uncertainties
through detailed geosciences investigations. Thife should be ongoing
scientific peer review and interactions uuth the scientific community as the
studies progress. )

The studies should include both dlterninfxtic and probabilistic
evaluations. The probabiiistic analysis should‘lncoapass a broad range of
physical characteristics regarding each source suéq @s recurrence-related
parameters, multiple sources and ranges of values. 'lt should encompass
uncertainties (scenarios and relafive credibility of l;ch) 4 sensitivity
studies. The deterministic study should define the con\rolling source and
evaluate the largest site gryﬁnd motion parameters re!atoq to the maximum
magnitude, and a conservative magnitude selected for that k@urco This
carthquake should then 9(/’jsulod to rocur at the closest aplroach of the
source to the site. /}‘e two studies should be colpliaontary.\\

A\
f \

(3) Methoas for Zfaracterizing Seisnic Sources \
o¥ ok dorpley T of \
Because Shers—+s-—never-enough geological, seismological and gcdghysical

1nforlatf9n, it is important to incorporate uncertainty into seismic source
characgyfization analyses. In determining the seismic potential of sources
uith/uﬁ recorded history of seismicity, indirect measures of size, frequency
ang” Tocatiom of earthquakes must be utilized. Theze measures are based on the
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fault's avior in the recent geological past, which are detergin!ﬂzs;'inte-
grating availa geological, seismological and geophys‘ga}”aita and analogies
with other similar fa S There are a great deal of uncertlintios due to an
incomplete dataset and alternit#ue 1nterprgxaf1ons of that data. The charac-
terization of the source under consid!rtx\on is based on the synthesis of
available data, credible inttrpretations and’ scientifir judgement. The proba-
bilistic approach'fncorporates alternative interpry” 4&jons (2 weasure of un-

ccrtaiqiy/4ﬁ'source characterization such as may .mum nagnftude and earthquake L”’/

r rcnct}‘ et i s »
ecarr ————————" J4 i, {0 007 3| LLVT:T“”” -

///-/'One acceptable probabilistic approach that may be used is one based oqk

ivy‘C trees such as that used by the Pacifir Zas and Flectric Company’s (PG&:!

vLong-Tcrl Scislic Prog'al (LTSP) for the Ciablo Canyon “;;1::£_§1E!J"ft"*ifi
_ang branchcs in whi ch «ach node represents a

choice between aiﬁcrnativc values o?‘a “lrtlt%tvv-lndgz,ggg_§equcncod to

provide for condittonal aspects or dependencies among parameters an&“‘ruv+¢e
logical jrogression from general tb specific sovrce characxeristics At each
node, projabilities wre assigned to each branch that represent the relative
likelthood of that branch being the correct valuo or itltt~o¢f¥ho~partm§ter
considered.

Thefirst node in the LTSP Togic tree was style of faulting because other
charu:SEF{Qchs of faults in that reg' « sre dependent on the mode of ////
deformetion. Tbe next node considere. Lhe uncertainty in fault try.
Sensitivity stud?!;\pmre carried out to determine the ef/;stf of using other
characteristics on tht‘f{:st node, such as ff:l;/ggnn(f}y Two nodes farther
out on the logic tree conside hods of estimating recurrence
intervals and for assessing maximum tudes, respectively. The LTSP used
the seismic moment and recur e rate techn s to estimete recurrence
intervals. For maxi gnitude assessment PGAE u the results of rupture
length-magnitude; rupture area-manaitude, total-fault ldiy&h:,mgnitude.
max imum ace displacement-mrgnit historic
ea ssociated with Tault methods in its logic tree.

Tho\ggg:?ach used Lo assess the maximum earthquake uaqnituq/;/As called
the multifactor apzcoach (fault characteristics correlated with magnitude).
The resultine maximum ude is based on thes t characteristics--
magnitude reiationships, thf\EiTeulgtion gnitude given thezs fault

characteristics, and scientific ennﬁt\regarﬁing the weight of evidence,

. 1 ing historic
applicability ofdzgginus’ﬂif; sets, and exper \nec\tgggt!“nq stor
29 Jun 26, 1991
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In a prebability analysis-d full distribution of naxilun llgitudes for
various faults ;;a\txg}s(?xbut1on that inco:porctes uncertainty in parameter
values, relati;n/f%edlbxthy‘ and multiple tecﬁhiqges ‘o:t:;;?iit*ng magnitude
should bc’ﬁ?ed In a determini: tic analysis, a maximum magnitude for the

,;nﬂ(’olling source should be selected. ——— A —— R
,,,,,, sl , | 4

* 4
— 1,’ . d £ it J .- J
/l{"‘f / / C L, +‘C A A o / ) ,/ }

/L # 1 *ﬁ’ v ,4"(/«" £ (,-;-t:"

3 ‘ L vt
Thant prt BAeivs cat ‘N 2= ;;,‘JW» Pocr ;7

10 Frere—is—a-direct relationship between magnitude and rupture length, g ol
11 refore, to estimate future earthquakes on a fault, maximum rupture lengths

12 7 must be determined. Faults rarely rupture their entire length during an

13 earthquake so the portion of that total fault length most likely to rupture
14 during a maximum earthquake should be estimated. There are two methods of

15 estimating rupture length during a maximum earthquake: (1) fractional fault
16 length such as one-half or one-fifth of the total length is assumed to rupture
17 during the maximum earthquake (EME): or (2) the fault is considered to be

18 segmented by geometric or geologic features.

19 Such features that may segment a fault include changes in surface trends,
20 the presence of major range front salients along the fault, intersecting

21,  structural trends in bedrock geology, crossfaults, transverse trends in

22 gravity data, and geodetic changes along the fault.

O 8 S W N

23 A number of characteristics of rupture end points have been identified.
24 Those which most commonly characterize both strike and reverse slip end points
25 are releasing ar” restraining double bends, en echelon stepovers, changes in

26 senses of slip, fault and fold branches and crossfaulls and folds. Those
27 which most commonly characterize strike-slip rupture termination points are en
28 echelon stepovers and changes in sense of slip. Single bends in fault traces

29 are common termination points for reverse faults. Other characteristics of

30 segmentation points are changes in slip rate, fault creep, changes in elapsed

3 time (recency of slip), changes in trace complexity, fault terminations, gaps,
32 changss in basement terranes, and basin houndaries.

i3 It should be pointed out that most characteristics of end points occurred
% at rupture termination points in only 25 to 35% of the cases examined. In the
35 remaining cases, they were ruptured through. ATthough no study has been com-

36 pleted that examines the effect on rupture termination of multi-
k) characteristics, prelimirary observations indicate that a combination of

30 Jun 26, 1991
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several characteristics of certain kinds can more effectively control fault
rupture.

(5) Empirica] Magnitude Relationships

A multifactor approach should be used in determining magnitude. The
following empirical relationships are suggested: magnitude-fault rupture
length, magnitude-fault rupture area, magnitude-displacement per event,
magnitude-seismic moment and historic magnitude.

Characterisiics of western U.S. seismic sources that should be factored
into the hazard analysis, (logic tree) are: sense of slip, dip, depth of
faulting, total length, rupture langth (segmented or fractional), average
displacement per event, maximum historical earthquake, magnitude techniques
used with relative weights indicating credibility, recurrence method-seismic
moment (slip rate, total length and depth of faulting), slip rate, and
magnitude distribution (i.e., exponential and characteristic earthquake
model(s).

These elements are used to determine the EME for each source. A
probability distribution is constructed for each source by repeating the
calculation for all end branches of the logic tree and combining similar
estimates. As—the mean of the distribution ts the best estimate of the

maximum megnitude and the tails-of the dTstribution sreunlikely scenarios in
the logic tree, the mean value plus one standard deviation (84th percentile)
i s regard babili 0¥ each source. The deterministic EME

1: the maximum magnitude on the controlling structure based on an evaluation
of the characeristics of that structure.

farthouake Recyrrence e
(M |  CEZT STAF 7 Jldan

vl

.J J’A—( 71 )45’/7[_' /f\« 7—%3 J’-It.
Two approaches may be used in detcrnining earthquake recurrence. Moment
rate is a method where estimated slip of a fault is used to infer the rate of
seismic moment release on the fault. From this the estimated rate of seismic
moment release can be translated into earthquake frequency by using the
relationship between seismic moment and magnitude and a magnitude-distribution

3l Jun 26, 1991
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model. Two forms of earthquake maanitude may be used: (1) truncated
exponential distribution and (2) characteristic magnitude distribution.

The second approach should be a direct assessment of the frequency of
surface rupturing events baseu on paleoseismic data (each event s considered
to be within 0.5 magnitude units of the maximum event). The frequency of
smaller events should then be specified by the appropriate form of the
magnitude distribution anchored at the specified frequency of M., 0.5
magnitude events. The results should be compared with world-wide data.

(8) Mm.unmn.nmnm_m_ummm_m LofS No7

Iff‘: ')E\L NE _l/\ P ok "f‘gm’(*"'
Th¢~deterlinist1ctily defined EME is\h@sed on fauT\\length fiult <55:d —re

segmentation or fractiona?‘rupturc length, potential fault dlsplacenégt and Oy
other factors, \ N\

(9) - lnput to Subseguent Seismic Hazard Analysis L

/
/’

The log*c\grees should model all uncertaintt!s considered in
characterizing th eisnic pot;;;;;?~;?—;eislpéinlc sources. The logic tree
information may then Bn\used directiy on ;hi seismic hazard analysis in
condensed form. \\

Logic trees may be conden:ad byfcoubtninq those elements of the logic
tree used to estimate various paniﬁnters of maximum magnitude and earthquake
recurrence into & single . ue/fbr naxfiuQ.-agnitudc and frequency of events of
moment magnitude of M 5.0 or/ ‘greater. \\

The nodes for ccrtatd’charactcristics such.as rupture length, maximum
displacement, average displacement, maximum histor earthquake and magnitude
determination techniQue may be combined to produce a crete distribution for
maximum magnitude conditioned on a particular sense of s) dip, maximum
depth and total length.

The nodes for recurrence methodology and slip rate/recurrenc
combined to produce & discrete distribution f.r annual frequency of events
ynam'/ﬂ{an M.5.0 conditioned on a particular fault area and maximur
lagnitﬁdo.

32 Jun 26, 1 )1
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REGULATORY POSITION

During the site selection phase, preferred sites are those where there is
minimum 1ikelihood of surface or near surface deformation, or the
occurrence of earthquakes on faults in the site vicinity,

A site will be considered suitible if after thorough and currently
acceptable investigations and analyses (deterministic and probabilistic)
are conducted and there is reasonable assurance that:

a&. There are no capab’e tectonic sources in the site vicinity. or

b. There are capable tectonic sources in the site vicinity but (1)
there is no potertial for surface or near surface fault induced
deformation bencath the plant foundations, and (2) the probable,
significant ground motions are, or can b: enveloped by the site
design basis spectra as prescribed in SRP Section 2.5.2.

Regional investigations such as geological reconnaissances and Titerature
reviews (including remote sensing imagery) should be conducted within a
radius of 200 miles (320km) of the site to identify seismogenic and
capable tectonic sources.

Detailed geological, seismological, and geophysical investigations should
be conducted within a radius of § miles (Bkm) of the site to determine
the potential for tectonic deformation at or near ground surface in the
site vicinity.

A less detailed geological, seismological, and geophysical investigation
should be carried out within a radius of 25 miles (40km) to ide:tify and
characterize the seismic potential of capable tectonic and seismogenic
sources, or demonstrate that such structures are not present.

Sites that are Tocated such that there are capable and/or sefsmogenic
faults within a radius of 25 miles, or within the near field, will
require more extensive geologic and seismic investigations and analyses
(similar to those within a 5 mile radius) and thus will require a more

3 Jun 26, 1991
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extended and intensified "icensing process.

7. Wherever possible earthquakes should be associated with seismogenic

V\;ﬁ.‘*vvuu_

sources (tectonic structures orrgones) or capable tectonic sources.

8. Deterministic studies, using state-of-the-art methodologies, should be
conducted to reduce uncertainties and enlarge the data base. A
deterministic EME should be determined. As a minimwm the EME stiould be
the maximum historic earthquake or the maximum late Quaternary earthqguake
as cetermined by palevseismic studies. Acceptable methodologies are
described in this guide or in the documents listed under references.

Ne T n Se ¢pPE e+ TS Zu ?M

-~

9. For the SCR, probability evaluations should be conducted similar to the
LLNL tnd EPRX Seismic Hazard Studies (LLNL 1989‘ EPRI, lﬂl‘i.

10. En:,e4%es—40ceti!‘Tﬂ"h1;h—ee+e.¢c—:og#one—eueh~ee—ehe-estern‘ﬁTSTT both
determini.tic and probability ‘helyses should be accomplished to
det:rmine the potential for the EME and for surface deformation.
Aeeepteble~detex:nnistic_end_uznhehilie%+c—uethuduTugfes*lrerthose
described in—the DTabTo Canyon Long Term Seismic Proiram Fimat Report
(PeAE; 1988).

11. An acceptable level of conservatism in determining the ¢ME for both
deterministic and probabilistic analyses is the Me N, Pt SRE $Lakdard
deviation—{S4th parcentile). However, recognizing the difficulty in
developing a Mo —dtstributton for the SCR,—anscceptable practice of
pplying conservatism 15 to use the 84th percentileplus one standard
deviation of the-expected maximum eerthouake ground Sotion. Soked—

0. IMPLEMENTATION

The purpose of this regulatory guide is to provide guidance to appiicants and
licensees regarding the NRC staff's review of capable tectonic sources and
other active structures. The methods described herein will be used in the
evaluation of construction permit applicaticns docketed after May 1, 1981.

[~

~
(
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STANDARD REVIEW PLAN 2.5.2
PROPOSED REVISION 3

2.5.2 VIBRATORY GROUND MOTION
BEVIEW RESPONSIBILITIES

Primary - Structural and Geosciences Branch (ESGB)
Secondary - None
AREAS OF REVIEW

'rmg Structural and Geosciences Branch review covers the
selsnmological aid geological investigations carried out to

estabiieh evaluite the—aeceleration—for the safe shutdown
earthquake (SSF) rﬂ‘-ﬁhe-onﬂihq-hm—nmm—m for the

site. WM_‘MMW
WGQHMWeM

reasin-funetional+ The FIE represents the potential for earthquake
ground motion at the site and is the vibratory ground motiom for
which all safety related structures, systess and components are
designed to ensure public safety. The S8E is based upon & detailed
eviluation of the expected maximum earthquake (EME) potential,
taking into account regional and local geology, seismicity, and
specific characterintics of local subsurface material. It is
defined as the free-field ground response spectra at the plant site
ané is described by bhorisontal and vertical respomse spectra
corresponding to the expected ground motion at the free-field
ground surface or a hypothetical rock ocutcrop.

