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MEMORANDUM FOR; Edward L. Jordan, Chairman
Committee to Review Generic Requirements

FROM: Eric S. Beckjord, Director
Office of Nuclear Regulatory Research

SUBJECT: PROPOSED REVISION OF 10 CFR PART 100, REACTOR
SITE CRITERIA, REVISIONS TO 10 CFR PART 50,
NEW APPENDIX B TO 10 CFR PART 100 AND
APPENDIX S TO 10 CFR PART 50, AND ASSOCIATED
REGULATORY GUIDES

Enclosed for CRGR review are the subject documents which the NRC
staff is reccmmending that the Commission issue for comment in
the Federal Register.

The paper contains recommendations on two related but separate
areas involving revisions to 10 CFR Part 100 and the relocation
of plant design requirements to 10 CFR Part 50. Implementation

- of these changes is intended to help provide a more stable
} regulatory basis for the siting of nuclear power plants by/

i
/ decoupling decisions of site suitability from those involvica'~'

plant design. The first part of this proposed rule change
primarily involves specifying site criteria (e . g . , cxclusion area
and population distribution) directly and removing source terms
and dose calculations from the evaluation of site suitability.
The requirement for dose calculations (and related source term)
will be r elocated fron Part 100 to Part 50 of the regulatio: s on
an interim basis until such time as a more comprehensive revision
to Part 50 incorporating updated source term and severe accident
insights can be made.

The second part of the proposed change will involve updating the
seismic and geological siting criteria (Appendix A to Part 100)
to reflect current understanding. Earthquake engineering
criteria will be relocated to a new appendix (Appendix S) to
Part 50.

The enclosed Federal Recister Notice describes each of the
proposed changes which are intended to accomplish the following:

1. The proposed regulatory action will apply to applicants for
power reactors who apply for a construction permit,
operating license under 10 CFR Part 50, early site approval,
design certification, or combined license (construction

,-~.s permit and cperating license) under 10 CFR Part 52 on or

( ) after the effective date of the revised regulation. The
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/~' current regulation will remain in place and be applicable to
( all licensees and applicants prior to the effective date of

the revised regulation.'-

2. Part 100 will specify the criteria applicable to the site;

(e.g., exclusion area distance, population distribution,
establishment of the safe shutdown earthquake ground
motion).,

; 3. Source term and dose calculations would not be used for'

evaluating site suitability under Part 100. Instead, they
will, on an interim basis, be placed into Part 50 consistent
with the location in the regulation of other plant design
requirements.a

4. Also placed into Part 50 are the earthquake engineering
criteria currently in Section VI of Appendix A to Part 100.

5. The revised Appendix A to Part 100 (now designated as>

} Appendix B) describes requirements, while the detailed
guidance has been moved to a regulatory guide. The revised
regulation requires both deterministic and probabilistic,

analyses.

f. The specification that the Operating Basis Earthquake (OBE)
is one-half the Safe Shutdown Earthquake has been deleted'

g- s
} and replaced with two options.

I 7. Section 50.54 has been revised to state that plant shutdown
! is required if vibratory ground motion exceeding the OBE or

significant plant damage occurs.4

I The ACRS has reviewed the reactor siting criteria portion of this
package and has written a letter to the Commission, dated January
15, 1992. The ACRS Reactor Safeguards Extreine External Phenomena
Subcommittee has reviewed the proposed revision of Appendix A,,

" Seismic and Geologic Siting Criteria for Nuclear Power Plants,"
to Part 100 on December 10, 1991. The Subcommittee Chairman
stated, during the concluding remarks, that Proposed Appendix B
to Part 100, Proposed Appendix S to Part 50, and the three
supporting engineering related regulatory guides (DG-1016, DG-
1017 and DG-1018) could be issued for public comment. The
-regulatory guide supporting Proposed Appendix B, (DG-1015) was
discussed at the February 5, 1992, Subcommittee meeting. The
ACRS Full Committee discussed the revision of Appendix A to Part
100 on February 7, 1992, and a letter recommending issuance for
public comment is expected.

The proposed rule changes are scheduled to be discussed with the
Commission by mid-March. Therefore, we request that the CRGR
review these rule changes late in February to support this
schedule.

.
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( For further information contact Dr. Andrew Murphy, RES 492-3860
on issues related to seismic and earth sciences and Leonard
Soffer, RES 492-3916 on the other issues related to site
suitability.

ORIGINAL SIGNED BY

I
Eric S. Beckjord, Director |
Office of Nuclear Regulatory Research !

Enclosures- |

1. Commission Paper I

2. Federal Register Notice of Rulemaking
3. Regulatory Analysia
4. Environmental Assessment )
5. OMB Reporting Review Package '

6. Federal Register Notice of Regulatory Guide |
and Standard Review Plan Section Availability |

7. Proposed Revised Regulatory Guide 4.7, (General Site
Suitability Criteria)
Proposed Draft Regulatory Guide DG-1015, (Seismic Sources)
Proposed Draft Regulatory Guide DG-1016, Second Proposed

O
.

Tstrumentation)
Tevision 2 to Regulatory Guide 1.12, (Seismic '

10 oposed Draft Regulatory Guide DG-1017,
t tant Shutdown)

11. rzaposed Draft Regulatory Guide DG-1018, (Plant Restart)
12. Proposed Revision 3 to Standard Review Plan

Section 2.5.2 (Vibratory Ground Motion)
!

OFFICE:DSIR/SAIB*:DSIR/SAIB*:DSIR/SAIB*:DD/DSIR*:D/DSIR* :
NAME :JRidaelv :LSoffer :CAder :TKina :WMinnersf ]DATE :1/28/92 :1/28/92 :1/29/92 :1/29/92 :1/29/92 h

OFFICE: RES* : RES* : RES* : RES* *:RES* :DBf i
NAME : RKenneally: NChokshi: AMurohy: RBosnak :LShao h is :

~

DATE : 1/30/92 : 1/31/92 : 1/31/92: 1/31/92 :1/31/92:2//1/92:

OFFICE h N : D/RE : g A)
3, e as f L t- *fNAME ey tkMMbrlev: STreby : EBeckiord:

F 2// 2 / ,fJ / 9 2 : 2/;3 /92 :

V.g/92:
DATE ggg . , c, ,

.

*see previcun concurrence
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!For further information contact Dr. Andrew Murphy, RES 492-3860 |

on issues related to seismic and earth sciences and Leonard
Soffer, RES 492-3916 on the other issues related to site
suitability.

ORIGINAL SIGNED BY

!
i

Eric S. Beckjord, Director I

office of Nuclear Regulatory Research |

Enclosures:
1. Commission Paper
2. Federal Register Notice of Rulemaking

,

I

3. Regulatory Analysis
4. Environmental Assessment
5. OMB Reporting Review Package
6. Federal Register Notice of Regulatory Guide

and Standard Review Plan Section Availability
7. Proposed Revised Regulatory Guide 4.7, (General Site

Suitability Criteria)
8. Proposed Draft Regulatory Guide DG-101S, (Seismic Sources)
9. Proposed Draft Regulatory Guide DG-1016, Second Proposed

Revision 2 to Regulatory Guide 1.12, (Seismic[ Instrumentation)
10. Proposed Draft Regulatory Guide DG-1017,

(Plant Shutdown)
11. Proposed Draft Regulatory Guide DG-1018, (Plant Restart)
12. Proposed Revision 3 to Standard Review Plan

Section 2.5.2 (Vibratory Ground Motion)
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Eg.t: The Commissioners 1

[r25: James M. Taylor
Executive Director for Operations

Sub.iect: REVISION OF 10 CFR PART 100, REACTOR SITE CRITERIA; REVISIONS
T010 CFR PART 50; AND NEW APPENDIX B TO 10 CFR PART 100 AND
APPENDIX S T0 10 CFR PART 50

Purnose: To obtain Cramission approval to publish for public comment
proposed revisions to reactor siting regulations and
associated Regulatory Guides for future applicants that will

'

decouple siting' from plant design 'and reflect advancements
in the state-of-the-art of earth sciences and earthquake
engineering with regard to siting power reactors.

Summary: This proposed rule change to 10 CFR Part 100, " Reactor Site
Criteria," is intended to accomplish three major changes.
The first change would be to add a new section to Part 100
(designated Subpart B) for future plants eliminating the use
of a postulated accident source tem and the use of dose
cciculations in the determination of acceptability of a
nuclear power plant site. The existing requirements would
be retained for existing plants and non-power reactors.
This proposed rule change would set a minimum size for the
exclusion area and would set population dentity criteria
around future reactor sites. The requirement for a low
population zone (LPZ) would be de' 4 from 10 CFR Part 100
for future plants. Requirements rt u .ing the evaluation of
man-related hazards and the feas: - ty of carrying cut
protective actions in the event of diclogical emergency
are incorporated into 10 CFR Part Im

The second change is to revise Aho.3x A, " Seismic and
Geologic Siting Criteria for Nuclear i* owe Dants," to 10 CFR
Part 100 to reflect current ur c m ling and the
advancements in the state-of-the-ar i * th sciences and
ea'rthquake engineering with regard t. w r sitmg. The
proposed regulation would requir' 1 .s use of both
probabilistic and deterministic analyses in reactor siting.
Also, detailed guidance on what constitutes an acceptable
investigation or design bases would be deleted from the
regulation and placed into a regulatory guide. The revised
criteria will not be applied to existing plants. Therefore

1
,

Contact: Leonard Soffer, RES |
492-3916

Dr. Andrew J.' Murphy, RES
492-3860

l
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EC9E: James M. Taylor
Executive Director for Operations

; Subiect: REVISION OF 10 CFR PART 100, REACTOR SITE CRITERIA; REVISIONS
TO 10 CFR PART 50; AND NEW APPENDIX B TO 10 CFR PART 100 AND
APPENDIX S TO 10 CFR PART 50

Purcose: To obtain Connission approval to publish for public comment4

proposed revisions to reactor siting regulations and
associated Regulatory Guides for future applicants that will'

decouple siting from plant design and reflect advancements,

; in the state-of-the-art of earth- sciences and earthquake
enginaering with regard to siting power reactors.

: Summary: This proposed rule change to 10 CFR Part 100, " Reactor Site
i Criteria," is intended to accomplith three major changes.

The first change would be to add a new section to Part 100
(designated Subpart B) for future plants eliminating the use,

of a postulated accident source ters and the use of dose,

calculations in the determination of acceptability of a
! nuclear power plant site. The existing requirements would
i be retained for existing plants and non-power reactors.

This proposed rule change would set a minimum size for the
exclusion area and would set population density criteria
around future reactor sites. The requirement for a low
population zone (LPZ) would be deleted from 10 CFR Part 100
for future plants. Requirements regarding the evaluation of
man-related hazards and the feasibility of carrying out
protective actions in the event of a radiological emergency
are incorporated into 10 CFR Part 100.

The second change is to revise Appendix A, " Seismic and
Geologic Siting Criteria for Nuclear Power Plants," to 10 CFR
Part 100 to reflect current understanding and the
advancements in the state-of-the-art of earth sciences and
ea'rthquake engineering with regard to reactor siting. The
proposed regulation would require the use of both
probabilistic and deterministic analyses in reactor siting.
Also, detailed guidance on what constitutes an acceptable
investigation or design bases would be deleted from the
regulation and placed into a regulatory guide. The revised
criteria will not be applied to existing plants. Therefore

Contact: Leonard Soffer, RES
492-3916

Dr. Andrew J. Murphy, RES
492-3860 j
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the proposed revised criteria will be designa:ed Appendix B i

so that the licensing bases for existing plants is i

maintained. |

The third part of this rulemaking is revisions to F4rt 50. !
One portion of the Part 50 revision is to add, on an interim i
basis, the source term and dose calculations being deleted '

from Part 100. The source ters and dose calculations to be
added to Part 50 would be for evaluating plant features, not

'site suitability. A second portion is to transfer all seismic
criteria not.. associated with the selection of the site or. , ,

establishment of the Safe Shutdown Earthquake (SSE) from Part i

100 Appendix A to Part 50 Appendix S. Section 50.54 has been ;

revised to require plant shutdown if vibratory ground motion
'

,

exceeding that of an Operattng Basis Earthquake (08E) ground
notion or significant plant damage occurs. 1

Backaround: L. Reactor Sitina Criteria (non-seismic):
~

j
^

The present criteria regarding reactor siting were issued in
April 1962. There were only a few small power reactors
operating at that time. The present regulation requires that i

every reactor have an exclusion area which normally has no
permanent residents; transient use is permitted. A low :
population zone immediately beyond the exclusion area is also I
required within which protective actions can be taken. The ,

regulation recognizes the importance of accident !
considerations in reactor siting; hence a key element in it !

is the determination of the size of the exclusion area via i

the postulation of a large accidental fission product release i

within containment and the evaluation of the radiological !

consequences, in terms of doses. Doses are calculated for j
two hypothetical individuals located at any point (generally,
the closest point) on the exclusion area boundary, and at the i

outer radius of the low population zone, and are required to
be within specified limits (25 rem to the whole body and 300
rem to the thyroid gland). In addition, the nearest
population center, containing about 15,000 or more residents,
is required to be no closer than one and one-third times the '

outer radius of the low population zone. The effect of these
requirements is to set both individual and, to some extent, ,

societal limits on dose (and implicitly on risk); without
setting numerical criteria on exclusion area and low ,

population zone size. Numerical lintits on population are
also not specified. However, since 1975, Regulatory Guide
4.7, " General Site Suitability Criteria for Nuclear Power !

Stations," has provided guidelines on accept tble exclusion j
area distance and population density and has been used in the
review of sites.

1

. - . . . .- . - . - _ . - .
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On June 1,1976, the Public Interest Research Group (PIRG) >

,

| filed a petition for rulemaking (PRM-100-2) requesting that |

| the NRC incorporate minimum exclusion area and low population i

| zone distances and population density limits into the i
'

j regulations. In August 1978, the Commission directed the
! staff to develop a general policy statement on nuclear power
i reactor siting. The " Report of the Siting Policy Task

Force," (NUREG-0625) was issued in 1979 and provided
,

4 recommendations in this regard. On July 29, 1980, the NRC !

issued (45 FR 50350) an Advauce Notice of Proposed Rulemaking i

regarding' revision of the reactor siting criteria !<f.- r-

. . .(ANPR) discussed the recommiendations of the Siting Pclicy Task
,

which
: Force and sought public comments. The proposed rulemaking

,

j - ' was deferred by the Commission in December 1981 to await ,

development of the' Safety Gbal and improved research on |!

accident source terms. On August 4, 1986, the Policy'

Statement on Safety Goals was issued (51 FR 23044). On

November 29, 1988, the PIRG petition was denied (28-NRC 829)
on the basis that it would unnecessarily restrict NRC's
regulatory siting policies and would not result in a
substantial increase in the overall protection of the public
health and safety. Although the PIRG petition proposed more ;

restrictive criteria than those being proposed by the staff,
a decision to proceed with a rulemaking in this area i-

represef.s a partial granting of the PIRG petition.

In SECY-90-341, dated October 4, 1990, and a subsequent
memorandum from J. Taylor to the Commissioners, dated
December 13,1990, the staff proposed to decouple siting from
plant design for future plants via a two step rulemaking.
Step one is to modify Part 100 to address directly the site
criteria while moving the dose requirements currently in Part
100 to Part 50 on an interim basis. Step two_is to update
Part 50 to reflect current source term information and to
replace the interim dose requirements with updated design
criteria. The Commisstor., in a Staff Requirements Memorandum
(SRM) dated January 25, 1991, approved the staff recommenda-
tion. This paper presents step one of the proposed regula-
tion change. -

L. Seismic Sitino and Earthouake Enoineerino Criteria:

Appendix 4, " Seismic and Geologic Siting Criteria for Nuclear i

Power Plants," to 10 CFR Part 100, " Reactor Siting Criteria," l

was originally issued as a proposed 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 amendments to 10 CFR Part 100, Appendix
A. The first amendment, issued November 27,1973 (38 FR
32575), corrected the final rule by adding the legend under
the diagram. The second amendment resulted from a petition

-
,
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Ifor rule making (PRM 100-1) requesting that an opinion
jinterpreting and clarifying Appendix A with respect to the '

determination of the Safe Shutdown Earthquake be issued. A
notice of filing 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 FR 2052).

Discussion: The proposed regulation changes included with this paper
primarily involve two related but basically separate changes.,.

' The first change involves the non-seismic portion of the
reactor siting criteria,10 CFR Part 100. The second change
involves updating the siting seismic and earth sciences
criteria in Appendix A to Part 100_._

,

L Reactor Sitina Criteria (non-seismic):

The proposed . revision to Part 100 retains, for existing
plants and non-power reactors, the current criteria,
including the dose requirements. The current criteria are
designated subpart A and apply to non-power reactors and to
plants currently licensed or applying for a license prior to
the effective data of the proposed regulation. A new subpart
8 is added to Part 100. Subpart 8 contains the proposed new
requirements for power reactor applicants after the effective
date of the proposed regulation. Part 52 Appendix Q would
be amended to note the potential for revisiting the
population density and man-made hazard potential for renewal ,

of early site permits.

These proposed changes are based on current staff practice
and for the most part are derived from the guidelines in
Regulatory Guide 4.7, " General Site Suitability Criteria for
Nuclear Pomr Stations." Experience over the past 15 years-

has generally shown the existing practice to result in low
risk to the public while not overly restricting the siting
of nuclear power plants. It also reflects the Commission's
desire to maintain ' defense in depth by prohibiting
metropolitan siting. In addition, information developed over
the past 12 years on radioactive material releases under
accident conditions confirms the acceptability of present
practice in limiting risk to the public. In developing the
proposed changes, the staff considered the Commission's
Safety Goal Policy _ Statement along with the recommendation
of the Siting Policy Task Force (NUREG-0625) of 1979. The
proposed regulation would require a minimum exclusion area
distance' of 0.4 miles for stationary power. reactors. The
proposed regulation states that at the time of initial site |
approval, offsite population density values averaged over any 1

radial distance out to 30 miles should not exceed 500 people
per square mile. In addition, the projected offsite

- _ _ __ .. . . .. . - . - - . _ . . - .-
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population density 40 years after the time of site approval |should not exceed 1000 people per square mile out to a radial 1

distance of 30 miles. '

The proposed regulation adds or modifies existing require-
ments for obtaining information to characterize
meteorological and hydrological factors at a site. This
information will then be reviewed by the staff for evaluating !
plant design features in catching a proposed design to the !

, 1.a . s u 12 . site. - >< a !
. . ,. . 1

The proposed regulation reflects the requirement currently
in 10 CFR Part 52.17 for review of emergency planning
considerations for early site permits. The rule would
require that important stWfactors, such as population
distribution, topography, and transportation routes be
considered and examined in order to determine whether there.

are any site characteristics that could pose a significant:

impediment to the development of an emergency plan.
Limitations of access or egress in the immediate vicinity of-

a nuclear power plant should be identified at the site.

approval phase.

A proposed revision to Regulatory Guide 4.7, for consistency
with the proposed regulation, is also included in the
package.

B. Seismic Sitina and Earthouake Enaineerino Criteria:

The staff proposes to amend its regulations to update the
seismic siting and engineering criteria for new nuclear power
plants. The proposed regulatory action is applicable only
to applicants that apply for a construction permit, operating
license, early site permit, design certification, or combined
license (construction permit and operating license) on or
after the effective date of the regulat, ions.

The proposed reg @tios would allbw NRC to benefit from
experience gaine<' h N application of the procedures and
methods set fort'. th t.h turrent regulation, the difficulties
encountered, and % : to i advancement in the state-of-the-
art of the earth scienus. Detailed guidance that has
created difficulty for applicants and the staff in terms of
inhibiting the use of needed judgement, latitude, and the use
of evolving methods of analyses. It has been deleted from

' the proposed regulations and placed into a proposed-

regulatory guide. Also, the proposed regulation will_ reouire
_the use of orobabilistic as well as deterministic analysesi

to determine the vibratory ground motion at the site.'

Probabilistic analyses will provide an explicit expression
of the overall uncertainty in the derived ground motion.

~

J
_

[
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'The proposed regulations would better reflect industry design
practices and the associated staff review procedures that
have evolved since the regulation was issued. The proposed
regulation would move the location of the seismic input

.

motion control point from the foundation level to the ground |
surface. l

Criteria not associated with the selection of the site or
establishment of the SSE ground motion have been placed into
Part 50. This action is consistent with the location of

- other design requirements in Part 50.

The specificat' ion that the OBE (the vibratory ground motion i

that will assure safe continued operation) is one-half the
SSE has been deleted from-the proposed regulation and |
replaced with two options; either one-third of the SSE |ground motion, or . greater. There are two issues . the
applicant should consider in selecting the value of the OBE;
first, plant shutdown is required if vibratory ground motion
exceeding that of the OBE occurs and second, the amount of
analyses associated with the OBE. With the OBE ground motion
level set at one-third of the SSE, requirements for OBE
specific plant analyses and design are rastically reduced.
This change responds to one of the major criticisms with the
existing regulations, that the OBE controls the design of
some parts of the plant.

The proposed regulation would treat plant shutdown associated
with vibratory ground motion exceeding the OBE (or
significant plant damage) as a condition in every operating
license. Fection 50.54 is proposed to be revised

<

accordingly.

Because the tevised criteria presented in the proposed
regulation will not be applied to existing plants, the
licensing bases for existing nuclear power plants must remain
part of the regulations. Therefore, the proposed revised
criteria on seismic and geologic siting would be designated
as a new Appendix B to 10 CFR Part 100 and would be added to
the existing body of regulations. In addition, earthquake
engineering criteria will be located in 10 CFR Part 50,
Appendix S. Since Appendix S is not self executing,
applicable sections of Part ,50 (150.8 and 150.34) are -

revised to reference Appendix S. The proposed regulation
would also make conforming amendments e 10 CFR Parts 52 and
100. Sections 52.17(a)(1), 152.17(a)(1)(vi), 1100.8, and i

'fl00.20(c)(1) and (3) would be amended to note Appendix B to
Part 100 or Appendix S to Part 50.

The staff has developed the following draft regulatory guides
and standard review plan section to provide prospective
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j licensees with the necessary guidance for implementing the
.

proposed regulations: !

DG-1015, " Identification and Characterization of Seismic
i Sources, Deterministic Source Earthquake and Ground Motion."

|1 i The draft guide provides general guidance and i'

recommendations, describes acceptable procedures and provides i
; a list of references that present acceptable methodologies '

'

to identify and characterize capable tectonic sources and
j seismogenic sources.

[ DG-1016, Second Proposed Revision 2 to Regulatory Guide 1.12,'

' Nuclear Power Plant Instrumentation for Earthquakes." The
! draft guide ' describes seismic instrumentation type and

-

| location, operability, characteristics, installation,
! actuation, and maintenance that are acceptable to the NRC
i staff..

.

; DG-1017, _* Pre-Earthquake Planning and Immediate Nuclear Power
i Plant Operator Post-Earthquake Actions." The draft guide
i provides guidelines that are acceptable to the NRC staff for

a timely evaluation of the recorded seismic instrumentation
! data and to detemine thether or not plant shutdown is
j required.
!

j DG-1018, " Restart of a Nuclear Power Plant Shut Down by 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

3 to restart of a plant that has been shut down due to a
! seismic event.
|

! Draft Standard Review Plan Section 2.5.2, Proposed Revision !
i 3 " Vibratory Ground Motion." The draft describes procedures 1

i to assess the ground motion potential of seismic sources at
2 the site and to assess the adequacy of the Safe Shutdown

Earthquake Ground Motion.
l

General*

! The draft guides and standard review plan section are being
] presented along with, and should be issued simultaneously
j, - with, the proposed revision to the regulations.
$

: During the development of this proposed rule the staff
benefitted from two public meetings with interested industry :,

; groups. Principal attendees included staff from the Nuclear |
! Management and Resources Council (NUMARC), Electric Power

Research Institute (EPRI), Department of Energy (DOE) and '

) industry. During the first meeting (March 6,1991) the staff
| discussed schedule and technical topics for potential
:

-

.

, -~ .- - - - - --
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inclusion in the revision of Appendix A to Part 100. The i
second meeting (April 17, 1991) provided industry and other
interested members of the public with an opportunity to
express their views on the Appendix A revision.

The enclosed Federal Register Notice contains information on
the scope of this ruleshking and requests public input. The
Federal Register Notice also addresses actions related to new
and revised Regulatory Guides and - Standard Review Plan
Sections. ,

, ,

The ACRS subcommittees were briefed on the staff's approach
on December 10, 1991 (seismic), January 7 . 1992
(non-seismic), and February 5,1992 (seismic).. The ACRS;

'

full commiittee was briefed on-danuary 10,1997. (non-seismic)
and on February 7, 1992 (seismic). The ACRS provided
comments to the Commission in letters dated January 15, 1992
(Enclosure 14) and February _, 1992 (Enclosure 15).

| In the January 15, 1992 letter, the ACRS stated that they
' believed that the staff's proposed revision to Part 100 and

proposed interim revision to Part 50 were reasonable and
should proceed. However, they recommended further work with
regard to both Part 100 and Part 50 as part of the staff's
longer tern efforts to revise Part 50. Regarding Part 100,
the ACRS recommended further work to reexamine or justify the
basis for key requirements such as the exclusion zone,
eme,rgency planning zone (EPZ), and the maximum population ,

density in light of the large amount of experience and '

information that has been accumulated since 1962. Further,
the ACRS recommended that the relation of these requirements
to the Safety Goal Policy should be established. Finally,
the ACRS recommended that meteorological requirements be
incorporated into Part 100 to exclude " unacceptable" sites.

The staff considered the issues raised by the ACRS in the
development of the proposed Part 100 regulation. A single
revision of Part 100 was proposed in SECY-90-341 as well
as in a men.orandum to the Commission dated December 13, 1990.,

The purpose is to complete the Part 100 update prior to the
expected submittal date of an application for an early site
permit, as part of a Department of Energy sponsored
initiative. This proposal was approved by the Commission in
its Staff Requirements Memorandum (SRM) dated January 25,
1991. The staff still believes this approach is appropriate
and is working to have all Part 100 revisions completed in
one revision. In this regard, the staff is requesting
comments on those issues raised by the ACRS in order to
resolve these issues in a single rulemaking effort.

- --- - . - _ - . - - -- - .- . -
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Regarding the basis for the exclusion area radius and
population density in the proposed regulation, codifying the ,

guidance of Regulatory Guide 4.7 is appropriate and reflects ithe large amount of experience gained in licensing reviews.
The basis for tne exclusion area radius is that staff
experience has nown that a typical plant having available I

engineered safety features will likely meet the dose values |

of Part 100. In addition, the staff has evaluated the :
'proposed radius in relation to the Safety Goals and has

confirmed that the proposed value will meet the quantitative i
health objectives for a 3800 W light water reactor. The :

proposed population density values have served to keep large !
population centers away from the plant and in practice
accomplished Ghat the LPZ is intended to accomplish, while i

still allcwing for a ' reasonable relection of sites on all
regions of the nation. The staff also confirmed that for a ;

plant similar to those evaluated in NUREG-II5O, the !
quantitative health objectives (QHO) would be met- at the ;
recommended population density. However, because the QHO is ;
based on individual risk, the QHO do not provide a measure '

of the appropriateness of any specific population density. |

The staff also reexamined the ten mile EPZ in SECY-90-341,
in response to the Commission's SRM of February 13, 1990, and ;

noted that today's methodologies tended to indicate that i
radiation doses and consequences would generally be lower at
a given distance than previously predicted. However, the
staff recommended that the present EPZ be maintained in order
to provide assurance that an adequate planning base be
maintained.

Staff experience, as well as contractor studies regarding
-site meteorology, have shown that while meteorological
conditions at a given site vary significantly over time,
there is much less variation from site to site. The
differences in site meteorology should be reflected in the
design requirements for certain plant features. However
based on the above studies, the staff concludes that the
average meteorological characteristics between one site and
another are sufficiently similiar that characterization of
individual site meteorology is not a good discriminator with
regard to site suitability. However, to obtain additional
views on this matter, the proposed regulation package has
included a question on the inclusion of a meteorological
criteria in Part 100.

Finally, the ACRS raised several cocerns regarding the
staff's long term effort to update Part 50 and the
development of a replacement for the TID-14844 source term.
These concerns are being considered by the staff and will be
addressed in these longer term efforts.

__
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i The Office of the General Counsel has reviewed this paper and ! !
has no legal objections. !

|Recomendation: That the Commission:

l. Ancrove the issuance of the enclosed draft documents for<

j a 90 day public comment period.
i !
i 2. Certify that this rule, if promulgated, will not have a |significant economic effect on a substantial number of; r

: small entities pursuant to the Regulatory Flexib!11ty'

Act of 1980 (5 U.S.C. 605 (b)).,
4

i3. Helt: ;
. .

'

fa. The proposed regulation and draft federal
; register notice (Enclosure 1) and notice of |' '

availability of draft regulatory guides and draft
standard review plan section (Enclosure 5) will

.

.

I be published in the Federal Reaister for a 90-day !

j public coment period.
.

1 b. A notice of availability of a Regulatory Analysis
! (Enclosure 2) and an Environmental Assessment and |

Finding of No Significant Environmental Impact
.

!
; (Enclosure 3) will be supplied concurrently to !

.

the Public Document Room (Enclosure 2). )
4

c. Because Appendix S to Part 50, Appendix B to Part
! 100 are new, an "information collection ;
j requirement" is t aing submitted to OMB for review I

(Enclosure 4). It is noted that the overall

i ' estimated burden on the staff and industry
j remains essentially the same; the proposed
' revisions have added requirements to use i
j probabilistic analyses in seismic and geologic i

;. siting while potentially reducing the required j

{ earthquake engineering analyses.

i d. A public announcement (Enclosure 12) will be
issued when the notice of proposed rulemaking and I

'

notice of availability of the draft regulatory
guides and draft standard review plan section are

:

filed with the Office of the Federal Reaister.'

; e. The appropriate Congressional committees will be
'

informed (Enclosure 13).
.

f. Copies of the Federal Reaister notices will be
i distributed to all power reactor permittees and
.

1

. . - -
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licensees. The notices will be sent to other
i interested parties upon request.

g. The Chief Counsel for Advocacy of the Small
Business Administration will be notified of the '

Commission's determination, . pursuant to the
Regulatory Flexibility Act of 1980 (5 U.S.C. 605
(b)), that these proposed regulations, draft ,

regulatory guides, and draft standard review plan <

section will not have a significant economic !

effect on a substantial number of small entities. '
.,

h. A Backfit Analysis is not required for this,

proposed rule, because these amendments do not'

involve any prwisions . which would impose i

backfits as defined in 150.109(a)(1).
i

Schedulino: If scheduled on the Commission agenda, we recommend this |paper be considered at an open meeting. No specific '

circumstance is known to the staff which would require
Commission action by any particular date in the near term.

James M. Taylor
Executive Director i

for Operations 1

|
.

Enclosures:
1. Federal Register Notice of Rulemaking
2. Regulatory Analysis
3. Environmental Assessment
4. OMB Reporting Review Package
5. Federal Register Notice of Regulatory Guide

and Standard Review Plan Section Availability
6. Proposed Revised Regulatory Guide 4.7, (General Site

Suitability Criteria)
7. Proposed Draft Regulatory Guide DG-1015, (Seismic Sources)
8. Proposed Draft Regulatory Guide DG-1016, Second Proposed

Revision 2 to Regulatory Guide 1.12, (Seismic Instrumentation)
9. Proposed Draft Regulatory Guide DG-1017,

(Plant Shutdown)
10. Proposed Draft Regulatory Guide DG-1018, (Plant Restart)
11. Proposed Revision 3 to Standard Review Plan

Section 2.5.2 (Vibratory Ground Motion)
12. Draft Public Announcement
13. Draft Congressional Letters
14.ACRS January 15, 1992 Letter

|
15.ACRS February ??, 1992 Letter

!
:
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1 [7590 - 01] |
2 . !

3- NUCLEAR REGULATORY COMMISSION !
'

'
4

,

| 5 10 CFR Parts 50, 52 and 100
! 6 :
I '

7 RIN 3150-AD93
8
9 Reactor Site Criteria

| 10 Including Seismic and Earthquakst Engineering Criteria for ;

; 11 Nuclear Power Plants !
12 ,

13 !
14 |

"

15 AGENCY: Nuclear Regulatory Commission. '

g
' 16 i

; 17 ACTION: Proposed regulation. |
18 ,

19 $UlWlARY: The Nuclear Regulatory Commission is proposing to amend its regulations !
20 to update the criteria used in decisions regarding power reactor siting including i

21~ geologic, seismic, and earthquake engineering considerations for future nuclear !

! 22 power plants. The proposed regulation would allow NRC to benefit from experience |
23 gained .in the application of the procedures and methods set forth in the current ;

24 regulation, and to incorporate the rapid advancement in the state-of-the-art i
,

25 of earth sciences and earthquake engineering. The proposed regulation primarily
26 consists of two separate changes, namely the source term and dose considerations, I

27 and seismic and earthquake engineering considerations of reactor siting. The
28 proposed regulatory action is applicable only to applicants that apply for a !

29 construction permit, operating license, preliminary design approval, final design
30 approval, manufacturing license, early site permit, design certification, or
31 combined license (combined construction permit and operating license) on or after
32 [ EFFECTIVE DATE OF THE REGULATION).
33
34 DATE: Comment period expires 90 days after date of publication in the Federal
35 Register. Comments received after this date will be considered if it is

-36 practical to do so, but the Commission is able to assure consideration only for
37 comments received on or before this date.
38
39 ADDRESSES: Mail written comments to: Secretary, U.h. Nuclear Regulatory
40 Commission, Washington, DC 20555, Attention: Docketing.and Service Branch.
41 Deliver comments to: 11555 Rockville Pike, Rockville, Maryland, between
42 7:45 am and 4:15 pm Federal workdays.
43 Copies of the regulatory analysis, the environmental assessment and finding
44 of no significant impact, and comments received may be examined at: the NRC

'45 Public Document Room at 2120 L Street NW. (Lower Level), Washington, DC.
46
47 FOR FURTHER INFORMATION CONTACT: Dr. Andrew J. MurpMy, Office of Nuclear
48 Regulatory Research, Mail Stop NLS-217A, U.S. Nuclear Regulatory Commission,
49 Washington, DC 20555 Telephone (301) 492-3860 concerning the seismic and
50 earthquake engineering aspects. Mr. Leonard Soffer, Office of Nuclear Regulatory
51 Research, Mail Stop NLS-324, U.S. Nuclear Regulatory Commission, Washington, DC

.52 20555, telephone (301) 492-3916 concerning other siting aspects.|

! 53
|
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2 .1 SUPPLEMENTARY INFORNATION:

'2
9 3- I. Background.
J 4 II. Objectives.
1 5 III. Genesis.
; 6 IV.. Alternatives.

7 Y.-
- Major Changes.

..

8 Y.A Reactor Siting Criteria.:

! 9 V.B Seismic and Earthquake Engineering Criteria. '

| 10 VI. Siting Policy Task Force Recommendations.
11 VII. Related Regulatory Guides and Standard Review Plan Section.
12 VIII. Future Regulatory Action.
13 IX. Electronic Format.
14 X. Questions.
15 XI. Finding of No signific. ant Environmental Impact: Availability.
16t " 'XII. * " NPaperwork Reduction Act Statement.
'17 - XIII. Regulatory Analysis.

| 18 XIV. Regulatory Flexibility Certification.
3 19 XV. , Backfit Analysis.

20
'

' ''

'

21 I. Background
22,

23 The present regulation regarding reactor site criteria (10 CFR Part 100)-

24 was promulgated April 12, 1962 (27 FR 3509). Staff guidance on* exclusion area i.

25- and low population zone sizes as well as population density was issued in '

26 Regulatory Guide 4.7, " General Site Suitability Criteria for Nuclear Power
27. Stations," published as a draft in September 1974. Revision I to this Guide was

{'8 - issued in November 1975. On June 1,1976, the Public Interest Research Group ;

29 (PIRG) filed a petition for rulemaking (PRM-100-2) requesting that the NRC |
30 incorporate minimum exclusion area and low population zone distances and
31 population density limits into the regulations. In August 1978, the Commission"

'
32 directed the'NRC stsff to develop a general policy statement on nuclear power
33 reactor siting. The " Report of the Siting Policy Task Force," (NUREG-0625) was,

34 issued.14 August 1979 and provided recommendations regarding siting of future
35 nuclear power reactors. On July 29,1980 (45 FR 50350), the NRC issued an
36 Advance Notice of Proposed Rulemaking (ANPR) regarding revision of reactor site
37 criteria which discussed the recommendations of the Siting Policy Task Force and
38 sought public comments. The proposed rulemaking was deferred by the Commission
39 in December 1981 to await development of a Safety Goal and improved research on
40 accident source terms. On August 4, 1986 (51 FR 23044), the NRC issued its
41 Policy Statement on Safety Goals which stated quantitative health objectives with
42 regard to both prompt and latent cancer fatality risks. . On November 29, 1988,
43 the NRC (28 NRC 829) denied the PIRG petition on the basis that it would
44 unnecessarily restrict NRC's regulatory siting policies and would not result in
45 a substantial increase in the overall protection of the public health and safety.
46 'Because of possible renewed interest in power reactor siting, the NRC is
47 proceeding with a rulemaking in this area. This should be regarded as a partial.

.48 granting of the petition which requested incorporation of exclusion area size and
49 population density via rulemaking.
50 . Appendix A, " Seismic and Geologic Siting Criteria for Nuclear Power
51 Plants," to 10 CFR Part 100, " Reactor Siting Criteria," was originally issued as-

52 a proposed regulation on November 25,1971 (36 FR 22601), published as a final4

53 regulation on November 13,1973 (38 FR 31279), and became effective on December,

54 13, 1973. There have been two amendments to 10 CFR Part 100, Appendix A. The

FRN - 2
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1 first amendment, irsued November 27,1973 (38 FR 32575), corrected the final !
2 regulation by adding the legend under the diagram. The second amendment resulted |
3 from a petition for rulemaking (PRM 100 - 1) requesting that an opinion j
4 interpreting and clarifying Appendix A with respect to the determination of the !

5 Safe Shutdown Earthquake be issued. A notice of filing of the petition was i
6 published on May 14, 1975 (40 FR 20983). The substance of the petitioner's
7 proposal was accepted and published as an immediately effective final regulation
8 on January 10, 1977 (42 FR 2052). !
9 l

'

10 ;

!
11 II. Objectives

"~

12
' ''

13 The objectives of this proposed regulatory actio'n a're to:
~

14 !

15 1. state directly criteria for future siter which, through experience and I
16 importance to risk, have been shown key to protecting public health and safety;
17 2. provide a stable regulatory basis for seismic and geologic siting and
18 applicable earthquake engineering design of future nuclear power plants that will
19 update and clarify regulatory requirements and provide a flexible structure to
20 permit consideration of new technical understandings; and
21 3. relocate from Part 100 to Part 50 those requirements which apply to i

22 plant design, effectively decoupling siting from plant design. j

23 j. ,

24 III Genesis j

25 r d. |

26 The proposed regulatory ction reflects changes which are intended to (1) !
27 benefit from the experience ained in applying the existing regulation and from 1

28 research; (2) resolve inter retative questions; (3) provide needed regulatory |

29 flexibility to incorporate state-of-the-art improvements in the geosciences
30 and earthquake engineering, (4) simplify the language to a more " plain English"
31 tex 6 ge vari m interNindustry comenth
32 The propcsed regulatory action will apply to applicants who apply for a

133 construction permit, operating license, preliminary design approval, final design
34 approval, manufacturing license, early site permit, design certification, or

,

35 . combined license after the effective data of the final regulations.
36 Criteria not associated with the selection of the site or establishment of
37 the safe shutdown earthquake ground motion have been placed into Part 50. This
38 action is consistent with the location of other design requirements in Part 50.
39 Because the revised criteria presented in the proposed regulation will not
40 be applied to existing plants, the licensing bases for existing nuclear power
41 plants must remain part of the regulations. Therefore, the proposed revised
42 reactor siting criteria would be designated Subpart B in 10 CFR Part 100 for site
43 applications after the effective data of the final regulations and the criteria
44 on seismic and geologic siting would be designated as a new Appendix B to 10 CFR
45 Part 100. These new sections would be added to the existing body of regulations. |

'

46 The dose calculations and the earthquake engineering criteria will be located in
47 10 CFR Part 50 (150.34(a) and Appendix S, respectively). Since Appendix 5 is
48 not self executing, applicable sections of Part 50 (650.34 and 150.54) are
49 revised to reference Appendix S. The proposed regulation would also make
50 conforming amendments to 10 CFR Parts 52 and 100. Sections 52.17(a)(1),
51 52.17(a)(1)(vi), and 100.20(c)(1) and (3) and Part 52 Appendix Q would be amended
52 to note Appendix B to Part 100.
53
54 IV. Alternatives

FRN - 3
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1 The first alternative considered by the Commission was to continue using .
2 current regulations for site suitability determinations. This is not considered
3 an acceptable alternative. Although the siting related issues for nuclear power
4 plants currently being licensed are closed or are expected to be closed soon, ;
5 there is good reason to initiate the proposed regulatory action in light of the
6 current and future staff review of future reactors (particularly certified
7 designs) so that a certified design would not be dependent on site parameters to
8 establish the fission product retention characteristics of the design. Further, .
9 the current regulation has created difficulty for applicants and the staff in

'

10 terms of inhibiting flexibility in applying updated information and using updated
11 methods of analysis in the licensing process.
12 A second alternative. considered.was; replacement of the existing regulation .