Seismological and geological investigations a.. ~seribed in
Regulatory Guide 1.xxx, Identification and Charactecization of
Seismic Sources. These investigations deccribe the seismicity of
the site region and correlation of earthguake activity with seismic
pources. Beismic sources are identified and characterized,
including the EXE magnitude asicciated with each seismic source.
All seismic sources, any part of which is within miles of the
site, must be identified. BSources at larger dhtucr- which are

1 ’
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capable of earthquakes large enough to affect the site must also be
identified. BSeismic sources can be capable tectonic sources or
seismogenic sources; & seismotectonic province is a type of
seismogenic scurce.

The principal regulation used by the staff in determining the scope
and adequacy of the submitted seismclogic and geclogic information
an® attendant procedives and analyses is Appendix A, "Seismic and
Geologic Siting Criter a for Nuclear Power Plants"™ to 10 CFR Part
100 (Ref. 1). Additional guidance (regulations, regulatory guides,
and reports) is providec to the staff through References 2 through
8.

Specific areas of review inciuie seismicity (Subserction 2.5.2.1),
gecleogic and tectonic charac.eristics of the site and region
(Subsection 2.5.2.2), correlation of earthquake activity with
geclogic struct e or tectonic provinces (Subsection 2.5.2.3),
paximum earthquake potential (Subsectio.: 2.5.2.4), seismic wave
transmission characteristics of the site (Subsection 2.5.2.5), and
safe shutdown earthquake (Subsection 2.5.2.6)y-and enerating-basie
earchguake—(Subsection—2v5virit. Both deterministic and
probabilistic evaluations are used to assess the SSE.

The geotechnical engineering aspects of the site and the models and
methods employed in the analysis of soil and foundation response to
the ground motion environment are reviewed under SRP Section 2.5.4.
The results of the geosciences review are used in SRP Sections
3.7.1 and 3.7.2.

II. ACCEPTANCE CRITERIA

The applicable regulations (Refs. 1, 2, and 3) and regulatory
guides (Refs. 4, 5, and 6) and basic acceptance criteria pertinent
to the areas of this section of the Standard Review Plan are:

1. 10 CFR Part 100, Appendix A, "Seismic and Geologic Siting
Criteria for Nuclear Power Plants.™ These criteria describe
the kinds of geclogic and seismic information needed to
determine site suitability and identify geoclogic and seismic
factors reguired to be taken into account in the siting and
design of nuclear powver plants (Ref. 1).

R 10 CFR Part 50, Appendix A, "“General Design Criteria for
Nuclear Power Plants"; General Design Criterion 2, "Design
Bases for Protuction Against Natural Phenomena." This
criterion reguires that safety-related portions of the
structures, systems, and components important to safety shall
be designed to withstand the effects of earthguakes, tsunami,
and seiches without loss of capability to perform their safety
functions (Ref. 2).

3. 10 CFR Part 100, "Reactor Site Criteria." This part describes
2
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criteria that guide the evuluation of the suitability of
proposed sites for nuclear power and testing reactors (Ref.
3).

4. Regulatory Guide 1.132, "Site Investigations for Foundations
of Nuclear Power Plants."™ This guide describes programs of
site investigations related to gectechnical aspects that would
normally meet the needs for evaluating the safety of the site
from the standpoint of the performance of foundations under
anticipated loading conditions including earthguake. It
provides general guidance and reccrmmendations for developing
site-specific investigation programs as well as specific
guidance for conducting subsurface investigations, including
thofspacinq and depth of borings as well as sampling intervals
(Ref. 4).

S. Regu.c*er uide 4.7, "General Site Suitability Criteria for
Nuclear Power Stat ' ons."™ This guide discusses the major site
characteristics rclated to public health and safety which the
NRC staff considers in determining the suitability of sites
for nuclear powver stations (Ref. 5).

6. Regulatory Guide 1.60, "Design Response Spectra for Seismic
Design of Nuclear Power Plants."

.ooopGob%o-Go—Gho-Nac-otcif-foe—éotiping—tho—eooponoo—opooerc

eorresponding—to—the —expected —parinun—ground —seceieration
thef+r—6)r——b6ee—aine For design purposes smoothed response
Spectra are generally used - for example, & standard spectral
shape which has been used in the past is Regulatory Guide 1.60
(Ref. 6). These smoothed spectra are still acceptable when an
appropriate peak acceleration is used as the high frequency
asynptote and the smoothed spectra compare favorable with site
specific response spectra derived from the deterministic and
prebabilistic procedures discussed in Subsection 2.5.2.6.

The primary required investigations are described in 10 CFR Par:
100, Section IV(a) of Appendix A (Ref. 1). The acceptable
procedures for determin/ng the seismic design bases are given in
Section \ (a) and Section VI(a) of the appendix. The seismic design
bases are predicated on a reasonable, conservative determination of
the SSE end-the-OBE. As defined in Section 111 of 10 CFR Part 100,
Appendix A (Ref. 1), the SSE end-0BE-are is based on consideratiocn
of the regicnal ani local geology and seismology and on the
characteristics of the subsurface materials at the site and are is
described in terms of the vibratory ground motion thet—they-wouid
preduee at the site. No comprehensive definitive rules can be
promulgated regarding the investigations needed to establish the
seismic design bases; the regquirements vary from site to site.

. In meeting the requirement of Reference
1, this subsection is accepted when the complete historical racord
of earthquakes in the r.gion is listed and when all available

3
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parameters are given for each earthquake in the histcrical record.
The iisting should include all earthquakes having Modified Mercalli
Intensity (MMI) greater than or egual to IV or magnitude greater
than or equal to 3.0 that have been reported i

4, Previmees for all seismic sources, any parts of which are within

250" miles of the site. A regional-scale map should be
presented showing all listed earthquake epicenters and should be
supplemented by a larger-scale map showing earthquake epicenters of
all known events within 50 miles of the site. The following
information concerning each earthguake is required whenever it is
available: epicenter coordinates, depth of focus, origin time,
highest intensity, magnitude, seismic moment, source mechanism,
source dimensions, distance from “he site, and any strong-motion
recordings (references from which the information was obtained
should be identified). All magnitude uesignations such as m, M,
M, M,, etc., should be identified. In addition, any reported
earthguake-induced geologic failure, such as ligquefaction,
landsliding, landspreading, and lurching should be described
completely, including the level of strong motion that induced
failure and the physical properties of the materials. The
completeness of the earthquake history of the region is determined
by comparison to published sources of information (e.g., Refs. §
through 13). When conflicting descrintions of individual
earthquakes are found in the published referer~ «, the staff should
determine which is appropriate for licensin; decisions.

A

Begion. 1In meeting the reguirements of References 1, 2, and 3,
this subsection is accepted when all 3
: : . seismic sources that are significant
in determining the earthquake potential of the region are
identified, or when an adeguate investigation has been carried out
to provide reasonable assurance that all significant teetenie
structures seismic sources have been identified. Information
presented in Section 2.5.1 of the applicant’s safety analysis
report (SAR) and infeormation from other sources (e.g., Refs. 9 and
14 through 18) dealing with the current tectonic regime shculd be
developed into a coherent, well-documented discussion to be used as
the basis for determining seismotectonic provinces and the
earthquake-generating potential of seismogenic sources and capable
tectonic sources : . Specifically,
each W seismic source, any part of which is within
#60 480" miles of the site, must be identified. The staff
interprets seismotectonic provinces to be regions of uniform
: saismicity (same
expected earthquake and frequency of recurrence) distinct from the
seismicity of the surrounding area. The proposed seismotectonic
provinces may be based on seismicity studies, differences in
geclogic history, differences in the current tectonic regime, etc.
The staff considers that the most important factors for the
determination of seismotectonic provinces include both (1)
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developnent and characteristics of the current tectonic regime of
the regicn that is most likely reflected in the neeteect
Mioeene—or—-about—5 current tectonic regime, that is reflected in
the Quaternary (approximately the last 2 million years and younger
geclogic history) and (2) the pattern and level of historical
seismicity. Those characteristi~s of geclogic structure, tectonic
history, present and past stress regimes, and seismicity that
distinguish the various seismetectonic provinces and the particular
areas within those provinces where historical earthguakes have
occurred should be described. Alternative regional tectonic mcdels
derived from available literature sources, including previous SARs
and NRC staff Safety Evaluation Reports (SERs), should be
discussed. The model that Dbest conforms to the cobserved data is
accepted. In addition, in those areas wvhere there are capable
faulte tectonic scurces, the results of the additional
investigative regquirements described in I6-CFR-Part—306—Appendix
hr—Seetion—IViar{s—(Ref+—3)+ BRP Bection 2.5.1 must be presented.
The discussicn should be augmented by a regional-scale map showing
the #eetonie—preovinees seismic sources, earthguake epicenters,
locations of geologic structures and other features that
characterize the seismotectonic provinces, and the locations of any
capable fauite tectonic sources.

2.5.2.3 Correlation of Earthguake Activity with Geelesie-Strueture

geismogenic  Sources, Capable Tectonic ESOuUICEeSs OF
BeismoTectonic ‘rovinces. In meeting the requirements of Reference
1, acceptance of this subsection is based on the development of the
relationship between the historv ~f earthguake activity and the
or seisEste  aicprovinces of & region. The
applicant’s presentation is acce) v 2d vhen the earthquakes discussed
in Subsection 2.5.2.1 of the SAR are shown to be associated with
either egecroaie —strueture er tectionie—preovinee capable tectonic
sources or seismogenic sources. Whenever an earthquake hypocenter
or concentration of earthquake hypocenters can be reascnably
correlated with geologic structures, the rationale for the
association should be developed considering the characteristics of
the geologic structure (including geclogic and geophysical data,
seismicity, and the tectonic history) and the regional tectonic
model. The discussion should include identification of the methods
used to locate the earthquake hypocenters, an estimate of their
accuracy, and a detailed account that compares anéd contrasts the
geoclogic structure involved in the earthquake activity with other
areas within the seismotectonic province. Particular attention
should be given to determining the capability of faults with which
instrumentally located earthquare hypocenters are associated.
5:«4“ S W—\.&M
The presentation should be aug < ated by/regional maps, all of the
same scale, showing the seisa. , the earthguake
epicenters, and the locations of geologic structures and
peasurements used to define provinces. Acceptance
of the proposed provinces is based on the staff’s
independent review of th geologic and seismic information.

5
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%&hﬂﬂug atial. In meeting the
requirements of

Reference 1, this Subsection ig aCCepted when the Vibratory ground
motion due to the : : EME associated with

aoaoe+eeed—«H%%v«unu»—ﬁee%en+e~peov§ﬁee seisnic source has been
a @n the earthquake (s) that would Produce the Bt

vibratory ground _motion Site hag been
2 ‘ is the largest

Censiderable judgemen
the ExE, Buggested
Roqulntory Guide 3,

earthgvake - Earthquakes assoc

tee : taismic
earthquake - :

rupture
upture area, ory (e.g., Refs.
19 through 22).

In order to determine the
T on those faults
tectonic Sources,
historic ' ! Specific considerations of
! istory of Bovement on the
€ eart ¢ _.xes are associated with a seismotectonic
Province, the largest nij
should ue identified. Iso also be Presented for
the most Significant earthquakes. ground moticn » the site
should pe “valuated g . ‘iate seismic energy
transmission effects and = aed EME
associated with each - :
’ seismic sour - € of closest approach of
Cture or Province to ite. (Further description is
Provided in Subseciion 2.5.2.6.)

The etrthquakc(c) that would Produce the BOS. severe vibratory

ground motion at the site should be defincd. If different

Potential earthquakes would Produce the pogt Severe ground motion

in diff rent froqucncy bands, these earthquakes should be

Specifi ., Ption of the potential earthquake(s) is to

) ntensity or m i the distance from
i of the
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seismic source. Acceptance of the description of
the potential earthquake(s) that would produce the largest ground
motion at the site is based on he staff’s i.adependent analysis.

In meeting the requirements of Reference 1, this subsection is
accepted when the seismic wave transmission characteristics
(amplification or deamplification) of the materials overlying
bedrock at the site are described as a function of the significant
frequencies. The following material properties should be
determined for each stratum under the site: seismic compressional
and shear wave velocities, bulk densities, soil index properties
and clessification, shear modulus and damping variations with
strain level, and water table elevation and its variation. 1In each
case, methods used to determine the properties should be described
in Subsection 2.5.4 of the SAR and creoss-referenced in this
subsection. For the maximum—earthquake ENE, determined in
Subsection 2.5.2.4, the free-field ground motion (including
significant frequeicies) must be determined, and an analysis should
be performed to determine the site effects on different seismic
wave types in the significant frequency bands. If appropriate, the
analysis should cconsider the effects of site corditions and
material property variations upon wave propagation and fregquency
content.

The free-field ground motion (also referred to as control motion)
should be defined to be on a ground surface and should be based on
data obtained in the free field. Two cases are identified
depending on the r»il characteristics at the site and subject to
availability of - ropriate recorded ground-motion data. When data
are availakle, . - example, for relatively uniform sites of soil or
rock with sw.c ' variation of properties with depth, the control
point (location at which the control motion is applied) should be
specified on the soil surface at the top of the finished grade.
The free-field ground motion or control motion should be consistent
with the properties of the soil profile. For sites composed of one
or mere thin soil layers overlying a competent material, or in case
of insufficient recorded ground-motion data, the control point is
specified on an outcrop or a hypothetical outcrop at a location on
the top of the competent materizl. The control motion specified
should be consistent with the properties of the competent material.

Where ver. cally propagating shear waves may produce the maximum
ground motion, a one-dimensional eguivalent-linear analysis (e.g.,
Ref. 23 or 24) or nonlinear analysis (e.y., Refs. 25, 26, and 27)
may be appropriate and is reviewed in conjunction with geotechnical
and structural engineering. Where horizontally propagating shear
waves, compressional waves, or surface waves may produce the

maximum ground motion, other methods of analysis (e.g., Refs. 28
and 29) wmay be more appropriate. However, since some of the
variables are not well defined and the techniques are still in the
developmental stage, no generally agreed-upon procedures can be

7
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promulgated at this time. Hence, the staff must use discretion in
reviewing any method of analysis. To insure appropriateness, gite
response characteristics determined frum analytical procedures
should be compared with historical and instrumental earthquake
data, when available.

£:.2.2.6 Safe Shutdown Earthguake. In meeting the

requirements of

Reference 1, this subsection is accepted when the vibratory ground
motion specified for the SSE is described in terms of the free-
field response spectrum and is at least as conservative as that
which would result at the site from the Baximum—elrthguake EMEs
(determined in Subsection 2.5.2.4) considering the site
transmission effects (determined in Subsection 2.5.2.9). If
severa.i different Baximumpotential—earthguakes ENEs produce the
largest ground motions in different frequency bands (as noted in
Subsection 2.5.2.4), the vibratory ground motion specified for the
SSE must be as conservative in each frequency band as that for each
earthquake.

The staff reviews the free-field response spactra of engineering
significance (at appropriate damping values). Ground motion may
vary for different foundation conditions at the site. When the
site effects are significant, this review is made .a cenjunction
with the review of the desig. response spectra in Section

3.7.1 to ensure consistency with the free-field motion. The staff
normally evaluates response spectra on a case-by-case basis. The
staff considers compliance with the following conditions acceptable
in the evaluation of the SSE. In all these procedures, the
proposed free-field response spectra shall be considered acceptable
if they equal or exceed the estimated 84th percentile

ground-motion spectra froa the B AU O -CONtr ol irg—earthguake

EMEs described in Subse.rvion 2.5.2.4.
The following steps summarize ¢. - wtaff review of the SSE.

i. Both horizontal and vertical compunent site-specific response
spectra should be developed statistically from response
spectra of racorded strong motion records that are selected to
have similar source, propagation path, and recording site
properties as the controlling earthguake(s). It must be
ensured that the recorded motions represent free-field
conditions and arc free of or corrected for any soil-structure
interaction effects that may he present because of locations
and/or housing of recording instruments. Important source
properties include magnitude and, if possible, fault type, and
tectonic environment. Propagation path properties include
distance, depth, and attenuation. Relevant site properties
i.clude shear velocity profile and other factors that affect
the amplitude of waves at different freguencies. A
sufficiently large number of site-specific time histories
and/or response spectr. should be used to obtain an adequately



1 broadband spectrum to encompass the uncertainties in these
2 parameters. An 84th percentile response spectrum for the
3 records should be presented for each damping value of interest
4 and compared to the SSE free-field and design response
£ spectrum (e.g., Refs. 30, 31, 32, and 33). The staff
6 considers direct estimates of spectral ordirates preferable to
7 scaling of spectra to peak accelerations. In the Eastern
] Inited States, relatively little information is available -7
9 maynitudes for the larger historic earthquakes; hence, it may
10 be appropriate to rely on intensity observations (descriptions
11 cf earthquake effects) to estimate magnitudes of historic
12 events (e.g., Refs. 34 and 35). 1If the data for site-specific
13 response spectra were not obtained under geclogic conditions
1 similar to those at the site, corrections for site effects
15 ghould be included in the development of the site-specific
16 spectra.
17 2. Where a _urge enough c.semble of strong-motion records is not
18 available, response spectra may be approximated by scaling
19 that ensemble of strong-motior data that represent the best
20 estimate of source, propagation path, and site properties
21 (e.g., Ref. 36). Sensitivity studies should show the effects
22 of scaling.
23 3. If strong-motion records are not available, site-specific peak
24 ground acceleration, velocity, and displacement (if necessary)
25 should be determined for appropriate magnitude, distance, and
"6 foundation conditions. Then response spectra nay be N
7 determined by scaling the acceleration, velocity, and A
8 displacement values by appropriate amplification factors &
2. (e.g., Ref. 37). "y /

! For each

36 earthguake EME, the peak ground motions should be determined
37 uaing current relations between acceleration, velocity, and,
38 if necessary, displaceuent, earthquake size (magnitude or
3% intensity), and source distance. Peak ground motion should be
40 determined from state-of-the-art relationships. Relationships
41 between magnitude and ground motion are found, for example, in
42 References 38, 39, 40, and 41 and relationships between ground
43 motion and intensity are found, for example, in References 41,
44 42, and 43. D' to the limited data for high intensities
45 greater than Modified Mercalli Intensity (MMI) VIII, the
46 available empirical relationships between intensity and peak
47 ground motion may not be cuitable for determining the
48 appropriate reference acceleration for seismic desiagn.

49 4. Respon..» spectra developed by theoretical-empirical modeling

9
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of ground motion may be used t¢’ Suppiement wsite-gpecific
spectra if the input parameters ard the appropriateness of the
model are thoroughly documented (e.g., Refs. 19, 44, 45 arnd
46, and 53). Modeling is partich) irly useful for sites nea:r
capable fanits toctouiesaou:co-rphat Tay experience ground
motion that is difterent in termz of fr - uency content znd
wave type from grounud motion caused b more distant
earthquakes.

S. Probabilistic estimates of seismic hazard should be calculated
(e.g., Refs. 41 and 47) and the underlyinm rssunmptions and
associated uncertainties should be documentea .o aseist in the
staff’s overall deterministic approach. Th2 propabilistic
studies should highlight vhich seismic sources are significant
to the site. ®rn
nterest—showving uneertainty—shouid be—osiou.

AL 32 TS

Sv68iT—and—0+-0001 —annual—probabilitico-of-enceedence—at—the
siter The probability of exceeding the SSE response spectra
should also be estimated and comparison of results made with
other probabilistic studies. Buggested procedures are
contained in Appendix A to this SBRP SBection.

The time duration and number of cycles of strong ground motion is
required for analysis of site foundation liguefaction potential and
for design of many plant components. The adeguacy of the time
history for structural analysis is reviewed under SRP Section
3.7.1. The time history is reviewed in this SRP section to confirm
that it is compatible with the seismological and geclogical
conditions in the site vicinity and with the accepted SSE model.
At present, models for deterministically computing the time history
of strong ground motion from a given source-site configuration may
be limited. It is therefore acceptable to use an ensemble of
ground-motion time histories from earthquakes with similar size,
site-source characteristics, and spectrsl characteristics or
results of a statistical analysis of such arn ensemble. Total
duration of the motion is acceptable vhen it is as conservative as
values determined using current studies such as References 48, 49,
50, and Si.
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II1I. REVIEW PROCEDURES

Upon receiving the applicant’sg AR, an acceptance review is
conducted to deternmine compliance with the invostiqative
regquiremencs of 10 CFR Part 100, Appendix A (Ref. 1). The reviewer
alro identifies any site-specific Problems, the resolution of which
could result in eéxtended delays in completing the review.

After fAR acceptance and docketing, those Areas are identified
where additioral information ig required to det rmine the
earthquake hazarq. These are transmitted to the applicant as draft
requests for additional information.

A site vigit may be conducted during which the reviever inspects
the geologic conditions at the site and region around the site as
shown in outcrops, borings, geophysical data, trenches, and thogs
geclogic conditions exposed during construction if the reviev ig
for an operating license. The reviewer also discusses the
questions with the applicant and hig consultants so that it is
clearly understood what additional information ig required by the
staff to continue the review. Following the site visit, a revised
8et of requests for additional infOt-ation. including any
additional questions that may have been developed during “he gite
visit, is formally transmitted to the applicant.

The reviewer evaluates the applicant’g response to the Questions,
Prepares requests for additional clarifying intoruation. and
formulates Positions that may agree or dis -~e with those of the
epplican These are formally transmitte. ' , the applicant.

The safety analysis report and amendments respondingy to the
requests for additional information are reviewved to determine t.at
the information Presented by the applicant ig acceptable &ccording
Lo the criteria described in Section II (Acceptance Criteria)
above. Based on information Supplied by the applicant, obtained
from site visits or from staff consultants or literature sources,
the reviever 1nd.pond¢nt1y identifies an4 evaluates the relevant
seismogenic sources &nd capable tectonic
Sources, evaluates the Capability of faults in the region, and
determines the earthquake potential for each
seismogenic source or capable
tectenic source using procedures noted in Section II (Acceptance
Criteria) above. The reviewer evaluwces the vibratory ground
motion that the EMEs could produce at the
Site and dcfines compares that ground motior to the safe shutdown
oarthqunk0—cnd-opoetﬁ*ng—boo*o—oor&hquoho.

If the evaluation by the staff, on completion of the review of the
11
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geclogic and seismologic aspects of the plant site, confirms that
the applicant has met the requirements or guidance of applicable
portions of References 1 through 6, the conclusion in the SER
states that the information provided and investigations performed
support the applicant’s conclusions regarding the seismic integrity
of the subject nuclear power plant site. In addition to the
conclusion, this section of the SER includes (1) defimitieonmns an
evaluriion of ‘ ' seismogen‘c sources and capable
tectonic sources; (2) evaluations of the capability of geologic
structures in the region; (3) determinations evaluation of the 68
earthguake{e) EMEs and ) free-field response spectra based on
evaluation of the potential earthquakes; and (4) time history of
strong ground motio :

. Staff reservations about any significant
deficiency presented in the applicant’s SAR are stated in
sufficient detail to make clear the precise nature of the concern.
The above evaluation determinations or redeterminations are made by
the stalf during both the construction permit (CP) and operating
licence (OL) phases of review.

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

A typical OL-stage summary 1’ ding for this section of the SER
follows:

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

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

1. Seismologic information provided by the applicant and
required by Appendix A to 10 CFR Fart 100 provides an
adeqguate basis to est. lish that no
seismic sources »xist in the plant site ares which would
cause earthgquakes to be centered there.

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

12



- b

L™

N

10
11

12
13
14
15

16
17
18
19
20
21
22

25
26
27

28

23
30
31

3z
33
34
s
36

37
38
38

40
41
2

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

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

B The applicant has met the requirements of:

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

b. i1C CFR Part 100 (Reactor Site Criteria) with
respect to the identification of geclogic and
seismic information wused in deteraining the
suitability of the sita.

e. 10 CFR Part 100, Appendix A (Seismic and Geologic
Siting Criteria for Nuclear Power Plants) with
respect to obtaining the geclogic and seismic
information necessary to determine (1) site
suicability and (2) the appropriate design of the
plant. Guidance for complying with this regulaticn
is contained in Regulatorv Guide 1.132, *"Site
Investigations for Foundations of Nuclear Power
Plants," Regulatory Guide 4.7, "General Site
Suitability for Nuclear Powver Stations,” and
Regulatory Guide 1.60, "Design Response Spectra for
Seismic Design of Nuclear Power Plants."

V. IMPLEMENTATION

The fellowing is intended to provide guidance to applicants and
licensees regardine the NRC staff’s planeg for using this SRP
saction.

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

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

The provisions of this SRP section apply tec reviews of construction
permit (CP), operating license (OL), preliminary design approval
(PDA) , final design approval (FDA), and combined license (CP/OL)

13
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Appendix A to SRP Sectjon 2.5.2

Probabilistic Consid ! in ,
of Vibratory Ground Motion

Probabilistic estimates of seismic hazard shouid be calculated and
the underlying assumptions and associated uncertainties should be
documented to assist in the staff’s overall evaluation of the site
and the proposed design basis. The probabilistic criteria 2:» not
to be interpreted as a strict "go -no go" criteria in te:.s of
determining the final site suitability or adequacy of the design
basis. They provide additional perspective to form overall
judgement and guidance on further investigations or revisions to
design basis.

Uniform hazard spectra (spectra that have a uniform probability of
exceedance over the frequency range of interest) should be
calculated to estimate the probability of exceeding the SSE
response spectrum. Probabilistic hazard estimates (peak ground
acceleration vs. annual probakbility of exceeda ould als

documented. 'There are thr'eé major purpose:- for carrying out the'

~probabilistic hazard analysis:

5 ) . 3 . S — — PR S S PR TEIUIn -
—
(1) The first purpose is to systematically * into account

uncertainties which exist in various factors (such as seismic
sources, seismicity, and ground motion attenuation characteristics)
involved in estimating ground motion and hazard estimates. o
/,’————-'\‘._\___ e ——— e, — — N s

The probabilistic method allows for consideration of alternate
hypotheses and diverse expert opinions which exist in estimating
these factors in a quantitagiye fashion disp:_layinq the influence of

reveal significant contributions in terms of magnitude and

distance, and identify seismic sources significant to the site.
iy inprove the staffl

the—-igpact of discrepancies between the proposed th design

response .poc:%:or the site and the site-specifie Spectra derived

from the consi %scnsscd in this 8RP section. (Given

that the standardize , with a smo /dniqn specira selected
much before a site nlncmiurt/:::; likely to be a next

generation >f plants, these censi ons become more important as
the opportunity to select a design spe or to alter a plant
design is misd ed. Furthermore, explici ccounting for

and stable licensing process with the avoida )
X these aitermnate views during licensing

App. A-1

these factors.f@The rd ensiysiewill /



ew information not
P bilistic analysis emerges, a framework
will e which an assessment of i
on the desig i8 ground mot

structured approach
of this new information
can be gquickly made avoiding

extensive unnecessa eevaluations. For future plzucs, 7

results of the proba ic risk assessment and plant capacities

will be availables this information co with the probabilistic

haza;:ﬁ:?;oruiiion can provide a quick assess of impact of the

;:;ﬁ mic information from the public health and. sarety view
t.)

4 X

W
(%) The secend purpcse is to demonstrate that the probability of
exceeding the SSE compares favorably (i.e. similar to that shown
for the lower half of the population) to that at operating nuclear

govcr plants. A procedure for such an demonstration is described
ater.

“ At .

(¥) The third purpose of a probabilistic hazard analysis is to
provide hacard estimates for use (or to demonstrate adeguacy of the
hazard estimates used at the design stage) in the seismic
pProbabiiistic risk assessments (PRA).

Review Procedure S

p—

The following procedure is ore acceptable approach to assure that

the prokability of exceeding the SSE compares favorably to that at’/

/7 operating nuclear power plants.) It must be emphasized that the

/ probability of exceeding e design basis can not be translated
directly inte probabilities of seismically-induced core damage *
frequencies or other risk indices. A plant’s ability to cope with -
) seismic event depends on many fac*ters including the plant’s
design, site-specific features, and ¢ eretional characteristics.
A plant designed with a design basis exhibiting relatively higher -
probability of exceedance may very well have a higher seismic =_
margin against the design basis. Mean estimates of core damage and

! risks are governed by the uncertairties in the hazard and shape

1 (slope characteristics) of overall hazard curve. The probability °

\\ of exceeding the design basis discussed here, essentially, only =~ .~

/{".r‘

represents 2 single acceleration value on an hazard curve. The use '~
\ of hacard curves in a PRA, therefore, requires different v
consideritions than the steps outlined below to estimate the
~Jprobability of exceeding the design basis.