,

| 13 . .. (LPZ and. dose calculations from Part 100:and Appendix A to Part 100) with an
| 14 entirely new regulation. This is not considered an acceptable alternative
i 15 because the provisions of the existing regulations form part of the licensing

16 bases for many of the operating nuclear power plants and others that are in
17 various stages of obtaining their operating license.
18 For seismic and earthquake engineering, a third alternative considered was
19 the replacement of the entire regu' ation with a regulatory guide. This is not
20 considered acceptable because a regulatory guide is non-mandatory. The
21 Commission believes that there ,could be an increase in the risk of radiation
22 exposure to the public if the siting and earthquake engineering criteria were|

23 non-mandatory.
| 24 The approach of establishing the revised requirements in new sections of
i 25 Part 100 and relocating plant design requirements to Part 50 while retaining the

26 existing regulation was chosen as the best alternative. The public will benefit
?7 from a "learer, more uniform, and more consistent licensing process which
8 incorpor.tes updated information and is subject to fewer interpretations. The

29 NRC staff will benefit from improved regulatory implementation (both technical
30 and legal), fewer interpretive debates, and increased regulatory flexibility.
31 Applicants will derive the same benefits in addition to avoiding licensing delays
32 due to unclear regulatory requirements.
33
34 V. Major Changes
35 -

36 V.A Reactor Siting Criteria (non-seismic).
i

37 !

38 The site criteria contained in the proposed regulation are based upon |
39 previous guidance issued in Regulatory Guide 4.7, " General Site Suitability |
40 Criteria for Nuclear Power Stations," and the risk insigrits and accident Mease
41 characteristics of present light water reactors (LWR's), and particularly those
42 plants analyzed in NUREG-1150, " Severe Accident Risks: An Assessment for Five
43 U.S. Nuclear Power Plants," dated December 1990. However, the proposed criteria
44 decouple siting from plant design and, as such, are independent of the plant type
45 to be built in the site. The Commission considers this a reasonable position
46 since it is expected that future reactors licensed under Part 50 or under Part
47 52 of the Commission's regulations will reflect through their design,
48 construction and operation an extremely low probability for accidents that could
49 result in release of significant quantities of radioactive fission products. In
50 addition, the recommendations of the Siting Policy Task Force were considered in
51 making these changes as discussed in Section XII.
52
13 Rationale for Individual Criteria
.;4
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: 1 A. Exclusion Area - An exclusion area surrounding the immediate vicinity |1 2 of the plant has been a requirement from the very beginning for siting power .} i
: 3 reactors. This area has been found to provide a high degree of protection to the '

: 4 public from a variety of potential plant accidents and also affords protection
: 5 to the plant from potential man-related hazards.
; 6 The present regulation has no nu:nerical size requirement for the exclusion

'

7 area, in terms of distance, and instead assesses the consequences of a postulated Ij 8 radioactive fissicn product release with;n containment, coupled with assumptions i; 9 regarding containment leakage, performance of certain fission product mitigation
j 10 systems and dispersion factors for a hypothetical individual located at any point i
! 11 on the exclusion area boundary. The plant and site combination is considered to !
! 12 be acceptable if the calculated consequences do not exceed the dose values given - |13 in the present regulation.w Regulatory Guide 4.7 suggests an exclusion area ' J

14 distance of 0.4 miles, since this has been found, in conjunction with typical
15 engineered safety features, to meet the dose values in the existing regulation. !16 The Commission considers an exclusion area to be ~an essential feature of i
17 a reactor site, and is retaining this requirement for future reactors. However, i
18 in keeping with the recommendation of the Siting Policy Task Force to decouple
19 site requirements from reactor design, the proposed regulation would eliminate

:20 the use of a postulated source term, assumptions regarding mitigation systems and i
21 dispersion factors, and the calculation of radiological consequences to determine :
22 the sizes of the exclusion area and low population zone. It would instead require !
23 a minimum exclusion area distance of 0.4 miles for power reactors.

i24 This distance,'together with typical-engineered safety features previously |25 reviewed by the staff, has generally been found to satisfy the dose gi.idelines {26 in the present regulation. An exclusion area of this size or larger is fairly '

27 comon for most power reactors in the U.S., and has not been unduly difficult for :

28 most prospective applicants to find and obtain. I

29 .. Finally, this distance has alse-been found to readily satisfy the prompt ;
30 and latent fatality quantitative health objective of the Comission's Safety <

31 Goals Policy, when coupled with plant designs as reflected by those in i
32 NUREG-1150. Hence, the minimum exclusion area distance : oposed would assure J

33 a very low level of risk to individuals, even for those located very close to the
34 plant at the population density proposed in the regulation.
35 Although an exclusion area size of about C.4 miles is considered
36 appropriate for reactor power levels of current designs, the Comission is also
37 considering whether or not this size unduly penalizes potential reactors having
38 significantly lower power levels. Hence, the Comission requests comments on
39 whether the minimum size of the exclusion area should be fixed at 0.4 miles
40 regardless of reactor power level, or whether it should vary according to reactor
41 power level with a minimum value (for example, 0.25 miles).
42 B. Low Pooulation Zone - The present regulation requires that a low
43 population zone (LPZ) be defined imediately beyond the exclusion area.
44 Residents are permitted in this area, but the number and density must be such
45' that there is a reasonable probability that appropriate protective measures could
46 be taken in their behalf in the event of a serious accident. In addition, the
-47 nearest densely populated center containing more than about 25,000 residents must
48 be located no closer than one and one-third times the outer radius of the LPZ.
49' Finally, the dose to a hypothetical individual located at the outer radius of the
50 LPZ over the entire course of the accident must not be in excess of the dose
51 values given in the regulation. Regulatory' Guide 4.7 suggests that an outer
52 radius of about three miles for the LPZ has been found to satisfy the dose values
53 in the present regulation.
54 Several practical problems have arisen in connection with the low
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1 population zone. Before 1980, the LPZ generally defined the distance over which
2 public protective actions were contemplated in the event of a serious accident.
3 PaFt 50.47 now requires plume exposure Emergency Planning Zones (EPZ) of about i

4 ten miles for each plant. '

I5 The low population zone also places restrictions on the proximity of the
6 nearest densely populated center of 25,000 or more residents. However, without
7 numerical requirements for the outer radius of the low population zone, this
8 requirement has little practical effect. Typical low population zones for
9 existing power reactors have several thousand residents. If Regulatory Guide 4.7

10 were followed and a distance of three miles were selected as the low population
11 zone outer radius, a maximum population within~ the icw popLiation zone at the
12 time of lite approval would be about 14,000 residents. Finally, the staff has
13 sometimes experienced difficulty in defining * ' densely populated center."
14 The Coralssion considers that the t ..ctions intended for the " low
15 population zone", namely, a low density of residents and the feasibility of
16 taking protective actions, have been accomplished by other regulations, or can
17 be accomplished by other means. Protective actfor - M rements are defined via
18 the use of the EPZ's, while restrictions on popui ~ - ~ close to the plant can be
19 assured vis proposed population density crita For these reasons, the
20 Commission is proposing to eliminate the requirescar v a low population zone for
21 future r s r reactor sites for purposes of deteruinkg site suitability.
22 C. Doculation Density Criteria - The present regulation contains no
23 populati n density requirements other than the i equirement, noted above, that the
24 distance to the nearest population center c staining more than about 25,000 '
25 residents must be no closer than one and one-third times the outer radius'of the
26 LPZ. This was reccgnized ?s a potential concern when the present regulation was
27 promulgated. As the Commission in 1962 noted in its Statement of Considerations
28 (27 FR 3509) accompanying the issuance of the regulation, "...in some cases where
29 very large cities are involved, the population center distance may h.ve to be

; 30 greater than those suggested by these guides."
31 As a result of the significant increase in reactor power levels during the
32 1960's, the staff issued Regulatory Guide 4.7 in 1974. With respect to
33 population density thfs guide states as follows:
34 " Areas of low populatten density are preferred for nuclear power ;

35 station sites. High population densities projected for any time during i
36 the lifetime of a station are considered during both the NRC staff review |
37 and the public hearing phases of the licensing process. If the population
38 density at the proposed site is not acceptably low, then the applicant:

,

| 39 will be required a give special attention to alternative sites with lower !
40 population densities. |

41 If the population density, including weighted transient population,
42 projected at the time of initial operation of a nuclear power station
43 exceeds 500 persons per square mile averaged over any radial distance out
44 to 30 miles (cumulative population at a distance divided by the area at
45 that distance), or the projected population density over the lifetime of i

46 the facility exceedt 1000 persons per square mile averaged over any radial -

47 distance out to 30 miles, special attention should be given to the
48 consideration of alternative sites with lower ;pulation densities."
49,

50 The basis for this guide was that it provided reasonable separation of,

51 reactor sites from larga population centers, while also assuring an adequate
E2 selection of sites, even in the Northeastern U.S. However, no comparison with

; 13 explicit risk criteria were provided at that time.
'

54 An illust-ation of the degree of separation distar.ce provided by this Guide
4
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I for population centers of various sizes may be useful. Under this guide, a '] I
2 population center of about 25,000 or more residents may be no closer than 4 miles !

3 from a reactor, since a density of 500 persons per square mile within this :

4 distance would yield a total population of about 25.120 persons. Similarly, a !
5 city of 100,000 or more residents may be no closer than about 10 miles; a city !
6 of 500,000 or more persons may be no closer than about 20 miles, and a city of ;

7 1,000,000 or more persons may be no closer than about 30 miles from the reactor. i
8 The Commission has examined these guidelines with regard to the Safety '

9 Goal. The Safety Goal quantitative health objective in regard to latent cancer |
10 fatality states that, within a distance of ten miles from the reactor, the risk :
11 to the population of latent cancar fatality from nuclear power plant.pperation, ., !

12 including accidents, . should not'.' exceed .one-tenth vofs one percent-of, the . !
13 likelihood of latent cancer fatalities from all other causes.~ In addition to the !

14 risks of latent cancer fatalities, the Commission has also investigated the |
15 likelihood and extent of land contamination arising from the release of - !

'

16 quantities of long-lived radioactive species _ such a: Cesium-137, in the event
17 of a severe reactor accider' -

18 The results of these analyses indicate that the latent cancer fatality
19 quantitative health objective noted tbove is met for current plant designs.
20 Since the population density values of Regulatory Guide 4.7 have been. in use ;

21 since 1975, since these afford an adequate supply of sites in every region of the (
22 nation, the Commission sees no merit in significantly relaxing' these values by i

23 allowing nuclear power plants to he located significantly closer to population :
'

24 centers than has heretofore been the case. The Commission recognizes, howev6r,
25 that nuclear power plants meeting current safety standards could be located at
26 sites significantly denser than 500 people per square mile and meet the latent
27 cancer fatality Safety Goal. In addition, the Commission considers it reasonable i
28 to continue to specify the population distribution out to 30 miles, even though
29 the Quantitative Health Objectives of the Commission's Safety Goal Policy only
30 apply out to 10 miles, for latent fatalities. The 30 mile distance will ensure
31 that no large population centers are located closer than about 30 miles from the
32 site.

33 From analysis done in support of this proposed change in regulation, the
34 likelihood of land contamination from a severe accident sufficient to require

35 long term condemnation of land beyond 30 miles is very low. Thus, the proposed
36 criteria provides assurance that the likelihood of long term condemnation of
37 large population centers is very low.
38 For these reasons, the Commission is proposing that, at the time of initial
39 site approval, population density values of no more than 500 people per square
40 mile averaged over any radial distance out to 30 miles be used for judging the
41 acceptability of new nuclear power plant sites. Similarly, in keeping with

42 Regulatory Guide 4.7, the projected population density 40 years after initial
43 site approval should not exceed 1000 people per square mile.
44 The proposed regulation indicates that these population density levels are
45 not to be exceeded for new nuclear power plant sites. The Commission is also

i 46 requesting comments on whether sites exceeding these population densities should
47 be approved, and, if so, under what conditions.
48 Several points regarding population projections and their application
49 should be made. First, since the validity and reliability of population
50 projections, particularly fnr relatively small regions, decreases markedly as the,

51 projection time period increases, population projections for the purpose of
52 assessing site suitability are to be limited to a time period of 40 years after
53 initial site approval. Population projectiot., beyond this time period become
54 unreliable and speculative.

i
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I Second, population projections are intended to be used as a factor in the
2 siting process to evaluate a potential nuclear power plant site and to determine
3 whether alternative sites having lower population densities should be considered.
4 Because of uncertainties in population projections and because analyses have also
5 shown that current plant designs can meet the Commission's Safe'y Goals and that
6 other risks can be kept at a very low level at sites having significantly higher
7 population densities than those being proposed for approval, the population
8 density limits proposed in the regulation are to be applied at the time of
9 initial site approval or early site permit renewal only, recogniziog that they

10 may be exceeded over the life of the plant.
11 D. Meteoroloaical Factors - Radiological doses which incorporated site

.,

12 meteorological data need no longer be ~ calculated for the purpose of determining
13 site suitability. Meteorological data will.still be needed for safety analysis
14 .and for assessing the adequacy of certain plant features, as well as to determine
15 plant adequacy 'in regard to meteorological extremes, such as tornados and maximum
16 probable ' precipttation. Therefore, the ' proposed regulation maintains the
17 requirement to collect and characterize meteorological data representative of the
18 site.
19 The Commission has examined the variations in site meteorology that have
20 influenced dose calculations in past licensing reviews. Individual site
21 meteorology characteristics have been used primarily to determine atmospheric
22 dispersion or dilution factors, in order to evaluate doses to hypothetical
23 individuals at the exclusion area and low population zone outer radius. The
24 degree'of dilution increases ~with increasing distance between the release point
25 and any hypothetically exposed individual, but'also is affected by other factors,
26 including the time of d&y. In this regard, the disperstor. factor could vary
?7 significantly at a given site, showing a pronounced diurnal variation. However,
.8 when the time averaged dispersion factor of a given sity is compared with that
29 of other sites, the variation between one site and another is much less.
30 Analyses reported in NUREG/CR-2239, " Technical Guidance for Siting Criteria
31 Development," cated December 1982, for example, show that calculated average
32 trdividual consequences for an identical postulated release of radioactivity to
33 the environment using data from weather stations throughout the Uniced States
34 yielded results that varied only by about a factor of two. Based upon these
35 considerations, the Commission has determined that the average meteorological
36 characteristics between one site and another are sufficiently simile that
37 characterization of individual site meteorology is not a sigt . ficant
38 discriminator in determining site suitability, when compared to the uncertainties
39 in other areas of the determination of risk to the health and safety to the
40 public. However, site meteorological characteristics are needed in safety
41 analysis and for assessing the adequacy of certain plant design features.
42 E. ddrolocical Factors - This area is important in establishing the
43 magnitude of external hazards from ground water contamination, such as by basemat
44 melt th ough, which could contaminate aquifers and thereby affect large
45 populations. The proposed regulation adds or modifies existing requirements for
46 obtaining information to characterize hydrological factors at a site important
47 to risk. This information will be reviewed by the staff and used as interface
48 criteria in matching a proposed design to the site. -

49 F. Nearby Industrial and Transportatiot Facilities - This area of review
50 is proposed to be incorporated into the reguations for the puroose of site
51 suitability. This area of review has, in fact, been a part of the staff review-

52 for many years. The acceptance standard is the same as that currently in staff
~3 review guidance documentation. Hence, the proposed regulation involves no |

24 substantive changes in this area and merely codifies what has been staff practice
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I for a number of years.
2 G. Feasibility of Carryino out Protective Actions - The proposed regulation !

3 would require that important site factors, such as population distribution,
4 topography, and transportation routes be considered and examined in order to
5 determine whether there are any site characteristics that could pose a
6 significant impediment to the development of an emergency plan.
7 Planning for emergencies is part of the Commission's defense-in-depth
8 approach. The Commission concludes that site characteristic:: that may represent
9 an impediment to the development of adequate emergency plans, such as limitations

10 of access or egress in the immediate vicinity of a nuclear power plant should be
11 identified at the site approval phase. This.is consistent with the approach the
12 Commission.has;takenjn earlyfsite' reviews'under 10 CFR Part 52.'

13 ~ H. Periodic Reportino of Population' and Other~ Activities -' Conditions
14 around a site may change. In addition to population changes, whir.'. may be
15 estimated or projected for relatively near-term periods with some. degree of -
16 confidence, significant changes in the nature of the industrial, military and
17 transportation facilities may also occur. Pop ~0h tion growth in excess of that
18 anticipated could represent an unanticpated change in the potential risk to an
19 individual or to society. Early identification of this potential change could,

'

20 permit timely changes in the procedures or plant features to minimize the change 1

21 in the risk to the health and safety of the public.
22 Likewise, early identification of activities or facilities that are |,

'
23 potentially hazardous could permit timely changes in the procedures or plant
24 features to minimize the change in the risk to the health and safety of the
25 public. Man-related activities potentially hazardous to a plant are typically
26 major industrial or transport facilities such as major highways, large pipelines,
27 major airports, etc. Relatively minor changes in industrial activity have been
28 shown to be of little concern.
29 In regard to this area, the Commission is also requesting comments on j.

30 whether periodic reporting of population and significant offsite activities-
1

31 should include all operating licensees, as well as site permit holders.
32
33 Interim Chance to Part 50

- 34
35 The proposed change to 10 CFR 50 simply relocates the requirements
36 previously contained in 10 CFR 100 for each applicant to calculate a whole body j
37 and a thyroid dose at specified distances. Since these requirements affect '

>

38 reactor decign rather than siting, it is more appropriately located in 10 CFR 50,
39 thus leaving 10 CFR 100 with site criteria only. For this proposed revision, the
40 source term and methodology for performing the dose calculations remain unchanged

,

41 from that stated in 10 CFR 100.
42 These requirements apply to all future applicants for a power reactor.
43 They are int'..ided to be interim requirements until such time as more specific
44 requirements for future applicants are developed governing containment
45 performance and other fission product cleanup systems.;

46J

47 V.B Seismic and Earthquake Engineering Criteria.
48
49 The following are major changes in the proposed revision to Appendix A,*

50 " Seismic and Geologic Siting Criteria for Nuclear Power Plants," to Part 100,
51 associated with the proposed seismic and earthquake engineering criteria '

52 rulemaking:
53 1. Separate Sitino from Desion. Criteria not associated with site
54 suitability or establishment of the safe shutdown eartnquake ground motion have
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I been placed into Part 50. This action is consistent with the location of other
21 design requirements in Part 50. Because the revised criteria presented in the
3 proposed regulation will not be applied to existing plants, the licensing basis j
4 for existing nuclear power plants must remain part of the regulations. The
5 criteria on seismic and geologic siting would be designated as a new Appendix B,
6 * Criteria for the Seismic and Geologic Siting of Nuclear Power Plants After i

7 [ EFFECTIVE DATE OF THIS REGULATION]," to 10 CFR Part 100. Criteria on earthquake !

8 engineering would be designated as a new Appendix S, * Earthquake Engineering |
9 Criteria for Nuclear Power Plants," to 10 CFR Part 50. |

10 2. Remove Detailed Guidance from the Reaulation. The current rerplation !

11 contains both requirements and guidance on how to satisfy the requirements. For *

:
12 example, in Section IV, Required Investigations, it is stated that investigations
13 are required for vibratory ground motion, surface faulting, and seismically i

14 induced floods and water waves. After stating the purpose of the investigation, j

15 detailed guidance is provided on what constitutes an acceptable investigation. '

16 A similar~ situation exists in Section V, Seismic and Geologic Design' Bases. ;

17 In m*hir.g geoscience assessments, there 157 need for considerable latitude
18 and judgement. This latitude and judgement is required beca'use of limitations
19 in data and the st0te-of-the-art of geologic and seismic analyses, and because ,

20 of the rapid evolution taking place in the geosciences in terms of accumulating i

21 knowledge and in modifying concepts. This need appears to have been recognized
22 when the existing regulation was developed. The existing regulation states that !

23 these criteria are based on limited geophysical and geological information and |
24 will be revised as necessary when more complete information becomes available. ,

25 However, having geoscience assessments detailed and cast in a regulation ;

26 has created difficulty for applicants and the staff in terms of inhibiting the !

?7 use of needed judgement and latitude. Also, it has inhibited flexibility in i

S applying basic principles to new situations and the use of evolving methods of |
29 analyses (for instance, probabilistic analyses) in the licensing process.
30 The level of detail presented in the proposed regulption would be
31 censiderably reduced. The proposed regulation would identify and establish basic
32 requirements. Detailed guidance, that is, the proceduris acceptable to the NRC
33 for meeting the requirements, would be removed and placed in Draft Regulatory
34 Guide, DG-1015, " Identification apd Characterization of Seismic Sources,
35 Deterministic Source E'a'rthquakes, a65 Ground Motion."
36 3. Use of both deterministic and orobabilistic analyses. The proposed
37 regulation will require the use of both probabilistic and deterministic analyses.
38 The existing approach for determining a Safe Shutdown Earthquake Ground Motion
39 (SSE) for a nuclear reactor site, embodied in Appendix A to 10 CFR 100 relies on
40 a " deterministic" approach. Using this deterministic approach, an applicant
41 develops a single set of earthquake sources, develops for each source a
42 postulated earthquake to be used as the source of ground motion that can affect
43 the site, locates the postulated earthquake according to prescribed rules, and
44 then calculates ground motions at the site. Although this approach has worked
45 reasonably well for the past two decades, in the sense that SSEs for plants sited
46 with this approach are judged to be suitably conservative, the approach has not'

47 recognized uncertainty in geoscience parameter. Specifically, because so little
48 is known about earthquake phenomena (especially in the eastern U.S. but even in
49 the west where much more is known), there have always been substantial
50 differences of opinion among experts as to how the prescribed process in Appendix
51 A is to be carried out. Experts of equivalent stature often delineate very*

52 different estimates of the largest earthquakes to be considered, sand different<

'3 ground-motion models.4

24 Over the past decade, analysis metheds for encompassing these differences
;
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1 have been developed and used. These "probabilistic" methods have been designed2 to allow explicit incorporation of different models for zonation, earthquake
s

3 size, ground motion, and other parameters. Their advantage is their ability not
4 only to incorporate different models and different data sets, but also to weight
5 them using judgments as to the validity of the different models and data sets,
6 and thereby to provide an explicit expression for the overall uncertainty in the
7 ground motion estimates and means of assessing sensitivity to various different
8 input parameters.
9 Probabilistic methods have been used by many groups, not only in the

30 seismic-hazard area but in many other areas. In the seismic-hazard area, many
11 of the practitioners participated in either the NCC-LLNL or the EPRI
12 seismic-hazard projects over the past decade. '
13 The advantages of these probabilistic methods are manifest, but their
44 limitations are important too. In the seismic-hazard area, the most important
15 limitation is that .the " bottom-line" results from these analyses tend to be

.} 6 dominated by the tails rather than the central tendencies of the distributions
17 of knowledge and expert opinion. -

18 For these reasons, the proposed revision to Appendix A of 10 CFR 100 has
19 adopted a mixed approach. The staff proposes to use both the deterministic (same
20 as that being currently used) and the probabilistic approaches together, and to
21 compare the results of each to provide insights unavailable if either were used
22 alone. The principal limitation of the deterministic approach --- its ability
23 to incorporate only one model and one data set at a time and its inability to
24 allow weighted incorporation of numerous models --- can be assessed by comparing
25 its results with the results of a probabilistic analysis accomplished in
26 parallel. Similarly, the principal limitation of the probabilistic approach ---
27 its tendency to allow its results to be dominated by the tails rather than the
28 central tendency of distributions of uncertain knowledge or expert opinion ---
29 can be assessed by comparing its results with the results of one or more
30 deterministic analyses.
31 The staff believes that taken together these two approaches can allow more
32 informed judgments as to what the appropriate Safe Shutdown Earthquake Ground
33 Motion should be for a given site. Both the applicant's judgments and those of
34 the staff will be irrproved. Therefore, it is the staff's opinion that this mixed

; 35 approach is the best way to accomplish the objective of this aspect of the
36 revised regulatien, which is to arrive through analysis at a site-specific
37 ground motion that appropriately captures what is known about the seismic regime.
38 This dual approach will thus lead to a more stable and predictable licensing
39 process than in the past.
40 In order to implement this dual approach, the staff has proposed a
41 requirement that the probability of exceeding the Safe Shutdown Earthquake Ground
42 Motion at a site be lower than the median probability of exceedance computed for
43 the current population of the operating plants. This requirement assures that
44 the design levels at new sites will be comparable to those at many existing
45 sites, particularly more recently licensed sites. This criterion is also used
46 to identify significant seis ic sources, in terms of magnitude and distance,
47 affecting the estimates of gr.und motions at a site.
48 4. Safe Shutdown Earthouake. The existing regulation states when the
49 maximum vibratory accelerations of the SSE at the foundations of the nuclear
50 power plant structures are determined to be less than one tenth the acceleration
51 of gravity (0.1 g) ..... it shall be assumed that the maximum vibratory acceler-
52 ations of the SSE at these foundations are at least 0.1 g, (Section V(a)(1)(v)).
53 (Also, Section V(a)(1)(iv) contains the phrase "at each of the various foundation
54 locations.") The location of the seismic input motion control point as stated

FRN - 11
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I in the existing regulation has led to confrontations with many applicants that |
2 believe this stipulation is inconsistent with good engineering fundamentals.

"

3 The proposed regulation would move the location of the seismic input motion
4 control point from the foundation-level to free-field, at the free ground
5 surface or hypothetical rock outcrop, as appropriate. The 1975 version of the4

; 6 Standard Review Plan placed the control motion in the free-field. The proposed
j 7 regulation is also consistent with the resolution of Unresolved Safety Issue
i 8 (USI) A-40, " Seismic Design Criteria," (August 1989) that resulted in the
' g revision of Standard Review Plan Sections 2.5.2, 3.7.1, 3.7.2, and 3.7.3.

10 5. _Value of the Oneratina Basis Earthauake Ground Motion (OBE) and
11 Reevired OBE AW23n. The existing regulation states that the maximum vibratory
12 ground motion .f the OBE is one-half the maximum vibratory ground motion of the
13 Safe Shutdown Earthquake Ground Motion (Section V(a)(2)). Also, the existing ;
14 regulation states that the engineering method used to insure that structures,,

15 systems, and components are capable of withstanding the effects of.the OBE shall,

16 involve the use of either a suitable dynamic analysis or a suitable qualification<

17 test (Section VI(a)(2)). In some cases, for instuce piping, these mM ti-facets *
>

18 of the OBE in the existing regulation made it possible for the OBE tv have more
19 design significance than the SSE ground motion. A decoupling of the OBE and SSE
20 has been suggested in several documents. For instance, SECY-7g-300 (Enclosure
21 B) suggested that design for a single limiting event, and inspection and
22 evaluation for earthquakes in excess of some sper.fied limit may be the most.

0'

23 sound regulatory approach; NUREG-1061, " Report of the U.S. Nuclear Regulatory 0
24 ' Commission Piping Review Committee," Vol.5. ranked a decoupl ft .. #*

25 SSE as third out of six high priority changes ; and SECY-90 1 volutionary '

26 Light Water Reactor (LWR) Certification Issues and Their Rela nship to Current4

'7 Regulatory Requirements," states that the staff agrees that the OBE should not
28 control the design of safety systems. For the evolutionary reactors, the staff,

29 will consider requests to decouple the OBE from the SSE on a design-specific
30 basis.
31 Activities equivalent to OBE-SSE decoupling are also being done in foreign
32 countries. For instance, in Germany their new design standard requires only one
33 design basis earthquake (equivalent to the SSE). They require an inspection.

1 34 level earthquake (for shutdown) of 0.4 SSE. This level was set so that the
35 vibratory ground motion should not induce stresses exceeding the allowable stress
36 limits originally required for the DBE design.
37 The proposed regulation would allow the value of the OBE ground motion to -

38 be set at: (i) one-third of the SSE ground motion, or (ii) a value greater than
39 one-third of the SSE ground motion. There are two issues the applicant should
40 consider in selecting the value of the OBE; first, plant shutdown is required if
41 vibratory ground motion exceeding that of the OBE occurs (discussed in Item 6,
42 Required Plant Shutdown), and second, the amount of analyses associated with the
43 OBE. An applixt may determine that at the one-third the SSE level, the
44 probability of exceeding the OBE vibratory ground motion is too high; the cost'

45 associated with plant shutdown for inspections and testing of equipment and
46 structures prior to restarting the plant is unacceptable. Therefore, the
47 applicant may voluntarily select an OBE ground motion value at some higher

| 48 fraction of the SSE to avoid plant shutdowns. However, if an applicant selects |
'

*? an OBE ground motion value at a fraction of the SSE higher than one-third, a |
| % suitable analysis shall be performed to demonstrate that the requirements |

9 associated with the OBE ground motion are satisfied. The design shall take into
%: account soil-structure interaction effects and the expected sluration of the
23 vibratory ground motion. The requirement associated with the OBE is that all

i 54 structures, systems, and components of the nuclear power plant necessary for !
|
2

~
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I continued operation without undue risk to the health and safety of the public .x
2 shall remain functional and within applicable stress and deformation limits when i
3 subjected to the effects of the OBE ground motion in combination with normal
4 operating loads. Subject to further confirmation, it is determined that if an
5 OBE ground motion of one-third of the SSE is used, the requirements of the OBE
6 can be satisfied without the applicant performing any explicit response analyses,
7 and performing some minimal design checks (additional discussion below). There
8 is high confidence that, at this ground motion level with other postulated
9 concurrent loads, most critical structures, systems, and components will not

10 exceed currently used design limits. There are situations associated with
11 current analyses where only OBE ground motion is associated with tt 2. design
12 requirements,-for-example. the ultimate heattsink (see Regulatory Guade 1.27,

i
'

13 " Ultimate Heat Sink ~ for Laclear Power Plants"); In these situatiora a value
14 expressed as a fraction of the SSE response would be used in the analyses.
15 Section.VIII of..this Supplemental Infomation section. identifies existing guides
16 that would be revised, technically to maintain the existing design phi' osophy.
17 With regard to piping analyses, positions on-fatigue ratcheting and seismic
18 anchor motion are being developed and will be issued in a draft regulatory guide
19 separate from this rulemaking. ..

20 6. Reauired Plant Shutdown. The current regulation states that if
21 vibratory ground motion exceeding that of the OBE occurs, shutdown of the nuclear
22 power plant will be required, (Section V(a)(2). Supplemental information to the
23 existing regulation (38 FR 31279.- Item 6e) includes the following statement: "A
24 footnote has been added to $50.36(c)(2) of 10 CFR Part 50 to assure that each
25 power plant is aware of the limiting condition of operation which is imposed

1 26 under Section V(2) of Appendix A to 10 CFR Part 100. This limitation requires
27 that if vibratory ground motion exceeding that of the OBE occurs, shutdown of the
20 nuclear power plant will be required. Prior to resuming operations, the licensee
29 will be required to demonstrate to the Commission that no functional damage has
30 occurred to those features necessary for continued operation without undue risk
31 to the health and safety of the public." At that time, it was the intention of
32 the Commission to treat the Operating Basis Earthquake as a limiting condition
33 of operation. From the statement in the Supplemental Information, the Commission|

| 34 directed applicants to specifically review Part 100 to be aware of this intention
35 in complying with the requirements of 10 CFR 50.36. Thus, the requirement to
36 shutdown if an OBE occurs was expected to be implemented by being included among
37 the technical specifications submitted by applicants after the adoption of
38 Appendix A. In fact, applicants did not include OBE shutdown requirements in i

39 their technical specifications. i

40 The proposed regulation would treat plant shutdown associated. vibratory
41 ground motion exceeding the OBE cr significant plant damage as a condition in
42 every operating license. The shutdown requirement would be a condition of the l

43 license (150.54) rather than a limiting condition of operation (150.36), because
44 the necessary judgements associated with exceedance of the vibratory ground
45 motion or significant plant damage can not be adequately characterized in a
46 technical specification. 650.54(ee) would be added to the regulations to
47 require plant shutdown for licensees of nuclear power plants that comply with the
48 earthquake engineering criteria in Paragraph IV(a)(3) of Proposed Appendix S to

i

49 10 CFR Part 50. Draft Regulatory Guide OG-1017, " Pre-Earthquake Planning and
50 Immediate Nuclear Power Plant Operator Post-Earthquake Actions," would provide
51 guidance acceptable to the NRC for determining whether or not vibratory ' ground
52 motion exceeding the OBE ground motion or significant plant damage had occurred
53 and nuclear power plant shutdown is required. The guidance is based on criteria |

1

54 developed by the Electric Power Research Institute (EPRI) to avoid unnecessary

1
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1 prolonged shutdowns. Draft Regulatory Guide DG-1018, " Restart of a Nuclear
2 Power Plant Shut Down by a Seismic Event," would provide guidelines that are
3 acceptable to the NRC staff for performing inspections and tests of nuclear power
4 plant equipment and structures prior to plant restart. This guidance is also
5 based on EPRI reports.
6 7. Clarify Interoretations. In Appendix B to 10 CFR Part 100 changes have
7 been made to resolve questions of interpretation. As an example, definitions and
8 required investigations stated in the proposed regulation would be :;gnificantly
9 changed to eliminate or modify phrases that were more applicable to only the

10 western United States.
11

~

12 VI. Sitir.g Policy. Task Force Recommendations
13 -

.

'
,

14 The Siting Policy Task Force (NUREG-0625) made nine recommenilations with
15 regard to revision of the reactor siting criteria. The individual
16 recommendations and the disposition and actions being taken in regard to each of -
1! these are discussed below. -

18
19 Recommendation 1
20 Revise Part 100 to change the way protection is provided for accidents by
21 incorporating a fixed exclusion area and protection action distance and
22 population density and distribution criteria.
23 1. Specify a fixed minimum exclusion distance based on limiting the
24 individual risk from design basis accidents. Furthermore, the
25 regulations should clarify the required control by the utility over
26 activities taking place in land ani water portions of the exclusion
27 area.

~

28 2. Specify a fixed minicum emergency planning distance of 10 miles.
29 The physical characteristics of the emergency planning zone should
30 provide reasonable assurance that evacuation of persons, including
31 transients, would be feasible if needed to mitigate the consequences
32 of accidents.
33 3. Incorporate specific population density and distribution limits
34 outside the exclusion area that are dependent on the average
35 population of the region.
36 4. Remove the requirement to calculate radiation doses as a means of
37 establishing minimum exclusion distances and low population zones.
38 Disposition and Action

39 Recommendation 1 has been or is largely being adopted by the Commission.
40 With regard to item 1, a fixed minimum exclusion area distance of 0.4 miles,
41 commensurate with past staff experience in the review of design basis accidents,
42 is being proposed. The Commission belnves that the existing requirements
43 regarding control over any land portion of the exclusion area together with
44 current emergency planning requirements make any new requirements on exclusion
45 area control unnecessary. The recommendations in item 2 were adopted by the
46 Commission shortly after the Three Mile Island accident and are presently in 10
47 CFR Part 50.47. The recommendations in item 3 are being adopted, except that
48 population density and distribution limits are proposed to be applicable
49 nationwide. The recommendation of item 4 is being adopted.
50
51 Recommendation 2
52 Revise Part 100 to require consideration of the potential hazards posed by
53 man-made activities and natural characteristics of sites by establishing minircum
34 standoff distances for:
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1 1. Major or commercial airports, ']*

2 2. LNG terminals,
3 3. Large propane pipelines,

.

4 4. Large natural gas pipelines, 1

-5 5. Large quantities of explosive or toxic materials, |

6 6. Major dams, and
~

;

7 7. Capable faults. i

l|
8 Disposition and Action

9 Recommendation 2 is being adopted in part and. rejected in part. Part 100
,

10 is to be revised to include consideration of man-related hazards. However, |
; 11 establishment of minimum standoff distances by regulation for the hazards cited |

12 is considered infeasible because staff review .has found .that acceptable
13 separation distances are not readily quantified and can depend upon many factors

.

14 'such as the topography, size and operational aspects of such facilities, as wil |

15 as distance from the reactort?Accordingly, the proposed regulation'will require
16 that the hazards be identified and evaluated so that they can be adequately

j 17 considered in the design of the reactor to be TUcated on the site.
18
19 -Recommendatior, 3 '

20 Revise Part 100 by requirir.g a reasonable assurance that interdictive
21 measures are possible to limit groundwater contamination resulting from Class 9
22 accidents within the immediate vicinity of the site.
23 Disnosition and Action '

24 The Commission is not adopting this recommendation'. How'ver, requirementse
25 on future reactor designs will address the need to consider and minimize

! 26 containment failure under severe accident conditions. Future reactor designs 1
'

! 27 will need to address the potential for ground water contamination as part of
28 their environmental review under 10 CFR Part 51.
29
30 Recommendation 4

'

31 Revise Appendix A to 10 CFR 100 to better reflect the evolving technology
32 in assessing seismic hazards.
33 Disposition and Action

| 34 The Commission is adopting this recommendation in this rulemaking.
35
36 Recommendation 54

37 Revise Part 100 to include consideration of post-licensing changes in
38 offsite activities.
39 1. The NRC staff shall inform local authorities (planning commission, !

40 county commissions, etc.) that control activities within the
41 emergency planning zone (EPZ) of the basis for determining the
42 acceptability of a site.

,
43 2. The NRC staff shall notify those federal agencies as in item 1 above |

! 44 that may reasonably initiate a future federal action that may l
45 influence the nuclear power plant.-

46 3. The NRC staff shall require applicants to monitor and report
47 potentially adverse offsite developments.
48 4. If, in spite of the actions described in items 1 through 3, there
49 are offsite developments that have tha potential for significantly
50 increasing the risk to the public, the NRC staff will consider
51 restrictions on a case-by-case basis.
52 Disposition and Action

53 This recommendation is already in effect or being adopted. Item I is

54 already covered by existing emergency planning requirements. Item 2 is

,
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I accomplished by issuance of a Significant Hazard Consir'eration statement by the
2 NRC staff. The Comission is requesting comments on I' ten. 3. With regard to item
3 4, the Comission retains the right to order restrictions on a case-by-case
4 basis.

-

5
6 Recommendation 6
7 Continue the current approach relative to site selectiv.. from a safety
8 viewpoint, but select sites so that there are no unfavorable characteristics
9 requiring unique or unusual design to compensate for site inadequacies.

10 Disoosition and Action
11 The Comission is not adopting this recommendation. In the current and
12 proposed Part 100 regulations applicants may provide specific ~ plant design
13 features to compensate for site inadequacies. As long as these design features - .

J

!
14 adequately account-for the conditions at the site, public health and safety will
15 be protected. These specific design features may represent some economic

<

16 consideration. -However,' the ' Commission has concluded that any 4 economic
17 consideration should be left for'the utility of7pplicant. ,

|18
19 Recommendatic Q

; 20 Revise e art 100 to specify' that site approval be established at the
21 earliest decision point in the review and to provide criteria that would have to*

22 be satisfied for this approach to be subsequently reopened in the licensing
23 process. .

|

24 Disposition and Action

25 The Commission considers that the early site permit provisions of 10 CFR
26 Part 52 accomplishes this recommendation.
27 )

'8 Recommendation 8 |

29 Revise Part 51 to provide that a final decision disapproving a proposed
30 site by a state agency whose approval is fundamental to the project would be a
31 sufficient basis for NRC to terminate review. Such terminatm of a review would
32 then be reviewed by the Comission. ,

33 Disposition and Action

34 The Commission is not adopting this recommendation since incorporation of |
'

35 it is considered inappropriate. This recomendation would effectively give the
36 state the arbitrary authority to prevent construction of a nuclear facility. The
F federal government only has this authority. Furthermore, the Commission has
38 concluded that state approval is not required when the applicant ht s reasonable
39 measures within his means to comply with the regulations related to interactions
40 with state and local governments. .

41
42 Recommendation 9
43 Develop common bases for comparing the risks for all external events.
44 Disposition and Action i

45 The Siting' Policy Task Force's primary recommendation in this area was that i

i
46 an interdisciplinary effort should be undertaken with the objective of developing
47 quantitative risk comparisons of all external events ar.d n'atural phenomena. The
48 Commission considers this to be a desirable objective but notes that the Siting
49 Policy Task Force made no specific recommendations with regard to siting criteria
50 or rulemaking. The Commission therefore considers this recommendation
51 inapplicable in the present context of examination of siting criteria, but notes
52 that recent developments in probabilistic risk analysis (PRA) have considered
53 examination of the risk from external events in detail.
54
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1 VII. Related Regulatory Guides and Standard Review Plan Section ~

-

2 1

3 The NRC is developing the following draft regulatory guides and standard
4 review plan section to provide prospective licensees with the necessary guidance

| 5 for implementing the proposed regulation. The notice of availability for these
'

6 materials is published elsewhere in this Federal Register:
7 1. DG-1015, " Identification and Characterization of Seismic Sources,

| 8 Deterministic Source Earthquakes, and Ground Motion." The draft guide provides
| 9 general guidance and recommendations, describes acceptable procedures and

10 provides a list of references that present acceptable methodologies to identify
11 .and characterize capable tectonic sources;and seismogenic sources.
12 .2. DG-1016,,Second Proposed, Revision 2 to Regulatory Guide 1.12 " Nuclear
13 Power Plant Instrumentation for Earthquakes." The draft guide describes seismic

.

14 instrumentation type and location, operability, characteristics, installation,
| 15 - actuation, and maintenance that are ::ceptable to the NRC staff.

.

--
'

16 3. DG-1017,." Pre--Earthquake Planning and Immediate Nuclear Power Plant
17 Operator Post-Earthquake Actions." The draft golde provides guidelines that are
18 acceptable to the NRC staff for a timely evaluation of the recorded seismic,

19 instrumentation data and to determine whether or not plant shutdown is required.
20 4. DG-1018, " Restart of a Nuclear Power Plant Shut Down by a Seismic
21 Event." The draft guide provides guidelines that are acceptable to the NRC staff
22 for performing inspections and tests of nuclear power plant equipment and
23 structures prior to restart of a plant that has been shut down due to a seismic

'24 event.
25 5. Draft Standard Review Plan Section 2.5.2, Proposed Revision 3 " Vibratory
26 Ground Motion." The draft describes procedures to assess the ground motion
27 potential of seismic sources at the site and to assess the adequacy of the SSE. -

28 6. Draft Regulstory Guide 4.7, designated as Revision 2, dated December
29 1991, " General Site Suitability Criteria for Nuclear Power Plants." This guide
30 discusses the major site characteristics related to public health and safety and
31 environmental issues which the NRC staff considers in determining the suitability
32 of sites.
33
34 VIII. Future Regulatory Action
35

| 36 Several existing regulatory guides will be revised to incorporate editorial
37 changes or maintain the existing design or analysis philosophy . These guides
38 will be issued to coincide with the publication of the final regulations that

| 39 would implement this proposed action.
I 40 The following regulatory guides will be rensed to incorporate editorial

41 changes or to be consistent with changes in Part 100. For example, the type of
42 changes contemplated would be to reference new paragraphs in Appendix B to Part

! 43 100 or Appendix S to Part 50. No technical changes will be made in these
| 44 Regulatory Guides.
! 45

| 46 1. 1.57, " Design Limits and Loading Combinations for Metal Primary
47 Containment System Components"
48 2. 1.59,'" Design Basis Floods for Nuclear Power Plants"
49 3. 1.60, " Design Response Spectra for Seismic Design of Nuclear Power
50 Plants"
51 4. 1.83, " Inservice Inspection of Pressurized Water Reactor Steam
52 Generator Tubes"
53 5. 1.92, " Combining Modal Responses and Spatial Components in Seisr .c
54 Response Analysis"

|
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1 6. 1.102, " Flood Protection for Nuclear Power Plants"
2 7. 1.121, " Bases for Plugging Degraded PWR Steam Generator Tubes"
3 8. 1.122 " Development of Floor Response Spectra for Seismic Design of

J 4 Floor-Supported Equipment or Components"
.

5 '

6 The following regulatory guides will be revised technically to maintain
7 existing design or analysis philosophy. For example, the types of changes ,

8 contemplated would be to change OBE to a fraction of the SSE:
9

,

10 1. 1.27, " Ultimate Heat Sink for Nuclear Power Plants"
11 2. 1.100, " Seismic. Qualification of Electric and Mechanical Equipment,

12 . .for Nuclear-Power P1 ants" -- . ., -

13 3. 1.124, " Service Limits and Loading Combinations for Class 1 Liner- |

14 Type Component Supports"
15 4. 1.130, " Service Limits _and, Loading Combinations for Class 1 Plate-
16 - and-Shell-Type Component Supports",

17 5. 1.132, " Site Investigations for Foundations of Nuclear Power Plants"
18 6. 1.138, " Laboratory Investigations of Soils for Engineering Analysis
19 and Design of Nuclear Power Plants"

e

20 7. 1.142, " Safety-Related Concrete Structures for Nuclear Power Plants |
21 (Other than Reactor Vessels and Containments)" |
22 8. 1.143, " Design Guidance for Radioactive Waste Management Systems,
23 Structures, and Components Installed in Light-Water-Cooled Nuclear
24 Power Plants" j'

.

25
,

26 During the revision of the regulatory guides cited above, if additional i

'? changes are made, the applicable guide (s) will be distributed for public comment.
.8

,

29 IX. Electronic Format Submittal of Public Comments I

30 1

31 The comment resolution process will be improved if each comr t is
32 identified with the document title, section heading and paragraph number tt, which
33 it responds. Commenters may submit, in addition to the original paper copy, a
34 copy of the letter in an electronic format on IBM PC DOS compatible 3.5 or 5.25
35 inch double sided double density (DS/DD) diskettes. Data files should be
36 provided in Wordperfect 5.1 format. ASCII code is also acceptable or if
37 formatted text is required, data files should be provided in IBM Revisable -
38 Form Text Document Content Architecture (RFT/DCA) format.
39
40 X. Questions
41
42 In addition to soliciting comments on all aspe;ts of this rulemaking, the
43 Commission specifically requests comment on the fo' lowing questions.
44
45 1. Should an exclusion area distance smaller than 0.4 miles be allowed
46 for plants with a lower reactor power level than 3800 MW,,,7
47
48 2. The Commission intends to codify the guidelines in Regulatory Guide
49 4.7 which identifies population density to be 500 people per square 1
50 mile out to a distance of 30 miles at the time of site approval and '

51 1000 people per square mile 40 years after site approval. Should
52 these population densitter continue to be used for siting purposes?

3 If not, what value(s) would be appropriate and what is the basis for j
34 a different value' |

l

l
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1. 3. Should the Commission approve sites that exceed the proposed e !
.

s
2 population values of 10 CFR Part 100.21, and if so, under wh'at !

i

3 conditions? I
i

4'

5 4. Should holders of early site permits, construction permits, and
6 operating license permits de required to periodically report changes i

: 7 in the population and offsite hazards? If so, what regulatory !

! 8 purpose would such reporting requirements serve?
9

10 5. What continuing regulatory significance should the safetyi 11 requirements in 10 CFR Part 100 have after granting the initial'
12 operating license or combined operating license'under 10 CFR Part :- i

13 527 |
"

1

14
15 6. Are there certain site meteorological conditions which should. i,

16 preclude the siting of a nuclear power plant? If so, what are the |

| 17 conditions that can not be adequately compenstated for by design
i 18 ' features?
! 19

20 7. From the discription of the disposition of the recommendations of
21 the Siting Policy Task Force report (NUREG-0625), it was noted that

! 22 the Commission was not adopting every element of each
! 23 recommendation. Are there compelling reasons to reconsider any

24 recommendation not adopted and, if so, what are the bases for
; 25 reconsideration?
i 26 '

.

27 The proposed guide, DG-1015, outlines, for the f:m time, concepts and |
| 28 procedures to be used in conjunction with the probabilistic/ deterministic seismic
? 29 hazard analyses. Rationale for the approach is discussed in Section V.B(3) of

30 this federal register notice.
t

31 The staff is currently performing confirmatory studies to evaluate and
'

32 refine- these proposed procedures. A limited study has been completed
i 33 demonstrating the feasibility of procedures and the validity of the concepts.

34 However, the staff would like to solicit comments on the concepts outlined in the
35 proposed guide at this time. To facilitate the review, results of the;~
36 application of the proposed procedure to four test sites are published separately

i 37 (Letter report from D. Bernreuter of LLNL to A. Murphy of NRC).
; 38 There are some divergent views on the role probabilistic seismic hazard
: 39 analysis should play in the licensing arena. Within the staff it appears that
i 40 there is a general consensus that the revised seismic and geological siting
; 41 criteria should allow considerations for a probabilistic hazard analysis. There
t 42 is also a general belief that the probabilistic analysis should be calibrated
! 43 against the past practices for siting and licensing the current generation of

44 nuclear power plants. There is a general consensus that ground motions should
a 45 be calculated using deterministic methods once the controlling earthquakes are

46 determined. With regards to the role of the probabilistic analysis, views range
: 47 from an advocacy of a predominantly probabilistic analysis to the
! 48 probabilistic/ deterministic dual approach proposed here to a predominantly i

,

j 49 detenninistic approach as used currently. Given these divergent views, the staff
;

50 would like to invite comments regarding the use of probabilistic seismic hazard
#

51 analysis and balance between the deter ainistic and probabilistic analyses. This !
52 and other associated issues are itemized below. (As the detailed technical :

53 studies are completed some of the staff positions may be confirmed, but specific !
54 comments would be helpful at this time.) |
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;

i

1 8. Should both deterministic and probabilistic approaches be used in
2 siting nuclear power plants? If both are used how should they be
3 combined or weighted, i.e., should one control over the other?

,

;
~

4

5 9. If the dual probabilistic/ deterministic approach as proposed in this
6 draft guide is to be used, is the proposed procedure in Appendix C

.

7 adequate to determine controlling earthquakes from a probabilistic
|
i

8 analysis?
9

10 10. In determining the controlling earthquakes should the median values
11 of the seismic hazard analysis be used to the exclusion of other
12. statistical measures such as mean or 85th percentile? j

,

.

13 - + . - - .e . .

14 (The staff has selected probability of exceedance levels associated
15 with the median hazard analysis estimates as they provide more
16 stable estimates of controlling earthquakes.)-

37 ...

18 11. Should the median target level of IE-4 for LLNL or 3E-5 for EPRI be
19 raised or lowered, i.e., should the next generation of NPPs have
20 design levels for seismic events approximately equal to, greater
21 than, or less than the current NPPs?
22
23 (The NRC has made a policy statement that stated the current NPPs
24 are at the appropriate level of safety.) -

25
26 12. For the probabilistic analysis, should and how many controlling |?7 earthquakes be generated to cover the frequency band of concern for
;8 NPPs?
29
30 (For the four trial plants used to develop the criteria presented in
31 this regulatory guide, the average of results for the 5 Hz and 10 Hz
32 spectral velocities was used to establish the probability of
33 exceedance level. Controlling earthquakes were evaluated for this
34 frequency band, for the average of I and 2.5 Hz spectral responses,
35 and for peak ground acceleration.)
36 -

37
38 XI. Finding of No Significant Environmental Impact: Availability
39
40 The Commission has determined under the National Environmental Policy Act
41 of 1969, as amended, and the Commission's regulations in Subpart A of 10 CFR Part
42 51, that this proposed regulation, if adopted, would not be a major Federal
43 action significantly affecting the quality of the human environment and therefore
44 an environmental impact statement is not required.
45 The revisions associated with the reactor siting criteria in 10 CFR Part
46 100 and the relocation of the plant design requirements from 10 CFR Part 100 to
47 10 CFR Part 50 has been evaluated against the current requirements. The staff's
48 evaluation has concluded that relocating the requirement for a dose calculation -

49 to Part 50 and adding more specific site criteria to Part 100 doe.t not decrease
50 the protection of the public health and safety over the currcal regulations. The
51 proposed ammendments do not affect non-radiological plant efficents and have no
52 other environmental impact. ~

53 The amendment of Appendix A to 10 CFR Part 100 as stated in 10 CFR Part
54 100, Appendix B and 10 CFR Part 50, Appendix S will not ciiange the r.adiclogical
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1
1 environmental impact offsite. Onsite occupational radiational exposure ,

2 associated with inspection and maintenance will not change. These activities are j;

3 principally associated with base line inspections of structures, equipment and !
4 piping, and maintenance of seisr'ic instrumentation. Base line inspections are |
S needed to differentiate between pre-existing conditions at the nuclear power
6 plant and earthquake related damage. The structures, equipment and piping t

7 selected for these inspections are comprised of those routinely examined by plant
8 operators during normal plant walkdowns and inspections. Routine maintenance of :
9 seismic instrumentation assures its operability during earthquakes. The location i

10 ' of the ni%:c instrumentation is similar to that in the existing nuclear powar i
11 plants. The proposed amendments do not affect non-radiological plant effluents |

12 and have no other environmental impact; |-

13 The environmental assessment and finding of no significant impact on which *

14 this determination is based are available ;for inspection at the NRC Public |,

15 Document Room, 2120 L Street, NW. (Lower Level), Washington, DC. Single copies !
16 of the environmental assessment Led ' finding' of no significant impact are '

17 available from Mr. Leonard Soffer, Office of Nuclear Regulatory Research, Mail
18 Stop NL/S-324, U.S. Nuclear Regulatory Commission, Washington, DC 20555,
19 telephone (301) 492-3916 or Dr. Andrew Murphy, Office of Nuclear Regulatory

_.

20 Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission, Washington, !
21 DC 20555, telephone (301) 492-3860. '-

3 XII. Paperwork Reduction Act Statement |
24 ;

25 This proposed regulation amends information collection requirements ~that i

26 are subject to the Paperwork Reduction Act of 1980 (44 U.S.C. 3501 et seq.).
27 This proposed regulation has been submitted to the Office of Management and
28 Budget for review and approval of the paperwork requirements.
29 There is no public reporting burden related to the non-seismic siting
30 criteria. Public reporting burden for the collection of information related to :

31 the seismic and earthquake engineering criteria is estimated to average 800,000 |
32 hours per response, including the time for reviewing instructions, searching I

33 existing data sources, gathering and maintaining the data needed, and completing j
34 and reviewing the collection of information. '

35 Send comments regarding this burden estimate or any other aspect of this j
36 collection of information, including suggestions for reducing this burden, to the )
37 Information and Records Management Branch (MNBB 7714), U.S. Nuclear Regulatory !
38 Commission, Washington, DC 20555; and to the Desk Officer, Office of Information 1

39 and Regulatory Affairs, NE0B-3019, (3150 - 0011 and 3150-0093), Office of
40 Management and Budget, Washington, DC 20503.
41

XIII. Regulatory Analysis42 --

43
44 The Commission has prepared a draft regulatory analysis on this propsed
45 regulation. The analysis examines the costs and benefits of the alternatives
46 considered by the Commission. The draft analysis is available for inspection in
47 the NRC Public Document Room, 2120 L Street, NW. (Lower Level), Washington, DC.
48 Single copies of the analysis are available from Mr. Leonard Soffer, Office of
49 Nuclear Reguktory Research, Mail Stop NL/S-324, U.S. Nuclear Regulatory
50 Commission, Washington, DC 20555, telephone (301) 492-3916 or Dr. Andrew J.
51 Murphy, Office of Nuclear Regulatory Research, Mail Stop NI /S-217A, U.S. Nuclear
52 Regulatory Commission, Washington, DC 20555, telephone ( T' 492-3860;
53 The Commission requests public comment on the draft r gulatory analysis.
54 Comments on the draft analysis may be submitted to the NRC as indicated under the

i

FRN - 21
*

|
'

- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ _. _ _ __ _ _ _ _. _ _ .. ._

|1
~

| |

|
|

1

1 ADDRESSES heading. |
2

;

3 XIV. R'egulatory Flexibility Certification
41

l 5 In accordance with the Regulatory Flexibility Act of 1980, (5 U.S.C.
6 605(b)), the Commission certifies that this. proposed regulation will not, if
7 promulgated, have a significant economic impact on a substantial number of small

,

! 8 entities. This proposed regulation affects only the licensing and operation of ;

i 9 nuclear power plants. Nuclear power plant site applicants do not fail within the !

'
10 definition of small businesses as defined in Section 3 of the Small Business Act !

11 (15 U.S.C. 632), the Small Business . Size Standards of _the Small Business '

12 eAdministrator (13 CFR .Part 121), or. the Commission's Jize Sta+ds (50 CFR i

13 50241; December 9,.1985). <- u -

14
15 XV. . Backfit Analysis
16
17 The NRC has determined that the backfit ruh,10 CFR 50.109, does not apply
18 to this proposed regulation, and therefore, that a backfit analysis is not
19 required for this proposed regulation, because these amendments do not involve
20 any provisions which would impose backfits as defined in 10 CFR 50.109(a)(1).
21 The proposed regulation would be applicable only to applicants for future nuclear
22 power plant construction permits, preliminary design approval, final design i

23 approval, manufacturing license, early site reviews, operating licenses, and !

24 . combined operating licenses. -

25
26 List of Subjects

;

S.7

8 10 CFR Part 50 - Antitrust, Classified information, Criminal penalty, Fire
29 protection, Incorporation by reference, Intergovernmental relations, Nuclear
30 power plants and reactors, Radiation protection, Reactor siting criteria, .

31 Reporting and recordkeeping requirements. |

32
33 10 CFR Part 52 - Administrative practice and procedure, Antitrust,
34 Backfitting, Combined license, Early site.;ermit, Emergency planning, Fees, 1

35 Inspection, Limited work authorization, Nuclear power plants and reactors, i

36 Probabilistic risk assessment, Prototype, Reactor siting criteria, Redress of
37 site, Reporting and recordkeeping requirements, Standard design, Standard design i

'

38 certification.
!39

40 10 CFR Part 100 - Nuclear power plants and reactors, Reactor siting
41 criteria.
42
43 For the reasons set out in the preamble and under the authority of the
44 Atomic Energy Act of 1954, ts amended, the Energy Reorganization Act of 1974, as

'
45 amended, and 5 U.S.C. 553, the NRC is proposing to adopt the following amendments
46 to 10 CFR Parts 50, 52 and 100.
47
48 PART 50 - DOMESTIC LICENSING OF
49 PRODUCTION AND UTILIZATION FACILITIES
50 .

51 1. The authority citation for Part 50 continues to read as follows:
52
13 AUTHORITY: Secs. 102, 103, 104, 105, 161, 182, 183, 186, 189, 68 Stat.
34 936, 937, 938, 948, 953, 954, 955, 956, as amended, sec. 234, 83 Stat. 1244, as
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f

I amended (42 U.S.C. 2132, 2133, 2134, 2135, 2201, 2232, 2233, 2236, 2239, 2282); ...
2 secs. 201, as amended, 202, 206, 88 Stat. 1242, as amended, 1244, 1246, (4L T !

3 U.S.C. 5841, 5842, 5846).
4 Section 50.7 also issued under Pub. L. 95-601, sec 10, 92 Stat. 2951 (42
5 U.S.C. 5851). Section 50.10 also issued under secs. 101, 485, 68 Stat. 936, 955

.

6 as amended (42 U.S.C. 2131, 2235), sec.102, Pub. L. 91-190, 83 Stat. 853 (42 i
7 U.S.C. 4332). Sections 50.13, 50.54(dd) and 50.103 also issued under ser.108, ;

8 68 Stat. 939, as amended (42 U.S.C. 2138). Sections 50.23, 50.35, 50.h,- and j
9 50.56 also issued under sec.185, 68 Stat. 955 (42 U.S.C. 2235). t etions

'

10 50.33a, 50.55a and Appendix Q also issued under sec.102, Pub. L. 91-190, 83 |
!11 Stat. 853 (42 U.S.C. 4332). Sections 50.34 and 50.54 also issued under sec. 204,

12 88 Stat. 1245 (42 U.S.C. 5844). Sections.50.58.-50.91 and 50.92 also issued
i' 13 under Pub. L. 97-415, 96 Stat. 2073 (42 U.S.C. 2239).~Section 30.78 also issued
'

14 under sec. 122, 68 Stat. 939 (42 U.S.C. 2152). Sections 50.80 - 50.81 also
15' issued under sec. 184, 68 Stat. 954, as amended (42 U.S.C. 2234). Appendix F :
16 also issued under sec. 187, 68 Stat. 955 (42 U.S.C. 2237). ;

17 For the purposes of sec. 223, 68 Stat. 958, as amended (42 U.S.C. 2273), ;
18 il 50.46(a) and (b), and 50.54(c) are issued under sec. 1615: 68 Stat. 948, as i

19 amended (42 U.S.C. 2201(b)); il 50.7(a), 50.10(a)-(c), 50.34(a) - and (e), |
20 50.44(a)-(c), 50.46(a) and (b), 50.47(b), 50.48(a), (c),(d), and (e), 50.49(a),
21 50.54(a)(1), (t)(1), (1)-(n), (p), (q), (t), (v), and (y), 50.55(f),50.55a(a), i
22 (c)-(e), (g), and (h), 50.59( ), 50.60(t J, 50.62(b), 50.64(b), 50.65 and |
23 50.80(a) and (b) are issued under sec.1611, J8 Stat. 949, as amended (42 U.S.C. '

24 2201(1); and il50.49d, (h), and (j), 50.54(w),(z),(bb),(cc),'and (dd), 50.55(e),
,

25 50.59(b), 50.61(b), 50.62(b), 50.70(a), 50.71(a)-(c) and (e), 50.72(a), 50.73(a) |
26 and (b), 50.74, 50.78, and 50.90 are issued under sec. 161(c), 68 Stat. 950, as
27 amended (42 U.S.C. 2201(o))..

28
29 2. In 150.2, the following definitions should be added:
30

| 31 " Exclusion area" is as defined in fl00.3(a).
32 " Low population zone" is is defined in 1100.3(b).
33 " Population center distance" is as defined in 1100.3(c).
34
35 3. In 550.8, paragraph (b) is revised to read as follows:
36 150.8 Information collection requirements: OMB approval
37
38 (a) * * *

39
40 (b) The approved information collection requirements contained in this
41 part appear in 50.30, 50.33, 50.33a, 50.34, 50.34, 50.34a, 50.35, 50.36, 50.36a,
42 50.48, 50.49, 50.54, 50.55, 50.55a, 50.59, 50.60, 50.61, 50.63, 50.64, 50.65,
43 50.71, 50.72, 50.80, 50.82, 50.90, 50.91, and Appendices A, B, E, G, H, I, J, K,
44 M, N, 0, Q, P, and S.
45
46 * * * * *

47
48 4. In 150.34, paragraph (a)(1) is revised to read as follows:
49 650.34 Contents of applications; technical information.
50
51 (a) * * *

52
53 (1) A desctiption and safety assessment of the site and a safety assessment
54 of the facility should be performed. Site characteristics shall comply with Part
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| 1 100 of this chapter. Special attention should be directed to plant design f
f 2 features intended to mitigate the radiological consequences of accidents. In |
i ~3 performing this assessment, an applicant should assume a fission product j

4 release' from the core into the containment assuming that the facility is !

5 operated at the ultimate power level contemplated. The applicant should perform !

6 an evaluation and analysis of,the postulated fission product release, using the |
!

7 expected demonstrable containment leak rate and' any fission product cleanup
8 systems intended to mitigate the consequences of such accidents, together with i

9 applicable site characteristics, including site meteorology, to evaluate the !

-10 offsite radiological consequences. The evaluation should determine that: |
11 (i) An individual located at any point on the boundary of the i

12 exclusion area for two hours immediately following the onset of the postulated t

13 fission product release would not receive a total radiation dose to the whole !

14 body in excess of 25 res' or a total radiation dose in excess of 300 rem' to the !

15 thyroid from iodine exposure. |

16 (ii) An individual located at any point on the outer radius of a low !
17 population zone who is exposed to the radioactive cloud resulting from the

i
18 postulated fission product release (during the entire period of its passage)
19 would not receive a total radiation dose to the whole body in excess of 25 rem ;

~

20 or a total radiation dose in excess of 300 rem to the thyroid from iodine i
21 exposure. For purposes of this evaluation, a low population zone boundary of 3.0 '

22 miles should be assumed. ;

23 .

24 With respect to operation at the projected initial power level, the applicant i

25 is required to submit information prescribed in paragraphs (a)(2) through (8) of ;

26 this section, as well as the information required by this paragraph, in support ;

27 of the application for a construction permit.

-28 ' The fission product release assumed for this evaluation should be based
29 upon a major accident, hypothesized or determined from considerations of possible
30 accidental events, that would result in potential hazards not exceeded by those
31 from any accident considered credible. Such accidents have generally been
32 assumed to result in substantial meltdown of the core with subsequent release
33 into the containment of appreciable quantities of fission products.
34 -

t

35 * The whole body dose of 25 rem referred to above has been stated to
36 correspond numerically to the once in a lifetime accidental or emergency dose for
37 radiation workers which, according to NCRP recommendations may be disregarded in
38 the determination of their radiation exposure status (see NBS Handbook 69 dated
39 June 5,1959). More recently, this whole body dose value has also been provided
40 as guidance for radiation workers performing emergency services involving life
41 saving activities or protection of large populations where lower doses are not
42 practicable (see EPA; Manual of Protective Action Guides and Protective Actions
43 for Nuclear Incidents, Draft, September 1990). However, neither its use nor that
44 of the 300 rem value for thyroid exposure as set forth- t h s section are'

45 intended to imply that these numbers constitute acceptable i; for emergency
46 doses to the public under accident conditions. Rather, thL n am whole body
47 value and the 300 rem thyroid value have been set forth in this section as
48 reference values, which can be used in the evaluation of plant design features
49 with respect to postulated reactor accidents, in order to assure that such
50 designs provide assurance of low risk of public exposure to radiation, in the
il event of such accidents.
52
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1 NOTE: Reference is made to Technical Information' Document (TID) 14844, dated .- . s
2 March 23, 1962, which contains a fission product release into containment which i
3 has been used in past evaluations. The fission product release given in
4 TID-14844 may be used as a point of departure upon consideration of severe
5 accident research insights available since its issuance, upon consideration of
6 plant design features intended to mitigate the consequences of accidents, or upon
7 characteristics of a particular reactor. ;

8
9 5. In 550.34, paragraph (a)(12) is added to read as follows:

10 150.34 Contents of applications; technical information.
Il

12 (a) * * *

13 -

14 (12) On or after (EFFECTIVE DATE OF THE REGULATION], applicants who apply
15 for a construction permit pursuant to this part, or a design certification or
16 combined license pursuant to'Part 52 of this chapter,'as partial conformance to
17 General Design Criterion 2.of Appendix A to tMs part, shall comply with the
18 earthquake engineering criteria in Appendix S of this part.
19
20
21 * * * * *

22
23 6. In 150.34, paragraph (b)(10) is added to read as follows:
24 150.34 Contents of applications; technical information.
25

* * *26 (b)
27
28 (10) On or after [ EFFECTIVE DATE OF THE REGULATION], applicants who apply
29 for an operating license pursuant to this part, or a design certification or
30 combined license pursuant to Part 52 of this chapter, as partial conformance to '

31 General Design Criterion 2 of Appendix A to this part, shall corply with the
32 er.rthquake engineering criteria of Appendix S to this part. However, if the

33 construction permit was issued prior to [ EFFECTIVE DATE OF THE REGULAl!0N], the
34 applicant shall comply with the earthquake engineering criteria in Section VI of
35 Appendix A to Part 100 of this chapter.
36 * * * * *

37
38 7. In 650.54, paragraph (ee) is added to read a.s follows: ;

'

39 650.54 Conditions of licenses.
40

*

* * * * *
41
42
43 (ee) For licensees of nuclear power plants that have implemented the
44 earthquake engineering criteria in Appendix 5 of this part, plant shutdown is
45 required if the criteria in Paragraph IV(a)(3) of Appendix S are exceeded. Prior
46 to resuming operations, the licensee shall demonstrate to ,the Commission that no
47 functional damage has occurred to those features necessary for continued
48 operation without undue risk to the health and safety of the pblic.
49
50 8. Appendix S to Part 50 is added to read as follows:
51

* * * * *
52
53
54 Appendix 5 To Part 50 - EARTHQUAKE ENGINEERING CRITERIA FOR NUCLEAR POWER PLANTS
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1 GENERAL INFORMATION
2
3 This appendix applies to applicants who apply for a design certification

j 4 or combined license pursuant to Part 52 ef this chapter, or a construction permit
5 or operating license pursuant to Part 50 of this chapter on or after [ EFFECTIVE
6 DATE OF THIS REGULATION). However, if the construction permit was issued prior
7 to [ EFFECTIVE DATE OF THIS REGULATION), the operating license applicant shall
8 comply with the earthquake engineering criteria in Section VI of Appendix A to
9 Part 100 of this chapter.

10 This appendix and Appendix B to Part 100 of this chapter provide the /g
|

| 11 seismic, geologic, and earthquake engineering criteria for nuclear power plants d. $4
'

12 constructed pursuant to applications applied for on or after the effective date
,

13 of this regulation.' c. Y
14 F
15 1. INTRODUCTION
16

- '" *~

17 Each applicant for a construction permit, operating license, design
18 certification, or combined license is required by 150.34(a)(12),150.34(b)(10),
19 and General Design Criterion 2 of Appendix A to this Part to design nuclear power

i
20 plant structuns, systems, and components important to safety to withstand the
21 effects of natural phenomena,-such as earthquakes, without loss of capability to
22 perform their safety functions. Also, a condition of all operating licenses for
23 nuclear power plants, as specified in 150.54(ee), is plant shutdown if the
24 criteria in Paragraph IV(a)(3) of this appendix are exceeded.
25 These criteria implement General Design Criterion 2 insofar as it requires
26 structures, systems, and components important to safety to withstand the effects
27 of earthquakes.
!8
29 II. SCOPE
30
31 The evaluations described in this appendix are within the scope of
32 investigations permitted by 150.10(c)(1) of this chapter.
33
34 III. DEFINITIONS
35
36 As used in these criteria:
37 (a) The Safe Shutdown Earthouake Ground Motion (SSE) is the vibratory,,
38 ground motion for which certain structures, systems, and components shall be
39 designed to remain functional. I
40 (b) The structures. systems, and components reovired to withstand the

41 effects of the safe shutdown earthouake around motion or surface deformation are
42 those necessary to assure: i

43 (1) The integrity of the reactor coolant pressure bound 7ry,
44 (2) The capability to shut down the reactor and maintain it in a safe
45 shutdown condition, or
46 (3) The capability to prevent or mitigate the consequences of accidents
47 which could result in potential offsite exposures comparable to the guideline

| 48 exposures of $50.34(a)(1) of this chapter. ,

49 (c) The Operatino Basis Earthouake Ground Motion (OBE) is the vibratory
50 ground motion for which those features of the nuclear power plant necessary for
51 continued operation without undue risk to the health and safety of the public
52 will remain functional. The value of the Operating Basis Earthquake Ground

i 53 Motion is lower than the Safe Shutdown Earthquake Grouad Motion and is set by the
i 54 applicant. ,

!
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I (d) A response soectrum is a plot of the maximum responses (acceleration,
2 velocity, or displacement) of a fsmily of idealized single-degree-of-freedom -

3 oscillators as a function of the natural frequencies of the oscillators for a i ,

'

| 4 given damping value. The response spectrum is calculated for a specified
| 5 vibratory motion input at the oscillators supports.
| 6 (e) Surface deformation is distortion of soils or rocks at or near ground
| 7 surface by the processes of folding, faulting, compression, or extension as a

8 result of various earth forces. Tectonic surface deformation is asscciated with
| 9 earthquake processes.

10 (f) Combined license or desian certification, as defined in Part 52 of this
11 chapter.
12

. .
'

13 IV. APPLICATION TO ENGINEERING DESIGN -- t

14
15 The following are pursuant to the seismic and geologic design basis
16 requirements of paragraphs V(a) through (f) of Appendix B to Part 100 of this
17 chapter: ---

18 (a) Vibratory Ground Motion
19 (1) Safe Shutdown Earthquake Ground Motion. The Safe Shutdown Earthquake
20 Ground Motion shall be characterized by free-field ground motion response ;

21 spectra at the free ground surface or hypothetical rock outcrop, as appropriate.
22 In view of the limited data available on vibratory ground motions of strong
23 earthquakes, it usually will be appropriate that the design response spectra be
24 smoothei spectra developed from an ensemble of response spectra related to the ,

25 vibratory motions caused by more than one earthquake. As a minimum, the !
26 horizontal Safe Shutdown Earthquake Ground Motion at the foundation level of the
27 structures shall be an appropriate response spectrum with a peak ground
28 acceleration of at least 0.1g.
29 The nuclear power plant shall be designed so that, if the Safe Shutdown
30 Earthquake Grou~i Motion occurs, certain structures, systems, and components will
31 remain functional and within applicable stress and deformation limits. In
32 addition to seismic loads, applicable concurrent normal operating, functional,
33 and accident-induced loads shall be taken into account in the design of these
34 safety-related structures, systems, and components. The design of the nuclear
35 power plant shall also take into account the possible effects of the Safe
36 Shutdown Earthquake Ground Motion .on the facility foundations by ground
37 disruption, such as fissuring, lateral spreads, differential settlement,
38 liquefaction, and landsliding, as required in Paragraph V(f) of Appendix B to
39 Part 100 of this chapter.
40 The required safety functions of structures, systems, and components shall
al be assured during and after the vibratory ground motion associated with the Safe
42 Shutdewn Earthquake Ground Motion through design, testing, or qualification
43 methods.
44 The evaluation shall take into account soil-structure interaction effects |
45 and the expected duration of vibratory motion. It is permissible to design for '

46 strain limits in excess of yield strain in some of these safety-related
47 structures, systems, and components during the Safe Shutdown Earthquake Ground
48 Motion and under the postulated concurrent loads, provided the necessary the
49 functions are maintained.
50 (2) Operating Basis Earthquake Ground Motion.
51 (i) When subjected to the effects of the Operating Basis Earthquake Ground
52 Motion in combination with normal operating loads, all structures, systems, and
53 components of the nuclear power plant necessary for continued operation without
54 undue risk to the health and safety of the public shall remain functional and
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I 10. In 152.17, paragraphs (a)(1) and (a)(1)(vi) are revised to read as
2 follows: i.

3 152.17 Contents of applications. (
*

(a) * * * -

6
7 (1) The application must c.ontain the information required by
8 50.33(a)-(d), the information required by 50.34(a)(12), and, to the extent
9 approval of emergency plans is sought under paragraph (b)(2)(ii) of this section,

10 the information required by 50.33(g) and (j), and 50.34(b)(6)(v). The
11 -application must also contain.a description and safety assessment of the site on
12 ' which the facility is to .be ~ located.,with appropriate attention to features
13 effecting facil'',y design; 'such " assessment shall' contain an analisis and

. 14 evaluation of the major structures, systems, and components of the facility which
15 bear significantly on the acceptability .of the site under the radiological
16 consequence evaluation factors identified in Part 50.34(a)(1) of thl: chapter.
17 In addition, the application should describe the-following:
18
19 (vi) The seismic, meteorological, hydrologic, and geologic characteristics
20 of the proposed site (see Appendix A or 8, as appropriate, to 10 CFR Part 100);
21
22 * * * * *

23 -

24 11. Part 52, Appendix Q, paragraph 8 is added to read as follows:
25
26 8. Notwithstanding paragraph 7, any application for extension of an
27 early site permit is sub? ;t to a full site permit review.

,

28
29 * * * * *

30
31 PART 100 - REACTOR SITE CRITERIA
32
33 12. The authority citation for Part 100 continues to read as follows:
34
35 AUTHORITY: Secs. 103, 104 161, 182, 68 Stat. 936, 937, 948, 953, as
36 amended (42 U.S.C. 2133, 2134, 2201, 2232); sec. 201, as amended, 202, 88 Stat.
37 1242, as amended, 1244 (42 U.S.C. 5841, 5842).
38
39 13. Part 100 is revised to read as follows:
40
41 * * * * *

42
43 PART 100 REACTOR SITE CRIT 1R3
44
45 Sec.
46 100.1 Purpose.
47 100.2 Scope.
48 100.3 Definitions. !

49 100.8 Info.mation collection requirements: OMB approval.
50
51 Suboart A - Evaluation Factors for Stationary Power Reactor Site
52 Aeolications before IEFFECTIVE DATE OF THIS REGULATION 1 and for Test
53 Reactors.
54
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I within applicable stress and deformation limits. !
2 (ii) The Operating Basis Earthquake Ground Motion shall be characterized !
3 by response spectra. The value of the Operating Basis Earthquake Ground Motion j
4 shall be set to one of the following choices: |
5 (A) One-third of the Safe Shutdown Earthquake Ground Motion. The

'

6 requirements associated with this Opcrating Basis Earthquake Ground 2 tion in (i)
7 can be satisfied without the applicant performing explicit response or design
8 analyses, or
9 (B) A value greater than one-third of the Safe Shutdown Earthquake Ground !

10 Motion. Analysis and design shall be performed to demonstrate that the i
11- requirements associated with this Operating Basis Earthquake Ground Motion in (i) |

13 "" effects and 'the'exp'e'cted duration'of vibratory ground motion.are satisfied. 'The design shall take into account soil-structure interaction )'
'

12
"' ' ' " " i

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

.

15 of the Operating Basis Earthquake Grknd Motion or significant plant damage j j
-

goccurs, shutdown of-the nuclear power plant is required. Prior to resumin16

h+
!

operations, the licensee shall demonstrate to the Commission that no functionaf17 !
18 damage has occurred to those features necessary for continued operation without ,

19 undue risk to the health and safety of the public.
_.

'

20 (4) Required Seismic Instrumentation. - Sultable instrumentation shall be l.

21 provided so that the seismic response of nuclear power plant features important '

22 to safety can be evaluated promptly after an earthquake. .

23 (b) Surf. ace Deformation. The potential for surface deformation shall be |

24 .taken into account in the design of the nuclear power plant by providing |

25 reasonable assurance that in the event of such deformation certain structures, i
'

26 systems, and components will remain functional. In addition to surface
27 , deformation induced loads, the' design of such safety features shall take into
78 account seismic loads, including aftershocks, and applicable concurrent |

29 functional and accident-induced loads. The design provisions for surface
30 deformation shall be based on its postulated occurrence in any direction and
31 azimuth and under any part of the nuclear power plant, unless evidence indicates
32 this assumption is not appropriate, and shall take into account the estimated
33 rate at which the surface deformation may occur.
34 (c) Seismically Induced Floods and Water Waves and Other Design
35 Conditions. Seismically induced floods and water waves from either locally or
36 distantly generated scasmic activity and other design conditions determined
37 pursuant to Paragraphs V(e) and (f) of Appendix B to Part 100 of this chapter
38 stall be taken into account in the design of the nuclear power plant so as to
39 prevent undue risk to the health and.s,afety of the pubitc.
40 .

41 PART 52 - EARLY SITE PERMITS; STANDARD DESIGN CERTIFICATIONS;
42 AND COMBINED LICENSES FOR NUCLEAR POWER PLANTS
43
44 9. The authority citation for Part 52 continues to read as follows:
45
46 AUTHORITY: Secs. 103, 104, 161, 182, 183, 186, 189, 68 Stat. 936, 948,
47 953, 954, 955, 956, as amended, Mc. 234, 83 Stat.1244,- as amended (42 U.S.C.
48 2133, 2201, 2232, 2233, 2236, 2239, 2282); secs. 201, 202, 206, 88 Stat. 1242,
49 1244, 1246, as amended (42 U.S.C. 5841, 58M , 5846).

.

'50 Guidance is being developed in Draft Regulatory Guide DG-1017, " Pre-
51 Earthquake Planning and Immediate Nuclear Power Plant Operator Post-
52 Earthquake Actions."
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1 100.10 Factors to be considered when evaluating sites.
.2 100.11 Determination of exclusion area, low population zone, and population
3 center distance.
4
5
6 Suboar't B Evaluation Factors for Stationary Power Reactor j it.g-

7 ADDlications on or after IEFFECTIVE DATE OF THIS REGULATIONI.
8
9 100.20 Factors to be considered when evaluating sites.

10 100.21 Determination of exclusion area and population distribution.
11 100.22 Evaluation of potential man-related hazards.
12 -

. .

-

13 APPENDIX A - Seismic and Geologic Siting Criteria for Nuclear Power Plants. Amk14 APPENDIX B - Seismic and Geologic Siting Criteria for Nuclear Fower Plants pf
15 After (EFFECTIVE DATE OF THIS R % 3T10N).

- ''

16 - ' - - -

17 AUTHORITY: Secs.103,104,161,182, 68 Stat. 93F, 937, 948, 953, as amended (42
16 U.S.C. 2133, 2134, 2201, 2232); sec. 201, as amenced, 202, 88 Stat.12.42, as
19 amended, 1244 (42 U.S.C. 5841,5842).
20

-
.

.

21 100.1 Purpose.

22 -

23 (a) This part sets forth standards for evaluation of the suitability of
24 proposed sites for stationary power and testing reactors subject to Part 50 .or
25 Part 52 of this chapter. -

26 (b) This part identifies the factors considered by the Commission in the
27 evaluation of reactor sites and the standards used in approving or disapproving
?8 proposed sites.
29
30 100.2 Scone.
31
32 (a) This part applies to applications filed under Part 50 or Part 52*of
33 this chapter for early site permit, construction permit, operating license, or
34 combined license (construction permit and operating license) for power and
35 testing reactors.
36 (b) The site criteria contained in this part for which there is significant
37 operating experience. This site criteria can also be applied to other reactor

38 types, such as for reactors that are no rel in design and unproven as prototypes
39 or pilot plants. For plants without significant operating experience, it is
40 expected that these basic criteria will be applied in a manner that safeguard
41 features provide either site isolation or engineered features which reflects the
42 lack of certainty that only experience can provide.
43
44 100.3 Definitions.
45
46.' As used in this part:
47 (a) " Exclusion area" means that area surrounding the reactor, in which the
48 reactor licensee has the authority to determine all activities including
49 exclusion or removal of personnel and property from the area. This area may be
50 traversed by a highway, railroad, or waterway, provided these are not so close
51 to the facility as to interfere with normal operations of the facility and
52 provided appropriate and effective' arrangements are made to control traffic on
53 the highway, railroad, or waterway, in case of emergency, to protect the public
.54 health and safety. Residence within the exclusion area shall normally be
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I prohibited. In any event, residents shall be subject to ready removal in case |
2 of necessity. Activities unrelated to operation of the reactor may be permitted ', !
3 in an exclusion area under appropriate limitations, provided that no significant j
4 hazards to the public health and safety will result. ;

5 (b) " Low population zone" means the area immediately surrounding the |
6 exclusion area which contains residents, the total number and density of which
7 are such that there is a reasonable probability that appropriate protective >

8 measures could be taken in their behalf in the event of'a serious accident. |

9 These guides do not specify a permissible population density or total pop'ulation j
10 within this zone because the situation may vary from case to case. Whether a !