A. Eastern U.S. Sjtes. /There are two state-~of-the-art approaches
(LLNL and EPRI) currently (July 1991) available to czlculate the
probarilistic seismic hazard for any site in the Easterr U.S. east
of the Rockies (EUS). These approaches, however, produce different
results for a given site. Alco, the seismic hazard calculations

exhibit large uncertiint‘ ., indicating a wide range of expert
opinicns. Therefore, staff is recommending tha following
procedure as-an interin - cedure until th ifferences between the

) COrutriinsn o opel

A
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two hazard methods are resolved. | This procedure relies on relative
measures to assure that the annual probability of exceeding the
design basis is comparable to the operating plants. The procedure
is based on studies conducted for the Eastern Seismicity lssue and
the IPEEE program' (NUREG-1407). Although the following procedure
is stated in terms of the LLNL method, the EPRI method can also be
used in conjunction with the EPRI specific criteria stated in Step
4(c).

Step 1. The seismic source and ground motion data developed in
the LLNL program should be used as inputs to the LLNL
probabilistic seismic hazard methodology.te-characterize

1] habilists T

Step 2. Since the above will produce probabilistic ground motion
results compatible with ganeric site characteristics,
these results should be modified for the proposed site,
taking into account local site profile and properties,
vopographic features, and local geclogy, including
uncertainties inherent in the parameters and
calculations.

Step 3. The hazard should be calcuiated as Uniform Hazard
Response Spectra (UHRS) with various probabilities of
exceedances and associated¢ with various statistical
measures (e.g., mean, median, and 85th percentile). Such

results are shown in x graphical form in Figure 1. The .

UHRS should be develoned for the same location as the
location of the SSE (i.e. either at the free ground
surface or at a hypothetical rock outcrop) .

Step 4. The following procedure should be used to calculate a
composite annual probability of exceeding the design
basis ground motion. The procedure is illustrated in

Figure 2. N dnnd + Qegrnn Fr 4 wioel
" A V{c,“ ;pZIfJS /
(a) Estimate the annuza probakility of exceeding the
design spectrum at two discrete frequencies (5.0
and 10 Hz) using the UHRS.

(b) Calculate the composite annual probability using
the following formula:

Comp. Prob. = 1/2(al)+1/2(a2)

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

Example: From Fig. 2, for mean UHRS, at points al
and 82 corresponding to 5 and 10 Hz:

.. Jo A=3

“u



(c)

Comp. Prob. = 2/2(42-4)+1/2(BE-4)
= E-‘ -

Since composite probabilities should be calculated
for m2an, median, and 85th percentile UHRS, this
will result in three measures of compesite
probabilities. For the above example, these
measures make look like the following:

Mean Median 85 percentile
Composite

Probability 6E~4 SE-S 8E-4

Figs. 3(a), (p), and {€)., respectively, show
distributions of mean, 85 percentile, and median
pProbabilities of exceeding design basis for sites
with currently operating plants using LLNL hazard
estimates. These figures also show limits which

}:gﬁ;nxing;clyxroproscnt values below whicha50% of
e

currently . or the
hypothetical example presented in Step (b) above,
the selected SSE is adequate in terms of the
prcoability of exceeding it when compared to the
iimits shown in the figures.

For the hypothetical example, :
Linit

Mean prob. of exceedance = 6E~4 < 2E-3
Median prob. of exceedance = SE~5 < 1E~4
85 % prob. of exceedance = BE~4 < 2E-3

Commentary on the Above Procedure

As stated earlier, the objective of this exercise
is to assure that the probability of exceeding the
SSE is comparable to those computed for the current
plants, i.e., similar to that exhibited by the
lower half of the population. Because of
uncertainties involved in these probabilistic
estimatea, three rummary statistics, mean, median,
and 85 percentile, estimated in Step (b) above
should be compared with the trend shown in Figs.
3(a), 2(b), and 3(c). Use of any one of these
summary statistic by itselr could be misleading.
The mean statistic may be totally dominated by
extreme opinions, and does not reflect a constant
level of assurance from a site to site. The use of
median measure by itself amounts to ignoring
uncertainty. The 85th percentile reflects some

App. A-4




uncertainty at a constant level of assurance.

Some other observations with regards to the
information presented in these figures are also
pertinent. For example, Fig. 3(a) indicates that
for ninety percent of sites, the mean Probability
of e<ceeding the current design basis is less than
or equal to SE-3/yr. Other observations from these
figures are as foilows: (1) 80% .  che population
lies between a relatively narrow range of 2E-4/yr
to SE-3/yr; (2) A relatively small change in the
range of probability of exceedance encompasses a
significant number ot plants; and (3) because of
large uncertainties in these estimates difference
between a site with a high probability of
exceedance and a site with an average probability

of exceedance is at best a relative sure. fp1 #
T4 1ls ERRT Progabi hJ m‘fﬂ\.j:.;@ (s Jv& Z.G MU&%

Figs. 4(a), (b). and (c) present same infornatioqxv

resulting from ‘he use ofk EPRI UHRS estimates.

These should be \sed when the EPRI method is used <

to calculate the probability of exceeding the SSE.
It shoLld be noced that estimates of probability ofr
exceedance (particularly mean estimates) from these
two methods differ significantly. However, some
robustness exists in ranking of the sites in that
the top groups (groups exhibiting relatively higher
probability of exceedance compared to the rest of
the population) is generally consistent using
either LILNL or EPRI method or using me2an, median,
or 85 percentile statistics. It must be emphasized
that sirict numerical ranking is not implied here;
given the uncertainties in these estimates, there
is essentially no difference between, say
probability of exceedance being 8E-3 vs. being 2E-2
Oor a numerical ranking obtained therefrom. Because
of the above findings, a use of one hazard method
is considered adequate for this purpose.

Since several standard designs have been proposed
with an SSE of 0.3g PGA, as a guidance, Figs. 5(a),
(b), and (c) show probability of exceeding 0.3gq,
NUREG/CR-0098 spectra, for sites with the currently
operating plants. Figs. 6(a), (b), and (c) show
similar results for the EPRI method. d

RS wond TR e
In summary, the staff will us e, information
presented in elther Figs. 3(a) through' (¢c) or Figs.
4(a) through (c), )
Step.3 above te- judge the adequacy of an SSE for a
site. from the pers of - probability —ef
exeeeding 1t

App. A-5
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B. |Western U.S.Sites.  For the Western U.S. (WUS) sites, a
probabilistic data base, such as that compiled in the LLNL and EPRI
studies, is not available. To date no Procedure exists, similar to
that described above, to compare the probability of exceeding the
SSE to other sites in the WUS. In addition, the pProbabilistic ~
hazard at a site in the wWuUs may be governed by clearly identifiable

seismic sources, such as faults'observed at the surface, which have
better defined seismicity characteristics. Therefore, for the WUS
sites, a site-specific analysis using suitable methodologies should
be carried out to calculate the probability of exceeding the SSE

and to identify significant contributions to the hazard (Example-
Diablo SSER).

Hazard Curves for PRA

For the purposes of carrying out a seismic PRA, the staff
recommends (as an interim position) that for the EUS, hazard
estimates obtained from the use of both the LLNL and EPRI methods
be used. This is necessary to fully display uncertainties
currently present in these estimates. The bottom line results,
such as core damage freguencies or frequencies of large releases,
are dominated by estimates of uncertainties in the hazard
estimates. Jor the WUS,phazard estimates developed as discussed
earlier should be used i PRA.

|

J
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DRAFT REGULATORY GUIDE DG-1016
SECOND PROPOSED REVISION 2 TO REGULATORY GUIDE 1.12
NUCLEAR POWER PLANT INSTRUMENTATION FOR EAR/HQUAKES

A. INTRODUCTION

Paragraph (c) of §20.1, “"General Purpose,” to 10 CFR Part 20, “"Standards for
Protection Against Radiation,” requires licersees to make every reasonable effort
to maintain radiation exposures, and release of radiocactive materials in
effluents to unrestricted areas, as Tow as is reasonably achievable. Paragraph
(c) of §50.36, "Technical Specifications," to 10 CFR Part 50, "Domestic
Licensing of Production and Utilization Facilities,” requires the technical
specifications of a facility to include surveillance requirements to ensure that
the necessary quality of systems and components is maintained, that facility
operation will be within safety limits, and that the limiting conditions of
operation will be met. Paragraph IV(a)(4) of Appendix S, "Earthquake Engineering
Criteria for Nuciear Power Plants,* to 10 CFR Part 50 requires that suitable
instrumentation shall be provided so that the recorded seismic response of
nuclear power plant features important to safety can be evaluate promptly to
permit comparison of such response with that used as the design basis.
(Paragraph VI of Appendix B, "Seismic and Gedlogic Siting Criteria for Nuclear
Power Plants,” to i0 CFR Part 100, Reactor Site Criteria,” also cites Appendi
§ to 10 CFR Part 50). Paragraph (IV)(a)(3) of Appendix S to 10 CFR Part 50 also
requires that if vibratory ground motion exceeding that of the Operating Basis
Earthquake (JBE) occurs shutdown of the nuclear power plant will be required.’
This guide describes seismic instrumentation that is acceptable to the NBC staff
:s sa;isfying the above-stated requirements of Parts 20, 50 and Appendix S to
art 50.

B. DISCUSSION

When an earthquake occurs, it is important to assess immediately the effects of
the earthquake at the nu-lear power plant. State-of-the-art solid-state digital
time-history accelerographs installed at appropriate location will provide data
on the frequency, amplitude, and phase relationship of the seismic response of
the free-field, containment structure, and other Category ! structures so that
a comparison and evaluation of such response with that used as the design basis
car be made.

/‘\ Twa ﬂ—o((bw"“%

Factors that should be considered in selecting the location for the instruments
are highlighted.

It may not be necessary that each of two or more identical nuclear power units
on a given site be provided with seismic instrumentation if essentially the same
seismic response at each of the several units is expected from a given

' Draft Regulatory Guide DG-1017, “"Pre-Earthquake Planning and Immediate
Nuclear Power Plant Operator Post-Earthquake Actions,® provides plant
shuidown criteria.

1 Jun 14, 1991



[N SRS RS A D N DD D DD b bt bt et bt b Bt et et et
Cw@NOMPB W OO~ U W N D W00 O B e

et et i T R PR P
O WO N B W) e

e
L P e

BB
WO

o U
-

earthquake.

Time 1imits associated with an immediate evaluation of seismic instrumentation
data are quantified.

Based upon an evaluation of seismic instrumentation operational experience, it
was noted that instruments have been known to be out of service during plant
shutdown. The instrumentation system should be operable at all times. The
guidelines that will be followed by the NRC staff if the seismic instrumentation
is incperable are identified.

Information pertaining to instrumentation characteristics, installation,
activation, remote indication and mzintenance is provided to ensure (1) that the
data provided are comparable with that used in the design of the nuclear power
plant, (2) that exceedance of the Operating Basis Earthguake can be determined,
and (3) that the equipment will perform as required.

C. REGULATORY POSITION
1. Seismic Instrumentation Type and Location.

a. The use of state-of-the-art solid-state digital instrumentation
enabling quick data processing at the plant site is required.

v. A triaxial time-history accelerograph shall be provided at each of
the following locations:

(1) Free-field
(i1) Containment foundation

(111) Two elevations (excluding the foundation) on the internal
containment structure

(iv) Two independent Category 1 structure foundations, for
instance, the Diesel Generator Building and the Auxiliary
Building, where the response is different from that of the
containment structure.

(v) An elevation (excluding the foundation) on the independent
Category | structure; selected in C(1)(b)(iv) above.

(vi) If seismic isolators are used, instrumentation should be
placed on the rigid and isolated portions of the structures at
approximately the same elevations.

c. The specific locations shall be determined by the nuclear plant
designer to obtain the most pertinent information. Maintaining
occupational radialion exposures as low as reasonably achievable
(ALARA) for the 1acation, installation and maintenance of seismic
instrumentation should be considered in accordance with 10 CFR Part
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20.1(c) and Regu'atory w. . ,. g% In general:
(1) an ALARA design review of location, installat<on
maintenance of Proposed instrumentation should be performed in

the plannirg stage by the facility in accordance with
Regulatory Guide 8.8.

(11) instrumentation should be locited in

as low a dose rate area
as i3 Practical, consistent with othe

F requir.rznts.

(111) instruments should be selected which require minimal
maintenance and in-service inspection, ond minimal time and
numbei's of persornel to conduct installation and maintenance.

(iv) corcistent with th
‘nstrunientation shoyld be located to faci] .
fas.allation and removal: to minimz 1y impact other
#waintenance and Operations; and to require the minimal degree

ot plant modification e.q., removal /replacement of
1nterferences).

Instrumentation Required at Multi-Unit Sites.

I' strument-“ jon in ad
b2 requireg if essent
other units based on

the ylant. However,
féequirements “pecified

dition to that installed for a single unit will not
fally the same Seismic response is éxpected at the
the seismic analysis used in the seismic design of

in case of Separate control rooms, aanunciator
in C(7) shall pe applicable to both control rooms.

Seismic Instumentation Operability.

a. Draft Regulatory Guide DR-1017, "Pre-Larthquake Planning and
Immediate Nuclear Power Plant Qerator Post-Earthqu-ke Actions.* is

based ou the assumption that the nuclear r wer plant has opri e
seissic iustrumentation. including the equipment and software
required to process the data within four ho

urs after an earthquak;

This s Receisary to compare the receried data against OBE

exceedance criterion and to evaluate the results of the Jperator
walkdown inspections within e¢ight hours of the event,

-rumentation should be maintained

ir operation during periods of
“tt shutdown, The maintenance and

repair procedures shall make

R —————— ——

Regulatory Guide 8.8, *
Rad’ tien Exposvres at
Reaswnatly Achievable.®

Information Relevant to Ensurir that Occupationa)
Nuclear "ower Stations Will Be As Low As Is

If the seismic instrumertation ‘g inoperable tha guidelines described in
Appandix A to D, aft Regulatory Guide 26-1017, 'Fre-Earthquake Planning and
Immediate Nuclear Power ®lant Operator Fost-[arthquake Actions,” will be
used to determine if the Operzting Basis Earthquake has been exceeded.

3 Jun 14, 1951
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provisions for keeping the maximum number of instruments in service
during plant operation and shutdown.

Instrumentation Characteristics

In-service testing provisions chall be included in the design.
These instruments shall be capable of periodic channel checks during
normal plant operation.

The instruments shall have the capability for in-place functional
testing.

The instrumentation of the foundation and at elevation within the
same building/structure shall be interconnected for common startin
and common timing, and shall contain provisions for an externa
remote alarm to indicate actuation.

Instrumentation Installation

c.

The instrumentation shall be designed and installed so that the
vibratory transmissibility over the amplified region of the design
spectra frequency range is essentially unity, that is, rigid.

The instrumentation shall be oriented so that the horizontal axes
are paraliel to the orthogonal horizontal axes assumed in the
seismic analysis.

Protection shill be provided against accidental impa.ts.

Instrumentation Actuation

Joth vertical and horizontal input vibratory ground motion shall
actuate the same time-history accelerograph.

Spuricus triygering should be avoided.

The actuation mechanisms of the time-history accelerograph shall be
set for 3 threshold ground acceleration of not more chan 0.02g.

Remote Indication

Upon actuation of any time-history accelerograph a remote indication in
the control room shall be activated.

Maintenance

The purpose of the mazintenance program is to assure that ihe
equipment will perform as ruquired. As stated in C(4)(b), the
maintenance and repair procedures shall mike provisions for kveping
the maximum number of instruments in service during plant operation

4 Jur. 14, 1291
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and shutdown.

b. The frequency ¢f maintenance is:

(1) Channel Checks:* Every Month
(11) Channel Functional Test: Every 6 Months
(11i) Channel Calibration: Refueling

D. IMPLEMENTATION

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

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with the specified portions of the Commission's regulations,
the method described herein will be used in the evaluation of submittals docketed
after 1_411311. If an applicant or licensee wishes to use this regulatory guide
for submittals docketed before [ _date ], the pertinent portions of the
epplication will be evaluated on the basis of this guide.

¢ Systems shall be given channel checks every two weeks for the initial
three months of service after startup. Failures of active devices
normally occur during the initial nours of operatior. Successful results
in at {;ast three consecutive checks is sufficient to revert to the
monthly channel check. The monthly channe) check shall include checking
the batteries.

5 Jun 14, 1991



APPENDIX A
DEFINITIONS

1. Acceleration Sensor. An instrument capable of sensing absolute
acceleration and transmitting the data to a recorder.

2. Channel Calibration (Primary Calibration). The determination and
adjustment, if required, of an instrument, sensor, or system such that it
responds within a specific range ind accuracy to an acceleration, velocity
or displacement input, as applicable, traceable to the National Institute
of Standards and Technology (NIST), or an acceptable physical constant.

- & Channel Check. The qualitative verification of the functiona) status of
the instrument sensor. This check is an "in-situ” test and may be the
same as channel functional test.

Bl Bnd o Gl Bt B et
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4. Channel Functional Test (Secondary Calibration). The determination
without adjustment that an instrument, sensor, or system responds to a
known input, not necessarily traced to the “ational Institute of Standa ds
@nd Technology (NIST), of such character that it will verify the
instrument, sentor or system is functioning in a calibratible manner.

5. Containment - See Primary Containment and Secondary Containment.

6. Containment Foundation. The foundation of the containment or reactor
building. For the foundation which supports more than just the
containment structure or reactor building, the area which is within the
cloce proximity of the containment shell shall also be considered as part
of the containment foundation.

7. Internal Containment Structure. A structure internal to the Primary or
Secondary Containment and supported by the Containment Feundation.

8. Operating Basis Earthquake (OBE). The Operating Bacis Earthquake produces
the vibratory ground motion for which those features of the nuclear power
plant necessary for continued operation without undue risk to the health
and safety of the public shall remain functional.

9 Primary Containment. The principle structure of a unit that acts as the
barrier, “ter the fuel cladding and reactor pressure boundary, to control
the releas. of radioactive material. It includes (1) the containment
structure, and its access openings, penetrations, and appurtenances, (2)
those valves, pipes, closed systems, ar.d other components used to effect
isolation of the containment atmosphere from the environment, and (3)
those systems or portions of systems that, by their system functions,
extend tie containment structure boundary (e.g., the connecting steam and
feedwater piping) and provide effective isolation.

10. Recorder. An instrument :apable of simultaneously recording the data
versus time from acceleration sensor(s).

' S ot ) L G G L W L 3PN B3N N A AN N e e

11.  Remote Indicating Instruments. Instruments whose output is transmitted to
a location seperate from the sensor.

)

Jun 14, 1951
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12.

13.

14.

18.

16.

17.

Safe Shutdown Earthquake Ground Motion (SSE). The Safe Shutdown
Carthquake Ground Motion (SSE) is the vibratory ?round motion for which
certain structures, systems, and components shall be designed to remain
functional. Thase structures, systems, and components are those necessary
to assure:

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

(b) iwe capability to shut down the reactor and maintain it in a safe
shutdown condition, or

(c) The capability to prevent or mitigate the consequences of accidents
which could result in potential offsite exposures comparable to the
guideline exposures exceeding allowable amounts.

Secondary Containment. The structure surrounding the primary containment
that aq:s as a further barrier to control the release of radicactive
material.

Seismic Isolator. A device, for instance, laminated clastomer and steel,
installed between the structure and its foundation to reduce the
acceleration of the isolated structure the attached equipment and
components.

Shall, Should, and May. The word "shall® is used to denote a requirement;
the word "should" to denote a recommendation; and the word "may* o denote
permission, neither a requirement nor a recommendation.

Time-History Accelerograph. An instrument capable of measuring ind
permanently recording the absolute acceleration versus time.

Triaxral. Describes the function of an instrument or group of ins* .nts
in three mutually orthogcaal directions, one of which is vertica..

7 Jun 14, 1991
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DRAFT REGULATORY GUIDF NG-1017
PRE-EARTHQUAKE PLANNING AND IMMF  TE NUCLEAR POWER
PLANT OPERATOR POST-EARTI  «E ACTIONS

A. INTRODUCTION

Paragraph IV(a)(4) of Appendix §S, "Earthquake Engineei ing Criteria for Nuclear
Power Plants,” to 10 CFR Part 50, “"Domestic Licensing of Production and
Utilization Facilities," requires that suitable instrumentation’ shall be
provided so that the recerded seismic response of nuclear power plant features
important to safety can be evaluated promptly to permit comparison of such
response with that used as the design basis. Such a comparison ‘s needed to
decide whether the plant can continue to be operated safely and to permit such
timely action as may be appropriate. (Parag) aph VI of Appendix 3, *Seismic and
Geologic Siting Criteria for Nuclear Power Plants,* to 10 CFR Part 100, “Reactor
Site Criteria,” also cites Appendix S to 10 CFR Part 50). Paragraph IV(a)(3) of
Appendix S to 10 CFR Part 50 aliso requires that If vibratory ground motion
exceeding that of the Operating Basis Earthquake occurs, shutdown of the nuclear
power plant will be required. The value of the Operating Basis Earthquake is set
pursuant to Paragraph IV(a)(2)(i) or (ii) of Appendix § Lo Part 50. This guide
provides guidelines that are acceptable to the NRC staff for a timely evaluation
of the recorded instrumentation data and to determine whether or not plant
:guzg:u: is ;;?uired as satisfying the above-stated requirement of Appendix $ to
Ay o .

B. DISCUSSION

When an earthquake occurs, ;round motion data are recorded by the seismic
instrumentation.’ These data are used to make an e>~ly determination of the
degree of severity of the seismic event. The data from the seismic
instrumentation, coupled with information obtained from a plant walkdown, are
used Lo make the initial detarmination of whether the plant should be shut down,
if .t has not aiready been shut down due to operational perturbations resulting
from the seismic event. If, on the basis of these initial evaluztions
(instrumentation data and walkdown), it is concluded that the plant shutdown
criteria have nou been exceeded, it is presumed that the plant will not be shut
down. Post-shutdow:. inspections and plant restart are covered elsewhere.®

Working Group ANS-2.10 of Subcommittec ANS-2, Site Evaluation, of the American
Nuclear Society Standards Committee has developed a standard that contains
guidelines for the retrieval, and the subsequent processing, handling, storage

' Draft Regulatory Guide D5-1016, Second Proposed Revision 2 to Regulatory

Guide 1.12, “"Nuclea. Power Plant Instrumentation for Earthquakes,*
describes seismic instrumentation acceptable to the NRC staff.

! Draft Regulatory Guide DG-1018, "Restart of a Nuclear Power Plant Shut

Down Due to a Seismic Event® describes inspections and tests acceptable to
the NRC staff.

1 Jun 25, 1991
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and evaluation of data obtained from nuclear power plant seismic instrumentation.
This standard was approved and designated ANSI/ANS-2.10-1991, "Guidelines for
Handling and Preliminary Evaluation of Records from Nuclear Power Plant Seismic
Instrumentation,"’ by the American Standards Institute on [ date 1.

The Electric Power Research Institute has developed guidelires that will enable
Ticensees to quickly identify and assess earthquake effects on nuclear power
plants. This report is designated EPRI NP-6695, "Guidelines for Nuclear Plant
Response to an Earthquake,"* December 198%. Post-shutdown inspections and plant
restart are covered elsewhere.’

The Regulatory Position merges the pre-earthquake actions, immediate post-
earthquake operator actions, coerator walkdown inspections, and pre-shutdown
inspection that are contained \» EPR] NP-6695 with the retrieval, and the
subsequent processing, handling, storage and evaluation of data obtained from
nuclear power plant seismic instrumentation contained in ANSI/ANS-2.10-1991.

This guide is based on the assurption that the nuclear power plant has operable
seismic ir lrumentation. If the seismic instrumentation is inoperable the
guideline. hat will be followed by the NRC staff are identified.

Applicable portions of 10 CFR Part 50, Appendix S are re-: ted to highlight the
changes “« philosophy pertaining to the Operating Basis Ea, unquake that were made
during the creation of 10 CFI' Part 50, Apperdix S and 10 CFR Part 100, Appendix
B (revision of 10 CFR Part 100, Appendix A).

The definitions of Safe Shutdown Earthquake Ground Motion (SSE) and Operating
Basis Earthquake in ANSI/ANS-2.10-1991 and EPRI NP-6695 are replaced to reflect
changes that have been made during the creation of 10 CFR Part 50, Appendix 3 and
10 CFR Part 100, Appendix B (revision of 10 CFR Part 100, Appendix A).

ANSI/ANS-2.10-1991 is supplemented by quantifying time 1imits associated with a
prompt evaluation of seismic instrumentation data. The timeliness is consistent
with Figure 1 of ANSI/ANS-2.10 and EPRI NP-6695.

ANSI/ANS-2.10-199] is supplemented by adding a definition of a Felt Earthquake.
The revision provides, in one location within ANSI/ANS-2.10, what constitutes a
felt earthquake and provides for consistency betwecn ANSI/ANS-2.10 and EPRI NP-
6(95. The applicable paragraph within the text, Figure 1 and Table 1 of
ANS]/ANS-2.10 have been revised accordingly.

As stated in ANSI/ANS-2.10-199], the Response Spectrum Check associated with
determining if the Operating Basis Earthquake has been exceeded requires eight
freguency points between 2 and 10 Hz to be evaluated. However, some structures
may have fundamentai frequencies less than 2 Hz, therefore, the range of
frequencies that need to be evaluated has been expanded.

* (Copies may be obtained from the American Nuclear Society, 555 North
Kensington Avenue, la Grange Park, I1linois 60525.

“ Copies may be obtained from the Research Reports Center (RRC), Box 50490,
Palo Alto, California 94303.

2 Jun 25, 1991
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Supplemental information on the calculation of the Cumulative Absolute Velocity
(CAV) is provided in the referenced document.

The definition of ‘elt Earthquake in EPRI NP-6695, is revised, deleting the
phrase pertaining t “"plants with operable seismic instrumentation.® Nuclear
power plants should have operable seismic instrumentation; further, the
instrumentation shall be functioning in all modes of operation. If the seismic
instrumentation is inoperable the guidelines that will be followed by the NRC
staff are identified.

The staff does not support the philosophy discussed in EPRI NP-6695, Section
4.3.4 (first paragraph, last sentence), pertaining to plant shutdown
considerations following an earthquake based on the need for continued power
eneration in the region. Decisions on continued operation will be made by the
icensee in conjunction with the staff on a case-by-case basis consistent with
applicable regulations.

C. REGULATORY POSITION

1. This guide is based on the assumption that the nuclear power plant nas
operable seismic instrumentation. If the seismic instrumentatica is
inoperable the guidelines described in Appendix A will be used to
determine if the Operating Basis Earthquake has been exceeded.

- The following segments of 10 CFR Part 50, Appendix S, Paragraph Iv(a)(2)
are repeated to highlight changes in the regulation pertaining to the
Operating Basis Earthquake that are nct consistent with those contained in
ANSI/ANS-2.10-1991 and EPR] NP-6695.

*The Operating Basis Earthquake shall be defined by
response spectra. A1l structures, systems, and
components of the nuclear power plant necessary for
continued operation without undue risk to the health and
safety of the public shall remain functional and within
applicable stress and deformation 1imits when subjected
to the effects of the vibratory motion of the Operating
?asis Earthquake in combination with normal operating
oads.

If the Operating Basis Earthquake is set at one-
third of the Safe Shutdown Earthquake ground
motion Tevei, the function of the Operating Basis
Earthquake, as stated above, can be satisfied
without the applicant performing any explicit
response analyses.'

* A seperate analyses to compute structure, equipment and piping re-- e
associated with the Operating Basis CEarthquake 1is not re .red.
Applicable design provisions associated with this Operating Basis

3 Jun 25, 1991
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ii. If an applicant chooses an Operating Basis
Earthquake greater than one-third the Safe
Skutdown [arthquake an explicit suitable analysis
and design shall be performed to demonstrate that
the functi.a of the Operating Basis Earthquake,
as stated above, is satisfied. The design shall
take into account soil-structure interaction
effects and the expected duration of vibratory
motion.

Guidelines for the retrieval, and the subsequent processing, handling,
storage and evaluation of dit> obtained from nuclear power piant seismic
instrumentation specii‘ed in ANSJ/ANS-2.10-1991, “Guide):nes for Handling
and Preliminary Evaluation of kecords from Nuclear Power Plant Seismic
Instrumentation,* are acceptable to the NRC staff for satisfying the
evaluation requirements indicated in Paragraphs IV(a)(3) and (4) of 10 CF4
Part 50, Appencix S for ensuring the safety of nuclear power piznis,
suvject to the following:*

a. Section 1, at the end of the second paragraph add:

It is recommended that the calibration standurds, computer software,
record analyzers, etc., required to process the records from the
seismic instruments be on hand at the site so that the records can
be processed «ithin a time period of four hours. This is necessary
to compare the recorded data against the Operating Basis Earthquake
exceecance criterion and to evaluite the resu’ts of the operator
walkdown inspections within eignt hours of the event.

b. Section 2, the following definitions should be added to, or
superseve those, in the Standard:

I felt earthquake. An earthquake of sufficient intensity such
that:

(1)  the vibratcry ground motion is felt at the nuclear power
plart site and recognized as an earthquake based on a
consensus of the control room operators on duty at the
time, or

(1) the seismic instruments installed at the riant are

Earthquake, for instance, fatigue, are discussed in regulatory guioes.