11 specific number of people can, for example, be evacuated from a specific area,
| 12 or instructed to take shelter, on a timely basis will depend on many factors such ..
| 13 as location, number and size of highways, scope and extent of advance planning,

14- and actual distribution of residents within the area.
| 15 (c) * Population center distance" means the distance from the reactor to

16 the nearest boundary of a densely populated center containing more than about
17 25,000 residents. --

18 (d) " Power reactor" means a nuclear reactor of a type described in section
19 50.21(b) or 50.22 of this chapter designed to produce electrical or heat energy.
20 (e) " Testing reactor" means a " testing facility" as defined in section 50.2
21 of this chapter.

| 22
23 100.8 Information collection reouirements: OMB anoroval.
24
25 (a) The Nuclear Regulatory Commission has submitted the information
26 collection requirements contained in this part to the Office of Management and <

27 Budget (OMB) for approval as required by the Paperwork Reduction Act of 1980 (44
28 U.S.C. 3501 et seq.). OMB has approved the information collection requirements
29 contained in this part under control number 3150 - 0093.
30 (b) The approved information collection requirements contained in this part
31 appear in Appendix A and Appendix B.
32 i

33 Suboart A - Evaluation Factors for Stationary Power Reactor Site 1'

34 Apolications before IEFFECTIVE DATE OF THIS REGULAT10N1 and for Test

35 Reactors. -

36
37
38 100.10 Factors to be considered when evaluatino sites
39 |

40 Factors considered in the evaluation of sites include those relating both
41 to the proposed reactor design and the characteristics peculiar to the site. It i

| 42 is expected that reactors will reflect through their design, construction and !

| 43 operation an extremely low probability for accidents that could result in release
44 of significant quantities of radioactive fission products. In addition, the site'

45 location and the engineered features included as safeguards against the hazardous
46 consequences of an accident, should one occur, should insure a low risk of public
47 exposure. In particular, the Commission will take the following factors into
48 consideration in determining the acceptability of a site for a power or testing
49 reactor:

'

50 (a) Characteristics of reactor design and proposed operation including:
.

(1) Intended use of the reactor including the proposed maximum power51

52 level and the nature and inventory of contained radioactive materials;
53 (2) The extent to which generally accepted engineering standards are
54 applied to the design of the reactor;
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1 (3) The extent to which the reactor incorporates unique or urusual
2 features having a significant bearing on the probability or consequences of
3 accidental release of radioactive materials;
4 (4) The safety features that are to be engineered into the facility
5 and those barriers that must be breached as a result of an accident before a
6 release of radioactive material to the environment can occur.
7 (b) Population density and use characteristics of the site environs,
8 including the exclusion area, low population zone, and the population center |

9 distance.
10 (c) Physical characteristics of the site, including seismology,
11 meteorology, geology, and hydrology.
12 - (1) Appendix A, " Seismic and Geologic Siting Criteria for Nuclear '

13 Power Plants," describes the nature of investigations required to obtain the
'

14 geologic and seismic data necessary to determine site suitability and to provide i

15 reasonable assurance that a nuclear power plant ccn be constructed and operated
'

16 at a proposed site without undue risk to the health and safety of the public.
17 It describes procedures for determining the quantitative vibratory ground motion
18 design basis at a site due to earthquakes and describes information needed to
19 determine whether and to what extent a nuclear power plant need be designed to
20 withstand.the effects of surface faulting. '

;
.

21 (2) Meteorological conditions at the site and in the surrounding area
~

22 should be considered.
23 (3) Geological and hydrological characteristics of the proposed site
24 may have a bearing on the consequences of an escape of radioactive material from
25 the facility. Special precautions should be planned if a reactor is to be
26 located at a site where a significant quantity of radioactive effluent might
27 accidentally flow into nearby streams or rivers or might find ready access to
28 underground water tables. -

29 (d) Where unfavorable physical characteristics of the site exist, the
30 proposed site may nevertheless be found to be acceptable if the design of the
31 facility includes appropriate and adequate compensating engineering safeguards.
32
33 100.11 Determination of ' exclusion area. low population zone. and population
34 center distance.
35

|

36 (a) As an aid in evaluating a proposed site, an applicant should assume a
37 fission product release' from the core, the expected demonstrable leak rate from
38 the containment and the meteorological conditions pertinent to his site to derive
39 an exclusion area, a low population zone and population center distance. For the
40 purpose of this analysis, which shall set forth the basis ~for the numerical
41 values used, the replicant should determine the following: ,

42 (1) An exclusion area of such size that an individual located at any
43 point on its boundary for two hours immediately following onset of the postulated ,

44 fission product release would not receive a total radiation dose to the whole |

!

45 'The fission product release assumed for these calculations should be based '

46 upon a major accident, hypothesized for purposes of .;e analysis or postulated
47 frv considerations of possible accidental events, that would result in p'otential i

'

48 nazards not exceeded by those from any accident considered credible. Such

49 accidents have generally been assumed to result in substantial meltdown of the
50 core with subsequent release of appreciable quantities of fission products.
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1 body in excess of 25 rem' or a total radiation dose in excess of 300 rem' to the
2 thyroid from iodine exposure. Q
3 (2) A low population zone of such size that an individual located at 8

4 any point on its outer boundary who is exposed to the radioactive cloud resulting '

5 from the postulated fission product release (during the entire period of its
;

6 passage) would not receive a total radiation dose to the whole body in excess of
7 25 rem or a total radiation dose in excess of 300 rem to the thyroid from iodine t

8 exposure. -

9 (3) A population center distance of at least one and one-third times
10 the distance f'on the reactor to the outer boundary of the low population zone.

-11 In applying this guide, the boundary of the population center shall be determined
12 upon , consideration of population distribution. Political boundaries are nots

13 controlling in the application of this guide. Where very large cities are ;

14 involved, a greater- distance may be necessary because of total integrated |15 population dose consideration. :t
~

16 (b) For site- for multiple reactor facilities consideration should be given4 '

17 to the following.
18 (1) If the reactors are independent to the extent that an accident
19 in one reactor would not initiate an accident in another, the size of the
20 exclusion area, low population zone and population es:ter distance shall be
21 fulfilled with respect to each reactor individually. The calculated envelopes
22 of each of the plants areas shall be overlayed of the areas such that the

: 23 outermost composite boundary shall then be taken as the plant boundary.
24 . (2) If the reactorr are interconnected to the extent that an accident,

25 in one reactor could affect the safety of operation of any other, the size of the
26 exclusion area, low population zone and population center distance shall be based
27 upon the assumption that all interconnected reactors emit their postulated
28 fission product releases simultaneously. This requirement may be reduced in
29 relation to the degree of coupling between reactors, the probability of
30 concomitant accidents and the probability that an individual would not be exposed
31 to the radiation effects from simultaneous eleases. The applicant would be
32 expected to justify to the satisfaction of t.. Commission the basis for such a
33 reduction in the source term.
34 (3) The applicant is expected to shcw that the simultaneous operation
35 of multiple reactors at a site will not result in total radioactive effluent
36 releases beyond the allowable limits of applicable regulations.
37
38 NOTE: For further guidance in develoning the exclusion area, the low

39 * The whole body dose of 25 rem referred to above corresponds numerically
40 to the once in a lifetime accidental or emergency dose for radiation workers
41 which, according to NCRP recommendations may be disregarded in the determination
42 of their radiation exposure status (see NBS Handbook 69 dated June 5, 1959).
43 However, neither its use nor that of the 300 rem value for thyroid exposure as
44 set forth in these site criteria guides are intended to imply that these numbers
45 constitute acceptable limits for emergency doses to the public under accident

,

46 conditions. Rather, this 25 rem whole body value and the 300 rem thyroid value
4? have been set forth in these guides ." reference values, which can be used in the
48 evaluation of reactor sites with Nspect to potential reactor accidents of
49 exceedingly low probability of occurrence, and low risk of public exposure to
50 radiation.

*
51
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I population zone, and the population center distance, reference is made to
2 Technical Information Document 14844, dated March 23, 1962, which contains a
3 procedural method and a sample calculation that result in distances roughly !

4. reflecting current siting practices of the Commiss. ion. The calculations
5 described in Technical Information Document 14844 may be used as a point of
6 departure for consideration of particular site recuirements which may result from

| 7 evaluation of the characteristics of a particular reactor, its purpose and method
;

} 8 of operation.
! '9 Copfes of Techn-ical Information Document 148(t may be obtained from the

;
10 Commission's Public Document Room, 2120 L Street, NW, Washington, D.C., or by

'
i11 . writing the Director of Nuclear Reactor Regulation, U.S. Nuclear Regulatory

12 y. f oamission.. Washington, D.C. 20555. ., . . . . , . . - . .
'

13 ~

14 Suboart B Evaluation Factors 'or Stationary Power Reactor Site
i

-

15 Anolications on or after fEFFECTM OATE OF THE FINAL REGULATIONI.
'

16
17 100.20 Factors to be considered when evaluatina sites.
18
19 The Commission will take the following factors into consideration in
20 datermining the acceptability of a site for'a stationary power reactor:
21 (a) Population density and use characteristics of the site environs,
22' inclVing the exclusion area, the population distribution, and the compatibility
23 of tno site with the development of an emergency plan. .-

.

24 3) The nature and proximity of man-related hazards (e.g. airports, dams,
25 transpo>tation routes, military and chemical facilities).
26 (t ) Physical characteristics of the site, including seismology,
27 meteorology, geology, and hydrology.
28 (1) Appendix B, " Criteria for the Seismic and Geologic Siting of
29 Nuclear Pcuer Plants (Revised)," describes the criteria and nature of
30 investigations required to obtain the geologic and seismic data necessary to
31 determine site suitability.
32 (2) Meteorological characteristics of the site that are necessary
33 for safety analysis or that lay have an impact upon plant design (such as maximum
34 probable wind speed and precipitation) should be identified and characterized.
35 (3) Eactors important to hydrological radionuclide transport (such
36 as soil, sediment, and rock characteristics, adsorptien and retention
37 coefficients, ground water velocity, and distances to the nearest surface body
38 of water) should be obtained from on-site measurements. The maximum probable
39 flood along with the potential for seismic infuced floods discussed in Appendix
40 B should be estimated using historical data.

*
41

~

42 100.2' Determination of exclusion area and oooulation distribution.|

| 43
44 (a) Lvery reactor facility shall have an exclusion area, as defined in

! 45 100.3(a) of this part.
46 (1) for sites with a single reactor facility, the distance to the
47 exclusion area boundary at any point (as measured from the reactor center point)
48 shall'be r- less than 0.4 miles.
49 (2) for sites with multiple reactor facilities. consideration should
50 be given to the following: If the reactors are indeandent to tae extent that
51 an accident in one reactor would not initiate an acc~ :ent in another, the size
52 of each exclusion area shall be determined with respect to each reactor
53 individually. The exclusion area for the site shall then be taken as the plan
54 overlay of the sum of the exclusion areas for each reactor. If the reactors are

l
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1 interconnected to the extent that an accident in one reactor wou.d initiate an )
~

2 accident in another, the size of the exclusion area for each reactor shall be
3 determined on a case by case basis.,

4 (b) If the offsite population density at the proposed site exceeds the
5 values given in paragraph (1) below, the applicant shall provide justification ]6 for not locating the facility at an alternative site having a lwer population 1

7 density.
8 (1) The population density, including weighted transient population,
9 projected at the time of initial site approval or site renewal should not exceed

10 500 people per square mile averaged over any radial distance out to 30 miles
11 (cumulative population at a distance divided.by the total circular area at that
12 distance). The projected population density, including weighted-transient
13 population, 40 years after the time of initial site approval or renewal should
14 not exceed 1000 people per square mile averaged over any radial distance out to
15 30 miles. . - -

15 (2) Transient population must be included for those sites where a
17 significant number of people (other than those-just passing through the area)
18 work, reside part '.ime, or engage in recreational activities and are not
19 permanent residents of the area. The transient population should be considered
20 for- siting purposes by weighting the transient population according to the
21 fraction of the tir e the transients are in the area.
22 (c) Physical characteristics of the proposed site, such as egress
23 limitations from the area surrounding the site, that could pose a significant
24 impediment to the development of emergency plans, shall be identified.
25
26 100.22 Evaluation of Man-related Hazards.
27

*

28 Potential hazards to the plant from man-related activities associated with
29 nearby transportation routes, military and industrial facilities shall be4

~

30 identified and their potential effects evaluated. Potential hazards to the plant
31 include such effects as explosions, fires, toxic and/or flammable chemical
32 releases, dams (both upstream and downstream), pipeline accidents, and aircraft
33 crashes and impacts.
34 The effects of offsite hazards shall have a very low probability of
35 affecting the safety of the plant. The likelihood and consequences of offsite
36 hazards shall be estimated using data and assumptions that are as realistic and
37 representative of the site as is practical. The design bases for which the plant
38 shall be designed shall be specified.
39
40
41 14. Appendix B to Part 100 is added to read as follows:
42
43 * * * * *

44-
45 Appenc..x B to Part 100 -- CRITERIA FOR THE SEISMIC AND GEOLOGIC SITING OF
46 NUCLEAR ~ POWER PLANTS AFTER [EFFECT!VE DATE OF THIS REGULATION)
47
48 GENERAL INFORMTION
49
50 This appendix applies to applicants who apply for an early site permit
51 or combined license pursuant to Part 52 of this chapter, or a construction ;

52 permit or operating license pursuant to Part 50 of this chapter on or after i

53 [ EFFECTIVE DATE OF THIS REGULATION). However, if the construction permit was
54 issued prior to (EFFECTIVE DATE OF THIS REGULATION), the operating license
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I applicant shall comply with the seismic and geologic siting criteria in
dJ2 Appendix A to Part 100 of this chapter. ,f i,

d, F @
3 This appendix and Appendix S to Part 50 ,f this chapter provide the

#4 seismic, geologic, and earthquake engineering criteria for nuclear power r i

5 plants constructed pursuant to applications applied for on or after the f i
6 effective date of this regulation. .

7 !

8 I. PURPOSE
9 '

10 General Design Criterion 2 of Appendix A to Part 50 of this chapter
11 requires that nuclear power plant structures, systems, and components
12 ,important to safety be designed..to withstand.the effects of. natural phenomena
13 such as earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches
14 without loss of capability to perform their safety functions. It is the .

15 purpose of these criteria to set forth the principal seismic and geologic ,

16 considerations which guide the Commission in its evaluation of the suitability '

17 of proposed sites for nuclear power plants and-the suitability of the plant
18 . design bases established in consideration of the seismic and geologic !

19 characteristics of the proposed sites." . ..

20 These criteria are based on the current geophysicci, geological, and i

21 seismological information concerning faults and earthquake occurrences and ,

22 effects. They will be revised as necessary when more complete information !

23 becomes available. |

24
25 II. SCOPE
26

-

27 These criteria, which apply to nuclear power plants, describe the nature |

28 of the investigations required to obtain the geologic and seismic data
29 necessary to determine site suitability and provide reasonable assurance that
30 a nuclear power plant can be constructed and operated at a proposed site
31 without undue risk to the health and safety of the public. Geologic and
32 seismic factors required to be taken into account in the siting and design of
33 nuclear power plants are identified.
34 The investigations described in this appendix are within the scope of
35 investigations permitted by 5 50.10(c)(1) of this chapter.
36 Each applicant for a construction permit, operating license, early site
37 permit, or combined license shall investigate all seismic and geologic factors
38 that may affect the design and operation of the proposed nuclear power plant
39 irrespective of whether such factors are-explicitly included in these
40 criteria. Both deterministic and probabilistic evaluations shall be conducted
41 to determine site suitability and seismic design requirements for the site.
42 Additional investigations or more conservative determinations than these
43 included in these criteria may be required for sites located in areas with
44 complex geology, recent tectonic deformation, or in areas of high seismicity.
45 If an applicant believes that the particular seismic and geologic
46 characteristics of a site indicate that some of these criteria, or portions

47 thereof, need not be satisfied, the specific sections of these criteria should
48 be identified in the license application, and supporting data to clearly

49 Considerations presented in this regulation are general. Acceptable'

30 methods and additional discussion are provided in regulatory guides
51 and standard review plan sections.
52
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1 justify such departures shall be presented. The Director, Office of Nuclear
'

2 Reactor Regulation must approve such deviations.
I3

4 III. DEFINITIONS
'

5 ~

.
6 As used in these criteria: ;

i 7 (a) The maanitude of an earthquake is a mearure of the size of an '

8 earthquake and is related to the energy released in the form of seismic waves. |
9 Magnitude means the numerical value on a standardized scale such as, but not '

'

10 limited to, Moment Magnitude, Surface Wave Magnitude, Body Wave Magnitude, or 1

11 Richter Magnitude scales.
.

is the largest earthquake i

I

w w (b) mA daierministic source earthauake (DSE)12 ~%

13 that can reasonably be expected to occur in a given seismic source in the l,

'
14 current tectonic regime, and is used in a deterministic analysis. It is
15 generally based on the maximum historical earthquake associated with that
16 seismic source, unless recent geological evidence warrants a larger '
17 earthquake ,or where the rate of occurrence of earthquakes indicates the

: 18 likelihood of larger th.an the largest historical event.
19 (c) The Safe Shutdown Earthauake Ground Motion (SSE) is the vibratory4

20 ground motion for which certain structures, systems, and components shall be,

21 designed to remain functional.-

22 (d) A fault is a tectonic structure along which differential slippage
23 of the adjacent earth materials has occurred parallel to the fracture plane.
24 A fault may have gouge or breccia between its two walls and includes any.

25 associated monoclinal flexure or other similar geologic structural feature.
26 (e) Surface faultina is differential ground displacement at or near the
27 surface caused directly by fault movement and 11; distinct from nontectonic

.'
28 types of ground disruptions, such as landslides, fissures, and craters.
29 (f) Surface deformation is distortion of soils or rocks at or near the
30 ground surface by the processes of folding, faulting, compression, or
31 extension as a result of various earth forces. Tectonic surface deformation
32 is associated with earthquake processes.

i 33 (g) A seismic source is a general term referring to both seismogenic
34 sources and capable tectonic sources.
35 (h) A seismoaenic source is a portion of the earth that has uniform

j 36 earthquake potential (same deteminist'c source earthquake and frequency of
| 37 recurrence) distinct from the surrounding area. A seismogenic source will not
i 38 cause surface displacements. Seismogenic sources cover.a wide range of

39 possibilities from a well-defined tectonic structure to simply a large region
40 of diffuse seismicity (seismotectonic province) thougM to be characterized by
41 the same earthquake recurrence model. A seismogenir, source is also
42 characterized by its involvement in the current tectonic regime as reflected
43 in the Quaternary (approximately the last 2 million years) geologic history.
44 (i) A capable tectonic source is a tectonic structure that can generate
45 both earthquakes and tectonic surface deformation such as faulting or folding

,

46 at or near the surface in the present seismotectonic regime. It is |

47 characterized by at least one of the following characteristics:
48 (1) The presence of surface or near surface deformation of landforms or !

49 geologic deposits of recurring nature within the last approximately 500,0004

; 50 years or at least once in the last approximately 50,000 years.
i 51 (2) A reasonable association with one or more large earthquakes or 4

| 52 sustained earthquake activity that are usually accompanied by significant
4 53 surface deformation.

54 (3) A structural association with a capable tectonic source having
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I characteristics in (1) of this paragraph such that movement on one could be j

2 reasonably expected to be accompanied by movement on the other. '

3 . In some cases, the geologic evidence of past activity at or near the
4 ground surface along a particular capable tectonic source may be obscured at a j
5 particular site. This might occur, for example, at a site having a oeep '

6 overburden. For these cases, evidence may exist elsewhere along the structure
7 frun which an evaluation of its characteristics in the vicinity of the site
8 can be reasonably based. Such evidence shall be used in determining whether !

9 the structure is a capab'e tectonic source within this definition.
10 Notwithstanding the foregaing paragraphs III(i) (1), (2) and (3),
11 structural association of a structure with geologic structural features that |

'

12 are. geologically old (at least p' a-Quaternary) .such as many of those found in
13 the Eastern region of the. United States shall, in the absence of conflicting
14 evidence, demonstrate that the structure is not a capable tectonic source
15 within this definition. '

,

16 (j) A response snectrun is a plot of the maximum responses
17 (acceleration, velocity, or displatement) of a-family of idealized
18 single-degree-of-freedom oscillators as a function of the natural
19 frequencies of the oscillators for a given damping value. The response
20 spectrum is calculated for a specified vibratory motion input at the -
21 oscillators supports. j

22 (k) Combined license or early site oermit, as defined in Part 52 of ,

23 this chapter.
24
25 IV. REQUIRED INVESTIGATIONS
26
'7 The geological, seismological, and engineering characteristics of a site
.8 and its environs shall be investigated in sufficient scope and detail to

29 permit an adequate evaluation of the proposed site, to provide sufficient
30 information to support both probabilistic and deterministic determinations
31 required by these criteria, and to permit adequate engineering solutions to
32 actual or potential geologic and seismic effects at the proposed site. The
33 size of the region to be investigated and the type of data pertinent to the
34 investigations shall be determined by the nature of the region surrounding the
35 proposed site. The investigations shall be carried out by a review of the '

,

36 pertinent literature and field investigations as. identified in paragraphs (a)
37 through (e) of this section:
38 (a) Vibratory Ground Motion. , '- _

39 The purpose of these investigations is to obtain information needed to
40 assess the Safe Shutdown Earthquake Ground Motion. The seismic sources
41 (capable tectonic sources and seismogenic sources) in the site region shall be
42 identified and evaluated. The deterministic source earthquakes shall be
43 evaluated for each seismic source.
44 (b) Tectonic Surface Deformation.
45 The purpose of these investigations is to assess the potential for
46 tectonic surface deformation near the site ar.d, if any, to what extent the
47 nuclear power plant needs to be designed for these occurrences.
48 (c) Non-Tectonic Deformation.
49 The purpose of these investigations is to assess the potential for
50 surface deformations not directly attributable to tectonics such as those
51 associated with subsidence or collapse as in karst terrane, glacially induced
52 offsets, and growth faulting. Paragraph IV(b) concerns investigations

3 required for tectonic surface deformation that can occur coseismically.
a4 Nontectenic phenomena can represent significant surface displacement hazards
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I to a site, but can in many c'ases be monitored, controlled, or mitigated by |,,
4 2 engineering, or it can be demonstrated that conditions that were the cause of j 4

3 the displacements no longer exist. Geological and geophysical investigations j;

; 4 shall be carried out to identify and define nontectonic deformation features j
; 5 and, where possible, distinguish them from tectonic surface displacements. If '

6 such distinction is not possible, the questionable features'shall be treated i'

| 7 as tectonic deformation. |
| 8 (d) Seismically Induced Floods and Water Waves. '

j 9 The purpose of these investigations is to assess the potential for
; 10 nearby and distant tsunamis and other waves that could affect coastal sites.
! 11 Included in this assessment is the determination of the potential for slides

'

12 of earth material that could generate waves. Information regarding distant
13 and locally generated waves or tsunamis that have affected the s'ite, and

. 14 available evidence of runup and drawdown associated with these events, shall ,

' 15 be analyzed. Local features of coastal or undersea topography ,which could i

16 modify wave runup or drawdown' eust be considered. For sites lotated near
17 lakes or rivers, analyses shall include the potential for seismically induced2

; 18 floods or water waves, as, for example, from the failure during an earthquake
3 19 of a das upstream or from slides of earth or debris into a nearby lake.

20 (e) Volcanic Activity. ~

21 The purpsse of these investigations is to assess the potential volcanic
.

! 22 hazards that would adversely affect the site. .

! 23
; 24 Y. SEISMIC AND GEOLOGIC DESIGN BASES

'~

25 -

26 (a) Determination of Deterministic Source Earthquakes.;

; 27 For each seismogenic and capable tectonic source iden'tified in Paragraph
! 28 IV(a), the deterministic source earthquake shall be evaluated! As a minimum,
! 29 the deterministic. source earthquake shall be the largest historical earthquake
1 30 in each source. The uncertainty in determining the deterministic source
! 31 earthquakes shall be accounted for in the probabilistic analysis.

32 (b) Determination of the Ground Motion at the Site.
; 33 The grour.d motion at the site shall be estimated from all earthquakes,
4 34 including the deterministic source earthquake associated with each source
i 35 which could potentially affect the site using both probabilistic and
1 36 deterministic approaches. In the determinis, tic approach, the deterministic
! 37 source earthquake associated with each source shall be assumed to occur at the
! 38 part of the source which is closest to the site. Appropriate models,

39 including local site conditions, shall be used to account for uncertainty in
40 estinating the ground motion for the site. The uncertainty in the ground
41 motion shall be accounted for. The ground motion is defined by both
42 horizontal and vertical free-field ground motion response spectra at the free
43 ground surface or hypothetical roi ~ outcrop, as appropriate.
44 (c) Determination of Safe Suutdown Earth pake Ground Motion.
45 The Safe Shutdown Earthquake Ground Motion is characterized by response
46 spectra. These spectra are developed from or compared to the ground motions
47 determined in Paragraph V(b). Deterministic and probabilistic seis ic hazard
48 analyses shall be used to assess the adequacy of the Safe Shutdown Earthquake
49 Ground Motion. The probability of exceeding the Safe Shutdown Earthquake
50 Ground Motion is considered acceptably low if it is less than the median
51 probability computed from the current [ EFFECTIVE DATE OF THIS REGULATION)
52 population of nuclear power plants.
53 As a minimum, the horizontal Safe Shutdown Earthquake Ground Motion at
.i4 the foundation level of the structures shall be an appropriate response
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| 1 spectrum with a peak ground acceleration of at least 0.19
i 2 (d) Determination of Need To Design for Surface Tectonic and
i 3 Non-Tectonic Deformations.
! 4 Sufficient geological, seismological, and geophysical data shall be
: 5 provided to clearly establish that surface deformation need not be taken into
| 6 secount in the design of a nuclear power plant. When surfacu deformation is
. 7 likely, an assessment of the extent and nature of surface deformations must be
! 8 characterized.
i 9 (e) Determination of Design Bases for Seismically Induced Floods and
i 10 Water Waves.
1 11 The size of seismically induced floods and water waves that could affect
| 12 a sit + from either locally or distantly generated seismic activity shall be

!.
13 determined, taking into consideration the results of the investigation
14 required by paragraph (d) of section IV.

! 15 (f) Determination of Other Design Conditions.
16 (1) Soil Stability. Vibratory ground motions determined in Paragraph,

; 17 V(b) can cause soil instability from ground disroption such as fissuring,
; 18 lateral spreads, differential settlement, and liquefaction, which is not
|- 19 directly related to surface faulting. Geological features that could affect
'

20 the foundations of the proposed nuclear power plant structures shall be
21 evaluated, taking into account the information concerning the physical

: 22 properties of materials underlying the site and the effects of the vibratory
j 23 ground motion determined in Paragraph V(b).
j 24 (2) Slope stability. Stability of all slopes, both natural and
j 25 artificial, the failure of which could adversely affect the nuclear power
: 26 plant, shall be considered. An assessment shall be made of the potential
i 27 effects of erosion or deposition and of combinations of erosion or deposition
i 28 with seismic activity, taking into account information concerning the physical
] 29 properties of the materials underlying the site and the effects of the

30 vibratory ground motion determined in Paragraph V(u).
31 (3) Cooling water supply. Assurance of an adequate cooling water supply

a 32 for-emergency and long-term shutdown decay heat removal shall be considered
33 in the design of the nuclear power plant, taking into account information
34 concerning the physical properties of the materials underlying the site, the
35 effects of the Safe Shutdown Earthquake Ground Motion, and the derign basis
36 for tectonic and nontectonic surface deformation. Consideration of river
37 blockage or diversion or other failures that may block the flow of cooling
38 water, coastal uplift or subsidence, tsunami runup and drawdown, and failure
39 of dams and intake structures shall be included in the evaluation, where
40 appropriate. -

41 (4) Distant structures. Those structures that are not located in the
42 immediate vicinity of the site but are safety-related shall be designed to -
43 withstand the effect of the Safe Shutdown Earthquake Ground Motion. The
44 design basis for surface faulting shall be determined on a basis comparable to
45 that of the nuclear power plant, taking into account the material underlying
46 the structures and the different location with respect tp that of the site.
47
48 VI. APPLICATION TO ENGINEERING DESIGN
49
50 Pursuant to the seismic and geologic design basis requirements of
51 paragraphs V(a) through (f), applications to engineering design are contained
52 in Appendix S to Part 50 of this chapter for the following areas:
53 (a) Vibratory ground motion.
54 (1) Safe Shutdown Earthquake Ground Motion.
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1 (2) Operating Basis Earthquake. ;
'

2 (3) Required Plant Shutdown. i

3 (4) Required Seismic Instrumentation. |
4 (b) Surface Tectonic Deformation.

'

5 (c) Seismically Induced Floods and Water Waves and Other Design
6 Conditions. |
7

|8
)9

10
11 |
12 )
13 |

14 )
15
16 Dated at Rockville, Maryland, this __ day of , 1992.
37

.. ___

18 For the Nuclear Regulatory Commission.
19 '

20 Samuel J. Chilk,
21 Secretary of the Commission.' '

.

22

.
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1 PART 100 REACTOR SITE CRITERIA f

,

2 Sec.
3 100.1 Purpose.
4 100.2 Scope.
5 100.3 Definitions.
6 100.8 Information collection requirements: OMB approval.
7

8 SaboarfL Esaliatils^FsH6Wfof'StkHsrsWPoisef RsacteF Site ' Abolicstions
9 before IEFFEC11VE DXIE OF 1HIS REGUIATIONI and for Test Reactors.

.. .

10 100.10 Factors to be considered when evaluating sites.
11 100.11 Determination of exclusion area, low population zone, and population center
12 distance.

13 SubB. i'rt BC Evalnition Factsrs for~ Stitishis Power ReiEFSifh'An. oticiti6ns on
14 or after (EFFECTIVE DATE OFTHIS REGULATION 1.

15 100.20 ^ FastohitoibEcdnsidefsd Whsh"Evhluatisfiliss
16 100.215Detennination of exclusion aresiand population ^ distribution:
17 100.22] Evaluation ofjibtential Libanprelated hazards.

.

18 APPENDIX A - Seismic and Geologic Siting Criteria for Nuclear Power Plants.
19 APPENDIXKMSeismiE^stid Gsbidgid Siting Criteria foENucisir Power Plants
20 Aftey [ EFFECTIVE DATE OF;THIS REGUI.ATION].

21 AUTHORITY: Secs. 103,104,161,182,68 Stat. 936,937,948,953, as amended (42 U.S.C.
22 2133, 2134, 2201,2232); sec. 201, as amended, 202, 88 Stat.1242, as amended, 1244 (42
23 U.S.C. 5841,5842).

24 100.1 Puroose.
.

25 (a) I: i; th pu pc;; cf :This part :c dscrik cri:crh which guid th Commi;; ion
26 in-+ts sets |foiffi^ndagf6i evaluation of the suitability of proposed sites for stationary
27 power and testing reactors subject to Part 50 6r: Pan]2|of this chapter.
28 (b)!=ufficient : periene: hz M:n ::cumuh::d c permi: the writing of deta!!:d
29 :: nd=6 th would provid r. quanti::iv: ectrchtien of c!! h::cr ;ignifian :c the
30 qu;;; ion of unp;r.bi!!g cf :=:::: :i:n. This part is in:=d:d = = in:mim guide :c
31 identifyies a numhr cf the factors considered by the Commission in the evaluation of
32 reactor sites and the gendrs! ri ci Etidddds used : :hi :im: = guida in approving or
33 disapproving proposed sites. Any applicn: wb hileve :ht h :cr: c:hcr ihn thc; :::
34 forth in the reguhtien :huld h cc=idered by the Ccami;; ion wi!! be exp=: d ic
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Q 100.2 Scope.

3 (a) His part applies to applications filed under Part 50 6fPaid$2"of this chapter for
4 eMy site permit |'ci6nstHiction'permitfogierating' license,[bFdimbined comstruction permit
5 and operating license for;stetienery power and testing reactors.
6 (b) The site criteria contained in this part apply 3oireactors|forjwhich|there is
7 signi5 cant'opiratingfeiigssriin5q:pp!y pd ni!y :: ineen of : ;:n=1 g: :nd deign
8 en utich spri== hn tn da ::ind, h: These sitscriteria~can also be applied to other
9 reactor types. !: pu::0!r, sinhyfor reactors that are novelin design and unproven as j

10 prototypes or pilot plants, it i: sps::d i : in:. cri: :- : -i -i|| b; -pplied in : ===r
$:: =f:gerd!'"^!5 provided 'hii either site isolation or engineered features are11 t

12 pr&ided should_ whish agiipisjidatelf]icjsii(foj eeGeet the lack of certainty that only
13 experience can provide.

14 100.3 Definitions.

15 As used in this part:
16 (a) " Exclusion area" means that area surrounding the reactor, in which the reactor
17 licensee has the authority to determine all activities including exclusion or removal of
18 personnel and property from the area. His area may be traversed by a highway, railroad,
19 or waterway, provided these are not so close to the facility as to interfere with normal
M operations of the facility and provided appropriate and effective arrangements are made to

1 control traffic on the highway, railroad, or waterway, in case of emergency, to protect the
22 public health and safety. Residence within the exclusion area shall normally be prohibited.
23 In any event, residents shall be subject to ready removal in case of necessity. Activities
24 unrelated to operation of the reactor may be permitted in an exclusion area under
25 appropriate limitations, provided that no significant hazards to the public health anc safety
:6 will result.
27 (b) "I.aw population zone" means the area immediately surrounding the exclusion
28 area which contains residents, the total number and density of which are such that there is
29 a reasonable probability that appropriate protective measures could be taken in their behalf
30 in the event of a serious accident. These guides do not specify a permissible population
31 density or total population within this zone because the situation may vary from case to case.
32 Whether a specific number of people can, for example, be evacuated from a specific area,
33 or instructed to take shelter, on a timely basis will depend on many factors such as location,
34 number and size of highways, scope and extent of advance planning, and actual distribution
35 ' of residents within the area.
36 (c) " Population center distance" means the distance from the reactor to the nearest
37 boundary of a densely populated center containing more than about 25,000 residents.

,

38 (d) " Power reactor" means a nuclear reactor of a type described in ss 50.21(b) or
39 50.22 of this chapter designed to produce electrical or heat energy.
40 (e) " Testing reactor" means a " testing facility" as defined in ss 50.2 of this chapter.
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1 100.8 Information collection reauirements OMB approvgL - -

2 (a) The Nuclear Regulatory Commission has submitted the information collection
3 requirements contained in this part to the Office of Management and Budget (OMB) for

1

4 approval as required by the Paperwork Reduction Act of 1980 (44 U.S.C. 3501 et seq.). !
5 OMB has approved the information collection requirements contained in this part under
6 control number 3150-0093.
7 (b) The approved information collection requiretaents contained in this part appear
8 in Appendix A,[andjAppshdifB.

,

9 I-

! 10 Sub6~iFW~rEFald'sidiiFa~ctBisfdF StitishWPdiis'RenetoFSite%olicatioe
~~

i

11 before IEFFECTIVE DATE OF THIS RRnUiATION1 and for Test Rcactors. I

l

l
12 100.10 Factors to be considered when evaluating sites

i

13 Factors considered in the evaluation of sites include those relating both to the
14 proposed reactor design and the characteristics peculiar to the site. It is expected that |
15 reactors will reflect through their design, construction and operation an extremely low !
16 probability for accidents that could result in release of significant quantities of radioactive l

17 fission products. In addition, the site location and the engineered features included as
18 safeguards against the hazardous consequences of an accident, should one occur, should
19 insure a low risk of public exposure. In particular, the Commission will take the following
20 factors into consideration in determining the acceptability of a si for a power or testing !
21 reactor- ;

22 (a) Characteristics of reactor design and proposed operatic,a including:
23 (1) Intended use of the reactor including the proposed maximum power level
24 and the nature and inventory of contained radioactive materials;
25 (2) The extent to which generally accepted engineering standards are applied
26 to the design of the reactor;
27 (3) The extent to which the reactor incorporates unique or unusual features
28 having a significant bearing on the probability or consequences of accidental release of
29 radioactive materials;
30 (4) The safety features that are to be engineered into the facility and those
31 barriers that must be breached as a result of an accident before a release of radioactive
32 material to the environment can occur.
33 (b) Population density and use characteristics of the site environs, including the
34 exclusion area, low population zone, and the population center distance.
35 (c) Physical characteristics of the site, including seismology, meteorology, geology, and
36 hydrology.
37 (1) Appendix A, " Seismic and Geologic Siting Criteria for Nuclear Power ;
38 Plants," describes the nature of investigations required to obtain the geologic and seismic
39 data necessary to determine site suitability and to provide reasonable assurance that a
40 nuclear power plant can be constructed and operated at a proposed site without undue risk

Rule - 3
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I to the health and safety of the public. It describes procedures for determining the.

2 quantitative vibratory ground motion design basis at a site due to earthquakes and describes
/O information needed to determine whether and to what extent a nuclear power plant need
() be designed to withstand the effects of surface faulting.

5 (2) Meteorological conditions at the site and in the surrounding area should
6 be considered.
7 (3) Geological and hydrological characteristics of the proposed site may have
8 a bearing on the consequences of an escape of radioactive material from the facility.
9 Special precautions should be planned if a reactor is to be located at a site where a

10 significant quantity of radioactive effluent might accidentally flow into nearby streams or
11 rivers or might find ready access to underground water tables. |
12 (d) Where unfavorable physical characteristics of the site exist, the proposed site may I
13 nevertheless be found to be acceptable if the design of the facility includes appropriate and

|14 adequate compensating engineering safeguards.
|

15 100.11 Determination of exclusion area. Iow population zone. and population center
16 distance.

17 (a) As an aid in evaluating a proposed site, an applicant should assume a fission
18 product release' from the core, the expected demonstrable leak rate from the containment
19 and the meteorological conditions pertinent to his site to derive an exclusion area, a low

,

'20 population zone and population center distance. For the purpose of this analysis, which
21 shall set forth the basis for the numerical values used, the applicant should determine the

,J2 following:
( ) (1) An exclusion area of such size that an individuallocated at any point on
CJ its boundary for two hours immediately following onset of the postulated fission product

25 release would not receive a total radiation dose to the whole body in excess of 25 rem or2

O
26 'The fission product release assumed for these calculations should be based upon a
27 major accident, hypothesized for purposes of site analysis or postulated from considerations
28 of possible accidental events, that would result in potential hazards net exceeded by those
29 from any accident considered credible. Such accidents have generally been assumed to
30 result in substantial meltdown of the core with subsequent release of appreciable quantities
31 of fission products.

32 :The whole body dose of 25 rem referred to above corresponds numerically to the once
33 in a lifetime accidental or emergency dose for radiation workers which, according to NCRP
34 recommendations may be disregarded in the determination of their radiation exposure status
35 (see NBS Handbook 69 dated June 5,1959). However, neither its use nor that of the 300
36 rem value for thyroid exposure as set forth in these site criteria guides are intended to imply
37 that these numbers constitute acceptable limits for emergency doses to the public under
38 accident conditions. Rather, this 25 rem whole body value and the 300 rem thyroid value
39 have been set forth in these guides as reference values, which can be used in the evaluation

r3 Rule - 4
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2I a total radiation dose in excess of 300 rem to the thyroid from iodine exposure.

2 (2) A low population zone of such size that an individual located at any point
3 on its outer boundary who is exposed to the radioactive cloud resulting from the postulated
4 fission product release (during the entire period of its passage) would not receive a total
5 radiation dose to the whole body in excess of 25 rem or a total radiation dose in excess of
6 300 rem to the thyroid from iodine exposure.
7 (3) A population center distance of at least one and one-third times the
8 distance from the reactor to the outer boundary of the low population zone. In applying this
9 guide, the boundary of the population center shall be determined upon consideration of'

10 population distribution. Political boundaries are not controlling in the application of this
11 guide. Where very large cities are involved, a greater distance may be necessary because
12 of totalintegrated population dose consideration.
13 (b) For sites for multiple reactor facilities consideration should be given to the
14 following:
15 (1) If the reactors are independent fo the extent that an accident in one

~

16 reactor would not initiate an accident in another, the size of the exclusion area, low
17 population zone and population center distance shall be fulfilled with respect to each reactor
18 individually. The i:alculated envelopes ofissh!of the planiarcas~shall be overlayed se
19 calcu!=cd of the areas such that the outsrmost coinposite boundary shall then be taken as

~

'20 their regccive plant boundarytes.
21 (2) If the reactors are interconnected to the extent that an accident in one
22 reactor could affect the safety of operation of any other, the size of the exclusion area, low
23 population zone and population center distance shall be based upon the assumption that all
24 interconnected reactors emit their postulated fission product releases simultaneously. This
25 requirement may be reduced in relation to the degree of coupling between reactors, the
26 probability of concomitant accidents and the probability that an individual would not be
27 exposed to the radiation effects from simultaneous releases. The applicant would be
28 expected to justify to the satisfaction of the Commission the basis for such a reduction in
29 the source term. .