Specific exceptions to the standard are noted. Not all of the
definitions, instrumentation or steps discussed in the standard are
applicable since they relate to instrumentation not described in Draft
Regulatory Guide DG-1016, Second Proposed Revision 2 to Regulatory Guide
1.12, "Nuclear Power Plant Instrumentation for Earthquckes."

4 Jun 25, 1981
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2. operating basis earthquake (OBE). The *Operating Basi;
Earthquake® produces the vibratory g-round motion for which
those features of the nuclear power plant necessary for
continued operation without undue risk to the health and
safety of the public shall remain functional.

1B safe shutdown earthquake ground motion (SSE). The "Safe
Shutdown Earthquake Ground Motion® (SSE) 1s the vibratory
ground motion for which certain structures, systems, and
components shall be designed to remain functional. These
structures, systems, and components are those recessary to

assure:

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

(i1) The capability to shut down the reactor an¢
maintain it in a safe shutdown condition, or

(111) The capability to prevent or mitigate the

consequences of accidents which could result in
potential offsite oxposures comparable to the
guideline exposures exceeding allowable amounts.

3 Section 3. Replace the first paragraph with the fcilowing:

After any felt earthquake (see item 2 of Table +; 2t 2 nuclear power
plant, the owner shall take appropriate action to determine if the

w ., 2 PO PO A PO DD DD NS DD bt et B ot ot Bt Bt e # et St
OOONGM&UN*‘O‘.NOU‘O“N*‘O‘“‘GOW-“N-—-

3] OBE has been exceeded. The specific activities, their timing and
32 the associated criteria are set forth graphically in Figure 1 -
33 Preliminary Evaluation (level 1) Flowchart and in Table 1 -
34 Activities Description.

35

36 d. Section 4.5.2(1)(b), Response Spectrum Check. Change as follows:
37

38 Response Spectrum Check. For the response spectrum check, spectral
39 ordinates computed at a minimum of 11 frequency points approximately
40 evenly spaced on a logarithmic scale between | and 10 Hz (e.g., 1.0,
4] 1.3, 1.6, 2.0, 2.5, 3.0, 4.0, 5.0, 6.5, 8.0, and 10.0 hz), should be
&2 compared ...

43

44 e. Section 4.5.2())(c), . Add
45 the following paragraph at the end of the section:

46

47 Additional guidance on how to determine the CAV is provided in "A
48 Method to Standardize the Calculation of the Cumulative Absolute
49 Velocity for Use With the EPRI OBE Exceedance Criterion® [7].

7 Spurious activation that can be clearly linked to a nonseismic event, for

0
A example, vehicular movement or construction, does not denote seismic
2 instrumentation activation.

Jun 25, 1991
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¥ Section 5, References. Add the following:

[7] Electric Power Research Institute, NP-7777, *"A Method to
Standa~dize the Calculation of the Cumulative Absolute Velocity for
Use With the EPRI OBE Exceedance Criterion," January 199].

g. Figure 1. Preliminary Evaluation (Level 1) Flowchart. Change Block
2 to: Felt Earthquake.

h. Figure 2. OBE Exceedance (Level i) Flowchart.

A Block 1 and footnote 1. Change to reflect that 11 frequency

values approximately evenly spaced on a logarithmic scale
between 1 and 10 Hz should Le evaluated.

2. Footnote 2. Remove i1 and iii.
L. Table 1 - Activities Description, Item 2. Change description to:
Felt earthquake.
Go to Item 3

The Definitions Section and the guidelines for pre-earthquake planning and
immediate post-earthquake actions specified in Sections 5.3.1 (includes
Section 5.3.2.1), 4.3.1, 4.3.2 (includes Section 5.3.2.1 and items 7 and
8 of Table 5-1) and 4.3.4 of EPRI NP-6695 "Guidelines for Nuclear Plant
Response to an Earthquake,* are acceptable to the NRC staff for satisfying
the evaluation requirements indicated in Paragraph 1V(a)(2) of 10 CFR Part
50, Appendix S for ensuring the safety of nuclear power plants, subject to
the following:

a. Definitions, the following definitions should be added to, or
suparsede those, in the report:

b felt earthquake. An earthquake of sufficient intensity such
that:

(1)  the vibratory ground motion is felt at the nuclear power
plant site and recognized as an earthquake based on a
consensus of the control room operators on duty a* the
time, or

(i1) the seismic instruments installed at the plant are
activated.’

2. operating basis earthquake (OBE). The "Operating Basis
Earthquake® produces the vibratory ground motion for which
those features of the nuclear power plant necessary for
continued operation without undue risk to the health and
safety of the puriic shall remain furctional.

3. safr. shutdown earthquake ground motion (SSE). The *S-7
6 Jun 25, 19:i
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Shu' « Earthquake Ground Motion® (SSE) is the vibratory
ground motion for which certain structures, systems, and
components shall be designed to remain functiona). These
structures, systems, and components are those necessary to

assure:

(1) The integrity of the reactor coolant pressur:
boundary,

(i1) The capability to shut “~wn the reactor and
maintain it in a2 safe shutdown conditian, or

(111) The capability to prevent or mitigate the

consequences of accidents which could result in
potential offsite exposures comparable to the
yuideline exposures exceeding allowable amounts.

Section 4.3.4, «re-Shutdown Inspections. Delete “he last sente ce
in the first paragraph.

Shutdown Criteria

OBE Exceedance. If the Response Spectrum Check and the Time History
(CAV) Check, performed in accordance with Section 4.5.2 of ANSI/ANS-
2.10-1991 as modified per this Guide, were exceeded, than the OBE
was exceeded and plant shutdown is required. If either check does
3:§ exceed the criterion, the earthquake metion did not exceed the

The determination of whether or not the UBE has been exceeded should
be performed even if the plant automatically trips off-line as a
result of the earthquake.

Damage. Shutdown of the plant is required if the walkdown
inspections, perfermed in accordance with Section 4.3.2 of EPRI NP-
6695, discover damage.

Paragraph C(4) of this Regu'atory Position endorses the pre-shutdown
inspections de'cribed Section « ° 4 of EPRI NP-6695. However, they are
repeated below for emphasis.

Prior to initiating plant shutdown, visual inspections and control
board checks of safe shu’ '+ = systems should be performed by plant
operations personncl, and ..: availability of off-site and emergency
power sources should be determined. The purpose of ti. se
inspections is to determine the effect of the earthquake on
essential safe shutdowr equipment which is not normally; in use
during plant oneration so that any resets or repairs required as a
resuit of the earthquike can be performed, or alternate equipment
can be readied, prior to initiating shutdown activities.

7 Jun 25, 1991
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In order to ascertain possible fuel and reactor internal damage, the
checks noted in Section 4.3.4 of EPRI NP-669 should be made, if
possible, before plant shutdown is initiated.

'f the OBE was not exceeded and the walkdown inspection indicates no
damage tu the nuclear power plant, then shutdown of the plant is not
required. The plant may continue to operate (or restart following a post-
trip review, if it tripped off-line due to the earthquake).

D. IMPLEMENTATION

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

Except in those cases in which the applicant proposes an acceptable alt Toative
method for complying with the specified portions of the Conmission's regu,. . ons,
the method described herein will be used in the evaluation of submittals ococketed
after [ date ]. If an applicant or licensee wishes to use this regulatory guide
for submittals docketed before [ _date 1, the pertinent portions of the
application will be evaluated on the basis of this guide.

8 Jun 25, 1991
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APPENDIX A
INTERIM OPERATING BASIS EARTHQUAKE (OBE) EXCEEDANCE GUIDELINES

For plants at which only instrumentally determined foundation level da'a
are available, the Cumulative Absolute Velocity (CAV) Check is no:
applicable, and a determination of Operating Basis Earthquake (OBE,
excecdance is based on the Response Spectrum Check described in Se:tior
C(3)(d) of this regulatory guide. A comparison is made between the
fourdation leve! spectra’ accelerations used in design and those obtained
from the foundation ’ wvel instruments. if the Response Spectrum Check at
one fouz:ation level is exceeded the OBE is oxceedid and shutdown is
warranted.

For plants at which no instrumental data are available, the OBE will be
considered to have been exceeded and shu‘down to be warranted if the
earthquake:

a. was felt within the plant and resulted in MMI VI® or greater within
5 kn* of the plant or

b. was felt within the plant and was of magnitude 6.0° or grester gr

g, was felt within the plant, was of magnitude 5.0° or greater, and
occurred within 200 km* of the plant.

A pori-earthquake plant walkdown should be conducted. A procedure
acceptable to the NRC staff is described in Paragrapi. C(4) of this
regulatory guide.

If plant shutdown is warranted under the abave guidelines, the plant
should be shut down in an orderly manner. A procedure acceptable to the
staff is described in Paragraph C(5) of this regulatory guide.

In these guidelines the U. S. Geological Survey, Nationzl {arthquake
Information Center determinations of epicentral location, magnitude, and
intencity will usually take precedence over other estimates; however,
reg.onal and Tocal determinations will be used if they are conzidered to
be more accurate. Alsn, higher quality damage or lack of damage reports
from the nuclear power plant site or (ts immediate vicinity will take
precedence over more distant reports.

9 Jun 25, 198]
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ORAFT REGULATORY GUIDE DG-1018
RESTART OF A NUCLEAR POWER PLANT SHUT DOWN
DUE TO A SEISMIC EVENT

A. INTRODUCTION

Paragraph (IV)(a)(3) of Appendix S, “Earthquake Enginzering Criteria for Nuclear
Power Plants® to 10 CFR Part 50, “"Domestic Licensing of Production and
Utilization Facilities,” requires that if vibratury ground motion e :~eedino that
of the Operating Basis Earthquake occurs, shutdown of the nuclear power plant
will be required.’ The value of the Operating Sasis carthquake is set pursuant
+. Paragraph 1V(a)(2)(i) or (ii) of Appendix S to Part 50. Prior to resuming
t.ations, the licensee will be required to demonstrate to the Commission that

. functional damage has occurred to those features necessary for continued
operation without undue risk to the healih and safety of the public. This guide
provides guidelines that are acceptable to the NRC staff for performing
inspections and tests of nuclear power plant equipment and structures prior to
restart of a plant that has been shutdown due to a seismic event as satisfying
the above-stated requirements of Appendix S to 10 CFR Part 5C.

B. DISCUSSION

Data from seismic instrumentation® and a walkdown of the nuclear power plant
were used *o make the initial determination of whether the plant should be shut
down, if it is not already shut down due to operational pertubations resulting
from the seismic event.’

The E'ectric Power Research Institute has developed guidelines that will enable
licersees to quickly identify and assess earthquake effects on nuclear power
plants. This report is designated EPRI NP-6695, "Guidelines for Nuclear Plant
Response to an Earthquake,*’ December 1989. This guide is addressing sections
thai reiste to post-shutdown inspection and tests, inspection criteria,
inspection personnel, documentation, and long-term evaluations.

Applicabl~ portions of 10 CFR Fart 50, Appendix S are repeated in the Regulatory
Posiiion to highlight the changes in philosophy pertaining to the Operating
Casis Earthquake that were made during the craation of 10 CFR Part 30, Appendix
§ and 10 CFR Part 100, Appendix B (revision of 10 CFR Part 100, Appendix A).

' Draft Regulatory Guide DG-1017, "Pre-Earthquake Planning and Immediate

Nuclear Power Plant Operato:r Post-Earthquake Actions,® provides plant
shutdown criteria.

? Draft Regulatory Guide 0G5-1016, Second Proposed Revision 2 to Regu)

Guide 1.12, “Nuclear Prwer Plant Instrumentation for Earthqua
doscribes seismic ‘nstrumectation acceptable to the NRC staff.

* Copies may De obtained from the Research Reports Center /RRC), Box 5049¢,
Palo Alto, California 94303.

(-
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The Rugulatory Position replaces the definitions of Safe Shutdown Earthquake
Ground Motion (SSE) and Operat 'ng Basis Earthquake in EPRI NP-6695 to reflect
changes that have been made durinrg the creation of 10 CFR Part 50, Appendix S and
10 CFR Part 100, Appendix B (revision of 10 CFR Part 100, Appendix A).

C. REGULATORY POSITION

1. The following segments of 10 CFR Part 50, Appendix S, Paragraph 1V(a)(2)
are repeated to highlight changes in the regulation pertaining to t e
gg;;a;;ngsg;sis Earthquake that are not consistent with those contained in

*The Operating Basis Earthquake shall be defined by
response spectra. All structures, systems, and
components of the nuclear power plant necessary for
continued operation without undue risk to the health and
safety of the public shall remain functional and within
applicable stress and deformation 1imits when subjected
to the effects of the vibratory motion of the Operating
?as;s Earthquake in combination with normal operating
oads.

P If the Operating Basis Earthquake is set at one-
third of the Safe Shutdown Earthquake Ground
Motion level, the function of the Operating Basis
Earthquake, as stated a‘ove, car be satisfied
without the applicant performing any explicit
response analyses.®

ii. If an applicant chooses an Operating Basis
Earthquake greater than one-third tre Safe
Shutdown Earthquake Ground Motion an explicit
suitable analysis and design shall be performed
to demonstrate that the function of the Operating
Basis Earthquake, as stated above, is satisfied.
The design shall take into account soil-structure
interaction effects ana the expected duration of
vibratory motion.

The Definitions Section and the guidelines for post-shutdown inspections
and tests, and long-term evaluations specified in Sections 5.3.2 (includ:s
Tables 2-1, 2-2 and 5-1), 5.3.3 (incl.des Table 5-1), 5.3.4, 5.3.5, and
6.3 (al1 sections and subsections) of EPRI NP-6695 are acceptable to the
NRC staff for satisfying the evaluation requirements indicated in
Paragraph JV(a)(2) of 10 CFR Part 50, Appendix S “or easuring the safety

-

A seperate analys.: to compute structure, equipment and piping response

associated with the Operating Basis Earthquake is not required.
Applicable design provisions =sssociated with this Operating Basis
Earthquake, for instance, fatigue, are discussed in regu:atory guides.