30 (3) The applicant is expected to show that the simultaneous operation of |.

31 multiple reactors at a site will not result in total radioactive effluent releases beyond the
32 allowable limits of applicable regulations.

33 NOTE: For further guidance in developing the exclusion area, the low population
34 zone, and the population center distance, reference is made to Technical Information
35 Document 14844, dated March 23,1962, which contains a procedural method and a sample
36 calculation that result in distances roughly reflecting current siting practices of the
37 Commission. The calculations described in TechnicalInformation Document 14844 may be
38 used as a point of departure for consideration of particular site requirements which may
39 result from evaluation of the characteristics of a particular reactor, its purpose and method

40 of reactor sites with respect to potential reactor accidents of exceedingly low probability of
41 occurrence, and low risk of public exposure to radiation.
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!
,.

>

}' I of operation.
j 7 Copies of Technical Information Document 14844 may be obtained from the
| Commission's Public Document Room,2120 L Street, NW, Washington, D.C., or by viriting

4 the Director of Nuclear Reactor Regulation, U.S. Nuclear Regulatory Ccmmission,
5 Washington, D.C. 20555.3.

1

i, 6 Suhaa B CEs1HeidsFGuW foF MWWPsiiieFD AMBFSife%oolicatidns on
| 7 nr after [ EFFECTIVE DATE OF THE FINAL REGU1ATION1.

~~

i
~

'!

|
'

8 100.20 FacEn to EFWhisidei'edTwME"Evalisthiis"siteiC
4

j 9 ThE CoEwsisi6Ewill taks thifoH6iii4Eg fiasiiWl6'46hsideisti6n In'dsisiminihg the
! 10 ibif;stabilityof s| site f6r mLststionaypower reactor:)
j 11 (a) Population density?andiuseicharacteristicsTofittiiirsite^"4EiFif6ns,jincludihg'the
j 12 EkMianj area,ithej populatidh %iaisilihe. compaitibilijy[6ff the [ site jith;the
: 13 dinbyi 4of as emergency plan.~~~~