2 Jun 14, 1991
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¢f nuclear power plants, subject to the following:

Definitions, the following definitions should be added to, or supersede
those, in the report:

B felt earthquake. An earthquake of sufficient intensiiy such that:

(1)  the vibratory ground motion ;s felt at the nuclear power plai t
site and recognized as an earthquake based on a consensus of
the ccntrol room operators on duty at the time, and

(11) the seismic switches inslalled at the plant are
activated.

- 5 operating bas‘s earthquake (0OBE). The "Operating Basis Earthquake*
produces the vibratory ground motion for which those features of the
ruclear power plant necessary for continued operation without undue
risk to the health and safety of the public shall remain furctional.

3. safe shutdown earthquake ground motion {SSE). The *"Safe Shutdown
farthquake Ground Motion (SSE'™ is the vibratory ground motion for
which certain structures, systems, ang components shall be designed
to remain functional. These structures, systems, and components are
those necessary to assure:

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

(if) The capability to shut down the reactor and maintain it
in a safe shutdown condition, ¢+

(111) The capabiiity to prevent or mitigate the consequences
of accidents which could result in potential offsite
exposure: comparable to the guidelire exposures
exceedin) allowable amounts.

D. IMPLEMENTATION

The purnose of thi, section is to provide guidance to :pplicants and licensees
regarding the NRC staff's plans for using this regulatory guide.

Except in those cases in which the applicint proposes «n acceptable alternative
methoc for complying with the specified portions of the Commission’s regulations,
the method described herein will be used in the evaluation of submittals docketed
after [ date 1. If an aprlicant or licensee wishes to use this regulatory guide
for submittals docketea before [ date ], the pertinent portions of the
application will be evaluated on the basis of this guide.

3 Jun 14, 199]
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DRAFT REGULATORY ANALYSIS
PROPOSED REVISION OF 10 CFR PART 100, APPENDIX A

STATEMENT OF THE PROBILEM

Appendix A, "Seismic and Geologic Siting Criteria for Nuclear Power Planrts,* to
10 CFR Part 100, “Reactor Siting Criteria,* sets forth a framework that guides
the staff in its evaluation of the adequacy of applicants’ investigations of
geologic and earthquake phenomena and proposed plant design parameters. The
issuance of Appendix A was an important step in establishing a definitive
regulatory framework for dealing with earth science issues in the licensing of
nuclear power plants. The Apperdix contains the following statement:

"These criteriz are based on the limited geophysical and geological
information available to date concerning faults and earthquake
occurrence and effect. They will be revised as necessary when more
complete information becomes available.*

The bases for Appendix A were established in the Tate 1960°’s and it became
effect ve December 13, 1973. Since then, with advances in the sciences of
seismo'ogy and geclogy, along with the occurrence of some issues in licensing
cases not foreseen in the cevelopment of Append‘x A, a number of significant
difficulties have arisen in the application of this regulation. Specific
problematic areas inciude the following:

1. In making geoscience assessments, there is a need for considerable
latitude and judgement. This latitude and Judgement is required
because of limitations in data, the state of the art of geologic and
seismic analyses, and the rapid evolution taking place in the
geosciences in terms of accumulating knowledge and in modifying
concepts. This need appears to have been recognized when Appendix
A was developed. However, havinqﬁf!!!tt!ntt’i?sessaentf(ﬂitailgd~
and cast in Appendix A, a regulation, has created difficulty for
applicants and the staff in terms of inhibiting the use of needed
Judgement and latitude. Also, it has inhibited ‘exibility in
applying Lasic pr ‘nciples to new situations and the <.e of evolving
methods of analyses in the licensing process.

2. Various sections of Appenuix A lack clarity and are subject to
different interpretations and dispute. Also, some sections in the
Appendix do not provide sufficient information for implementation.
As a result of being both overly detailed in some areas and not
detailed enough in others, the Appendix has been the source of
Ticensing delays and debate and has inhibited the use of some types
of analyses.

3. In other siting areas, such as hydrology, regul4tory guidance has
been handied effectively through use of regulatory guides. Many
problems encountered in implementing Anpendix A could best be
alleviated through the use of reguiatory guides and a program for
continuous updating.

l Jun 14, 1991



W00 N U B s PO

4. In the existing regulation, the Operating Basis Earthquake (OBE) is
associated with function.lity. likelihood of occurrence, and a
minimum fraction of the Safe Shutdown Earthquake (SSE). These
multi-aspects have resulted in seismic criteria that have led to
overly -tiff piping systems and excessive use of snubbers and
supports which, in fact, could result in less reliable piping
systems.

S. “he stipulation in Appendix A that the Safe Shutdown Earthjquake
\3SE) response spectra be defined at the foundation of the nuclear
pawer plant structures has often led to confrontations with many in
the engineering community who regard this stipulation as
inconsistent with sound practice.

QBJECTIVES
The objectives of the proposed regulatory action are:

1. Provide a stable regulatory basis for seismic and geologic siting
and applicable earthquake engineering design of nuclear power
plants,

a. avoid Ticensing delays due to unclear regulatory requirements,
b. provide a flexible structure to permit consideration of new

technical understandings, and

- 1 Have the revision to the regulation completed prior to the receipt
of an early site application.

The major points associated vith the revision of the regulation are:

s The proposed regulatory action will apply to applicants who apply
for a construction permit on or after the effective date of the
revised regulation. W

2. Criteria not associated with the selection/ of the site or
establishment of the safe shutdown earthquake has been placed into
Part 50 consistent with the lecation in the regulation of other
design requirements.

Since the revision to the regulation will not be backfit, the licensing bases fo-
existing nuclear power plants must remain in the regulation. Therefore, the
revised regulation on seismic and geologic siting will be designaled 10 CF? Part
190, Appendix B.

farthquake engineering criteria will be located in 10 CFR Part 50, Appendix S.
Since Appendix S is not self initiating, applicable sections of Part 50 (for
instance, §50.34, §50.54) will be revised to reference Appendix S.

In addition, Part 52, Paragraph 52.17(a)(1)(vi) and Part 100, Paragraph

2 Jun 14, 199]




100.10{c) (1), are revised to note App adix B to Part 100.

Finally, in support of the above changes, regulatory guides and select standard
review pian sections will be revised or developed.

ALTERNATIVES

o .
Since theproblems are with implementing the existing regulation, the only
satisfactory alternative is to revise the regulation.

Deletion of the existing regulation (Appendix A to Part 100) is not being
considered since it is the licensing bases for many of the operating nuclear

power plants and others that are in various stages of obtaining their operating
license. —
Lrp X

Replacement of the.regulation with a regulatory guide is not being considered
because a regulatory guide is non-mandatory. The staff believes that there could
be an increase in exposure to the public if the siting and earthquake engineering

criteria were non-mandatory. O ene lean fMPC‘*’{ .
Doing nothing is also not an acceptable alterpative. Although the siting related
issues associated with the current 9eneratio:|tare completed or nearing completion
there is a renewed sense of urgency to initiate the proposed regulatory action
in Tight of the current and future staff review of advanced reactor seismic
design criteria A revision to Appendix A would increase the efficiency of
regulatory actions associated with any resurgence of licensing activity.

Finally, the following memoranda or reports provide further support for a
revision to Appendix A to Part 100:

i Staff Requirements Memorandum from Chilk to Taylor dated January 25,
1991, Subject: SECY-90-34]1 - Staff Study on Source Term Update and
Decoupling Siting from Design.

*The staff should further ensure that the
revisions to Appendix A of Part 100 are
available to support the time schedule
shown in the paper [Commission Briefing on
Source Term Update and Decoupling Siting
from Design (SECY-90-341), dated December
13, 1990] for option 2, and are technically
supportable with the information that will
be available at the time the draft comes
forward for Commission action."”

g Memorandum from Taylor to Beckjord dated September 6, 1990, Subject:
Revision of Appendix A, 10 CFR Part 100, "Seismic and Geologic
Siting Criteria for Nuclear Power Plants.”

*1 approve of your plan to begin work on
the development of a revised regulation and
this activity should be assigned & high
priority status."®

3 Jun 14, 1991
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- NUREG-0625, Siting Policy Task Force.
*Revise Appendix A to 10 CFR Part 100 to
better reflect the evolving technology in
assessing seismic hazards."®

4. NUREG-1061, "Report of the U.S. Nuclear Regulatory Commission Piping
Review Committee," Vol §, April 1985,

*The Committee recommends that

0 Rul' “aking amending Appendix A to 10
CFR .art 100 be undertaken to permit

decoupling of the OBE and SSE. ...."
CONSEQUENCES
a. Costs an? Benefits
Benefits

The revision of Appendix A to Part 100 will be beneficial to ail. The public
will benefit from a clearer, more uniform and consistent licensing process
subject to fewer interpretations. The NRC staff will benefit from improved
regulatory implementation (both technical and legal), fewer interpretive debates,
and increased regulatory flexibility. Applicants will derive the same benefits
in addition to avoiding 1icensing delays due to unclear regulatory requirements.

The revised regulations (Appendix B to Part 100 and Appendix § to Part 50)
reflect changes resulting from (1) experience in applying the existing
regulation; (2) interpretative questions; (3) needed regulatory flexibility to
incorporate state of the art improvements in the geosciences and earthqudke
engineering; (4) simplifying the text language to a more ",lain English® text;
and (5) various internal staff and industry comments.

Benefits to applicants or NRC staff will result from the following changes:
4 -p '

Bs Level of Dotail// The level of detail in the proposed regulations
has been limited. The proposed regulation identifies requirements;
detailed guidance, that is, procedures acceptable to the staff for
meeting the requirements, has been removed and placed in regulatory
guides or standard review plan sections.

B Greater Flexibility. The proposed regulations provide a flexible
structure that will permit consideration of new technical
understandings and state of the art advancements.

3. Interpretations. Changes have been made to resolve past questions
of interpretations. As an example, the definitions and reaquired
investigations sections of the proposed -egulations have i.-
significantly changed eliminating or modifying phrases that «..
more applicable to only the western United States.

3 car 14, 1991
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10.

Losts

The costs associated with the revised regulations are subdivided into two
categories; the first is associated with the geosciences and site investigations
(Appendix B to Part 100), the seccnd is associated with earthquake engineering

Text Clarification. The proposed regulations use more explicit
terminology. For instance, the Safe Shutdown Earthquake (SSE) is
now referenced as the Safe Shutdown Earthquake Ground Motion (SSE).
Associated changes within the text highlight that the ground motion
used as the design basis is not associated with a sing?e earthquake
but a1 composite of many expected earthquakes.

Current practices will be reflected. The proposed regulations
reflect industry design practices and the associated staff review
procedures that have evolved since the initial regulation (Appendix
A to Part 100) was issued in 1973. Many of these practices and
procedures were incorporated into the revision of Standard Review
Plan Sections 2.5.2, 3.7.1, 3.7.2 and 3.7.3 associated with the
Ee::lu:ion of Unresolved Safety Issue (USI) A-40, *"Seismic Design
riteria."”

Seismic Sources. Better definition of seismic source types and
streamlined procedures for their use in syecifying ground motion
expected at a plant site will eliminate what has been a major source
of licensing delays.

Probabilistic Analyses. The use of probabilistic techniques will
also permit easier handling of uncertainties associated with the
process of defining relevant seismic sources and ground motions
associated with them.

Eliminating the many facets of the Operating Basis Earthquake (OBE).
The OBE is now only associated with the functionality of structures,
equipment and components. Presiously, the (.  was also associated
with a Tikelihood of occurrence and a minimum percentage of the Safe
Shutdown Earthquake (SSE). In some cases, for instance, piping, the
multi-facets of the OBE made it possible for it to have more design
significance than the SSE.

Potential for Reduced Analyses. Applicants that choose to set the
Operating Basis Earthquake at one-third of the Safe Shutdown
Earthquaka Ground Motion can satisfy OBE functionality requirements
without performing any explicit response analysis. Applicants have
the option of selecting an OBE greater than one-third the SSE;
however, a suitable analyses and design shall be performed.

Required Plant Shutdown. The revised regulations has placed into
Part 50, consistent with other conditions of licenses, that plant
shutdown is required if the Operating Basis Earthquake is exceeded.
Specific guidance as to what constitutes an CBE exceedance, thereby
requiving plant shutdown is provided. In addition, guidance for an
orderly plant shutdown and the re-starting a plant that has been
shutdown due to earthquake ground motion is provided.

5 Jun 14, 199]
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(Appendix S to Part 50).

Appendix B to Part 100

As substantiated below, the overall cost impact associated with revising the
geosciences and site investigation aspects of the regulation are neutral.
Specific examples include:

1.

Reduced Licensing Delays. The licensing process will be enhanced
because information needed for the staff review can be incorporated
in the safety analysis reports at the time of docketing instead of
later through staff questions and applicant responses.

Probabilistic Analyses. Probabilistic analyses to determine
vibratory ground motion, surface tectonmic deformation, and
seismically induced floods and water waves will marginally increase
the cost required for plant site investigations. However, the
proposed revisions reflect what is already current staff practice.
For sites in the eastern U.S., the availability of probabilistic
methods may actually simplify the task of analyzing earthquake-
induced ground motion. Furthermore, probabilistic analysis will
make it possible to more readily incorporate additional data that
may become available during site review.

Seismic Sources. The new approach towards seismic sources using
sei.mogenic sources instead of tectonic provinces, better definition
of the location to be used for sources in the site vicinity, and
other streamlining in tne licensing approach are expected to reduce
time and costs required for obtaining site approval.

Appendix S to Part 50

As substantiated below, the overall cost impact associated with revising the
earthquake engineering aspects of the regulation are neutral or reduced.
Specific examples include:

1.

Reduced OBE Analysis. The response analyses associated with the
Operating Basis Earthquake (OBE) may be eliminated if the applicant
sets the OBE at one-third of the Safe Shutdown Earthquake Ground
Motion (SSE). Selecting an OBE value greater than one-third of the
SSE does not increase the analytical effort above current
requirements.