(bM'thRinstsykPandeudTT^6ffiiihrfelatFdJ~hazafdsI(EV~ airpoits,Tdims,i 14

tiship~ortation' routes /milithrf and Emical facilities). .'
15

~~~~ ^

16 (c) Physical sharabtsristics of the site |iidsGif seismology {initsorologf,~gsologp,~snd
17 liydf61ogyg,

j 18 [(1)XsPM B,'ZCriasisf6F thE Seisinidi.iid;GeologiF Siti5f6f;Ndelfar
i 19 PoweFPlants (Revised),"fdesciibes5the| criteria'end;nsidfeiof investigatians iequired to
I 20 b_btii_n_th._e' geologic and seismic dataWWy ts|detsrmisefsitisuitability.

.

| analysisT6f;that ainy havelin; hupact upon plant desigo;(esch"as maxhnum;pfobable winds

sh6hid be' identified'and'characterised.

sp~eed and precipitation)sidipwERtdks QNa@j
: n
| 24

~ ~ ~

"(3)jFanto adionudidkTri5iipalF((ishh7is36il,
! 25 sediniihtfaddirockfcharacteristics, adsorpticafabd retentionicoefficients,Tground water
j 26 'locity, tand dietmar*sto tb6 hearest surface bodf?bf water) shouldWobtained-from on-
! 27 -sits measurements.hmakimnin " ? flood ~ ^ 1withltspstential fSr seismie

i,nducbd._fl.o.. o_ds...m s._ cuss _ed.~in_%ppendix _sho_uld_b.e_'esti,' . _'us_ing historical dataf! 28
_

di
-,

.

i

i 29 100.21 Detsminati6n bf acinsioairea"snd non61miisn~distrib6 tion.:
4

:
; 30 (a)Eveff^rsadtor:fabi1IpshallhiWGiaisclGidoEMEi;'Las~defin6 din 1100.3(a)~of this

_

31 part.
,

! 32 (1) Fof~iites withTstdgls^Feaaor ficiliti,EthsTdistaricF16 ths'Helusion ~ area
i 33 ti66ndary[atlinyjs6ist (as,measufed from the react 6r|cen.ter; point}} hall be no less than 0.4

34 miles.
35 (2) Fofsites with multiple ~resctor facilities;'c6hilderation should be given to |;

| 36 thsLfollowingi8 If thFreactors are independsnt to the hxtent|that an accident in one reactor <

! 37 would ;not' initiate f an4ccidentiinf another,sthelsize?di"each7 exclusion area shall be
i

[ 38 determined withlrespect to each[ reactor:individuilly3The%clusion area for the site shall
: 39 then be takeh c.s the;pl.a. n o.. v.erl_ay...o. f..the sum of.the. exc..lusion. areas for each reactor. If the !
j . - ;

I
i
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G

1 feactors are' Interconnected to the extent'that an accident in 6ne reactor would initiate an
~ ~

*

| 2 accident in another, the size of ths eaclusion area for each reactor shall be determined on
: 3 a case by' case' basis.

^

: 4 : (b) If the. offsitsy6pukios~deksity it 'the pr6 posed site ^exceedith^eyalsei given in
5 paragraph (1) below, the ' applicant shah provide' justification for not locating the facility at
6 an alternative site having'a' lower population density.

i 7 (1) %e population density, W== weightsd transient'p6pulation,' projected
a' ths~ time'ofinitial site approvst or~earlfiltepermitienewat should'not exceed 500 people8 t

9 per square adie -453 osefiny|' radial distance [6uin;30 milesL(sumuls"ve' population
i 10 at a distance divided bf the' total circular area atitliath==w)nDe projected population

~

) 13 density,Lincluding~wdightedTtrankiedifpopulatid@40. yearTaftiri hef time' of initial sitet
; 12 approval .orfearly site permit?renewe!!shouldinogexceed}1000fpeoplef perisquare mile

13 averaged over any radial distanceT6st;ts|30fadles.

i 14 (2)Trandent population must bsindsdid'f6Eih6se~sitei' hsrefisigiiificant
~

w'

nUmbefof peopid[(other than thoscijust p[Arelnof'pirmanaiasktid6 ugh tWaiia) work, reside p| art--time,
15

| 16 or' engage in~rscreati66alistivitiisand tresidentilof|the are6The
17 transient populati6n shosidjbe| considered;;for| siting purposes;by@sightingihe! transient

: 18 popnlation'acsording to the fractiosi^6f ths;timeLths| transients are in the| area.;2

19 (c) Physical charactsristics'of the proposed site,f such as fegress limitations'fr6in the,

20 if6E~shrroundingLthe'sitefthst 26uld pose _a significastjmpediment pihs ' development of
: 21 e.m. e.rge_ncy.,p1 ~g'sh_all'b_e_'id_in_ti.f._ie.d. _i
, .

'
1

i 22 100_.22"EsidiE6"iif'MiEr sisits' ' HEM ^fds;r d

transp6rtstion routssimilitaiy a;nd industrial facilitief shall bi identified sad their potentialPotsiitial'hizijdicliid~ths )lahfW6Ei"5siirs:Felsisd~sstivitisirasi5cliied;with1 nearby
23

i 24
25 sffectsfevaluated.9Poiestial lazt.rdslt6|thsilsstliscisdejsuch effsetslar[ explosions; fires,

toxic and/or nammahle chemical releases / dams'; 26
acc[ dents,{ add |airdisft%Ashis[asid|impaed~(both'up~ stream and downstream), pip ^elinej 27

"~~ ~ ~ ' ~ ~ ~ ~ ~

*

28 % effects of offsitsihazards:shall hipsVeipl6(piobabili(6fitffestiligths^safsiy
29 6. f, 'thijlasth...D...;e likelihood 'a.y& .g yw:.;nd' of off ite ha.,y.;.;ards shall bils.ti. mated hsingz

. andp
~.a ., y.y.;..s v;s.s.,.g;,; . w. . . . . .. n. .s .

30 data' and 'a=n=ptionsith..3wemat are as-
3.py .j m. s 3. g s. ; . ,. . . s .. .

. representative of. he.g te as is practical.Je
.

. .t . si
31 design bases;forihichlthejlintjkl[a!g!ansignedshall;be specified.

.

e
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50.2 Definitions.
.

"Exclusich"irea"fis?ss~definediin#5100!3 (a);
' Low i populationi zoneSia r asidefined Jin :. 5100. 3 (b)~7 r-

[PopulationEconter[distange {is}as; defined in J100.3(c)..
50.34 contents of acolications; technical information

(a) Preliminary safety analysis recort. Each application for
a construction permit shall include a preliminary safety analysis

'

report. The minimum information' to be included shall consist of
the following:

(1) A description and?:WEfety2ssiaissentsof the site and
a [ssf etyNasssssmentiof.S thsifacilit9yshod1d j be 3 performed . -- isite I;
characteristics * sh'all? comply # vith'; Parti 100!of4this' chapter;; ."which i

thi ~f teility ~1i ~t' ~YE^^ leditEL ui~tE~5hif6pfists ' stt':F. tion to
f::ture: affecting f ility d::ign. Special attention should bei

directed to th: cit cvelusti:n f;ct:r: identified in P:rt 100 of
thi: ch pter. plantTdesiijinTfeistWEEFintendedF to7mi.tigateEths
radiologicalij W6nsequencesMof11accidentsh3IniiperformingUthis
assessmentk ani applicant':Esh6uld sissume$a f fission tproduct5 releas e
f rom : the core'@ intoi theT eontalhaent? aseusingTthat? thei f acility i is
operated at]the! ultimate @owerflevelicont'emplatedtiThe7 applicant
should perf orm :anfevaluation *and analysi_ ?of hthe' postulated:fissio.1s

able containment leak
product release;?using' thelaxpected demonstrat.intendedcto;nitigateratefandianyffission;productycleanupisystems?
the"consequencesfofasuch5accidentsntogeth~erivithiapplicableVsite

;,to?aevaluate"'the
characteristicsn.Vincluding{sitei%eteorology, ion should dete,rmineoffsite radiolog=iha14onsequencesis,e.TheMaluat_ =. _ ... n.... . r. =... . . . =.. =.... . , m . e. =..x. . - . x. _. u_ _ =.. -

l
.

. w , . w w: .w. ,tha g,,.;,. u. .. . =_.- .

thE ::jer structures, :y:t::: :nd ::: pen nt: cf the f ility which
bear significantly :n th: ::::ptability ;f th sitt under ' e cite
ev:1uction f :tcr: id:ntified in Part 100 Of thi: ch:pter an u=ing
that the f :ility vill b; Op;rsted :t th citimate p Ucr level
which is cente:pleted b" th: :pplic:nt.

_ . _(i) Mind _iv_idua_lilbe_a_tsdTat7_aE9_3._61nticisths4 boundary of
. .. m. .

The applicant may provide information required by this8

paragraph in the form of a discussion, with specific references, of
similarities to and differences from, facilities of similar design
for which applications have previously been filed with the
Commission.<

2 The fission product release assumed for this evaluation
should be based upon a major accident, hypothesized or determined
from considerations of possible accidental events, that would
result in potential hazards not exceeded by those from any accident
considered credible. Such accidents have generally been assumed to
result in substantial meltdown of the core with subsequent release
into the containtnent of appreciable quantities of fission products.

10 CFR 50 - 1
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, .

'

the exclusion ' area) for two hours ~ immediately' following the onset of
the postulated fission; product release:would not receive a total'

i radiationLdose:to:the whole bodyEin;exces; ofs25~ren or a total
~

3

radiation idoselingcessfof joogremjoithe tphyroid from iodinei ,

| exposure.
, -~ -

71iidiViddal31odatsCat~isp~pointEbnT tWeToutsr
radius'of^arlow population __ zone 1vho:Lis exposed to the radioactive

'
cloud resulting from the postulated fission product release (during,

the ' _ entire period Coff;its (passage)Owould y not receive a total
radlation' dose:to?the';;who1~e(bodyf nLexcess.of;25 rem 1or:a totali

: radiation / dose in)excessioff 3005 remito 5the othyroid from iodine
exposure W5Forfapplications;?foriaiconstruction permit; operating4

! license, combination?of' construction permit and;operatng license,
' preliminary design approval, final'.:' design'. approval, : manuf acturing

license, or. design ' certification filed- af ter [THE EFFECTIVE DATE OF4

; THIS RULE),~a' low populationszonalboundaryfofc3.0: miles shall be
assumed. ~ ~ ForL:applicationsiandflicenses prior' to' [THE EFFECTIVE,

DATE 0F THIS RULE),pa| low population zone ~ determined in accordancen .

with 10fCFR Part[100;jSubpart J {shallibe used.;

With respect to operation at the projected initial power level,
'

the appli~ cant is required to submit information prescribed in
paragraphs (a) (2) through (8) of this section, as well as the the

{ information required by this paragraph, in support of the
application for a construction permit.

2

1 NOTE: Refere'nce' Cisl aiadel to ; Technical ?:Inf ornationE: Document (TID)
14844,7 dated iMarchf23,; 1962,9;which[ containsP a (fission , product

'

I
3; The whole body dose of 25 rem referred to sbove has been

stated to correspond numerically to the once in a lifetime-

accidental or emergency dose for radiation workers which, according
to NCRP recommendations may be disregarded in the determination of>

their radiation exposure status (see NBS Handbook 69 dated June 5,-

1959). More recently, this whole body dose value has also been,

; provided as guidance for radiation workers performing emergency
| services involving life saving activities or p,rotection of large

populations where lower doses are not practicable (see EPA, Manual
j of Protective Action Guides and Protective . Actions for Nuclear

Incidents, Draft, September 1990) . However, neither its'use nor,

that of the 300 rem value for thyroid exposure as set forth in this
section are intended to imply that these numbers constitute
acceptable limits for emergency doses to the public under accident
conditions. Rather, this 25 rem whole body value and the 300 rem
thyroid value have been set forth in this section as reference
values, which can be used in the evaluation of plant design

1 features with respect to potentici c:verc postulated reactor
accidents, in order to assure that such designs ~ provide assurance
of low risk of public exposure to radiation, in the event of such
accidents.

10 CFR 50 - 2
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: releaselinto" containment; whichi has' beeni: nsed-k in~ past i; evaluations .' The:: fission]pr6ductJyelease^^giv~ ers.";iniLTID-14844j mayibesused as a
.

point''of 7 departure |;upn1 consideration' of: severe accident' research'

~ .
-

: insightsjavailabl.e;::s;.ncetits):.:issuanceit upon!; consideration; of plant
design:featurasi' intended:'to; mitigate;the consequences 'of ' accidents,
er upon characteristicsFof a particular4reactorf^~~~~~ ^ ~~'^ ~ ~ "^^ ~4i
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1 DRAFT REGULATORY ANALYSIS
2 PROPOSED REVISION OF 10 CFR PART 100 |

3 AND 10 CFR Part 50

5 STATEMENT OF THE PROBLEM
6
7 This Regulatory Analysis covers two considerations. First is the revision of the
8 " Reactor Siting Criteria," 10 CFR Part 100, for future plants. The second
9 consideration is the revision of 10 CFR Part 100, Appendix A, " Seismic and

10 Geologic Siting Criteria for Nuclear Power Plants." Both considerations address
11 the relocation of plant design criteria from Part 100 to 10 CFR Part 50. This
12 regulatory analysis is presented in two parts, corresponding to these two
13 considerations.
14
15 Reactor Sitino Criteria (non-seismic):
16
17 10 CFR Part 100, " Reactor Siting Criteria," sets forth a framework that guides
18 the Commission in its evaluation of the suitability of proposed sites for
19 stationary power and testinq reactors. The present criteria regarding reactor
20 siting were issued in April 195?. There were only a few small power reactors
." 1 operating e R at time. The present regulation requires that every reactor have
a an exclus.un area which has no residents, although transient use is permitted.
23 A low population zone immediately beyond the exclusion area is also required.
24 The regulation recognizes the importance of accident considerations in reactor
25 siting; hence a key element in it is the determination of the size of the
26 exclusion area via the postulatior, of a large accidental fission product release
27 within containment and the evaluation of the radiological consequences, in terms
28 of doses. loses are calculated for two hypothetical individuals located at any
29 point (gr rally, the closest point) on the exclusion area, and at the outer
30 radius o.' che low population zone, and are required to be within specified limits
31 (25 rem to the whole body and 300 rem to the thyroid gland). In addition, the
32 nearest population center, containing about 25,000 or more residents, is required
33 to be no closer than one and one-third times the outer radius of the low
34 population zone. The effect of these requirements is to set both individual and,
35 to some extent, societal limits on dose (and implicitly on risk) without setting
36 numerical criteria on exclusion area and low population zone size. In practice

.

37 these siting criteria contained in 10 CFR 100 do more to influence reactor design ;
38 than site criteria.
39
40 Since the issuance of Part 100 in 1962, there have been significant changes and
41 developments in reactor technology. The nuclear power industry has developed and
42 matured significantly; from the existence of a few small power plants generating
43 a very small fraction of the nation's electrical energy, the industry has grown
44 today to the point where there are presently about 110 power reactors in
45 operation in the United States. These supply about 20 percent of the nation's
46 electricity. Reactor power levels have also significantly increased. Early
47 plants typically had reactor power levels of about 150 megawatts thermal, whereas
48 today's plants have power levels about 20 to 25 times greater.
49
50 There has been increased development of and reliance upon fission product cleanup
51 systems in modern plants to mitigate the consequences of postulated accidents.
52 As a result, it is possible for present nuclear power plants to be located at
53 sites with a very small exclusion area and still meet the dose criteria of
54 Part 100.

RA - 1

_ - _ _ - - - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _



.

l

1 There has also been an increased awareness and concern regarcfing the effect of |
2 potential nuclear accidents. Although accident considerations teve been of key
'/ importance in reactor siting from the very beginning, major developments such as

\ the issuance of the Reactor Safety Study (WASH-1400) in 1975, the occurrence ofc

5 the Three Mile Island accident in 1979, the accider.t at Unit 4 of the Chernobyl ;
6 reactor in the Soviet Union in 1986, and the issuance of NUREG-IISO " Severe
7 Accident Risks: An Assessment for Five U.S. Nuclear Power Plants" have greatly
8 increased awareness, knowledge and concerns in this area.
9

10 Finally, since its initial promulgation in 1962, the Commission has approved more
11 than 75 sites for nuclear power plants, and has had an opportunity to review a
12 number of others. As a result of these reviews, much experience has been gained
13 regarding the site factors that influence risk and their range of acceptability.
14

~

15 The major impetus for the proposed rule is incret.ad interest in new nuclear
16 power generation and the possibility that applicants will request site approval
17 for new nuclear power plants. The Commission believes that, in the event such j

18 requests materialize, the criteria for siting power reactors should address !

19 directly those site factors important to risk and should reflect the significant !

20 experience learned since the regulation was first issued in 1962.
21
22 Seismic Sitino and Earthouake Enoineerino Criteria:

,

23 '

24 Appendix A, " Seismic and Geologic Siting Criteria for Nuclear Power Plants," to
25 10 CFR Part 100, " Reactor Siting Criteria," sets foith a framework that guides
26 the staff in its evaluation of the adequacy of applicants' investigations of
27 geologic and earthquake phenomena and proposed plant design parameters. The |

C ))
issuance of Appendix A was an important step in establishing a definitive

( regulatory framework for dealing with earth science issues in the licensing of
%JO nuclear power plants. The Appendix contains the following statement:

31
32 "These criteria are based on the limited geophysical and geological
33 information available to date concerning faults and earthquake
34 occurrence and effect. They will be revised as necessary when more
35 complete information becomes available."
36
37 The bases for Appendix A were established in the late 1960's and it became
38 effective December 13, 1973. Since then, with advances in the sciences of
39 seismology and geology, along with the occurrence of some licensing issues not
40 foreseen in the development of Appendix A, a number of significant difficulties !

41 have arisen in the application of this regulation. Specific problematic areas |
!

42 include the following:
43 |

44 1. In making geoscience assessments, there is a need for considerable ;

45 latitude and judgement. This latitude and judgement is required
46 because of limitations in data and the state of the art of geologic
47 and seismic analyses, and because of the rapid evolution taking
48 place in the geosciences in terms of accumulating knowledge and in
49 modifying concepts. This need was recognized when Appendix A was -

50 developed. However, having detailed geoscience assessments in i

'

51 Appendix A, a regulation, has created difficulty for applicants and
52 the staff in terms of inhibiting the use of needed judgement and |

M3 latitude. Also, it has inhibited flexibility in applying basic
'

I 'l principles to new situations and the use of evolving methods of
U i
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1 analyses in the licensing process.

2. Various sections of Appendix A lack clarity and are subject to
4 different interpretations and dispute. Also, some sections in the
5 Appendix do not provide sufficient information for implementation.
6 As a result of being both overly detailed in some areas and not
7 detailed enough in others, the Appendix has been the source of
8 licensing delays and debate and has inhibited the use of some types
9 of analyses such as probabilistic seismic hazard analysis.

10 {
11 3. In other siting areas, such as hydrology, regulatory guidance has i

12 been handled effectively through use of regulatory guides. Many |

13 problems encountered in implementing Appendix A could best be
14 alleviated through the use of regulatory guides and a program for
15 continuous updating.
16 j
17 4. The Operating Basis Earthquake (OBE) is associated with (1) the
18 functionality of those features necessary for continued operation
19 without undue risk to the health and safety of the public, (2) an
20 earthquake that could reasonably be expected to affect the plant
21 site during the operating life of the plant, (3) a r'nimum fraction
22 of the Safe Shutdown Earthquake (SSE), and (4) r' e' shutdown if
23 vibratory ground motion is exceeded. These mult,- aspects have
24 resulted in seismic criteria that have led to overly stiff piping |
25 systems and excessive use of snubbers and supports which, in fact, 1
26 could result in less reliable piping systems. Also, regulatory |
27 guidance defining an exceedance of the OBE, and plant shutdown or '

28 restart procedures have not been developed. Post earthquake
29 evaluations are handled on an ad-hoc basis.
30
31 5. The stipulation in Appendix A that the SSE response spectra be
32 defined at the foundation of the nuclear power plant structures has
33 often led to confrontations with many in the engineering community
34 who regard this stipulation as inconsistent with sound practice. '

35
36 OBJECTIVES
37 Reactor Sitino Criteria (non-seismic):
38
39 The objective of the proposed regulatory action is to provide a stable regulatory
40 basis for the siting of nuclear power plants by decoupling decisions of site '

41 suitability from those affecting plant design.
.

42 l

43 This will be accomplished by:
44 ;

45 a. stating directly those site criteria which, through experience ,

46 and importance to risk, future sites should meet and ;
47 '

48 b. relocating from Part 100 to Part 50 those requirements which -

j
49 apply to reactor design.
50 '

51 The major changes associated with the revision of the regulation are:
52
53 1. The proposed regulatory action will apply to applicants who apply
54 for a construction or early site permit on or after the effective
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L

L'
k- I .date of the final regulations. The current regulation will remain
J 2- in place and be applicable to all licensees and applicants prior to
i the effective date of the final regulations.
| '5

-6 2. Part 100 will state directly those criteria applicable to the site
, .7 (e.g. exclusion area distance; population distribution).
; 8
) 9- 3. Criteria such as source term and dose calculations would be used for
; 10- evaluating plant features and not for evaluating site suitability
; 11 and will be placed into Part 50 consistent with the location in the
! 12 regulation of other design requirements.
I 13

! 14 Since the revision to the regulation will not be a backfit, the licensing bases
1 15 for existing nuclear power plants must remain in the regulation. Therefore, the
; 16 revised regulation will be designated as a new subpart to Part 100 for future
L .17 plants while maintaining the current Part 100 for existing plants.
j 18
j 19 ' Finally, in support of the above change: Regulatory Guide 4.7 has been revised.
; -20
1 21- Seismic Sitina and Earthouake Enaineerina Criteria:
i 22
i 23 The objectives of the proposed regulatory action are to:
: 24
2 25 1. Provide a stable regulatory basis for seismic and geologic siting

26 and applicable earthquake engineering design of future nuclear power
! 27 plants that will avoid licensing delays due to unclear regulatory
3 requirements;
!
[ = 2. Provide a flexible structure to permit consideration of new
| 31 technical understandings; and

.32*

|- 33 3. Have-the revision to the regulation completed prior to the receipt
L 34 of an early site application.
i 35 ~

36 The major points associated with the revision of the regulation are-
: 37 |
i 38 -1. The proposed regulatory action will apply to applicants who apply'

39 for an early site permit, design certification, or combined license
;40 (construction permit and operating license) pursuant to 10 CFR Part

[, 41 52, or a construction permit or operating license pursuant to 10 CFR
| 42 Part 50 on or after the effective date of the revised regulation..

i- 43 However, if the construction permit was issued prior to the
i 44 effective date of the regulation, the operating license applicant
i 45 shall ' comply with the seismic and geologic siting and earthquake
i 46- engineering criteria in Appendix A to 10 CFR Part 100.

47
! 48 2. Criteria not associated with the selection of the site or
; 49 establishment of the safe shutdown earthquake ground motion have

ii 50' been placed into Part 50. This action is consistent with the i
j 51 location of other design requirements in Part 50.
t 152-

i Because the revised criteria presented in the proposed regulation will not be*

L applied to existing plants, the licensing bases for existing nuclear power plants
] must remain in the regulations. Therefore, the proposed revised criteria on

i RA'- 4
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I seismic and geologic siting would be designated as a new Appendix B to 10 CFR
2 Part 100 and would be added to the existing body of regulations.
3
4 Earthquake engineering criteria will be located in 10 CFR Part 50, Appendix 5. '

5 Since Appendix S is not self executing, applicable sections of Part 50 (i.e.,
6 150.34, 150.54) are revised to reference Appendix 5.
7
8 The proposed rule would also make conforming amendments to 10 CFR Parts 52 and
9 100.

10
11 Finally, in support of the above changes, regulatory guides and standard review
12 plan sections will be revised or developed, as appropriate.
13
14 ALTERNATIVES
15
16 Reactor Sitino Criteria (non-seismic): :

17
--

18 The alternatives considered included:
19 e no action (e.g. continue to use existing Part 100)
20 e delete the existing Part 100 and replace it with an entirely new
21 Part 100 which eliminates the dose calculation and specifies site
22 criteria.
23 o retain the existing Part 100 for current plants and add a new
24 section to Part 100 for future plants which eliminates the dose
25 calculation and specifies site criteria.

i
26 '

27 The first alternative considered by the Commission was to continue using current
28 regulations for site suitability determinations. This is not considered an
29 acceptable alternative. Although the siting related issues for nucles power
30 plants currently being licensed are closed or are expected to be closed soon, ,

31 there is good reason to initiate the proposed regulatory action in light of the
32 current and future staff review of future reactors (particularly certified |
33 designs) so that a certified design would not be dependent on site parameters to
34 establish the fission product retention characteristics of the design. Further,
35 the current regulation has created difficulty for applicants and the staff in
36 terms of inhibiting flexibility in applying updated information and using updated
37 methods of analysis in the licensing process.
38
39 Deletion of the existing regulation also is not considered an acceptable !

40 alternative since it is the licensing bases for virtually all the operating !
41 nuclear power plants and those tnat are in various stages of obtaining their '

42 operating license.
43
44 Therefore, the last option is the preferable course of action and is the option
45 evaluated further in this analyses.
46
47 Seismic Sitino and Earthouake Enoineerino Criteria:
48
49 The first alternative considered by the Commission was to avoid initiating a
50 rulemaking proceeding. This is not an acceptable alternative. Although the

,

51 siting related issues associated with the current generation of nuclear power !
52 piants are completed or nearing completion, there is a renewed sense of urgency !

53 to initiate the proposed regulatory action in light of the current and future
54 staff review of advanced reactor seismic design criteria. The current regulation
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' ~
l has created difficulties for applicants and the staff in terms of inhibiting

y) flexibility in applying basic principles to new situations and using evolved
methods of analysis in the licensing process.(

G4,

5 A second alternative considered was the deletion of the existing regulation
6 (Appendix A to Part 100). This is not an acceptable alternative because these

;

] 7 provisions form part of the licensing bases for many of the operating nuclear '

'

8 power plants and others that are in various stages of obtaining their operating
9 license. Also, geologic and seismic siting criteria are needed for future

10 plants.
11

12 A third alternative considered was the replacement of the entire regulation with
13 a regulatory guide. This is not acceptable because a regulatory guide is non- i

14 mandatory. The staff believes that there could be an increase in the risk of:
1

| 15 radiation exposure to the public if the siting and earthquake engineering !; 16 criteria were non-mandatory.
17 -

i
; 18 Since there are problems with implementing the existing regulation (Appendix A |
; 19 to Part 100), the only satisfactory alternative is to revise the regulation. The

20 approach of establishing the revised requirements in a new Appendix B to Part 100 j
J

21 and Appendix 5 to Part 50 while retaining the existing regulation was chosen as,

22 the best alternative.; >
'

23 1

24 Finally, the following memoranda or reports provide further support for a |25 revision to Appendix A to Part 100: '

26
:

7 1. Staff Requirements Memorandum from Chilk to Taylor dated January 25, :

1 1991, Subject: SECY-90-341 - Staff Study on Source Term Update and |
| ,) Decoupling Siting from Design. '

30-

31 "The staff should further ensure that the |

] 32 revisions to Appendix A of Part 100 are
j 33 available to support the time schedule
; 34 shown in the paper (Commission Briefing on

35 Source Term Update and Decoupling Siting,

36 from Design (SECY-90-341), dated December
i 37 13,1990] for option 2, and are technically

38 supportable with the information that will
! 39 be available at the time the draft comes
; 40 forward for Commission action."

41
42 2. Memorandum from Taylor to Beckjord dated September 6,1990, Subject:'

43 Revision of Appendix A, 10 CFR Part 100, " Seismic and Geologic
44 Siting Criteria for f4uclear Pou r Plants."

3

: 45
46 "I approve of your plan to begin work on
47 the development of a revised regulation and

i 48 this activity should be assigned a high
49 priority status."
50
51 3. NUREG-0625, Siting Policy Task Force.
62>

* "Revisc *ppendix A to 10 CFR Part 100 to
better reflect the evolvir.g technology in

M-6
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1 assessing seismic hazards." -
2
3 4. NUREG-1061, " Report of the U.S. Nuclear Regulatory Commission Piping
4 Review Committee," Vol 5, April 1985.
5
6 "The Committee recommends that
7

8 o Rulemaking amending Appendix A to 10
9 CFR Part 100 be undertaken to permit

10 decoupling of the OBE and SSE. "
....

11

12 CONSE0VENCES
13
14 a. Costs and Benefits
15
16 Benefits
17 -

18 Reactor Sitino Criteria (non-seismic):
19
20 The revision to Part 100 will be beneficial to all. The industry and public will
21 benefit from a clearer, more uniform and consistent licensing process.
22 ~

23 Benefits to industry, the public and the NRC staff will result from the following
24 changes:
25
26 1. Clear Statement Of Site Criteria. The proposed revision to Part 100
27 provides clear criteria regarding acceptable exclusion area distances and
28 population distribution. Applicants will be able to select sites that
29 meet these criteria without having to be dependent upon a rea;. tor design.
30 In addition, the criteria have been selected to be consistent with past
31 experience and with the quantitative health objectives in the NRC Safety
32 Goal Policy.
33
34 2. Current Practices Will Be Ref12cted. The proposed regulations reflect
35 industry design practices and the associated staff review procedures that
36 have evolved since Part 100 was issued in 1962. An example of this is the
37 review of nearby industrial and transportation facilities which will be
38 incorporated into the regulations for the purpose of site suitability and
39 has been part of the staff review for many yerrs. The criteria and
40 standards e the same as those currently in, staff review guidance
41 documentation (Standard Review Plan, etc.). Hence, the proposed rule
42 involves no substantive changes in this area and marely codifies what has
43 been staff practice for a number of years. Addit 3onally, the numerical
44 population density values ana the exclusion area distance outlined in
45 Regulatory Guide 4.7 will be codified in the proposed rulemaking.
46
47 3. Source Term And Dose Calculations. The proposed rule would eliminate the
48 use of a postulated source term, assumptions regarding mitigation systems
49 and dispersion factors, aad the calculation of radiological consequences
50 to determine the sizes of th? :clusion area and low population zone. It

51 would instead require a minimum exclusion area distance.
52
53 4. Text Clarification And Elimination of Low Population Zone. The Commission

54 considers that the functions intended for the " low population zone",
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1 namely, a low density of residents and the feasibility of taking
2 protective actions, have in fact been overtaken by other regulations orm] can be accomplished by other means. Protective action requirements are ;

/

(
''')5 defined via the use of the EPZ's, while restriction on population close to

the plant can be assured via proposed population density criteria. For
6 these reasons, the Commission is proposing to eliminate the requirement of
7 a low population zone for future power reactor sites.
8
9 In addition, the proposed rule would require that important site factors,

10 such as population distribution, topoQraphy, and transportation routes be
11 considered and examined in order to determine whether there are any site i
12 characteristics that could pose a significant impediment to the develop-
13 ment of an emergency plan. This proposed requirement is also consistent |
14 with 10 CFR Part 52. l
15
16 Planning for emergencies is part of the Commission's defense-in depth !
17 approach. The Commission concludes thirt si'e characteristic that may
18 represent an impediment to development of adequate emergency plans, such

: 19 as limitations of access or egresses in the immediate vicinity of a
20 nuclear power plant should be identified at the early stage of site
21 approval rather than at a later date prior to operation thus avoiding
22 significant licensing delays.

,

23
24 5. Risk To The Public. The NRC Staff has generated a reduced set of source
25 terms based on the NUREG-1150 analyses and th Independent Risk Assessment
26 Pl ant. These source terms were used in the MELCOR Accident Consequences
27 Code System (MACCS) for six reactor-containment designs. The results of/7 these analyses indicate that the risk to the public is acceptably low aad '

( ) the guidelines o' ?.he Commission's Safety Goal Policy are met for all
'50 plants up to 3N s %,,, the largest capacity plant considered in the

31 analyses.
32
33 Seismic Sitina and Earthouake Enaineerina Criteria:
34

i

35 The revision of Appendix A to Part 100 will % beneficial to all. The public
'

36 will benefit from a clearer, more uniform and consistent licensing process
37 subject to fewer interpretations. The NRC staff will benefit from improver',

38 regulatory implementation (both technical and legal), fewer interpretive debates,
,

4

39 and it. creased regulatory flexibility. Applicants will derive the same benefits
40 in addition to avoiding licensing delays due to unclear regulatory reqe,1,rements.
41
42 The proposed regulatory action reflects changes intended to (1) benefit from the
43 experience gained in applying the existing regulation; (2) resolve interpretative
44 questions; (3) provide needed regulatory flexibility to incorporate state-of-the-
45 art improvements in the geosciences and earthquake engineering; (4) simplify the,

46 language to a more " plain English" text; and (5) acknowledge various internal
47 staff and industry comments.
48
49 Benefits to applicants or NRC staff will result from the foliawing changes:
50
51 1. Define seismic sources. Better definition of seismic source types
52 will eliminate a major source of licensing delays.

[A} 2. Use probabilistic analyses. The proposed regulation will require
V
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1 the use of both deterministic and probabilistic analyses. The staff
2 proposes to use both the deterministic (same as that being currently
3 used) and the probabilistic approad,as together, and to compare the i

,

4 results of each to provide insights unavailable if either were used !
5 alone. The principal limitation of the deterministic approach --- |
6 its ability to incorporate only one model and one data set at a time '

7 and its inability to allow weighted incorporation of numerous models
8 --- can be essessed by comparing its results with the results of a
9 probabilistic analysis accomplished in parallel. Similarly, the I

10 principal limitation of the probabilistic approach --- its tendency i
11 to allow its results to be dominated by the tails rather than the !
12 central tendency of distributions of uncertain knowledge or expert i
13 opinion --- can be assessed by comparink its results with the
14 results of one or more deterministic analyses.
15
16 The staff believes that taken together these two approaches can
17 allow more informed judgments as To what the appropriate SSEGM
18 should be for a given site. Both the applicant's judgments and
19 those of the staff will be improved. Therefore, it is the staff's
20 opinion that this mixed approach is the best way to accomplish 1M
21 objective of this aspect of the revised regulation, which is to
22 arrive through analysis at a site-specific ground motion that !
23 appropriately captures what is known about the seismic regime. This !

24 deal approach will thus lead to a more stable and predictable
25 licensing process then in the past.
26 1

27 3. Reflect current design practices. The proposed regulations would i

28 reflect industry design practices and the associated staff review
i

29 procedures (for instance, the location of the control point for the |
30 seismic input) that have evolved since the initial regulation i
31 (Appendix A to Part 100) was issued in 1973. Many of these !
32 practices and procedures were incorporated into the revision of '

33 Standard Review Plan Sections 2.5.2, 3.7.1, 3.7.2, and 3.7.3 that
34 are associated with the resolution of Unresolved Safety Issue (USI)
35 A-40, " Seismic Design Criteria."
36
37 4. Clarify the realti-facets associated with the Operating Basis
38 Earthquake (OBE). In the existing regulation, the OBE is associated<

39 with (1) the functioriality of those features necessary for continued
40 operation without undue risk to the health and safety of the public,
41 (2) an earthquake that could reasonably be expected to affect the
42 plant site during the operating life of the plant, (3) a minimum l
43 fraction of the Safe Shutdown Earthquake (SSE), and (4) plant
44 shutdown if the vibratory ground motion is exceeded. In some cases,
45 for instance, piping, the multi-facets of the OBE made it possible
46 for the OBE to have more design significance than the SSE. The
47 seismalogical basic, that is, the association of the OBE with a
48 likelihood of occurrence has been n. moved from the proposed
49 regulation. Other facets of the OBE, for instance, its value
50 (percent of the SSE) and relationship with plant shutdown are
51 discussed below. The functionality aspect of the OBE remains
52 unchanged.

5. Value of the OBE and required analysis. The proposed regulation
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would allow the value of the OBE ground motion to be set at: (i)1

et one-third of the SSEGM, or (ii) a value greater than one-third of ;

} the SSEGM. There are two issues the applicant should consider in i

: 4 selecting the value of the OBE; first, plant shutdown is required if
i- 5 vibratory ground motion exceeding that of the OBE occurs (discussed

6 in Item 6, Required Plant Shutdown), and second, the amount of
7 .nalyses associated with the OBE. An applicant may determine that,

'
0 at the one-third the SSE level, the probability of exceeding the <

9 OBE vibratory ground motion is too high; the cost associated with )
10 plant shutdown for inspections and tests of equipment and structures i

; 11 prior to restarting the plant is unacceptable. Therefore, the ;
i 12- applicant may voluntarily select an OBE ground motion value at some

13 higher fraction of the SSE to avoid plant shutdowns. However, if an ;4

14 applicant selects an OBE ground motion value at a fraction of the
15 SSE higher than one-third, a suitable analysis shall be performed !
16 to demonstrate that the require u nts associated with the OBE ground |
17 motion are satisfied. The desigrr shall take into account soil- i,

18 structure interaction effects and the expected curation of the !:

j 19 vibratory ground motion. The requirement associated with the OBE is i

! 20 that all structures, systems, and components of the nuclear power |
| 21 plant necessary for continued operation withaut undue risk to the

i22 health and safety of the public shall remain functional and within
!

.

23 applicable stress and deformation limits when subjected to the,
,

24 effects of the Operating Basis Earthquake Ground Motion in |,

i 25 combination with normal operating loads. Subject to further
26 confirmation, it is determined that if an OBE ground motion of :

.

: c 'O one-third of the SSE is used, the requirements of the OBE can be '

(v)) satisfied without the applicant performing any explicit response,

; analyses, and minimal design checks (additional discussion below).
30 There is high confidence that, at this ground motion level, with

i 31 other postulated concurrent loads, most critical structures,
;

32 systems, and components will not exceed currently used design ;

33 limits. There are situations associated with current analyses where i
4

j 34 only OBE ground motion is associated with the design requirements,
'

~

35 for example, the ultimate heat sink (see Regulatory Guide 1.27,
36 " Ultimate Heat Sink for Nuclear Power Plants"). In these situations
37 a value expressed as a fraction of the SSE response would be used in |

: 38 the analyses. The section Future Regulptory Action -f this j

| 39 Regulatory Analysis identifies existing guides that would 8 - revised ;
i 40 to maint m the existing design philosophy, With regard to piping ,

; 41 analyses, positions on fatigue ratcheting and seismic ancSor motion i
! 42 are being developed and will be issued in a draft regulatory guide
.; 43 separate from this rulemaking.

,

44 |

| 45 Activities equivalent to OBE-SSE decoupling are also being done in ;
i 46 foreign countries. For instance, in Germany their new design '

I 47 standard requires only one design basis earthquake (equivalent to i
i 48 the SSE). -They require an inspection level earthquake (for
J 49 shutdown) of 0.4 SSE. This level was set so that the vibrato' r

50 ground motion should not induce stresses exceeding the allowable4

51 stress limits originally required for the OBE design.-

,

52 |

1 6. Guidance fer required plant shutdown. The proposed regulation would ,

,J treat plant shutdown associated with vibratory ground motion |
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I exceeding the OBE or significant plant damage as a condition in
2 every operating license. The shutdown requirement would be a
3 condition of the license (550.54) rather than a limiting condition :
4 of operation (150.36), because the necessary judgements associated ;

5 with exceedance of the vibratory ground motion or significant plant
6 damage can not be adequately characterized o a technical
7 specification. 650.54(ee) would be added to the regulations to
8 require plant shutdown for licensees of nuclear power plants that
9 comply with the earthquake engineering criteria in Paragraph

10 IV(a)(3) of Proposed Appendix 5 to 10 CFR Part 50. Draft Regulatory
11 Guide DG-1017, " Pre-Earthquake Planning and Immediate Nuclear Power
12 Plant Operator Post-Earthquake Actions," would provide guidance
13 acceptable to the NRC for determining whether or not vibratory
14 ground motion exceeding the OBE ground motion or significant plant
15 damage had occurred and nuclear power plant shutdown is required.
16 The guidance is based en criteria developed by the Electric Power
17 Research Institute (EPhi) to avoidvmecessary prolonged shutdowns.
18 Draft Regulatory Guide DG-1018, " Restart of a Nuclear Power Plant
19 Shut Down by a Seismic Event," provides guidelines that are
20 acceptable to the NRC staff for performing inspections and tests of
21 a nuclear power plant equipment and structures prior to plant
22 restart. This guidance is also based on EPRI reports.
23
24 7. Reduced level of detail. The level of detail presented in the
25 proposeri regulations has been limited to general guidance. The
26 proposed regulations would identify and establish basic
27 requirements. Detailed guidance, that is, the procedures
28 acceptable to the NRC for meeting the requirements, has been removed
29 and placed in Draft Reg'ilatory Guide, DG-1015, " Identification and
?O Characterization of Seismic Sources, Determinisite Source
31 Earthquake, and Ground Motion."
32
33 8. Provide greater flexibility. The proposed regulations would provide
34 a flexible structure that will permit the consideration of new
35 technical understandings and state-of-the-art advancements since

- 36 the detailed guidance has been removed from the proposed regulation
37 and placed into regulatory guides.

'

38
39 9. Clarify interpretations. Changes have been made to the seismic and
40 geologic siting cr+ eria to resolve past questions of
41 interpretation. As an example, the definitions and required
42 investigations sections of the proposed regulations have been
43 significantly changed to eliminate or modify phrases that were more
44 applicable to only the western United States.
45
46 10. Clarify text. The proposed regulations would use more explicit
47 terminology. For instance, the Safe Shutdown Earthquake (SSE) and
48 Operating Basis Earthquake are now referenced as the Safe Shutdown
49 Earthquake Ground Motion (SSE) and the Operating Basis Earthquake
50 Ground Motion (OBE). In addition, appropriate changes within the
51 text highlight that the SSE ground motion used as the design basis
52 is not associated with a single earthquake but may be a composite of
53 several expected earthquakes.
54
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1 Costs -

1

2;

: $ Reactor Sitino Criteria (non-seismic 1: .,
: ) !

5 The costs associated with the revised regulations are subdivided into two i

!.
6 categories; the first is associated with siting criteria modifications (Part !

7 100), the second is associated with (Part 50) modifications.
8,

9 Part 100"

i 10 !

| 11 The overall cost impact associated with revising the siting criteria aspects of f
i 12 the regulation are neutral. Important factors in this regard are: !
4 13

|' 14 1. Defining a Minimum Exclusion Area Distance and Eliminating Dose !
i 15 Calculations. The present regulation has no numerical size !
i 16 requirement for the exclusion area, in terms of distance, and '

! 17 instead assesses the consequences- of a postulated radioac!
; 18 fission product release within containment, coupled with assumptio .

,

| 19 regarding containment leakage, performance of certain fission i
i 20 product mitigation systems and site meteorology for a hypothetical
| 21 individual located at any point on the exclusion area boundary as |

22 well as hydrological information. The plant and site combination is t

23 considered to be acceptable if the calculated consequence: do not !
24 exceed the values given in the present rule. Regulatory Guide 4.7 ;
25 suggests an exclusion area distance of 0.4 miles, since this has i

26 been found, in conjunction with typical engineered safety features, . i

27 to meet the dose values in the existing rule. '

.g
) The Commission considers an exclusion area to be an essential )
D feature of a reactor site, and is retaining this requirement for

31 future reactors. However, in keeping with the recommendation of the
32 Siting Policy Task Force to decouple site requirements from reactor
33 design, the proposed rule would eliminate the use of a postulated
34 source term, assumptions regarding mitigation systems and
33 meteorc~ogy, and the calculation of radiological consequences to
36 determine the sizes of the exclusion area and low population zone.
37 It would instead require a minimum exclusion area distance of 0.4
38 miles for reactors.
39 ~

40 The proposed approach.of eliminating the use of postulated accident
41 source term and the use of dose calculations in determining the
42 acceptability of a site and replacing these with population criteria
43 and a minimum size of the exclusion area is expected to reduce time
44 and costs associated with obtaining site approval.
45

,

46 2. Nearby Industrial and Transportation Facilities. "his area of |
47 review is proposed to be incorporated into the regul ions for the '

48 purpose of site suitability and has been a part of the staff review
49 for many years. The criteria and ttandards are the same as those
50 currently in staff review guidance documentation (Standard Review
51 Pl an, etc.). lience, the proposed rule involves no substantive
52 changes in this area and merely codifies what has been staff

practice for a number of years.

3 3. Feasibility of Carrying out Protective Actions. The proposed rule
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I would require that important site-factors, such a population
2 distribution, topography, and transportation routes be considered
3 and examined in order to determine whether there are any site
4 characteristics that would posc a sig71ficant impediment to the
5 development of an emergency plan.
6
7 The cost impact asst :' ~.ed with this revision is neutral. It is
8 expected to increase .ime and costs _for site approval but should
9 significantly reduce time and costs at the OL or COL stage by

10 avoiding licensing delays.
11

12 Part 50
13
14 The overall cost impact associated with revising the reactor licensing aspects
15 of the regulation are neutral because the source term and dose calculations have
16 always been required under Part 100 for site suitability but will now be required
17 under Part 50 and used in evaluating plant features therefore there is no change
18 in cost.
19
20 Seismic Sitino and Earthauake Enoineerina Criteria:
21
22 The costs associatad with the proposed regulations are subdivided into two
23 categories; the first is associated with the geosciences and site investigations
24 (Appendix B to Part 100), the second is associated with earthquake engineering
25 (Appendix S to Part 50).
26
27 Appendix B to Part 100
28
29 As substantiated below, the overall cost impact associated with the geosciences
30 and site investigation aspects of the proposed regulation as compared to Appendix
31 A of Part 100 are slightly increased in some areas but reduced overall because
32 of anticipated improvement in the licensing process. Specific examples include:
33
34 1. Reduced Licensing Delays. The licensing process will be enhanced
35 because information needed for the staff review can be incorporated
36 in the safety analysis reports at the time of docketing instead of
37 later through staff questions and applicant responses.
38
39 2. Probabilistic Analyses. Probabilistic analyses to determine
40 vibratory ground motion, surface tectonic deformation, and
41 seismically induced floods and water waves reflect to some extent
42 what is ah andy current staff practice. In particular, probabi-
43 listic hazard analyses have been used to determine the probability
44 of exceeding the Safe Shutdown Earthquake Ground Motion at the plant
45 site. However, the overall use of probabilistic analyses as
46 suggested in Draft Regulatory Guide DG-1015, " Identification and
47 Characterization of Seismic Sources, Deterministic Source Earth-
48 quake, and Ground Motion," is new but should not have a significant
49 cost impact. Computer cos is to perform the probabilistic analyses
50 are available. An applicant would input the site coordinates and
51 local site effects (current requirement) to obtain the probabilistic
52 hazard data. It is estimated that these analyses can be performed

within a few days.

RA - 13
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1 The comparison between the deterministic (current requirement) and-

2 probabilistic analyses is new. In cases where it is judged that the

(3( deterministic and probabilistic provide equivalent results the
) process is completed. In cases where the results differ spectra are
3- developed to make additional comparisons. Evaluations associated
6 .d th these comparisons- would be handled on an ad hoc basis.
7 However, as stated above, licensing delays would be reduced because
8 the required data are defined and available to the applicant and
9 staff for evaluation.

10
11 As part of the Federal Reaister notice public comments on specific
12 questions associated with the use of a dual probabilistic and
13 deterministic analyses requirement and the comparison procedure
14 recommended by the staff are requested.
15
16
17 3. Seismic Sources. The new approach-towards seismic sources (using
18 seismogenic sources instead of tectonic provinces) and other
19 clarifications of the licensing approach are expected to reduce time
20 and costs required for obtaining site approval.
2?
22 Appendix 5 to Part 50
23
24 As substantiated below, the overal'l cost impact associated with the earthquake
25 engineering aspects of the proposed regulation are neutral or reduced. Specific
26 examples include:
27

Ca
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

31 Motion (SSE). Selecting an OBE value greater than one-third of the
32 SSE does not increase the analytical effort above current
33 requirements.
34
35 2. Control Point Location. Changing the location of the control point
36 (the point at which the vibratory ground motion is applied) from the
37 foundation level to the Tree-field does not affect costs. The
38 following discussion from Section 2.1.1.4 of NUREG-1233 (pages 13
39 and 14) is spolicable:
40
41 "A number of recent plants were designed to
42 the 1975 Standard Review Plan requirements
43 which specified the free-field motion at
44 the free-surface for soil-structure
45 interaction analysis. During the operating
46 license (OL) review, the implementation of
47 the current position of input motion at the
48 foundation level in the free field resulted
49 in a modification of some structural floor '

50 beams of seismic Category I structures at
51 one plant. No hardware changes resulted at
52 other plants. (Note that the staff's

investigation was limited to the Safe

Q1 shutdown systems and structures that housed
them, and allowance was made for tested
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I strength values in some cases.)"
2
3 3. Seismic Instrumentation. Although the seismic instrumentation -

4 requirements are different, the cost is essentially the same as that
5 currently used in operating plants there are fewer instruments i

6 required. The maintenance and calibration costs with the new solid-
7 state seismic instrumentation are less than that associated with the
8 current instrumentation. The processing of instrumentation data
9 will be done at the site, thereby reducing the potential for

10 prolonged plant shutdown while data are being evaluated. In
11 general, the ability to expeditiously assess the effects of the
12 earthquake on the plant will save both staff and licensee resources.
13
14 4. Post-earthquake Activities. In preparation of post-earthquake
15 activities it is recommended that the licensee inspect and
16 base-line certain structures, equipment and piping. Base line
17 inspections would differentiate between pre-existing conditions at
18 the nuclear power plant and earthquake related damage. The struc-
19 tures, equipment and piping selected for these inspections are
20 comprised of those routinely examined by plant operators during
21 normal plant walkdowns and inspections. After an earthquake plant
22 operators familiar with the plant would walkdown and visually
23 inspect accessible areas of the plant. Unnecessary plant shutdowns
24 would be avoided since the pre-earthquake condition of equipment
25 and structures (for example, physical appearance, leak rates,
26 vibration levels) would be known. This approach has been submitted
27 to the staff for approval by the Nuclear Management and Resources
28 Council (NUMARC) and is documented in an Electric Power Research
29 Report, EPRI NP-6695, " Guidelines for Nuclear Power Plant Response
30 to an Earthquake." The associated cost impact is minimal and
31 recommended by industry.
32
33 IMPACTS
34 a. Other NRC Procrams
35
36 None for the non-seismic siting criteria.
37
38 Although Appendix A to 10 CFR Part 100 is titled " Seismic and Geologic
39 Siting Criteria for Nuclear Power Plants," it is also referenced in two
40 other Parts of the regulation. They are (1) Part 40, " Domestic Licensing
41 of Source Material," Appendix A, " Criteria Relating to the Operation of
42 Uranium Mills and the Disposition of Tailings or Wasta Produced by the
43 Extraction or Concentration of Source Material from Ores Processed
44 Primarily for Their Source Material Content," Section I, Criterion 4(e),
45 and (2) Part 72, " Licensing Requirements for the Independent Storage of
46 Spent Nuclear Fuel and High-level Radioactive Waste," Paragraphs (a)(2)(b)
47 and (a)(2)(f)(1) of 572.102. The proposed regulation, Appendix B to Part
48 100, is still applicable only to nuclear power plants. The need to revise
49 Part 72 and Appendix A to Part 40, subject to the implementation of
50 Appendix B to Part 100, should be a separate rulemaking initiative.
51
52 b. Other Government Acencies Since the siting and licensing of nuclear power
53 plants is carried out solely by NRC staff, no impact is projected on other
54 government agencies.
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i I c. Constraints
' y '

-None.

5- ;

6 DECISION RATIONALE !

7
8 Reactor Sitino Criteria (non-seis'QiCl:
9

,

10 The major considerations that have guided the Comission in this proposed !
11 revision to the reactor site criteria are as follows: i

12
13 1. The criteria will assure a low risk both for individuals as well as |14 for society in general, even in the event of severe, but unlikely

.15 reactor accidents. The proposed criteria are consistent with the -!
16 Comission Safety Goal Policy with respect to the risk of both

4

17 prompt and latent cancer fatalities--" In addition, the Comission |18 has also examined the risks associated with land contamination or
19 property damage in the event of significant releases for long-lived
20 radioactive species, such as cesium. The proposed criteria are !
21 expected to result in a low likelihood of any significant offsite
22 contamination of densely populated areas.
23 j

24 2. The criteria will assure that both man-made as well as natural
25 events associated with the site location are identified and used in i

26 matching a design with the site. ]D7

(~i9) 3. The criteria will assure that a range of protective actions can !

feasibly be carried out to protect the public in the event of
i30 emergency. t

31
32 The proposed revisions reflect current staff practice.
33
34 The revised regulations will not reduce risk, but will improve the

s35 description in the regulations of current staff practice in licensing. |36
37 Seismic Sitino and Earthouake Enoineerino Criteria: !
38
39 The recomendations to revise the existing regulation (Appendix A to 10 CFR Part
40 100) and replace it with the proposed regulations pertaining to the geosciences
41 and site investigations (Appendix B to Part 100), and earthquake engineering
42 (Appendix S to Part 50) are based primarily on qualitative rather than
43 probabilistic (i.e., core damage frequency reduction) arguments. The staff's
44 evaluation augments the regulatory analysis associated with the implementation
45 of Unresolved Safety Issue (USI) A-40, " Seismic Design Criteria" (NUREG-1233).
46 USI A-40 was implemented in August 1989 through the revision of Standard Review
47 Plan Sections 3.7.1, " Seismic Design Paramaters," 3.7.2, " Seismic System
48 Analysis," 3.7.3, " Seismic Subsystem Analysis," and 2.5.2, " Vibratory Ground
49 Motion."
50
51 The staff's conclusion is that for operating reactor and operating license
52 applicants, the proposed regulations would have little effect on risk. Operating

W) plants have generally been, and will be, seismically upgraded by plant-specific
actions such as implementation of the Systematic Evaluation Program (SEP), the
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1 implementation of Generic Letter 88--20, Supplement 4, " Individual Plant
2 Examinations of External Events (IPEEE) for Severe Accident Vulnerabilities," the
3 proposed implementation of USI A--46, " Verification of Seismic Adequacy of
4 Equipment in Operating Plants," and NRC Bulletin programs. Therefore, this
5 regulatory action will be applicable only to applicants who apply for an early
6 site permit, design certification, combined license, construction permit or
7 operating license on or after the effective date of the final regulations.
8
9 For applicants of early site permits, design certifications, combined licenses,

10 construction permit or operating license, no overall increases in costs are
11 envisioned to implement the proposed regulations. In addition, the proposed
12 regulations will reduce delays in the licensing process because information
13 needed for the staff review can be incorporated in the safety analysis reports
14 at the time of docketing instead of later through staff questions and applicant
15 responses. Therefore, the staff proposed that all new applicants be required to
16 comply with the proposed regulatic 2.
17 Current Reculatory Action ~ ~~

18
19 The current regulatory action consists of the following:

,

20 i

21
22 1. Revisions to 650.2,150.8, 650.34, 550.54, and 552.17.
23
24 2. Revisions to $100.1, 5100.2,1100.3, and $100.8.
25
26 3. Add Subpart B 1100.20, 6100.21, and 5100.22.
27 '

28 4. New Appendix B to Part 100, Criteria for the Seismic and Geologic
29 Siting of Nuclear Power Plants After [ EFFECTIVE DATE OF THIS
30 REGULATION]
31
32 5. New Appendix S to Part 50, Earthquake Engineering Criteria for i

33 Nuclear Power Plants '

34
35 6. New Regulatory Guides:
36
37 a. DG--1015, " Identification and Characterization of Seismic
38 Sources, Deterministic Source Earthquake, and Ground Motion"
39
40 b. DG-1017, " Pre-Earthquake Planning and Immediate Nuclear
41 Power Plant Operator Post--Earthquake Actions" l

42
43 c. DG--1018, " Restart of a Nuclear Power Plant Shut Down by a
44 Seismic Event"
45
46 7. Revised Regulatory Guide:
47
48 a. Proposed Revision 2 to Regulatory Guide 4.7, " General Site
49 Suitability Criteria for Nuclear Oower Stations"
50
51 b. DG--1016, Second Proposed Rev' _ .an 2 to Regulatory Guide 1.12,
52 " Nuclear Power Plant Instrumentation for Eartnquakes"

. 8. Revised Standard Review Plan Section:
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1 2.5.2, Vibratory Ground Motion-
- --

;

( )5
fgture Reculatory Action - 4

.

6 Several existing regulatory guides will be revised to incorporate editorial
7 changes or maintain the existing design or analysis philosophy . These guides
8 will be issued subsequent to the publication of the final regulations that would
9 implement this proposed action.

- 10
| 11 The following regulatory guides will be revised to incorporate editorial changes
! 12 For example, the type of changes contemplated would be to reference new
4 13 paragraphs in Appendix B to Part 100 or Appendix 5 to Part 50:
2

14
'

15 1. 1.57, " Design Limits and Loading Combinations for Metal Primary
: 16 Containment System Components"

17 ~

i 18 2. 1.59, " Design Basis Floods for Nuclear Power Plants" l
19 |-

20 3. 1.60, " Design Response Spectra for Seismic Design of Nuclear Power
21 Plants"

. 22
'

23 4. 1.83, " Inservice Inspection of Pressurized Water Reactor Steam
24 Generator Tubes"

4 25
26 5. 1.92, " Combining Modal Responses and Spatial Components in Seismic

_2,7 Response Analysis"

) 6. 1.102, " Flood Protection for Nuclear Power Plants"
10,

31 7.
.

1.121, " Bases for Plugging Degraded PWR Steam Generator Tubes"
i 32
'

33 8. 1.122, " Development of Floor Response Spectra for Seismic Design of
34 Floor-Supported Equipment or Components"
35
36 The following regulatory guides will be revised to maintain existing design
37 or analysis philosophy. For example, the types of changes contemplated would be
38 to change OBE to a fraction of the SSE:
39
40 1. 1.27, " Ultimate Heat Sink for Nuclear Power Plants"
41
42 2. 1.100, " Seismic Qualification of Electric and Mechanical Equipment
43 for Nuclear Power Plants"
44
45 3. 1.124, " Service Limits and Loading Combinations for Class 1 Liner-
46 Type Component Supports"
47
48 4. 1.130, " Service Limits and Loading Combinations for Class 1 Plate-
49 and-Shell-Type Component Supports"
50
51 5. 1.132, " Site Investigations for Foundations of Nuclear Power Plants"
52

r~~3 6. 1.138, " Laboratory Investigations of Soils for Engineering Analysis
(V) and Design of Nuclear Power Plants"
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I
2 7. 1.142, " Safety-Related Concrete Structures for Nu lear Power Plants
3 (Other than Reactor Vessels and Containments)" ,

4

5 8. 1.143, " Design Guidance for Radioactive Waste Management Systems,
6 Structures, and Components Installed in Light-Water-Cooled Nuclear
7 Power Plants"
8
9

10
11 During the revision of the regulatery cuides cited above, if additional changes
12 are made, the applicable guide (s) wili be distributed for public comment.
13 Several regulatory guides will be revised to incorporate editorial changes or,
14 maintain the existing design or analysis philosophy.
15
16
17 IMPLEMENTATION

--

18
19 This regulatory action is applicable only to applicants that apply for an early
20 site permit, design certification, combined license, construction permit or
21 operating license on or after the effective date of the final regulations.
22 However, if the construction permit was issued prior to the effective date of the
23 proposed regulation, the operating license applicant shall comply with the

..

24 seismic and geologic siting and earthquake engineering criteria in Appendix A to "

25 Part 100.
26

0

.

O

e

O
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!

! 1 DRAFT ENVIRONMENTAL AS5ESSMENT AND FIND!NG OF NO SIGNIFICANT IMPACT
2 PROPOSED REVISION OF 10 CFR PART 100. 10 CFR PART 100 APPENDIX A.
3 AND 10 CFR PART 50
4

5

6 The Nuclear Regulatory Commission is amending its regulations to update the used
7 reactor siting criteria; saismic and geologic siting criteria; and earthquake
8 engineering regulations for nuclear power plants. The non-seismic and seismic
9 areas are discussed separately.

10
11
12 Identification of Procosed Action
13
14 Reactor Sitino Criteria (non-seismici:
15
16 Title 10 CFR Part 100, " Reactor Site Criteria," was originally issued in April
17 1962. The proposed amendment will apply to applicants who apply for site
18 approval on or after the effective date of the final regulation. Since the
19 revision to the regulation will not be a backfit, the bases for existing nuclear
20 power plants must remain in the same regulation. Therefore, the revised
21 regul_ation on siti.ng will be designated 10 CFR Part 100, Subpart B.
22
23 Criteria not associated with the selection of the site will be relocated into
24 Part 50 consistent with the location in the regulation of other design
25 requirements. Hence, source term and dose calculations will be used for
26 evaluating plant features, and not site suitability.
27
28 The proposed rule would eliminate the use of a postulated accident source term
29 and the use of a dose calculation in the determination of acceptability for a
30 nuclear power plant site. It would also eliminate the designation of a low
31 population zone. Instead, it would set a minimum size for the exclusion aren and
32 would set population density criteria around proposed nuclear power reactor
33 sites. In addition, criteria regarding the evaluation of man-made hazards and
34 the feasibility of carrying out protective actions in the event of an emergency
35 are to be incorporated.
36
37 Seismic Sitina and Earthouake Enaineerino Criteria:
38
39 Appendix A, " Seismic and Geologic Siting Criteria for Nuclear Power Plants," to
40 10 CFR Part 100, " Reactor Siting Criteria," was originally issued as a proposed
41 rule on November 25,1971 (36 FR 22601); published as a final rule on November
42 13, 1973 (38 FR 31279); and became effective on December 13, 1973. There have
43 been two amendments to 10 CFR Part 100, Appendix A. The first amendment, issued
44 November 27,1973 (38 FR 32575), corrected the final rule by adding the legend
45 under the diagram. The second amendment resulted from a petition for rule making
46 (PRM 100-1) requesting that an opinion interpreting and clarifying Appendix A
47 with respect to the determination of the Safe Shutdown Earthquake be issued. A
48 notice of filing of the petition was published on May 14, 1975 (40 FR 20983).
49 The substance of the petitioner's proposal was accepted and published as an
50 immediately effective final rule on January 10, 1977 (42 FR 2052).
51
52 The proposed amendment will apply to applican+s who apply for an early site
53 permit, design certification, combined licen~ .onstruction permit or operating
54 license on or after [ effective date of the revised regulation]. However, if the
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I construction permit was issued prior to [ effective date of the regulation], the {
operating license applicant shall comply with the seismic and geologic siting and (

) earthquake engineering criteria in Appendix A to 10 CFR Part 100. Because theD4 revised criteria presented in the proposed regulation will not be applied to :,

5 existing plants, the licensing bases for existing nuclear power plants must
6 remain part of the regulations. Therefore, the proposed revised criteria on'

t 7 seismic and geologic siting would be designated as a new Appendix B to 10 CFR ;
,

: 8 Part 100, " Criteria for the Seismic and Geologic Siting of Nuclear Power Plants i
! 9 After [ EFFECTIVE DATE OF THIS REGULATION)," and would be added to the existing ;
i 10 body of regulations.

i
11

'

i 12 Criteria not associated with the selection of the site or establishment of ';he !
13 safe shutdown earthquake ground motion have been placed into Part 30. This ;

'14 action is consistent with the location of other design requirements in Part 50. 1

15 Hence, earthquake engineering criteria would be located in Appendix S to 10 CFR i
16 Part 50, " Earthquake Engineering Criteria for Nuclear Fower Plants."
17

~
,

l

18 The pecposed regulatory action incorporates changes intended to (1) benefit from |
19 the experience gained in applying the existing regulation; (2) resolve
20 interpretative questions; (3) provide needed regulatory flexibility to
21 incorporate state-of-the-art improvements in the geosciences and earthquake
22 engineering; (4) simplify the language to a more " plain English" text; and (5)

|
23 acknowledge various internal staff and industry comments. ;

24 !
25 |

26 Need for the Proposed Action ;

peactor Sitino Criteria (non:-seismic):N9 \
30 Since its initial promulgation in 1967, the Commission has approved more than 75
31 sites for nuclear power plants, and hks had an opportunity to review a number of
32 others. As a result of these reviews, much experience has been gained regarding
33 the site factors that influence risk and their range of acceptability.
34
35 Additionally, there has also bee's an increased swareness and concern regarding
36 the effect of potential nuclear iccidents. Although accident considerations have
37 been of key importance in reactor siting from the very beginning, major
38 developments such as the issuance of the Reactor Safety. Study (WASH-1400) in
29 1975, the occurrence of the Three Mile Island accident in 1979, the Chernobyl
40 accident in the Soviet Union in 1986, and the issuance of NUREG-IISO, " Severe
41 Accident Risks: An Assessment for Five U.S. Nuclear Power Plants," in December
42 1990, have greatly increased awareness, knowledge, and concerns in this area.
43
44 The major impetus for the proposed rule is increased interest in new nuclear
45 power generation and the possibility that applicants will request site approval
46 for new nuclear power plants. The Commission believes that, in the event such
47 requests materialize, the criteria for siting power reactors should address
48' directly those site factors important to risk and should reflect the significant
49 experience learned since the regulation was first issued in 1962.
50
51 Seismic Sitino and Earthouake Enoineerino Criteria:
52

f1 The experience gained in the application of the procedures and methods set forth
V in the current regulation and the rapid advancement in the state--of-the-art
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1 of earth sciences have made it necessary to update the 1973 criteria.

94 Environm 31 Imoacts of the Proposed Action

5

6 Reactor Sitina Cry ;Ja (non-seismic 1:
7

8 Part 100, Subpart B, *tains the considerations which will guide the Commission
9 in its evaluation of 1 - suitability of a proposed site for nuclear power plants

10 ~ter the effective da's of the final regulation. The revision to Part 50 will
11 v ain the engineering considerations which guide the Commission in its
12 evaluation of the suitability of the plant design. The amendment to 10 CFR Part
13 100 as stated in the proposed rulemaking package reflects current licmsing
14 practice and will not char 1 the radiological environmental impact. Further, the
15 Policy Statement on Severo Accidents Regarding Future Design and Existing Plants,
16 published August 8, 1985 (50 FR 32138), affirms the Commission's belief that a
17 new design for a nuclear power plant can be shown to be acceptable for severe
18 accident concerns if the criteria and procedural requirements cited in 50 FR
19 32138 are met. Stated differently, the proposed regulatory action (10 CFR Part
20 100, Subpart B) are specifically based on maintaining the present level of risk
21 of radiological releases, thus having zero effect compared to the regulation (10
22 CFR Part 100, Subpart A) they replace for future siting applications.
23
24 Seismic Sitina and Earthauake Enaineerina Criteria:
25
26 Proposed Appendix B to Part 100 contains the seismic and geologic considerations
27 which guide the Commission in its evaluation of the suitability of proposed sites
28 for nuclear power plants. Proposed Appendix S to Part 50 contains the earthquake
29 engineering considerations which guide the Commission in its evaluation of the
30 suitability of the plant design bases. The amendmer+ of Appendix A to 10 CFR
31 Part 100 as stated in Appendices B and S reflect curt W licensing practice in
32 earthquake engineering and enhanced current staff practice in seismic and
33 geologic siting through the use of probabilisite analyses. Therefore, the
34 radiological environmental impact offsite will not change. Further, the Policy
35 Statement on Severe Reactor Accidents Regarding Future Designs and Existing
36 Plants, published August 8,1985 (50 FR 32138) affirms the Commission's b9ief
37 that a new design for a nuclear power plant can be shown to be acceptable for
38 severe accident concerns if the criteria and procedural rcquirements cited in 50
39 FR 3213S are met. Stated differently, the proposed regulatory actions (Appendix
40 B to Part 100 and Appendix S to Part 50) are specifically based on maintaining
41 the present level of risk of radiological releases, thus having zero effect
42 compared to the regulation (Appendix A to Part 100) they replace.
43
44 Onsite occupational radiation exposure associated with inspection and maintenance
45 will not change. These activities are principally associated with base line
46 inspections of structures, equipment and piping, and maintenance of seismic
47 instrumentation. Base line inspections are needed to differentiate between pre-
48 existing conditions at the nuclear power plant and earthquake related oamage.
49 The structures, equipment and piping selected for these inspections are camprised
50 of those routinely examined by plant operators during normal plant walkdowns and
51 inspections. Routine maintenance of seismic instrumentation assures its
52 operability during earthquakes. The location of the seismic instrumentation is
53 similar to that in the existing nuclear power plants. In addition, the proposed
54 regulatory guide pertaining to seismic instrumentation (Second Proposed Revision
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I to Regulatory Guide 1.12, Nuclear Power Plant Instrumentation for Earthquakes) '

ft specifically cites occupational radiation exposure as a consideration in i

selecting the location of the instruments.
,

| 5 The proposed amendments do not affect non-radiological plant effluents and have
;

6 no.other environmental impact. Therefore, the Commission concludes that there i

7 are also no significant non-radiological environmental impacts associated with !
8 the proposed amendments to the regulations.
9

'

10 t

11 Alternatives to the Proposed Action i

i 12
13 As required by Section 102(2)(E) of NEPA (42 U.S.C.A. 4332(2)(E)), the staff has

"

14 considered possible alternatives to the proposed action.
15 '

16 The first alternative considered by the Commission was te avoid initiating a [
'

17 rulemaking proceeding. This is not an acceptable alternative. Although the '

18 siting related issues associated with the current generation of nuclear power
t

19 plants are completed or nearing completion, there is a sense of urgency to ;
: 20 initiate the proposed regulatory action in light of the current and future staff |

} 21 aview of advanced reactor seismic design criteria. The current regulation has
22 created difficulty for applicants and the staff in terms of inhibiting.

23 flexibility in applying basic principles to new situations and the use of :
1 24 evolving methods of analyses in the licensing process. Further, decoupling

25 siting requirements from plant design requirements such that the certified design;
;

! 26 would not be dependent on site parameters to establish the fission product ,

(O7 retention characteristics of the design would benefit the licensing process. ;,.

3
.

V9 A second alternative considered was the deletion of the existing regulation.
30 This is not an acceptable alternative because these provisions form the licensing
31 bases for many of the operating nuclear power plants and others that are in |
32 various stages of obtaining their operating license. '.

'

33
34 For the seismic siting and earthquake engineering criteria areas, another
35 alternative considered was the replacement of the entire regulation with a |.

36 regulatory guide. This is not acceptable because a regulatory guide is non-
37 mandatory. The staff believes that there could be an increase in the risk of J

; 38 radiation exposure to the public if the siting and earthquake engineering
,

39 criteria were non-mandatory. i
40

; 41 The approach of establishing the revised requirements in new sections of the ,

42 regulations while retaining the existing regulation was chosen as the best '

i 43 alternative. The public will benefit from a clearer, more uniform and consistent
,

44 licensing process subject to fewer interpretations. The NRC staff will benefit '

45 from improved regulatory implementation (both technical and legal), fewer
46 interpretive debates, and increased regulatory flexibility. Applicants will

'1
47 derive the same benefits in addition to avoiding licensing delays due to unclear '

} 48 regulatory requirements. The adoption of revised siting and engineering criteria
4 49- would increase the efficiency of regulatory actions associated with any

,

50 resurgence of licensing activity. '

'

51

[ 42,

:

C )4
Alternative Use of Resources

i
:

55- No alternative use of resources was considered.
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I
Aaencies and Persons Consulted

4 Reactor Sitino Criteria (non-seismich
5
6 NRC Staff developed the enclosed rulemaking recommendations. No outside agencies
7 or consultants were used in developing this rulemaking package. However, several
8 public meetings were held to inform industry of the staff's efforts in revising
9 the siting criteria.

10
11 Seismic Sitina and Earthouake Enaineerino Criteria:
12
13 During the development of the proposed regulations and supporting regulatory
14 guides the NRC staff had three public meetings with interested industry groups,
15 principally, the Nuclear Management and Resources Council (NUMARC) and the
16 Electric Power Research Institute (EPRI). The NRC staff also obtained advice
17 from the NRC Advisory Committee on Reactor Safeguards and comments from the U.S.
18 Geological Survey (USGS) staff. As a proposed rule, the regulations will be
19 released for public comment to encourage participation from the public and other
20 organizations in the development of the regulations.
21
22 Findino of No Sianificant I% act
23
24 The Commission has determined under the National Environmental Policy Act of
25 1969, as amended, that the proposed amendments to 10 CFR Parts 50 and 100,
26 relocating dose calculation requirements and specifying siting criteria
27 (population, seismic, and geologic), and earthquake engineering criteria for
28 nuclear power plants, if adopted, w:r.ild not have a significant effect on the
29 quality of the human environment and that an environmental impact statement is
30 not required.
31
32 This determination is based on the following:
33
34 1. The proposed amendments to the regulations reflect current practice
35 achieved through the staff's evaluation of applicants safety analysis
36 reports at the time of docketing and applicant's responses to staff
37 initiated questions and the results of research in the earth sciences and
38 seismic engineering.
39
40 2. The foregoing environmental assessment.
41
42 3. The qualitative, deterministic and probabilistic assessments pertaining to
43 seismic events in NUREG-1070, NUREG-1233, and NUREG-1407.
44
45 4. The Policy Statement on Severe Reactor Accidents Regarding Future Designs
46 and Existing Plants, published August 8, 1985 (50 FR 3' 38) affirming thed
47 Commission's belief that a new design for a nuclear pour plant can be
48 shown to be acceptable for severe accident concerns if the criteria and
49 procedural requirements cited in 50 FR 32138 are met.
50
51
52 References
53
54 NUREG-1070, "NRC Policy on Future Reactor Designs, Decisions on Severe Accident
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I 1ssues in Nuclear Power Plant Regulation," July 1985.
?

O4
J NUREG-1233, " Regulatory Analysis for USI A-40, " Seismic Design Criteria" Final

Report," September 1989.
5
6 NUREG-1407, " Procedural and Submunal Guidance for the Individual Plant
7 Examination of External Events (IPEEE) for Severe Accident Vulnerabilities, Final
8 Report," Attachment to Appendix D. Value/ Impact Analysis for the Implementation

;
9 of Individual Plant Examination of External Events, June 1991.
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(',

( ,e4 NUCLEAR REGULATORY COMMISSION
5
6 Documents Containing Reporting or Recordkeeping Requirements: Offi a of
7 Management and Budget (OMB) Review
8
9 AGENCY: U.S. Nuclear Regulatory Commission (NRC)

10
11 ACTION: Notice of the Office of Management and o.dget review of information
12 collection.
13 |

14 SUMMARY: The Nuclear Regulatory Commission (NRC) has recently submitted to
15 the Office of Management and Budget (OMB) for review the following
16 proposal for the collection of information under the provisions of '

17 the Paperwork Reduction Act (44 U.S.C. Chapter 35). There are no
18 new or revised reporti-c requirements associated with the proposed
19 regulation 10 CFR Part lua, " Reactor Site Criteria," and 10 CFR Part |

'

20 50, " Domestic Licensieg u# Production and Utilitzation Facilities."
21
22 1. Type of submiss' - new, revision or extension: Revision
23

'
24 2. The title of the information collections:
25
26 Proposed Appendix B, " Criteria for the Seismic and Geologic i

!27 Siting of Nuclear Power Plants After [ EFFECTIVE DATE OF THIS
b3 REGULATION]" to 10 CFR Part 100, and Proposed Appendix S, ;C9 " Earthquake Engir eering Criteria for Nuclear Power Plants" to |

30 10 CFR Part 50. (Revision of Appendix A, " Seismic and j

31 Geologic Siting Criteria for Nuclear Power Plants" to i0 CFR |
32 Part 100.)

'

33
34 3. The fwm number if applicable: Not applicable
35
36 4. How often the collection is required:
37
38 As necessary in order for NRC to assess the adequacy of
39 proposed seismic design bases and the design bases for other
40 geological hazards for nuclear power plants constructed and
41 licensed in accordance with 10 CFR Part 50, and the Atomic
42 Energy Act of 1954, as amended (the Act).
43
44 5. Who wiP, be required or asked to report: Applicents for a
45 con.itrL4 tion permit, operating license, early site permit,
46 design tertification, or combined license, for nuclear power
47 pl ants.

'

48
49 6. An estimate of the number of responses:
50
51 1 annually.

d' *
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,,1 7. An estimate of the number of hours annually needed to complete
/ 7 the requirement or reque '-
s 1

I

k 164,500.
5

!
6 8. An indication of whether Section 3504(h), Pub. L. 96-511 |
7 applies: Not applicable. |
8 |

9 9. Abstract:
10
11 Proposed Appendix B to 10 CFR Part 100 contains criteria
12 associated with the selection of the nuclear power plant site
13 and the establishment of the safe shutdown earthquake ground
14 motion. Proposed Appendix 5 to 10 CFR Part 50 contains

1
15 earthquake engineering criteria for nuclear power plants. In
16 combinafiori, these appendices will replace the criteria !
17 contained in Appendix A to 10 CFR Part 100. ;

18
19 Copies of the submitt 1 reay be inspected or obtained for a fee from the NRC !.

20 Public Document Room, 2120 L Street, NW (Lower Level), Washington, DC.
21

,

22 Comments and questions can be directed by mail to the OMB reviewer:
23 !

24 Ronald Minsk I
25 Office of Information and Regulatory Affairs (3150-0014)
26 NE0B-3019

Office of Management and Budget
Washington, DC 20503,

9
30 Comments can also be submitted by telephone at (202) 395-3084.
31
32 The NRC Clearance Officer is Brenda Jo Shelton, (301) 492-8132.
33 |

34
35 Dated at Bethesda, Maryland this day of 1991
36
37
38 For the Nuclear Regulatory Commission
39
40
41 Gerald F. Cranford, Designated Senior Official
42 for Information Resources Management
43
44
45
46 DISTRIBUTION: RESReading RKenneally NChokshi AMurphy RBosnak LShao
47 RSmith GCranford
48
49 SSEB/DE/RES SSEB/DE/RES SSEB/DE/RES DD:DE/RES D:DE/RES
50 RKenneally:fkm NChokshi AMurphy RBosnak LShao
51

/ /92 / /92 / /92 / /92 / /92
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I1 OMB SUPPORTING STATEMENT FOR
i O !

)(4 PROPOSED REVISIONS TO 10 CFR PART 100, REACTOR SITING CRITERIA, !
AND TO 10 CFR PART 50, DOMESTIC LICENSING OF PRODUCTION AND t,

| 5 UTILIZATION FACILITIES; }
6 ;:

7 PROPOSED APPENDIX B, CRITERIA FOR-THE SEISMIC AND GEOLOGIC SITING |
4 8 0F NUCLEAR POWER PLANTS AFTER [ EFFECTIVE DATE], TO 10 CFR PART !

9 100; |,

: 10 :
1 11 AG

12
13 PROPOSED APPENDIX S, EARTHQUAKE ENGINEERING CRITERIA FOR NUCLEAR

: 14 POWER PLANTS, TO 10 CFR PART 50 !
; 15

'

16 (REVI510N OF APPENDIX A TO 10 CFR PART 100), ,

! 17 +

1 18
,

; 19 '

20 Descriotion of the Information Collection !

||
21
22 Non-Seismic Sitiga Criteria: -

23 .

24 The proposed change to 10 CFR 50 simply relocates the requirements previously I
25 contained in 10 CFR 100 for each applicant to calculate a whole body and a
26 thyroid dose at specified distances. Since these requirements would be used in

{T reactor design rather than siting, it is more appropriately located in 10 CFR 50,

Nd)
,

thus leaving 10 CFR 100 with site criteria only. The source term and methodologyg
-for performing the dose calculations remain unchanged from that stated in 10 CFR i

30 100.
31
32 These requirements apply to all future applicants for a power reactor. They are '

33 intended to be interim requiremdnts until such time as more specific requirements >

34 for future applicants are developed governing containment performance and other
35 fission product cleanup systems.
36
37 Seismic Criteria:
38
39 Proposed Appendix B " Criteria for the Seismic and Geologic Siting of Nuclear
40 Power Plants After [ EFFECTIVE DATE OF THIS REGULATION]," (Criterion II, IV, and
41 V) to 10 CFR Part 100, " Reactor Site Criteria," requires applicants to provide
42 the types of information that show evidence of the size and frequency of
43 occurrence of earthquakes, tectonic and non-tectonic surface deformation, and
44 seismically induced floods and water waves. Both deterministic and probabilistic
45 analyses of earthquake-related phenomena are required. From these seismic and
46 geologic hazard data, applicants determine earthquake ground motion for the
47 seismic design basis, design bases for seismically induced floods and water
48 waves, the need to design for surface deformation, and other design conditions
49 that may be affectcd by earthquake ground motion, such as soil and slope
50 stability.
51

% Proposed Appendix S, " Earthquake Engineering Criteria for Nuclear Power Plants,"

} (Criterion II and IV) to 10 CFR Part 50, " Domestic Licensing of Production and
Utilization Facilities," require applicants to provide the design bases fc aa

OMB - 1
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1 nuclear power plant that will ensure that structures, systems, and components
2 important to safety will be able to withstand the natural phenomena specified in
3 General Design Criterion 2 of 10 CFR Part 50, Appendix A and Proposed 10 CFR Part

,

4 100, Appendix B without loss of capability to perform their safety functions.
5
6 Proposed Appendix B to 10 CFR Part 100 and Proposed Appendix S to 10 CFR Part 50,
7 in combination, are a revision of Appendix A, " Seismic and Geologic Siting
8 Criteria for Nuclear Power Plants," to 10 CFR Part 100. The proposed appendices
9 apply to applicants who apply for an early site permit, design certification, or

10 combined license pursuant to 10 CFR Part 52, or a construction permit or
i

11 operating license pursuant to 10 CFR Part 50 on or after [ EFFECTIVE DATE OF THIS
12 REGULATION). However, if the construction permit was issued prior to [ EFFECTIVE

,

13 DATE OF THIS REGULATION], the operating license applicant shall comply with the
14 seismic and geologic siting and earthquake engineering criteria in Appendix A to
15 10 CFR Part 100. Appendix A to 10 CFR Part 100 will continue to serve as the
16 criteria for the seismic and geologic siting and earthquake engineering for
17 plants licensed or having received their construction permit before [ EFFECTIVE
18 DATE OF THIS REGULATION].
19
20 It is anticipated that new plant applications could be submitted within a few
21 years. This is based on the current and projected staff review of advanced
22 reactor seismic design criteria related to the design certification of two
23 evolutionary light water reactor designs (the Advanced Boiling Water Reactor
24 (ABWR) and the System 80+ Pressurized Water Reactor) and the Electric Power
25 Research Institute (EPRI) Advanced Light Water Reactor Requirements Document.
26 Based on NRC staff experience obtained from construction permit and operating
27 license applicatior.s relative to Appendix A to 10 CFR Part 100, the review
28 process for a construction permit, operating license, early site permit, design
29 certification, or combined license, as it applies to Proposed Appendix B to 10
30 CFR Part 100 and Proposed Appendix 5 to 10 CFR Part 50, is expected to range from
31 one to several years. The NRC staff reviews the Safety Analysis Report for six :

32 to twenty four months and, if necessary, generates a request for additional |
33 information. The applicant usually responds within 1 to 6 months, depending on

'

34 the complexity of the issues. The average time is about 3 months. The responses ;
35 are reviewed and a draft Safety Evaluation Report is written by the NRC staff. 1
36 This document summarizes conclusions and highlights any outstanding issues. The !
37 staff arranges for a meeting and site visit to resolve any open issues. When the ;

38 open issues have been resolved, the staff writes the final Safety Evaluation
39 Report, which is published and used as a basis for the remainder of the NRC
40 licensing process (the meeting with the Advisory Committee on Reactor Safeguards
41 (ACRS) and hearing, as necessary, befort the Atomic Safety and Licensing Board) |

42 which usually takes about 1% years. |
43 1

44 A. JUSTIFICATION
45
46 1. Need for the Collection of Information
47 .

48 The information required will be needed by the NRC to assess the adequacy
49 of proposed seismic design bases (siting and engineering) and the design
50 bases for other geological hazards for nuclear power plants in support of
51 the agency's mission regarding adequate protection of the health and
52 safety of the public from seismic events. It is submitted to the NRC as
53 part of the application and supporting documentation for a construction

OMB - 2
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1 permit, operating license, early site permit, design certification, or,

2 combined license for a nuclear power plant.q,

tb) Moreover, Proposed Appendix B to 10 CFR Part 100 and Proposed Appendix 54

5 to Part 50, supplemented by the Standard Format, Regulatory Guides and the
6 Standard Review Plan, are used by applicants as general guidance in'

7 planning investigations of nuclear power plant sites, and designing
8 nuclear power plant structures, systems, and components important to

)9 safety to withstand the effects of natural phenomena, such as earthquakes. )
10 * '

11 2. Aaency Use of Information
!

12 |

) 13 The NRC reviews the geological and seismological information to determine |
14 the suitability of the proposed site for a nuclear power plant and the
15 suitability of the plant design bases established on the proposed site.4

; 16 A construction permit, early site permit, standard design certification,
17 or combined license cannot be issued until these data have been reviewed
18 and approved by the NRC.
19
20 New geological and seismological information that becomes known during the

,

21 operating life of a plant is also evaluated on the basis of these '

22 criteria. The criteria also serve as the basis for ongoing NRC research
23 in the earth sciences. -

24
25 3. - Reduction of Burden Throuah Information Technolooy
26
27 There are no legal obstacles to reducing the burden associated with this

"1 collection through information technology. Moreover, NRC encourages the
) use of such technology. ;

4
31 4. Effort to Identify Duolication !|
32
33 This information does not duplicate other information being provided to
34 NRC.
35
36 5. Effort to Use Similar Information
37
38 All pertinent geological and seismological information concerning the
39 nuclear site and region around the site will be used in the analysis of
40 that site, whether it is supplied by the applicant or not. Similarly, any
41 available engineering and design data will be used, as applicable, in the
42 design review of a proposed nuclear power plant whether it is a product of
43 the criteria requirements or not. The availability of geological
44 seismological or engineering data may reduce the applicants efforts
45 related to site investigation or design.
46
47 6. Effort to Reduce Small Business Burden
48

'

49 This information collection does not affect small businesses.
50
51 7. Consecuences of less Frecuent Collection
52

g t3 Less frequent collection of information will result in serious delays inJ
the licensing processes of nuclear power plants or potential additionalQ},

risks to the health and safety of the public.

OMB - 3



1 8. Circumstances Which Justify Variation From OMB Guidelines

There is no variation from the guidelines.

5 9. Consultations Outside the NRC
6
7 During the development of the proposed regulation the staff had three
8 public meetings with interested industry groups (principally, the Nuclear
9 Management and Resources Council (NUMARC) and the Electric Power Research

10 Institute (EPRI)) related to the seismic and earthquake engineering con-
11 siderations and six meetings with the same participants related to revi-
12 sion of the non-seismic siting criteria. With respect to the seismic and
13 geological proposed regulations, the NRC staff also obtained comments from
14 the U.S. Geological Survey (USGS) staff during the development of the pro-
15 posed regulations. As a proposed rule, the regulations will be released-

16 for public comment to encourage participation from the public and other
17 organizations in the development of the regulations.
18
19 10. Confidentiality of information

20
21 Proprietary information is protected in accordance with the provisions :

22 specified in 10 CFR 2 of the NRC's regulations.
23
24 11. Justification for Sensitive Ouestions
25
26 These regulations do not require sensitive information.
27

.

'

12. Estimated Annual Cost to the Federal Government

30 Current NRC staff activities that a"e applicable to Proposed Appendix S to I
'31 10 CFR Part 50 relate to standard design certification. Specifically, the

32 NRC staff is reviewing the design certification of two evolutionary light
33 water reactor designs (the Advanced Boiling Water Reactor (ABWR) and the
34 System 80+ Pressurized Water Reactor) and the Electric Power Research
35 Institute (EPRI) Advanced Light Water Reactor Requirements Document.
36 There are no site-specific construction permit, operating license, early
37 site permit, or combined license application evaluations that relate to
38 Proposed Appendix B to 10 CFR Part 100 or Proposed Appendix S to 10 CFR ,

39 Part 50 being performed by the NRC staff. ;

40 !

41 Since activities related to Proposed Appendix B to 10 CFR Part 100 and
42 Proposed Appendix S to 10 CFR Part 50 are limited, the following estimates
43 also include NRC staff experience obtained from construction permit or
44 operating license application evaluations relative to Appendix A to 10 CFR
45 part 100.

46 !

47 a. Seismic and Geologic Evaluttions
48
49 Seismic and geolrgic staff evaluations required for a construction
50 permit, operating license, early site permit, or combined license
51 review can range from about 1,000 hours for a site with
52 uncomplicated geology in a region of low seismicity to as many as
53 6,000 hours for very complex sites. The estimated average annual
54 effort required to review the seismology and geology of an

OMB - 4
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:

I application is about 2,000 hours or $230,000 ($115 x 2,000 hours).
2

t'M

( ) b. Earthquake Engineering Evaluations
va ;

6 Staff evaluations of nuclear power plant structures, systems, and |
7 components, to ensure that they will perform their safety function
8 without loss of capability, average 60,000 hours per plant. The
9 estimated annual staff burden is 12,000 hours per application. The

10 staff review consists of an evaluation of several loads, one of them
11 being the seismic event. Typical loadings that are considered in
12 the design and staff evaluation of the structures, systems, and
13 components include: dead load (equipment or building weight), live
14 load (moveable equipment load), earthquake, thermal effects, and i
15 pressure. It is estimated that twenty five percent of the staff I

16 evaluation is devoted to seismic-related issues. Therefore, the
17 annual seismic-related portion of the staff review is approximately
18 3,000 hours (25 percent of 12,000 hours) or $345,000 ($115 x 3,000
19 hours).
20
21 c. Consultants
22
23 Consultants and staff from the U.S. Geologic Survey and Department i

24 of Energy Laboratories are employed by the NRC on a case-by-case j
25 basis to provide advice in activities related to staff reviews |
26 performed in accordance with Proposed Appendix B to 10 CFR Part 100 |
27 or Proposed Appendix S to 10 CFR Part 50. It is anticipated that an

r'1 average annual effort for these consultants would not exceed 500 i

(d hours or $57,500 ($115 x 500 hours). i
i "

-

31 Total annual cost to the Federal Government for activities related to the
32 proposed regulation is estimated to be $632,500 ($115 x 5,500 hours).
33
34 13. Estimate of Industry Burden

35
36 The estimated seismic and geological revisions burdens are as follows.
37 ,

38 a. Seismic and Geologic Evaluations l

39 I
.

40 This estimate is based on the requirement for gathering, analyzing,
41 and synthesizing data. In order for applicants to provide the types
42 of information which show evidence of the size and fre~quency of
43 occurrence of earthquakesl the last time there was displacement
44 along faults at the site or in the region, or the potential for
45 fault offset during the life of a nuclear power plant, extensive
46 research and analysis must be conducted. This effort involves the
47 analysis of voluminous amounts of drawings, logs, maps, seismic and
48 other geophysical records, and reports. It"is estimated that the
49 industry burden will be on the average of 24,000 hours per
50 applicant. The estimated annual burden is 8,000 hours per epplicant
51 or $920,000 ($115 x 8,000 hours).
52

3 b. Earthquake Engineering Evaluations
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1 Yhis estimate is based on the requirement that nuclear power plant
2 structures, systems and components important to safety are designed

,

3 to withstand the effects of earthquakes without loss of capability ,

4 to perform their safety functions. In order for applicants to
5 provide the information which show the functionality of structures,
6 systems and components to vibratory ground motion, suitable
7 analysis, testing or qualification methods are employed.
8
9 neferences 1 and 2 were used to obtain an estimate of seismic-

10 related costs in nuclear power plant design and construction. The
11 incremental cost estimate provided in Table 1 is based on Table 1 of
12 Reference 1, modified as follows: (1) updated to January 1,1992
13 costs, (2) increased the Safe Shutdown Earthquake Ground Motion
14 from 0.2g to 0.3 , and (3) increased distribution system and9
15 engineering costs.*

16
17 It is estimated that the industry burden associated with the seismic
18 engineering (staff related costs) of nuclear power plant structures,
19 systems, and components will average 588,850,000 per application.
20 The estimated annual burden per application will average 518,000,000 ,

'

21 or approximately 156,500 hours (5115 x 156,500 hours approximately
22 equals $18,000,000). This cost estimate may be reduced due to
23 additional savings associated with standardized plant designs, and
24 reductions in analyses and design associated with the Operating.

25 Basis Earthquake as stated in Proposed Appendix S to 10 CFR Part 50.
26
27 The total annual burden on industry for activities related to the proposed

regulations is estimated to be 518,940,500 (5115 x 164,700 hours).

30 14. Reasons for Chance in Burden
31
32 The estimated burden on the NRC staff and industry remains the same. For
33 applicants of a construction permit, operating license, aarly site permit,
34 design certification, or combined license no significant increases in
35 costs are envisioned to implement the revised regulations. In general,
36 the proposed revisions reflect current staff practice. Specifically, in
37 the area of geologic and seismic siting, the required probabilisitic
38 analyses are new but should not have a significant cost impact. Some
39 probabilistic analyses have been used in recent licensing reviews to
40 determine the probability of exceeding the safe shutdown earthquake ground
41 motion at the plant site. With regard to earthquake engineering, the
42 proposed regulation reflects or possibly reduce current staff practice.
43 In addition, the proposed revisions to the regulations will reduce delays
44 in the licensing process because information needed for the staff review
45 can be incorporated in the safety analysis reports at the time of
46 docketing instead of later through staff questions and applicant
47 responses.
48
49 15. Publicatien for Statistical Use
50
51 This information is not collected for statistical purposes.
52

B. COLLECTION OF INFORMATION EMPLOYING STATISTICAL METHODS
55
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1 Appendix B of 10 CFR Part 100 allows for the quisition of statistical,

i ,'l data and the use of statistical methods, P es not require them.
'
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1 |
2 TABLE 1 ;

3 SUMMARY OF INCREMENTAL COST ESTIMATE i

4

5 0.3G Safe Shutdown Earthquake Ground Motion vs
6 No Seismic Design Requirement
7 |

1

8 ITEM COST ESTIMATE ' |

9 Foundations $ 35,425,000

10 Structures 3,675,000

11 Auxiliary Components 16,375,000

12 NSSS Components 4,425,000 |

13 Distribution Systems 114,875,000

14 Engineering 88,850,000

15 Turbine Hall 525,000

16 Total Cost Estimate 5 264,150,000 *
17
18 ;

19
20 _

21 !

22 Based on Table 1 in Reference 1, modified as follows: ]
'

23 1

24 a. Updated to January 1,1992 costs. A factor of 2.2, based on an
25 inflation and escalation rate of 8.0 percent between January 1977
26 and 1955, and 5.0 percent between January 1985 and 1992 (from Table
27 7.2 of Reference 2) was used.
28
29 b. Increased Safe Shutdown Earthquake Ground Motion from 0.2g to 0.3g.
30 A cost factor of 2, based on Figures 1 and 2 of Reference 1 was
31 used.
32
33 c. Increased Distribution System and Engineering costs. In addition to
34 increasing these costs based on Steps a and b, new piping costs,
35 based on Tables 5.10 and 5.11 of Reference 2, were used. (Material
36 and ;taft costs: $174,882,470 with seismic design and restraints,
37 $67,177,570 without seismic design and restraints. Engineering
38 costs: 563,984,090 with seismic design and restraints, 56,344,920
39 without seismic desim and restraints.)
40
41
42 The total cost estimate does not reflect potential savings associated with*

43 the use of a standardized plant designs or reductions in analyses and
44 design associated with the proposed rulemaking. Therefore, the cost

45 estimate may be reduced. I
l46
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| Q} 4
5 TABLE 2-

6 OMB SUPPORTING STATEMENT

.
7

-

| 8 10 CFR Part 100, Appendix B and 10 CFR Part 50, Appendix 5
h 9 (Revision of 10 CFR Part 100, Appendix A) j

10 ,

i 11
'

12 TASK HOURS OR DOLLARS
IS

| 14 __

15 ESTIMATED AVERAGE ANNUAL 164,500
16 BURDEN HOURS PER RESPONSE

i 17

! 18
'

19 NUMBER OF RESPONDENTS ANNUALLY 1
! 20

21
22 ESTIMATED TOTAL ANNUAL BURDEN 164,500
23 HOURS

/j^*4\;
d6 ESTIMATED TOTAL ANNUAL COST TO S18,917,500

,

1 27 INDUSTRY -

2B
'

29
i 30 ESTIMATED TOTAL ANNUAL STAFF 5,000

31 HOURS
32 _-

33
34 ESTIMATED NRC CONSULTANT HOURS 500
35 "

36
37 ESTIMATED ANNUAL COST TO THE

) 3B FEDERAL GOVERNMENT 5,500
$ 39 (STAFF + CONSULTANT HOURS)

40
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A. INTRODUCTION

The Energy Reorganization Act of 1974 places on the Nuclear Regulatory
Commission (NRC) the responsibility for the licensing and regulation of private
nuclear facilitier from the standpoint of public health and safety. P:::; :ph:
100.10;' ; :d ;;; :f Title?l0) CFR Part 100, " Reactor Site Criteria," requires:
that the population density, use of the site environs | including (pedimity to
man-eadeT hasarde, and the physical characteristics of ' the~ site, " including
seismology, " meteorology, geology, and hydrology, be taken into account in
determining the acceptability of a site for a nuclear power reactor. Seismic and
geologic site criteria for nuclear power plants are provided in Appendix A and
Appendiz|Blto 10 CFR Part 100. Appendix A to 10 CFR Part 50 establishes the
minimea~ requirements for the principal Geign criteria for water-cooled nuclear
power plants; a number of these criteria are directly related to site
characteristics as well as to events and conditions outside the nuclear power
unit.

The National Environmental Policy Act of 1969 (NEPA) (83 Stat. 852),
implemented by Executive Order 11514 Amended 7by^Rxecutive?Ordar?11991 and the
Council on Environmental Quality's GwMoMnee' Regulations 'of ?.;;;:t' 1, !??2 (29
T" 20550; November 1286197B s(437 FRf 55992).9 foundNatf40iCFR Part 1500-1508,
requires that" ' all' agencies ~ of ~ "the~ Federal ~ " Gosernment~' prepare detailed
environmental statements on proposed major Federal actions which can
significantly af fect the quality of the human environment. A principal objective

,

of NEPA is to require the Federal agency to consider, in its decision-making '

process, the environmental impacts of each proposed major action and the
available alternative actions Qincludinglalternative' sites.

~ 2nd 7:::: fur :Part 51, "Lir:::ing : d 5:;;12t::y P:li: ions ~

f:: Envir: =:nt:1

Related' Regulatory) Functions,"~of' Title 10," Code (of' Federal"Reghlations'
EnVironmentalE Protectionlmegulat for Domesticf I.Leensing J andr.n :ti:n

!sets,

forth the Nuclear Regulatorp" Commission's pelicy d p :::f ::: regulations for
the preparation and processing of environmental impact statement's'and related
docaments pursuant to Section 102(2)(C) of the NEPA.

The limitations on the Commission's authority and responsibility pursuant
to the NEPA imposed by the Federal Water Pollution Control Act (86 Stat. 916) are
addressed in an ::t; i: Policy Statement published in the Federal Peointer on
J;ne: y 20, 107: ( e 7" 2070; DecemberJ31j 3975|j40}YR;60115).

This guide discusses the major site characteristics related to public
health and safety and environmental issues which the NRC staff considers in
determining the suitability of sites for light :t:: :::1:d ;L""; :nd high
t: ;:::te.: ;:: :::1:d ; m R; nuclear power stations.' The guidelines may be
used by applicants in identifying suitable candidate sites for nuclear power
stations. The decision that a station may be built on a specific candidate site
is based on a detailed evaluation of the proposed site-plant combination and a
cost-benefit analysis comparing it with alternative site-plant combinations as
discussed in Regulatcry Guide 4.2. * Preparation of Environmental Reports for
Nuclear Power Stations.'

I
i

|

For the purposes of this guide, nuclear power station refers to the*

nuclear reactor unit (s), nuclear steam supply, electric generating
units, auxiliary systems, including the cooling system and i

structures such as docks that are located on a given site, and any
new electrical transmission towers and lines erected in connection
with the facilities.

4.7-1
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*

i

! Chapter 9 of Regulatory Guide 4.2 discusses the selection of a site from
' *

among alternative sites. Although it is recognized that planning methods' will
j differ among applicants, Chapter 9 states that the applicant should present its

site-plant selection process as the consequence of an analysis of alternatives
whose environmental costs and benefits were evaluated and compared and then
weighed against those of the proposed facility,

|
i Tnis guide is intended to assist applicants in th: initi:1 :t:;; cf

selecting potential sites for a nuclear power station. Each site that appears
to be compatible with the general criteria discussed in this guide will have to
be examined in greater detail before it can be considered to be a * candidate * *

i site, i.e., one of the group of sites that are to be considered in selecting a
* proposed * or * preferred * s it e . "

This guide ch:rld 5: 2::f Only providefyoneiaFinformation[for"idse in the
; initial stages of site selection beoewee up to' identification of potential sites.
'

Ist does .not provide detailed guidance on' the various relevant' f actors 'and feemet
'

approaches for ranking the relative suitability or desirability of p:::iti:
candidate sites. This guide provides a general set of safety and environmental

'

j criteria'which the NRC staff has found to be valuable in assessing candidate
; sitec id:ntifi :ti:n ir :;;;ifi: lic ;;in; :::::.
3

| The information needed to evaluate potential sites at this initial stage
of site selection is assumed to be limited to that information which may be

'

obtained from published reports, public records, public and private agencies, and
individuals knowledgeable about the locality of a potential site. Although in
some cases the applicants may have conducted on-the-spot investigations, it iss

assumed here that these ir. 6stigations would be limited to reconnaissance-type'

surveys at this stage in the site selection process.
'

The safety 4esues discussed include geologic / seismic, hydrologic, and
"- "'- teorological characteristics of proposed sites: potential ef fectu
on ee-a' station'from acci(dents associated with nearby industrial, transporta-

,

'

;
4 tion, ano military f acilities; and population di: trit:ti:n :nd densities in the
j site environs as they relate to protecting the general public from the potential

radiation hazards of postulated serious accidents. The environmental issues-

discussed concern potential impacts from the construction and operation of
nuclear power statiers on ecological systems, water use, land use, the'

atmosphere, aesthetics, and socioeconomics..

This guide does not discuss details of the engineering designs required to
; ensure the compatibility of the nuclear station and the site or the detailed

inf ormation required for the prSparation of the safety analysis and environmental
,

reports. In addition, nuclear power reactor site suitability as it may be'

affected by the Commission's materials safeguards and plant protection.

requirements for nuclear power plants is not addressed in this guide.
,

Guidance concerning the siting of of fshore nuclear stations, liquid ::t:1
f::t i ::d:: :::::::: P_." =;, test;re.actorsf and advanced siting concepts such

3
- as underground sites and x;;1 :f n:rgy ::nt :: sitea;which include fule cycle

facilities is not included in this guide.'

! I

,

Site selection methodologies that have been used by the nuclear ,
i *

power industry are described in * Nuclear Power Plant Siting, A !
IGeneralized Process,' Atomic Industrial Forum, August 1974, National4

Environmental studies Project, R-1578.

6 See Chapter 9 of Regulatory Guide 4.2 for a discussion of site
selection procedures. The * proposed * site submitted by an applicant ,

for a construction permit is that site of a number of * candidate *' '

sites which the applicant prefers and on which the applicant
proposes to construct a nuclear power station.

4.7-2 l
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A significant commitment of time and resources may be required to select
a suitable site for a nuclear power station, including safety and anvironmental
considerations, 2nd i: d:r:1:p :n 22::;tzt:: d::ign f:: th:t cit:. Site
selection involves considerations of public health and safety, engineering and
design, economics, institutional requirements, environmental impacts, emergency
planning ('['of nuclear power stations on the physical and biological environment

and other factors. The potential impacts of the construction ~and
operation
and on social, cultural, and economic features' are usually similar to the
potential impacts of any major industrial facility, but nuclear power stations
are unique in the degree to which potential impacts of the environment on their
safety must be considered. The safety requirements aru primary determinants o
f the suitability of a site for nuclear power stations, betr bowever consi-
derations of environmental impacts :nd ;dli: ;;;;p ;n:: and ' o f emergency
planning [aroundjnuclear power stations eee also ir;::t:nt' :nd need to be
evaluated.

In the site selection process, coordination between applicants for nuclear
power stations and various Federal, State, and local agencies will be useful i
n identifying potential problem areas.

Appendices A and B of this guide summarize e important safety-related and
environmental considerations for assessing the site suitability of nuclear power
stations.

B. DISCUSSION

1. Geology / Seismology

Nuclear power stations must be designed to prevent the loss of cafety-
related functions. Generally, the most restrictive safety-related site char-
acteristics considered in determining the suitability of a eite are surface
faulting, potential ground motion and foundation conditions * (including
liquefaction, subsidence, and landslide potential), and seismically indaced
floods. Criteria that describe the nature of the investigations required to
obtain the geologic and seismic data necessary to determine site suitability are
provided by " ndi: ?.,*!:irri: :nd C :1:gi: Criteri: f:: "url::: r:x:: P1:ntz,"
Appendixas,9e;r;iteriaYfor?theTseiosteTandiceologLeaUsitingiof1 Nuclear? Power
Plants Jaf terQEFFECTIVEfDATE}$f tc~10"^ CFR' Part"100; ~ " Safety-related site
characteristict"are ident'ified'in'Section 2.5 of Regulatory Guide 1.70, * standard
Format and Content of Safety Analysis Reports for Nuclear Power Plants," and
Regulatory Guide 1.59, " Design Basis Floods for Nuclear Power Plants.* In
addition to geologic and seismic evaluation for assessing seismically induced
flooding potential, Section 2.4 of Regulatory Guide 1.70 and Regulatory Guide
1.59 describe hydrologic criteria, including coincident flood events that should
be considered.

,,

Biolo g' cal and physical environment includes geology, geomorphology,*

surfd e and groundwater hydrology, climatology, air quality,
limnology, water quality, fisheries, wildlife, and vegetation.
Social and cultural features include scenic resources, recreation
resources, archeological / historical resourcas, and community
resources including land use patterns. From " Development and the
Environment: Legal Reforms to Facilitate Industrial Site
Selection,* final report by the Committee on Environmental Law, Am
erican Bar Association, February 1974.

* * Classification, Engineering Properties and Field Exploration of
Solls, Intact Rock and In Situ Masses," WASH-13Ol, March of 1974,
outlines some of the procedures used to evaluate site foundation
propecties.

4.7-3
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{ 2. I'- ;;i: i: - t. : ri:g ;;ir: Meteorology,-'

.

The potential offeet of n:tu :1 : - : h ri:::t;: :: extreme metecrologi ~al
~

4

condit' ions ( e.g. , tornadoesQtemperatiure; ; extremes $high [winde f and exceptional:
i icing' conditions!) on the safety-related " structures of a" nuclear station must be
j considered. However, the atmosphes4e extremos that may occur at a site are not
| normally critical in determining the suitability of a site because safe ty-related
j structures, systems, and components can be designed to withstand most tr :;h::i:
4 extremes.
I

i The ^ ::;h:ri meteoE165fesi characteristics [ibcludisgTitmospheric
i stability) at a site needitofbe :::~:n '-;:: tint considerede64en in~ evaluating-

j. the ' dispersion of radi'ohtiivieffluents both from postulated accidents and from
: routine releases in gaseous effluents.! In addition to meeting the NRC
} requirements for the dispersion of airborne radioactive material, the station
; must meet' state and Federal requirements of the Clean Air .'r: ' :::: c' I??O '":.
| ^1 !^0) ActMailamonded 342 % 5 2 U 57401IetWiseq.). This is unlikely to be an
j important" consideration' for~ nuclear" power ~statii'on" siting unless (1) a site is in
i an area where existing air quality is near or exceeds the limits set under the
! Clean Air Amendmen6e Act, (2) there is a potential for interaction of the cooling
j system plume with a plume containing noxious or toxic substances from a nearbj-
; facility, or (3) the auxiliary generators are operating.
,

j The atmospheric data necessary for adequate assessment of the potential
i dispersion of radioactive material from design basis accidents are described in
f Regulatory Guide 1.23, * Onsite Meteorological Programs.*.. Models_ and assumptions

used for evaluating atmosphekic?. transport?and Hdispersion - are providedVin
.

Regulatoryf Guides'il:111P ? Methods 6 forNetimating 7 Atmospheric' Transport ' and
DispersLon.io. f_Q Gaseous E Ef f.luent.s._iin . Routine J Releases . f rom Y Light-Water-Cooledn

. m -

- I: 5 ':: t: 5 ;;12t: y Cuid: 1.?f, *02:i;n ! :i: T;rn d: ':: M:10 : ;
" 12: P1:nt:.* |

!

t 7:':: 1: *::ti:n 2.t.' =f 2 ;;1 :::; c Li 1.70.

|
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Reactors? 7andsl:145M ! Atmospheric? DispersioniModels ?for (Potential - Accident ' |
consequences of ~certain~ postulated" accidents ~ are^2|Tehe"potentla1 radiologlea1
Consequence: Assessments)at; Nuclear Power; Plants.*