Control Point Location. Changing the Tocation of the control point
(the point at which the vibratory ground motion is applied) from the
foundation level to the free-field does not affect costs. The
following discussion from Section 2.1.1.4 of NUREC-1233 (pages 13
and 14) is applicable:

*A number of recent plants were designed to
the 1975 Standard Review Plan requirements
which specified the free-field motion at
the free-surface for soil-structure

6 Jun 14, 199]
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interaction analysis. During the operating
license (OL) review, the implementation of
the current position of input motion at the
foundation level in the free field resulted
in & modification of some structural floor
beams of seismic Category I structures at
one plant. No hardware changes resulted at
other plants. (Note that the staff’'s
investigation was limited to the Safe
shutdown systems and structures that housed
them, and allowance wac< made for tested
strength values in s 1ses. )"

3. Plant Shutdown. Although the ne: seismic instrumentation
requirements are different, the cost is essentially the same as that
currently used in operating plants. The maintenance and calibration
costs with the new solid-state seismic instrumentation should be
less than that associated with the current instrumentation. The
time associated with the processing of instrumentation data will be
less since data will not be shipped from the site for evaluation,
thereby reducing the potential for prolonged plant shutdown while
data are being evaluated. In general, the ability to expediti.usly
assess the effects of the earthqueke on the plant will save both
staff and licensee resources.

b. Impact on Other Reguirements

Qther NRC Programs

Although Appendix A to 10 CFR Part 100 is titled "Seismic and Geologic Siting
Criteria for Nuclear Power Flants,® it is also referenced in twe other Parts of
the regulation. They are (1) Part 40, “Domestic Licensing of Source Material,*
Appendix A, “"Criteria Relating to the Operation of Uranium Mills and the
Disposition of Tailings or Waste Produced by the Extraction or Concentration of
Source Material from Ores Processed Primarily for Their Source Material Conient,"®
Section I, Criterion 4(e), and (2) Part 72, *Licensing Requirements for the
Independent Storage of Spent Nuclear Fuel and High-Level Radioactive Waste,®
Paragraphs (a)(2)(b) and (a)(2)(f)(1) of §72.102. The revised regulation,
Appendix B to Part 100, is still applicable only to nuciear power plants. The
need to revise Part 72 and Appendix A to Part 40, subject to the implementation
of Appendix B to Part 100, should be a separate rulemaking initiative.

Qther Government Agencies

Since the seismic design review and accestance for nuclear power plants is
carried out solely by NRC staff, no impact is projected on other government
agencies.

£, Constraints

None.

7 Jun 14, 1991
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RECISION RATIONALE

The recommendations to revise the regulations pertaining to the geosciences and
sice investigations (Appendix B to Part 100), and earthquake engineering
(Apzendix S to Part 50) are based primarily on the deterministic and Qu.litative
arguments. The staff’s evaluation augments the regulatory analysis associated
with the implementation of Unresolved Safety Issue (USI) A-40, seismic Design
Criteria (NUREG-1233). USI A-40 was implemented in August 19sz9 through the
revision of Standard Review Plan Sections 3.7.1, Seismic Design Parameters,
3.7.2, Seismic System Analysis, 3.7.3, Seismic Subsystem Analysis, and 2.5.2,
Vibratory Ground Motion.

The staff's conclusion is that for operating reactor and operating license
applicants, the proposed changes to the reguiations would have little effect on
risk. Operating plants have generally been, and will be, seismically upgraded
by plant-specific actions such as implementation of the Systematic Evaluation
Program (SEP), the implementation of Generic Letter 88-20, Supplement 4,
Individual Plant Examinations of External Events (IPEEE) for Severe Accident
Vulnerabilities, the proposed implementation of USI A-46, Verification of Seismic
Adequacy of Equipment in Operating Plants, and NRC Bulletin programs. Therefore,
this regulatory action will be "forward-fit" applicable only to applicants who
apply for a construction permit on or after the effective date of the revised
regulations.

For new construction permit, preliminary design approval, firal design approval,
and combined Ticense applicanis, no significant increases in custs are envisioned
to implement che revised regulations. The proposed revisions reflect current
staff practice and most applicants are aware of these requirements. In addition,
the proposed revisions to the regulations will reduce delays in the licensing
process because information needed for the staff review can be incorporated in
the safety analysis reports at the time of docketing instead of later through
staff questions and applicant responses. Implementation of the proposed
regulations will lead to more uniform safety margins. Therefore, the staff
proposed that all new applicants be required to comply with the revised
regulations.

The revisad regulations will not reduce risk, but will improve the description
in the regulation of current staff practice in licensing.

Current Regylatory Action
The current regulatory action consists of the following:
i Revisions to §50.%4, §5C.54, and §52.17

2. New Appendix B to tart 100, Seismic and Geologic Siting Criteria for
Nuclear Power Plams

3. New Appendix S to Part 50, Earthquake Engineering Criveria for
Nuclear Power Plarcs

4. New Regulatory Guides:
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DG-1015, “Identifization and Characterization of Seismic
Sources"

96-1017, *Pre-Fa- hquake Planning and Immediate Nyclear Power
Plant Uperator ; Earthquake Actigng®

DG-1018, "Resta: _ ' a Nuclear Power Plant Shut Down Due to a
Seisiic tvent*

OO s W N e

Revised Regulatory Guide:

DG-1016, Second Proposed Revision 2 to Regulatory Guide 1.12,
"Nuclear Power Plant Instrumentation for Earthquakes*

Revised Standard Review Flin Sectio.::

2.5.2, Vibratory f~ound Motion

re R gtor
Several regulatory gquides will be revised to incorgporate edicorial changes or,
maintain the e-isting design o~ anzlysis philasophy. The foliowing guides will
be issued coincident with the publication of the final regulaticns:

1. Incorporate Editorial “hanges, for inctance, reference new
Paragraphs in Appendix B .. Part 100 or Appendir S to Part 50.

. RG 1.29, Seismic Jesign lassification

b. RG 1.57, Design Limits and Loading Combinations for Metal
Primary Contuinment System Components

RG 1.59, Design basis " -ods for Nuclear Power Plants

RG 1.60, Design Resporse Spectra for Seismic Design . Nuclear
Power Plants

RG 1.83, Inservice Inspection of Pressurized Water Rear”
Steam Generator Tubes

RG 1.77, Combining Modal %esponses and Spatial Components in
Seist ¢ Response nalysis

RG 1.102, Flood rotectim f-r Nuclear Power Plants

RG 1.121, Bases for ‘1ugging Degraded FuR Steam Generator
Tubes

RG 1. 122, Davelopment of Floor Response Spectra for Seismic
Dezip~ of Hloor-Supported Equipment r Components

Mzintain Existing Ph" iophy, for instance, change OBE to 1/2 SSE
. RG 1.27, Ultimate Heat Sime for Nuclear Power Plants
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IMPLEMENTAT ION

This regulatory action is applicable oniy to applicants that apply for a
construction permit on or after the effective date of the regulation.

RG 1.100, Seismic Qualification of Electric and Mechanical
Equipment for Nuclear Power Plants

RG 1.124, Serv.ce Limits and Loading Combination: for Class 1
Liner-Type Component Supports

RG 1.130, Service Limits and Loading Cembinations for Class 1
Plate-and-Shell-Type Component Supports

g? 1.132, Site Investigatons for Foundations of Nuclear Power
ants

RG 1.138, Laboratory Investigations of s0ils for Engineering
Analysis and Design of Nuclear Power Plants

RG 1.142, Safety “.lated Concrete Structures for Nuclear Power
Plants (Other than Reactor Vessels and Containments)

RG 1.143, Design Guidanze for Radio-ctive Wiste Menagement
Systems, Structures, and Components Installed in Light-Water-
Coolec Nuclear Power Plante

During the revision of the reouiatory guides cited aoove, if additional changes
are made, *he applicable o:ide(s) will be distributed for public comment.
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DRAFT ENVIRONMENTAL ASSF  "4ENT AND FINC"IG OF
NO SIGNIiFICAN. IMPACT

#ROPO3ED REVISION OF 10 CFR PART 100, APPENDIX A
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BROPOSED REVISI' N OF 10 CFR PART 100, APPENDIX A

The Nuclear Regulatory Commission is amending its regulations to update the
criteria used in the seismic and Jeologic siting, and earthquake engineering for
nuclear power plants.

Identification of Proposed Action

Appendix A, "Seismic and Geologic Siting Criteria for Nuclear Power Plants,” (o
10 CFR Part 100, "Reactor Siting Criteria,* was originally issued as a proposed
rule on November 25, 197] (36 FR 2201); published as a final rule on November
13, 1973 (38 FR 31279); and became effective on December 13, 19°3. There have
been txo amendments to 10 CFR Part 100, Appendix A. The first amendment, 1ssued
November 27, 1973 (38 FR 32575), corrected 38 FR 31279 by adding the legend under
the diagram. The second amendment resulted from a petition for rule making (PRM
100-1) requesting that an opinion interpreting and clarifying Appendix A with
respect to the determination ¢/ the Safe Shutdown Earthquake be issued. A notice
of filirg of the petition was published on May 14, 1975 (40 FR 20983). The
substance of the petitioner’s proposal was accepted and published as an
immediately effective final rule on January 10, 1977 (42 fFR 2052).

The proposed amendment will apnly to applicants who apply for a constructior

2ermit on or after the effective date .© the reviseo regulation. Since the

revision to the regulation will not be backfit, the licensing bases for existing

nuciear power plants must remain in the regulation. Therefore, the revised

;:gul;:io: on seismic and neologic siting wili be designated 10 CFR Part 100,
pendix B.

Criteria not associated with the selection of the site or establishment of the
safe shutdown earthquake has been placed into Purt 50 consistent with the
Tocation in the regulation of other design requirements. Hence, =arthquake
engincering criteria ‘s located in 10 CFR Part 50, Appendix S.

The proposed amendments to the regulati>ns (Appendix P to Fast 100 and Append i x
S to Part 50) reflect changes resulting from (1' experience in appiying the
existi regulation;, (2) interpretative questions; (3) needed regulatory
flexibility to incorporate state of tie ait improvements in the geoscierces and
earthquate engineering; (4) simplifying the text lan~uage to a more “plain
English® text; and (%) various internal staff and industry corments.

Need for the Proposec Action

The experierce gained in *% application of the procedures and methods set furth
in the current reguiation, the difficulties encountered, and tle rapid
«dvacerent in th: state-of-the-z*L 0" earth scieaces have made it necessary to
upjate the 1973 criteria.
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Environmental Impacts of the Proposed Action

Appendix B to Part 100 contains the seismic and geologic considerations which
guide the Commission in its evaluation of the suitability of proposed sites for
nuclear power plants. Appendix S to Part 50 contains the earthquake engineering
considerations which guide the Commission in its evaluation of the suitability
of the plant design bases. The amendment of Appencix A to 10 CFR Part 100 as
stated in Appendices B ano S reflect current licenzing practice and will not
change the radiological environmental impact cffsite. Fur'her, the Policy
Statemert on Severe Reactor Accidents Regarding Future Designs and Existing
Plants, publishc * August 8, 1985 (50 FR 32138) affirms the Commission’s belief
that a new design for a nuclear power plant can be shown to be acceptable for
severe accident concerns if the criteria and procedural requirements cited in 50
FR 32138 are met. Stated differently, the proposed regulatory actions (Appendix
B to Part 100 and Appendix $ to Part 50) are specif'cally based on maintainirg
the present level of risk of radiological releases, thus having zero effect
compared to the regulation (Appendix A to Par: 100) the* replace.

Onsite occupational radiational eéxposure associated with inspection and
maintenance will not change. These activities are princip21ly associated with
seismic instrumentation. The regulatory guide pertaining to seismic
instrumentation (Second Proposed Revision to Regulatory Guide 1.12, Nuclear Power
Plant Instrumention for Earthquakes) specifically cites occupational radiation
exposure »2s a consideration in selecting the location of the instruments.

The proposed amendments do not affect non-radioliogical plant effluents and have
no other ervironmental impact. Therefore, tue Commission concludes that there
are also no significant non-radiolo?ical environmental impacts associatod with
the proposed amendmerts to the regulations.

Alternatives to the Proposed Action

As required by Section 102(2)(E) of NEPA (42 U.S.C.A. 4332(2)(E)), the staff has
considered nossible alternatives to the proposed uction. One alternative was not
to initiate a rulemaking proceeding. Tais is not an acceptable alternztive.
Altho:gh the siting related issues associated with the current Jeneration of
nuclear power plants are completed or near.ng completion there is a renewed sense
of urgency to initiate the proposed “egulatory action in light oy the current and
future staff review of advanced reactor seismic design criteria. The current
regulatior has created difficulty for applicants and the staff <9 terms of
inhibi”ing flexibility in applying basic principles to new situations and the use
of evolving methods of analyses in the licensing process.

A second alternative considerad was the delstion of the existing regulatiun
(Appencix A to Part 100). This is not an acceptable alternative since it is the
licensing bases fo. many of the operating nuclear power plants and others that
are in various stajes »f obtaining their operating license. P
-

A third alterni.ive considered was the replacerent of the.regulation with a
reguiator; guide. This is not acceptable becau. a regulatory cuide is non-
mar.datory. The staff believes that there could be an increase in exposure to the
public if the siting and earthguake engineering criteria were non-mancat yry.
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The present approach of revising the regulation was chosen as the best
alternative, benefitting all. The public will benefit from a clearer, more
uniform and consistent licensing process subject to fewer interpretations. The
NRC staff will benefit from improved regulatory implementation (both technical
and legal), fewer interpretive debates, and increased regulatory flexibility.
Applicants will derive the same benefits in addition to avoiding licensing delays
due to unclear regulatory requirements. A revision to Appendix A would increase
theicfficicncy of regulatory actions associated with any resurgence of licensing
activity.

Alternative Use of Resources

No alternative use of resources was considered.

Agencies and Persons Consylted

Staff developed reprrts ircorporating contractor evaluations are the bases for
the Commission's r._.ommendations.

~inding of No Significant Impact

T'2 Commission has determined under the National Environmental Policy Act of
169, as amended, that the proposed amendments to 10 CFR Parts 50 and 100,
specifying seismic and geologic siting, and esrthquake engineering criteria for
nuclear power plants, if adorted, would not have a significant effect on the

quality of the human environment and that an environmental impact statement is
not required.

This determination is based on the following:

Bs The proposed amendments to the requlations reflect current practice
achieved tarrugh the the staff’'s evaluation of applicants safety analysis
reports at .he ‘ime of docketing and applicant's response to staff
initiated questions based on their review of submitted information and the
vesults of re-earch in the earthsciences and seismic rngineering.

2. The foregoing environmental assessment.

3. The quaiitative, deterministic and probabilistic assessments pertaining to
the seismic 2vent in the cited references.

4. The Policy Statement on Severe Reactor Accidents Regarding Future Designe
and Existing Plants, published August 8, 1985 (59 FR 32138) affirming the
Commission’s belief that a new design for a nuclear power piint can be
shown tc be acceptable for severe accident concerns if the criteria anc
proccdural requirements cited in 50 FR 32138 are met.
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