provided in Regulatory Guides
,

1.3, " Assumptions Used for Evaluating the potential Radiological Consequ vces of !

a Loss-of-Coolant Accident for Boiling Water Reactoret* and?l.4, " Assumptions
Used for Evaluating the Potential Radiological Conuquences of'a Loss-of-Coolant
Accident for Pressurized Water Reactorstk 1.5, * E: - . ti : U::I f t: :: lt: ting
th: 7:t:nti:1 3 fi:1:;ie:1 02n::;; :::: cf : St :n lin: 2:h .'.::1 d : n t fer

,

5:ilin; ": :: 5:::t:::;' 1.M, ' '_:: : ; ^ i:n; C::f f:: :::1;: ting th; r;t;ntM_

32fi:1;;i :1 0::::7._;n::: ;f ; T :::: i::f S;t 2:::::: n:di:::tir: 02: St;;;;;
T nh 7:112 :;' nd 1.25, 'ar:-- .tirn: U::d f:: 5 :12: ting the r :::ti:1
N:finir;irci 0:n::;::n::: cf : r;:1 ":nflin; '::i': t in th: 72:1 " nfling and
:t:::;; 7 :ility ::: ::iling and r_:::::i::f S;::: 5:::t ::.' :::n. :, th:
:t :ph: i; :::-- ,ti :: i; th: g;if:: m. , n;; h; ;;;;;;;ict; f: ;it : with
222:::1 ;'-: gh:!i: ::;fiti :. !

In the evaluation of potential sites, onsite r_m ;;h: i: :::n *eeeeeee
siIetinorologicilf meanorements can determine if ths, n :ph: i; meteorological i

conditions ~at" a~ site ^are'' adequately represented by the available":" :h;;rie-

meteorologiset data for the area fresP^memaquenO eystemsfofielsillair7 caliber.
Canyons or" deep valleys f requentifhiVe&M;h:Si: ' 9 richi' imetoorological~

s
conditione that are substantially different from those ::ri:512: ::::::d'f :
conditionsIls the general region. ethee-Wfopographical features such as hills,

,mountainfranges, and lake or ocean shore 1fnes can affect the local :tr::ph: i:
meteorological conditions at a site and may cause the dispersion characteristics
at"the" site ^to' be less f avorable. than those in the general area or region. More
stringent design or effluent control objectives :: : 12 ; : :::1 :i: :::: T.ay
be required in such caves.

While it is the concentration of radioactivity in the atmosphere at any i

distance from the point of release, x(Ci/m'), that must be couxolled, the ratio :
g/Q, where Q(Ci/sec) is the rate of release of radioactivity from the source, has

'

become a commonly evaluated term because it depends .only on :^ :;h: i: the ;

met'eorlogicai variables ofylsd;eptedjand"htiisoepherialstability and distance from
the source.

If th: :t ::;h: i: ::nfitirn: ::: unf:::::hl: rith :::p::: t: di:;; :icn
ChC;t;;i;ti;; ^.t ; F GZI Cit;, th; ;;;l;;i;; ;;; . -^.^ hZ: 2; h; ^_;;Z_;117 i. j
12 ;; t: ;;ti;fy th; d:::_ ; 2. i; cf 10 07: 72 t 100. If under assumed '

unf averable : :;h::i: meteorlogicaliconditions (see Regulstory Guides 1.3j end
1.47andT17145) the dispeisibri~6f ridi&4ctivity released following a design basis '

accident'is" in::f fi;i:nt :t71s?pooi&cWtd the boundary of the exclusion area !

(see the following sectiori7^* PcipG14 9 6^" Considerations" ) and to the outer ;

boundary of the low population zone, the ehe-p"lantFdssign"would not' satisfy the '

requirements of 1C CFR Part 4GO50M(s)l1J~. Thdd7 the" design of the station
would be required to include appfopriate and adequate compensating engineered '

safety features. EifadditiceDasteoro leal %onditions'are to be" determined for '

usejin*thelen1riesamentallroosV
" '

.iiaj10fCFR?Partf311and;fc(comparison to
the meteorologiverinforestion assured ^1mithe~Probabilistic misk Assessment-(PRA}
for a'oertified pisatYdesiga! iffenchTdesigsitojto?13eated atma' site) or;used
in,; the._l siteYspeci_fic4F_R&Tforg(~ bus. toujp_lant {et t thelsite;

' -"

- n -- - - - -

*Local fogging and icing can result from plumes discharged into the
atmosphere from cooling towers, lakes, canals, or spray ponds, but can generally i

be acceptably mitigated by station design and operational practices. However,
somu sites htve the potential for severe fogging or icing due to local
:t ::ph::i "'s.eteorolo,gcial conditions. For example, areas of unusually high ;

moisture corit'ent th~at are" protected from large-scale airflow patterns are most^
* ~

likely te experience these condition =. The impacts are generally of greatest
potential importance relative to ir: 9portation or electrical transmission '

<

corridors in the vicinity of a site.

A cooling system designed with special consideration for reducing drif t may
be required due to the sensitivity of the natural vegetation or the ,:rops in the
vicinity of the site to damsge from airborne salt particles. The vulnerability |
of existing industries or other facilities in the vicinity of the site to

!
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j corrosion by drift from cooling tower or spray system drift should be considered. |Not only are the amount, direction, and distance of the drift from the cooling i

system important, but the nalt concentration above the natural background salti

; deposition at the site is also important in assessing drift effects. None of
,

'

] these considerations are critical in evaluating the suitability of a site, but
j they could result in special cooling system design requirements or in the need

for a larger site to confine the effects of drift within the site boundary. Thea

environmental effects of salt drift are most severe where saline water or water,

) with high mineral content is used for condenser cooling.
i

| Cooling towers may produce cloudlike plumes which vary in size and altitude
; depending on th: _ " :;h::i meteus:cyS:saltconditions~of moisture content,1 wind:
; speed,Tatmospheric?stabilityiand direct:en! The plumis":::' ft:n can'be a'few
} miles in length before'bec aing di'sipated, but the plumes themselves or theiro

~

j shadows could save aestheti. impacts. Visible plumes emitted from cooling towers
j in the vicinity of airports could cause a hazard to aviation and in the vicinity

of elevated bridges could cause a hazard to vehicular traffic.:

I^
j 3. Population Considerations
t - .-.

i A reactor licensee is required by 10 CFR Part 100 to designate an exclusion
4 area and to have authority to determine all activities within that area,
! including removal of personnel and property. In selecting a site for a nuclear
; power station, it is necessary to provide for an exclusica area in which the
j applicant has such authority. The ; ;1;;i:n : ;; :::: h: Of :::h ;i : th:t d::::

t: individu;1: : n; ;-i.t :n it: inund rg f;; : 5:ur; ' :fic.t:1y f;11:uing th:
? ::::t :f : ;::::12tre fic:irn ;;;f : ::1 ::: ::: 12:: th:n :::tci ;;;:::it:f
i :21x::- Transportation corridors, such as highways, railroads, and waterways,
j are permitted to traverse the exclusion area provided (1) these are not so close
j to the facility as to interfere with normal operation of the facility and (2)

appropriate and effective arrangements are made tr' control traffic on the,

j highway, railroad, or waterway in-the case of emergency to protect the public
| health and safety.

| As set forth in 10 CFR Part 100, e nucisar power station sites"should'be
; l'ocatedLiniareaalwithilo E populationidensity M 2f 2heTpopuletionidensity1of a
; proposed t eite n a)i oxceede s S00 ; people i perj equare ts_ile i sveraged t over r any radial
{ distance out1to 30 miles'or b)(is_ projected:ta exceed 1000 people perfsquare mile
; averaged ' over i any ? radialidistanoei out tto T30; miles! 40 j years i after i the s t ime e of
| initial: site approvallor renewalnthe; applicant shouldigivef epecial attention to
; alternate!eites. SE:i h::: T ~1: ~; 4 1:0 inn'::';;~; Lit; " -fict:1y : :::;nding-

f h_ ;;;1;;ich ^ ::: in chi;h th: ;;; inti:n i: ;;; : ffici:nti; licit d ir .rts
and (h; di:tributed ir :: h : c; th t t'::: i: : :::::: hl: ;;:ithility th:
a;;;;;; int: rc ::::: ::uld 5: t '-- in th i 5 h:1f in th: :::nt ;f : :::i:::
:::Li;nt. '. ;;;;;;;i cit =ill 21;; h=; ; * ; ; 12ti:n :;nt : d i ct =:: , * d::in:d
ee-d: dict ::: f ; . th: n::1::: ::: 02 t; th: :::::: 5:;nd: y ;f d:n::1y
;;;ul:ted :::::: :::::inir; 2:rc th n th::t 25,000 :::id:nt:. Th: ;;;ul:ti:n
::nt:: dirt:n:: ::t 5: :t 1:::t :n: :nf en: third ti- : th: dict:::: t: th:
; t;; i:;nd:ri f th: L00. M:n n , 10 J. ;: t 100 ::;;ir : th t th: LP: I
b===a==y b= == tL=L==11y ;- = th== = :=1==== =: :L==L== &==a==== t==1=u1===d
:: : :::::72:n:: cf : ;::tul:ted :::if::t; rill n:t ::: lt in ::dicti:n f:::: :
individ 21: On th: ;t:: i: nd: y f th: i?: ;;;200 th:2 :::tci :p ;ifi:d
-:1;;;.

"?.!S-1225, 'Th: Sit: 7:;212tir 7:20 :, '. T::hni;;; f:: 0:::id:::ti:n f
r:;ul:ti:n in tit: c: ;::i :n,' Ort:t:: 10?t, di :::::: : :.;thrf:1:gy th:t i:
;;;ful ir ;- ; ing ;;;;10ti:n di:tributi::: :t cit;;;;tiv: :i00:.

4. Eydrology

4.1 Flooding

Criteria for _ evaluation of seismically induced floods are provided in
f.;;: nfi * 7.ppendix Bito 10 CFR part 100. Regulatory Guide 1.59 describes an |

acceptable method of~ determining the design basis floods for sites along streams I

or rivers and discusses the phenomena producing comparable design basis floods )
I
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for coastal, estuary, and Great Lakes sites. The effects of a probable maximum
flood (as defined in Regulatory Guide 1.59), seiche, surge, or seismically -

induced flood such as might be caused by dam failures or tsunami on station
safety functions can generally be controlled by engineering design or protection
of the safety-related structures, systems, and components which are identified
in Regulatory Guide 1.29, " Seismic Design Classification." For some river
valleys, flood plains, or areas along coastlines, there may not be sufficient
information to make the evaluations needed to satisfy the criteria for
seismically induced flooding. In such cases, study of the potential for dam
failure, river blnckage, or diversion in the river system or distantly and
locally generated sea waves may be needed te determine the suitability of a site.
In lieu ot' detailed investigations, Regulatory Guide 1.59 and section 2.4 of
Regulatory Guide 1.70 present acceptable analytical techniques for evaluating
seismically induced flooding.

4.2 Water Availability

Nuclear power stations require reliable sources of water for steam
condensation, service water, emergency core cooling system, and other functions.
In regions where water is in short supply, the escirculation of the hot cooling
water through cooling towers, artificial ponds, or impoundments has been
practiced.

Essential water requirements for nuclear power plants are that sufficient
water be available for cooling during plant operation and normal shutdown, for
the ultimate heat sink,* and for fire protection. The limitations imposed by
existing laws or allocation policies govern the use and consumption of cooling
water at potential sites * for normal operation. Regulatory Guide 1.27 discusses
the safety requirements. Consumptive use of water may necessitate an evaluation
of existing and future water uses in the area to ensure adequate water supply
during droughts both for station operation and other water users (i.e., nuclear
power stetion requirements versus public water supply). Regulatory agencies
should be consulted to avoid potential conflicts.

m___ ___.r__2 m.. ___,,__u,_ 1_.. m ___.__ ,__ _, . _ _ _ _ . _ _ . ,__

:::tifi::ti:n :f th: right: t: rithd::u :: :::: - x:t:: : d := indi::ti:n th:t
th: ::q:::t i: ;; :izt xt uith :.pp_:grict: St:t; :d : gine:1 p g x: :nd
polici;; :h =ld b: p:::Lizi :: p;:t ;f th: :pgli: .ti; f; : ::::t:::ti = p: =it
:: 2; :: tic; li:::: .

The availability of essential water during periods of low flow or low water
level is an important initial consideration for identifying potential sites on
rivers, small anallow lakes, or along coastlines. Both the fra ancy and
duration of low flow or low level periods should be determined from the
historical record and, if the cooling water is to be drawn from impoundments,
from projected operating practices.

4.3 Water quality

Thermal and chemical ef fluents discharged to r.avigable streams are governed
by the Federal Water Pollution Contro? Act (FWPCA, PL 92-500), 4L CFR Part 122,

Regulatory Guide 1.27, " Ultimate Heat Sink for Nuclear Power*

Plants,' provides guidance on water supply for the ultimate heat
sink.

1
;

To the extent that site selection is dependent on water diversions*

for consumptive use, allocation of water supply is a function of
state statutory and administrative procedures. 1

A discussion of the establishment of state regulation of water |
use is provided in * Industrial Developments and the Environment, i

Legal Reforms to Improve the Decision-Making Process in Industrial
Site Selection,' Special Committee on Environmental Law of the
American Bar Association, August 1973.
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4 40 CFR Part 423, and State water quality standards. The applicant should also !

a determine other regulations that are current at the time sites are under
| consideration. Section 401(a)(1) of the FWPCA_ requires, in part, that any }

applicant for an NRC construction permit cry combined license : ' (combined iconstruction;permitlandloperatingLlicense)?for a nuclear power station provide '

. to" the" NRC " certification from~ the~ State that any discharge will comply with'
applicable affluent limitations and other water pollution control requirements.

*

In the absence of such certification, no construction permit or/ combined license
can be issued by NRC unless the requirement is waived by the State or the State |

'

f ails to act within a reasonable period of time. A National Pollution Discharge
Elimination System (NPDES) permit to discharge affluents to navigable streams.

s pursuant to Section 402 of the FWPCA may be required for a nuclear power station
j to operate in compliance with the Act, but is not a prerequisite to an NRC
j construction permit or operating license.
I

j Evaluations of the dispersion and dilution capabilities and potential
; contamination pathways of the ground water environment under operating and

accident conditions with respect to present and future users are required.
Potential radiological and nonradiological contaminants of ground water should
be evaluated. The suitability of sites forfa?opeoMic plant design in arear with~

-

a complex ground water hydrology or of' sites 1ocated over aquifers that are or
~

"

may be used by large populations for domestic or industrial water supplies or for
; irrigation water can only be determined after reliable assessments have been made
1 of.the potential impacts of the reactor plants on the ground water. Accordingly,'
# 10 L CFR 100fsubpart;3Trequires|that? elte"erdironmental" characteristics;- which
! includes; hydrological::.and meteorologicaifcharacteristics,:be characterized _and
: u sed ' ' inD or compared 1 to j those characteristics.; used.jinf the ; plant / PRA . and

~

j environmental; analysis.

l Although management of the quality of surface waters is important, water
quality per se is not a determining factor in assessing the suitability of a site

j since adequate design alternatives can generally be developed to meet the
| [% requirements of the Federal Water Pollution Control Act and the Commission's
i g regulatj ons implementing NEPA. However, the environmental characteristics or the
! complexity of the environment at a site and its vicinity may be such that it
j would be difficult to obtain or develop sufficient information to establish, in
; a timely manner, that the potential environmental impacts on water quality would
4 be acceptable. Examples of situations that could pose unusual impact assessment
! or design problems are areas of existing marginal water quality, small bays,

estuaries, stratified waters, and sites that would require intake from and
discharge to waters of markedly dif ferent quality, such as intake of marine water
and discharge to an estuary.

The following are examples of potential environmental effects of station
construction and operation that must be assessed: physical and chemical
environmental alterations in habitats of important species, including plant-
induced rapid changes in environmental conditions; changes in normal current
direction or velocity of the cooling water source and receiving water; scouring
and siltation resulting from construction and cooling water intake and discharge;

,

alterations resulting from dredging and spoil disposal; and interference with I
shoreline processes. |

5. Ecological systems and Biota

Areas of great importance to the local aquatic ecosystem may present major
difficulties in assessing potential impacts on populations of important species
or ecological systems. Such areas include those used for breeding (e.g. , nesting
and spawning), wintering, and feeding, as well as areas where there may be
seasonally high concentrations of individuals of important species.' Where the

A species, whether animal or plant, is important (for the*

purpose of this guide) if a specific causal link can be identified
between the nuclear power station and the species and if one or more
of the following criteria applies:

4.7-8
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ecological sensitivity of a site under consideration cannot be established from
- existing.Information, more detailed studies, as discussed in Regulatory Guide -

1 4.2., may be necessary. Impacts of station construction * and operation on the
'

biota and ecological systems may be mitigated by design and operational practices
if justifiable - stive to costs and benefits. In general, the important

, considerations in a balancing of costs and benefits are (a) the uniqueness of
i a habitat or ecol, , tal system within the region under consideration and (b) the
; amount of habitat ecological system that would be destroyed or disrupted,

relative to the total amount of the habitat or ecological system present in the
region or the vulnerability of the reproductive capacity of important species
populations to the effects of construction and operation of the plant and
ancillary facilities.

'

The alteration of one or mord"of the existing environmental conditions may
render a habitat unsuitable as a breeding or nursery area. In some cases,
organisms use identical breeding and nursery areas each year; if the charac-

| teristics of the areas are changed, breeding success may be substantially reduced
. or enhanced. Destruction of part or all of a breeding or nursery area may cause
| population shifts that result in increased competition for the remaining suitable
: areas. Such population shif ts cannot compensate-for the reduced size of the

breeding or nursery areas if the remaining suitable area is already occupied by
the species. Some species will desert a breeding area because of man'*
activities in the proximity to the area, even in the absence of physical
disturbance of the actual breeding area,

of special concern relative to site selection are those unique or
eepecially rich feeding areas that might be destroyed, degraded, or made inacces-
sible to important species by station construction or operation. Evaluation of4

j feeding areas in relatien to potential construction or operation impacts includes
the following considerations: size of the feeding area onsite in relation to the
total feeding area offsite, food density, time of use, location in relation to
other habitats, topography relative to access routes, and other factors

,

(including man's activities). Site modification may reduce the quality of'.

feeding areas by destruction of a portion of the food base, destruction of cover,
or both.

;
j

construction and operation of nuclear power stations can create barriers4

1 to migration, occurring mainly in the aquatic environmert. Narrow zones of
passage for migratory animals in some rivers and estuaries may be restricted or

'
,

1

(1) If the species in commercially or recreationally valuable, I
(2) If the species is endangered or threatened'

f
] (3) If the species affects the well-being of some important i

i species within criteria (1) or (2) or if it is witical to the )"

structure and function of a valuable ecological system or is
a biological indicator of radionuclide's in the environment.

1

i Endangered and threatened species ale defined by PL 93-205, i

the Endangered Species Act of 1973, as follows: "The term
' endangered species' means any species which is in danger of,

extinction throughout all or a significant portion of its range
; other than a species of the Class Insecta determined by the
1 Secretary to constitute a post whose protection under the provisions

of this Act would present an overwhelming and overriding risk to
man." "The term ' threatened species' means any species which is
likely to become an endangered species within 'the foreseeable future
throughout all or a significant portion of its range." Lists of

*

endangered and threatened species are published periodically in the4

Federal Reoister by the Secretary of the Interior.4

A compilation of construction practices is provided in ' General*

,
Environmental Guidelines for Evaluating and Reporting the Ef fects of

| Nuclear Power Plant Site Preparation, Plant and Transmission
Facilities Construction,' Atomic Industrial Forum, February 1974.

.
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blocked by station operation. Partial or complete blockage of a zone of passage ;j may result from the discharge of heat or chemicals to receiving water bodies or' <

the construction and placement of power station structures in the water body.
; Strong-swimming aquatic animals often avoid waters of adverse quality, but larval
i and immature forms are usually moved and dispersed by water currents. It is

therefore important in site selection that the routes and times of movement of
the immature stages be considered in relation to potential effects. |

| A detailed assessment of potential impact on the species population would
be required for siten where p.acement of intake or discharge structures wouldt

markedly disrupt normal current patterne in migration paths of important species.,

j The potentials for impingement of organisms on cooling water intake structures
: and entrainment of organisms through the cooling system are determinad by a
! number of variables including site characteristics, intake structure design, and
! placement of the structures at the site.

I site characteristics should be considered relative to design and placement
of cooling system features and the potential of the cooling system to hold fish<

! in an area longer than the normal period of migration or to entrap resident |1 populations in areas where they would be adversoLy- af facted, either directly orj' indirectly, by limited food supply or adverse temperatures. Canals or areas
i where cooling waters are discharged may induce fish to remain in an unnaturally
i warmed habitat. The cessation of station operation during winter can be lethal
; to these fish because of an abrupt. drop in water temperature.
+

i 6. Land Use and Aesthetics
i
! Many impacts on land use at the site and in the site neighborhood due to

construction and operation of the plant, transmission lines, and transportation,

'

corridors can be mitigated by appropriate designs and practices. Aesthetic
impacts can be reduced by selecting sites where existing topography and forests

: can be utilized for screening station structures from nearby scenic, historical,
'

or recreational resources. Restoration of natural vegetation, creative
. landscaping,' and the integration of structures with the environment can mitigate,

adverse visual impacts.

Preconstruction archeological excavations can usually reduce losses.
Short-term salvage archeology may not be sufficient if extensive or valuable
archeological sites are found on the potential site for a nuclear station. For
areas of archeological concern, the chief Archeologist of the National Park
service is an information source, as are the state Archeologist and the State
Liaison of ficer responsible for the National Historic Preservation Act activities
for a particular state.

Proposed alternative land.use may rendet a site unsuitable for a nuclear
power station. For example, lands specified by a consnunity (1) as planned for
other uses or (2) as restricted to compatible uses vis-a-vis other lands may be
unsuit able. Therefore, official land use plans developed by governments at any
level and by regional agencies should be consulted for possible conflicts with
power station siting. A list of Federal agencies that have jurisdiction or
expertise in land use planning, regulation, or management has been published by
the Council on Environmental Quality.'

Another class of impacts involves the preempting of existing land use at
the site itself. For example, nuclear power station siting in areas uniquely

station protection requirements for nuelsar safeguards may influence*

landscape design and clearing of vegetation.

* See U.S. Council on Environmental Quality, 'r :;:::ti:n :f
52ci;;;. .t:1 p; :t Jt:tr- :::( C u i d:l i . : ,' 2 S ?" 2 05 ", '.;;u:t ,

2, . !??2 * Nationals EnvironmentalT.PoliyAct <(NEPAp Implementation !

Procedureeg AppendizesMIIQandyIIM49 FR149750,1 December 21,
1984.
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suited for growing s9ecialty crops may be considered a type of land conversion .

involving unacceptable economic dislocation. |

Sites adjacent to lande devoted to public use may be considered unsuitable.
In particular, the use of some sites or transmission lines or transportation
corridors close to special areas administered by Federal, State, or local
agencies for scenic or recreational use may cause unacceptable impacts regardless
of design parameters. Such cases are most apt to arise in areas adjacent to
natural-resource oriented areas (e.g., Yellowstone National Park) as opposed to
recreation-oriented areas (e.g., Lake Mead National Recreation Area). Some
historical and archeological sites may also fall into this category. The
acceptability of sites near special areas of public use should be determined by
consulting cognizant government agencies.

The following Federal agencies should be consulted for the special areas
listed:

a. National Park Service (U.S. Department of the Interior)

National Parks; International Packa4 National Memorial Parks;
National Battlefields, Battlefield Parks and Battlefield Sites; National Military
Parks; Historic Areas and National Historic Sites; National Capital Parks;
National Monuments and Cemeteries; National Seashores and Lakeshores; National
Rivers and Scenic Riverways; National Recreation Areas; National Scenic Trails
and Scientific Reserves; National Parkways

b. National Park Service Preservation Program

National Landmarks Program; Historic American Buildings Survey;
National Register of Historic Places; National Historical Landmarks Program;
National Park Service Archeological Program ,

|
c. Bureau of Sport Fisheries and Wildlife (U.S. Department of Interior)

|

National Wildlife Refuges

d. Forest Service (U.S. Department of Agriculture)

National Forest Wilderness, Primitive Areas, National Forests. !

Individual States and local governments administer parks, recreation areas,
and other public use and benefit areas. Information on these areas should be
obtained from cognizant St se agencies such as State departments of natural
resources. (see publicationa such as the * Conservation Directory 1973: A
Listing of organizations, Agencies and officials Concerried with Natural Resource

'
Use and Management," published by the National Wildlife Federation for state-by-
state references.) The Advisory Council on Historic Preservation or the
appropriate State hict:ricci :::icty bi'stofic7contacted for information on historic areais."'jW^~eservatibnf officer should be~ ~ ~ ^ ~ ~ ~ ~ ' '

It should be recognized that some areas, as yet undesignated, may be
unsuitable for siting because of public interest in future dedication to public
scenic, recreational, or cultural use. Relatively rare land types such as sand
dunes and wetlands are prime candidates for such future designation. However,
the acceptability of sites for nuclear power stations at some future time in
these areas vill depend on the existing impacts from industrial, commercial, and
other developments.

7. Industrial, Military, and Transportation Facilities,

O
4.7-11

1

!
- - _ _ _ _ _ _ _ - _ . _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ . _



-. ~ _ _ - . - - -. - .~. - - --- - .- - - - . - - - - .- - .

i
f.

F

!
'

!
-.

'. Potential accidents at present or projected nearby industrial, military,
{

,and transpertation facilities may affect the safety of a nuclear power station.'
,

w

A site should not be selected if, in the event of such an accident, it is not |
.

1 possible to safely shut down a plant at that site or if it is not possible toj have nearby facilities alter their mode of operation oc incorporate features to '

i reduce to an acceptable level the likelihood and severity of such potential I
4 accidents.
i

) In the event of an accident at a nearby industrial f acility such as a
j chemical plaat, refinery, mining and quarrying operation, oil or gas well, or gas
j and petroleum product storage installation, it is possible that missiles, shock
I waves, flammable vapor clouds, toxic chemicals, or incendiary fragments may
j result. These may affect the station itself or the station operators in a way
t that jeopardizes the safety of the station.
L
I Regulatory Guide 1.78, * Assumptions for Evaluating the Habitability of a
} Nuclear Power Plant Control Roced During a Postulated Hazardous Chemical Re aase,"-

i describes assumptions acceptable to the NRC staff for use in assessing the
habitability of the control room during and after a postulated external release.

of hszardous chemicals and describes criteria that are generally acceptable to
the staff for the protection of the control room operators.

j Nearby military facilities, such as munitions storage areas and ordnance
test ranges, may threaten station safety. The acceptability of a site depends,

; on establishing, among other things, that the nuclear power station can be
j designed so its safety will not be affected by an accident at the military
;

installation. Alternatively, an otherwise unacceptable site may become accept-
i . able if the cognizant military organization agrees to change the installation or

j
} mode of operation to reduce the likelihood or severity of potential accidents i

j involving the nuclear station to an acceptable level. -j
4

| An accident during the transport of hazardous materials (e.g., by air,
j waterway, railroad, highway, or pipeline) near a nuclear power plant may generate
i shock waves, missiles, and toxic or corrosive gases which can affect the safe

operation of the station. The consequences of the accident will depend the
i proximity of the transportation facility to the site, the nature and maximum
j quantity of the hazardous material per shipment, and the layout of the nuclear
i station. Unless the-a? station can be designed to operate safely in the event of
j a postulated accident'or an enforceable agreement can be reached to limit the

transport of hazardous materials or the transportation link can be relocated, the-

j proposed site may not be acceptable,
i

Airports are transportation facilities that pose specialized hazards to
nearby nuclear power stations. Potential threats to stations from aircraft,

i result from the aircraft itself as a missile and from the secondary effects of
j a crash, e.g., fire.

! 8. socioeconomics
i

! !::ici :;d ::::::i; i::;;; ::: 5;::t;nt d::: sin ;t: Of ;iting p:licy.
! It i: diffi n it icth t: ::::: th: ::tur; :! th: i ;;: : in::17:d 2nd : d::::
; ein: ::12: ::': :: f;; p ;d!.: ting the 1 7:1 :: th: ::::;tchility ;f ;;t:nti:1
* Y; :::.

j. The siting, construction, and operation of a nuclear power station may have
significant impacts on the socioeconomic structure of a community and may placei

severe stresses on the local labor supply, transportation facilities, and .
*

community services in general. There may be changes in the tax basis and in
community expenditures, and problems may occur in determining equitable levels !
of compensation for persons relocated as a result of the station siting. It is,

; usually possible to resolve such difficulties by proper coordination with
4

i
j Section 2.2 of Regulatory Guide 1.70 lists these safety'

considerations,
t
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impacted comununities; however, some impacts may be locally unacceptable and too
costly to avoid by any reasonable program for their mitigation. Evaluation of
the suitability of a site should therefore include consideration of purpose and
probable adequacy of socioeconomic impact mitigation plans for such economic
impacts on any comununity where local acceptance problems can be reasonably
foreseen.

Certain communities in a site neighborhood may be subject to unusual
impacts that would be excessively costly to mitigate. Among such communities are
towns that possess notably distinctive cultural character, i.e., tows s that have
preserved or restored numerous places of historic interest, have specialized in
an unusual industry or avocational activity, or have otherwise markedly
distinguished themselves from other comununities.

9. Noise

Noise levels at nuclear stations occur during both the construction and
operation phases and could have unacceptable impacts. Cooling towers, turbines,
and transformers contribute to the noise lavela during station operation.

_ _ _ _ .

C. REGUIATORY POSITION

1. Geology / Seismology

Sites that include capable faults, as defined in Appendix A B to 10 CFR
Part 100, are not suitable for nuclear power stations. The state of the art has
not progressed to the point at which it is possible to design a nuclear power
station for surface or near-surface displacement with a sufficiently high level
of confidence to ensure that the integrity of the safety-related features of the
plant will remain intact.

sites within about 5 miles of a es4eee capable 4ewh tout 6diFs6dic's
greater than 1000 feet in length are usually not suitable for a" nuclear" power
station. In any case, extensive end detailed geologic and seismic field stuwies
and analyses should be conducted for such a proposed site.

sites located near geologic structures for which an adequate data base to
determine ' capability" does not exist at the time of application are likely to
bs subject to a longer licensing process in view of the need for extensive and
detailed geologic and seismic investigations of the site and surrounding region
and for the rigorous analyses of the site-plant combination.

Sites with competent bedrock for foundations generally have suitable
foundation conditions. In regions where there arn few or no such sites, it is
prudent to select A,ites in areas with competent and stable solid soils, such as
dense sands and glacial tills. Other materials may aid? provide satisfactory
foundation conditions, but in any case, a detailed geol >gic and geotechnical
investigation will be required to determine static and dynamic engineering

' properties of the material underlying site in accordance with see44+necf 1;;;;fix i ZM_ thegco10CFRPart100.IV;;; M; : d 7;d;

2. i'r :;'rri: 5:t:--- : : ' Sir;:::ir: llefoosolii@y

As noted in section B.2 of this guide, site ;"::%.;;i: meteorlohical t

conditions are site suitability characteristics principally with respect to the
calculation of radiation doses resulting from the release of fission products as

'

a consequence of a postulated accidenty r' th: ::t blir'-: t :f :::laeeen-eeee-

i:und::y, ! = ;;;_1:ti;; :::: i:: ' ;, : d dict ::: t: : ;;;;1 ti;; :::t::.
1::::dingly, th: ::;;12t::y ;;:iti : :: :'- :;i::i: di:g;;;i : Of ::di:1:;i :1
Offin::i i: in :: ::: :f int: t': f:11:uin; ::::ien, *7:g;1c:::id:::t i::: ." *! Acdor;dieigly,TsackajigioitiiW{fopimitia15sitelapproval? ren t i:owal,'
or;'constructionTyermit seeticeLieotteetc %rologicaliinformationffortst least one
year 1thatlis' representative 1of 4tholsite!conditioneilad oding^fwind speed,1 wind
direction {prect_pitationgan]$JatsoephericJ tability { ~ " ~ ~
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Nonradiological atmospheric considerations such as local fogging snd icing,-

j cooling tower drif t, cooling tower plume lengths and plume interactions between
J cooling tower plumes, and plumes from nearby industrial f acilities should be
# 1 considered in evaluating the suitability of potential sites.

3. Population consideration
1

Areas of low population density are preferred for nuclear power station,

sites. High population densities projected for anytime during the lifetime of
1 a station are considered during both the NRC staff review and the public hearing
! phasse of the licensing process. If the population density at the proposed site
! is not acceptably low, then the applicant will be required to give special
: attention to alternative sites with lower population densities.
?

! If the of f site population density, inclu_ ding weighted transient population,
i projected at the time of initial'atteZepprovalier; renewal initici :;:::ti:n :f

: ::: ::: ;: :: :::ti:n :xceeds'500~ persons'per' square mile averaged over anya

i radial distance cut to 30 miles, (cumulative population at a distance divided by
|

the area at that distance), or the proj$35d over. J u at on
..

ected pl i density ;c: th: lif::_' :
|

.

Of th: f::ility [ tar;[40Jetreza._fter1
_

este.~agp'eeve_ llor. # renewal e exceed s
: 1,000 persons per square mile aver _ age' any radial distance out to 30 miles,
i special attention should be given to the consideration of alternative sites with
j lower population densities.
J

; Transient population should be included for those sites where a significant
I number of people (other then those just passing through the area) work, reside

part-time, or engage in recreational activities and are not permanent residents
j of the area. The transient population should be taken into account by weighting
; the transient population accoraing to the fraction of time the transients are in
; the area. .

; ,,

Based on past experience, the NRC staff has found that a minimum exclusion:-
i distance of 0.4 mile, even with unfavorable design basis atmospheric dispersion

-! characteristics, usually provides assurance that engineered safety features can
be designed to bring the t.alculated done from a postulated accident within the
guidel.nes of 10,C,FR P, art 44GV50.34(a)(1j. If th: rinir r :::12:i:n di:::n:: i:,

,___ mm__ a , _ _ . _ _ _ r_- ________. _ _,___ ____1_, ___21 ,___ __ .t_j

j :::tica f::ign ;;.g., :ff:f 21;in::::d ::f::y f:::::::; 5:f::: th: ::qu i:;--ant:
; cf 10 CTP "::t 100 ::: nt . ?.1 :, h:::f en pc t 4 ::i ::, th: :: ff h:: frund
; th:t : di t:::: c' 2 cil : t: th: cu- : i:c-i ry :f th: itu ;;;;1: tic :: : i:

} :: lly f:; :t:-5SMhts]t3([1 HEM 8Pe9 Ms,thejesclusion arealdistance.1

i.

j 4. Bydrology
i

4.1 Fleeding

| To evaluate sites ' located in river valleys, on flood plains, or along
i coastlines where there is a potential for flooding, the sita suitability studies

described in Regulatory 1.59, * Design Basis Floods for Nuclear Power Plants,"
should be made.

4.2 Water Availability

A highly dependable system of water supply sources must be shown to be
available under postulated occurrences of natural and site-related accidental
phenomena or combinations of such phenomena as discussed in Regulatory Guide
1.59.

To evaluate t!he suitability of sites, there should be reasonable assurance
that permits for consumptive use of water in the quantities needed for a nuclear
power plant of the stated approximate capacity and type of cooling system can be
obtained by the applicant from the appropriate State,
local, or regional bodies.

4.3 water Quality

4.7-14
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The potential impacts of nuclear power stations on water quality are likely
to be acceptable if effluent limitations, water quality criteria for receiving ,

waters, and other requirements promulgated pursuant to the Federal Water
Pollution Control Act are applicable and satisfied.

The criteria provided in 10 CFR Parts 20 and 5 nll be used by the NRC
staff for determining permissible concentrations i radioactive materials
discharged to surface water or to ground water.'

4(4 71ssiooTProdectEmetentionTand Tressport

To?heTab10toTisisessyfission?;prodscsTretientL6aTandTtrHoportation viae
groundwatergthejfellowinglinformationishould;beldetarainediforjthe? sites".

M Ue611MoodimentTTandTr6ckrehkridteristise"TeTiTv61c;anic~aeh,
' ^ fgactured limeetjonefetc g ~
*L ;f&foMQfWhQhifQff[jfffoff[hi&Qrodu,cujtsia1s,
F E @round wetaf"p lssiC Q she . --- |

S.ZQistKase]WMsarsg{bodfofJskface}apsr;;.?
This ?informatiWeihus1dThei"Wsed?IiiGthiFainvi'ronmenth1IEspoWesigsliced?iri?iOI:CFR
Part 1 511and ; compared ? toithe7 hydrologicaWinio:1sation 7used sin 1the YPWfor "a
certified design (it?ouchTa' deeign"is:to bellocatediatithe? site)1or used;in;the
eital specific;PRA< for ajustom] plantflocated;stithe site.*~ ' '^

Aquifers that are or may be used by large populations for domestic,
municipal, industrial, or irrigation water supplies provide potential pathways
for the transport of radioactive material to man in the event of an accident.
To evaluato the suitability of proposed sites located over such aquifers,
dntailed studies of factors identified in section 2.4.13 of Regulatory Guide
1.70, " Standard Format and Content of Safety Analysis Reports for Nuclear Power
Plants," should be completed.

5. Ecological Systems and Biota

The ecological systems and biota at potential sites and their
environs should be sufficiently well known to allow reasonably certain
predictions that there would be no unacceptable or unnecessary deleterious
impacts on populations of important species or on ecological systems with which
they are associated from the construction or operation of a nuclear power station
at the site.

When early' site inspections and evaluations indicate that critical or
exceptionally complex ecological systems wi11 have to be studied in detail to

i

determine the appropriate plant designs, proposals to use such sites should be !
deferred unless sites with less complex characteristics are not available. |

It should be determined whether any important species (as defined in
Section B.5 of this guide) inhabit or use the proposed site or its environs; and
the relative abundance and distribution of their populations should be
considered. Potential adverse impacts on important species should be identified {
and assessed. The relative abundance of individuals of an important species !
inhabiting a potential site should be compared to available information in the
literature concerning the total estimated local population. Any predicted
impacts on the species should be evaluated relative to ef fects on the local

,

population and the total population of the species. The destruction of, or
]

* Appendix I to 10 CFR Part 50 provides numerical guidance for design
objectives and technical specification requirements for limiting !

conditions of operation for light-water-cooled nuclear power '

stations.
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| sublethal effects on, a number of individuals which would not adversely affect
: the reproductive capacity and vitality of a population or the crop of an

economically important harvestable population or recreationally important
population should generally be acceptable, except in the case of certain

i endangered species. If.there are endangered or threatened species at a site, the {
,

potential offacts should be evaluated relative to the impact on the local i

| population and the total estimated population over the entire range of the .I

j- species as noted in the literature.

It should be determined whether there are any important ecological systems |
; at a site or in its environs. If so, determination should be made as to whether ;

j the ecological systems are especially vulnerable to change or if they contain
important species habitats, such as breeding areas (e.g., nesting and spawning;-
areas), nursery, feeding, resting, and wintering areas, or other areas of
seasonally high concentrations of individuals of important species. |

'

The important considerations in the balancing of costs and benefits include
: tt followings the uniqueness of a habitat or ecological system within the
i r.gion under consideration, the amount of the habitat or ecological system
i destroyed or disrupted relative to the total amount in the region, and the
: vulnerability of the reproductive capacity of important species populations te
' the effects of construction and operation of the statien and ancillary

facilities.

If sites contain, are adjacent to, or may impact on important ecological
; systems or habitats that are unique, limited in ctent, or necessary to the
i productivity of populations of important species (e.g. , wetlands and estuaries),
; they cannot be evaluated as to suitability for a nuclear power station until
'

adequate assessments for the reliable prediction of impacts have been completed ,

and the facility design characteristics that would satisfactorily mitigate the,

potential ecological impacts have been defined. In areas where reliable and'

sufficient data are not available, the collection and evaluation of appropriate
,

d ' seasonal data may be required.

Migrations of important species and migration routes that pass through the
site or its environs should be identified. Generally, the most critical'

migratory routes relative to nuclear power station siting are those of aquatic
.

species in water bodies associated with the cooling systems. Site conditions
; that should be identified and evaluated in essessing potential impacts on impor-

tant aquatic migratory species include (1) narrow zones of passage, (2) migration
periods that are coincident with maximum ambient temperatures, (3) potential for
maw modification of currents by station structures, (4) potential for increased

i ' arbidity during construction, and (5) potential for entrapment, entrainment, or
impingement by or in the cooling water system, or blocking of migration by.

facility structures of effluents.

The potential blockage of movements of important terrestrial animal
populations due to the use of the site for a nuclear power station and the

: availability of alternative routes that would provide for maintenance of the

j species' breeding population should be assessed.

If justifiable relative to costs and benefits, potential impacts of plant
construction and operation on the biota and ecological systems can generally be
mitigated by adequate engineering design and site planning and by proper
construction and operation practice when there is adequate information about the |
vulnerability of the important species and ecological systems. i

f A summary of environmental considerations, parameters, and regulatory
j positions for use in evaluating the suitability of sites for nuclear power

stations is provided in Appendix B to this guide. A discussion of ecological
; systems and habitats, the level of detail that should be addressed the site
' selection process, and the survey, monitoring, and analytical techniques for i

assessing impacts on important species and ecological systems will be summarized j

t in subsequent appendices to this guide.
'

6. Land Use and Aesthetics
"

i

|
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Land use plans adopted by Federal, State,-regional, or local governmental
entities should be examined, and any conflict between these plans and use of a -

,

potential site should be resolved by consultation with the appropriate
governmental entity.

For potential site on land devoted to specialty crop production where
changes in land use might result in market dislocations, a detailed investigation
should be provided to demonstrate that potential problems have been identified
and resolved.

The potential aesthetic impact of nuclear power stations at sites near
natural-resource oriented public use areas is of particular concern, and
evaluation of the suitacility of such sites is dependent on consideration of
specific station design layout. However, existing aesthetic impacts at potential
sites should be taken into account as mitigating any requirements for further
special derign.

7. Industrial, Military, and Transportation Facilities

Potentially hazardous f acilities and act.ivities within 5 miles of a
preposed site should be identified. If a preliminary evaluation of potential
accidents at these facilities indicates that the potential hazards from shock
waves and missiles approach or exceed those of the design basis tornado for the
region' or potential hazards such a flasunable vapor clouds, toxic chemicals, or
incendiary fragmente exist, the suitability of the site should be determined by
detailed evaluation of the degree of risk imposed by the potential hazard.

The identification of design basis events resulting from the presence of
hazardous materials or activities in the vicinity of a nuclear power station is
acceptable if the design basis events include each postulated type of accident
for which a realistic estimate of the probability of. occurrence of potential
exposures in excess of the 10 CFR Part MON 50.34 (al(1) guidelines exceeds

4approximately 10 per year. Because of the difficulty of assigning precise
numerical velues to the probability of occurrence of the types of potential
hazatde generally considered in determining the acceptability of sites for
nuclear statier.e, judgment musst be used as to the acceptability of the overall
risk presented by an event.

In view of the low probability events under consideration, the probability
of occurrence of the initiating events leading to potential consequences in
excess of 10 CFR Part MG--80s34faf{1) should be based onassumptions that are as realistic as is? exposure guidelinespracticable. In addition, because of the
low probability events under consideration, valid statistical data are of ten not
available to permit accurate quantitative calculation of probabilities. Accord-
ingly, a conservative calculation showing that the probability of occurrence of
potential exposures in excess of the 10 CFR Part MG-50".34(a)(1)? guidelines is
approximately 10* per year is acceptable if, when combineid reasonab'le qualitative
arguments, with the realistic probability can be shown to be lower.

The effects of design basis events have been appropriately considered if
analyses of the ef fects of those accidents on the safety-related features of e-he
a proposed nuclear station have been performed and appropriate measures (e.g.,

~

hardening fire protection) to mitigate the consequences of such events have been
taken.

To evaluate the suitability of sites in detail for potential accidents
involving hazardous materials and activities at nearby industrial, military, and
transportation facilities, the studies described in Section 2.2 of Regulatory
Guide 1.70 should be made. -

8. Socioeconomics

The design bas'is tornado is described in Regulatory Guide 1.76,*

* Design Basis Tornado for Nuclear Power Plants."
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The NRC staff considers that an evaluation of the suitability of nuclear '

power station sites near distinctive communities should demonstrate that the i[N construction and operation of the nuclear station, including transmission and ib} transportation corridors, and potential problems relating to community services,t
,

such as schools, police and fire protection, water and sewage, and health j
f acilities, will not adversely af fect the distinctive character of the community. jA preliminary investigation should be made to identify and analyze problems that :

may arise due to the proximity of a distinctive community to a proposed site.
9. Noise

'

Noise levels at proposed sites must comply with applicable Federal, State,
and local noise regulations.

10. Emergency Planning

As 'a minimumi sach"applican*.: for site approval'should provide a description
of the area within a'10 atile radius of the. plume exposure EPZ, including:

| population'' distribution](current 'andTprojected for' the next 40 ;
o

years), '

o' " residential, .|industrialf, publici and Tenmer=rcial ' f acilities. ' and
..

. . . .

o transportation routes, including any agress' limitations; and
~~

o ; topography.

In addition', . the f applicant? shall provide" a) ' description 'of ~ ~ any contacts,
evaluations by and assessments with local, State, and Federal government agencies

,with emergency planning responsibilities. An evaluation of the above information 1

(T with respect.to~1tstimpact on the development of an_ emergency. plant that can
( ) assure adequate protective measures for'the populace should be provided.
'O

D. IMPLEMENTATION

Th: purp::: :f thi: :::ti:n i: :: pr;;id; inf::::ti:n :: :pplie:nt: :nd
li::n::: r;;;rding th: "n0 :::ff*: pl:n; f:r ::ing thi :;;ist:ry ;;id:.

Sin:: thi: ;;id: ::f1:::: :::::nt "nO :t:ff pr :ti:: uith ::; :d t': the
impi:::nt:ti:n ;f : izting_r:; 1:ti:n:_.: n:::ning.:it; : it:bility, This guide
discusses the major site'~ characteristics |related to public health and' safety.and

_

.

environmental' issues. which the WRC staff considers in.tietermining' the' auitability
of sites ~ for nuclear" power' stations.s / Accordingly,61t ' can be used ' i=: dict:1y
after (EFFECTIVE . DATE : OF THIS : REGULATION) t; indi::t: as a general: list of
considerations'that should be'~ addressed ~early in the initi:1 :t ;; cf the site
selection process to identify potential sites for nuclear power stations.

|

$
%

4.7-18

.-- _ _ - _ _ _ _ _ - _ _ _ _ _ - - - - _ _ -



- . .- .-. _ _ _ - .- .. . . - - . - _. . . . . . . - - .
,

- |

-
-

|
,

.l
APPENDIX A |

SAFETY-RELATED SITE CONSIDERATIONS
FO3 ASSESSING SITE SUITABILITY

FOR NUCLEAR POWER STATIONS
i

This appendix provides a checklist of safety-related site characteristics,
relevant regulations and regulatory guides, and regulatory experience and
positions for assessing site suitability for nuclear power vtations.

<

p

we e en *e

i

O ?,
!

.

J i

O1
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Considerations Reievant Regulations Regutatory Experience
*

and Regulatory Guides and Position
o

A.1 Geology / Seismology
N

Geologic and seistruc cherectoristics of to CFR Part 100 Appendix A 3. Sstes that include capable feutts are not
e site, such as surface faulting, ground * Criteria for the Seismic and Geologic euitable for e nuclear power station.
motion, and foundation conditions Siting C- t' Nuclear Power- ' ^

(including liquef ection, subsidence, and Plants eher IEPFECTfVE DATEl.* Sites within about 5 miles of e 4*ee cece-
landsisde potential), may effect the ble 8ewn tectonic source igreater than 1000
safety of a nuclear power station. Regulatory Guide 1.70, Ct 2 feet in length) are generetly not suitable for

(id e ntifie s e s f e t y-talet e d site e nuclear power station.
charactenstical.

$stos should be selected in areas for which
R*gulatory Guide 1.29 (discusses plant en adeguate geologic date base exists to
eefety fcotures which should be determine * capability." Delay in licensing
controlled by engineenng design). con result from o nood for extensive

geologic and seismic investiget cns.
Conservative design of safety-roisted strue,
tures will be required when geolog,c. j

seismic, and foundation information is Ques- |
tionable. !

Sites with competent bedrock generally have
suitable foundation conditions.

If bedrock sites are not avoitable, it is
prudent to select sites in areas known to

have e low subsidence end figuefaction
potential, investigations will be required to
determine the static and dynamic engi.

|neering properties of the material underlying 1[
/ the site as stated in 20 CFR Part 100, &*

i u r __ , r , i _ s_ e_ _ u r s_ , .i ,____s . .__

-

g Appendia B.

!
1

!

|

I

i
'

.
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i

4

l

l
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Considerations Relevant Regulations Regulatory Experience ,l
and Regulatory Guides and Position |

.. - _7 gg.,_,p.___.

,b. =_ _. _
conditione et e site should prowde 10 CFR Part . E: Unfavorable oefety-related design basis'^^ ""---

ewei.e.eas goed dispersion of redioactive C.W S0.1*DemeekUsensing of atmospheric dispersion chorectenstics een
metenals reisesed dunng a postulated Produosen end Udsassen Feemities? be compenested for by :- :f::_ : :

occident to # educe the radiation f ':-- :-d engmeered cafety' - - -

exposures of indiwduals et the Regulatory Guide 1.23 *0noite foetures. d ;' , ': ;_' : .

{

*--

exclusion eres and toJr population rone Meteorologneel Programe.* , __ ,
_ _

boundonos to the values prescribed in : f ': ;M ' :"'_ - : ' : _ ; " : - +: |
- * ' - * *10 CFR Part .100 50.34. Reguletory Guide 1.3 *Assurnptions :_-""-'<-*--': ,

'

Used for Evoluetmg the Potential :" &c ::: M '
Radiological Conseguonces of a Loos of
Coolant Accident for Boiling Water |

Reactore.*

Regulatory Guide 1.4. *Assumptione
used for Evolusting the Potential

Radiological Consequences of a Loss of
Coolant Accident for Proseurized Water
Reectors."

Reputatory Guide 1.5. 'Assumpoone
Used for Evoluetmo the Potential
Radiological Coneoquences of e Steam
Une Brook Accident for Boiling Water
Reactore.*

'
Regulatory Guide 1.24, *Assumptione
Used for Evolusting the Potential

Radiological Coneogwences of a
Pressunrod Water Reactor Radioactive t

'
Gas Storspe Ter* Failure.'

Reputatory Guide 1.25. * Assumptions
Used for Evoluonne the Potential
Radiotopcot Conesquences of a Fuel
Handimg Accident in the Fuel Handling
and Storage Facility for Boiling and
Pressurized Water Reactors.*

r

needoemV*sende7tm.7'stended
peernet and comemn of selony Analvole

,

-

paperie s. er. peudeer Power. _m.ee. . Lwn_ !
. . . ,

,

Regdetery Guide l.111? Siehde for
Eselmedag .A-. . _ : Transport and
Dieseroien?of;Geseous EWienner In

Rewtins%Aet'e'sies[trem
ugleyweeerycealed neseeme?

y4g;.g y,-= .

Diepereien tAedese ytorp Potentiel
'

,

AeeidentCenoeguence Asessementeet

towaleer Power _Planas? i
!

O!
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Considerations Relevant Regulations Regulatory Experience
and Regulatory Guides and Position

s

A.3 Population Coneideratione

in the event of a eenous occid nt at a 10 CFR Part 100 * Reactor Site if the offsite population density, includirg
nuclear power station, effective action Cnteria,* requirse the following: weighted transient populetion, projected at
must be taken to minimize exposure of the time of initial - '-- '' --
mdmduale outside the station to any * An * exclusion eres* eurrounding the ;: : - : :- :be approval and renenel
radioactive matenals which may be reactor in which the toector licensee exceeds 500 persons per square mae
reloosed dunne the occident. To hoe the authonty to deterrruns all everaged over sny radial distance out to 30
ensure that exposure to populations activities, including exclusion or miles (cumulative population at a distance
will be minimited m the event of an removal of personnel and property; divided by the eres at that distencel or the
acciden*, the nuclear power station projected population density _ : ' - ' ' -

should not be located in a densely * 10 CPR Part 50;"Demoetic -: :' ': '- ' - for 40 years after sne
,populated ores. Ucensing of Ww=ut and approvat exceeds 1,000 persons per square j

i Venentsen Feeilees * mile averaged over any radial distance out to i,

30 miles, special attention should be g ven {
^ ^ '': --- ;

. . _ _ _'L"_ I to the consideration of altamative sites with
*

._ c a _ _ _ .2 _

.': the lower population densities.
_ _. - _ _ ._ w_t a_ _

_

_ _ - :: Transient population should be included for
_' _ _i::- M those sites where a significant number of" * *

;-''' - ; :; ::: people (other than those just passing"-

--

:: :- 'dS---^'- through the area) work, seside part tsme. or_

<_&_a...
_

__.__,;_.- - engage in recreational actmties, and are not
|

:-- - ' , permanent residents of the arse. The
transient population should be taken ento i

* ^ ^ : ; ; _ r :: ": _ - - - account by weighing the transient-

- : " - f _ : ' r- "': - - population according to the fraction of time
i- -f: .

._,_.;_'_.,___2
' -5: L*2 ': - ; _ : the transients are in the area.

,

7, : _ g . 2
;

' -:""-- ; . " - - '- : Based on past exponence the NRO staff has
--- 7 -: c' : -' " - ' he found that a minimum exclusion distance of
::: ' : -. : _ :: - - ;: O.4 mile / even with the most unfavorable'

-eelwee, design basis atmosphenc dispersion charac-
tenstics, provides assurance that engineered

. ru...&. __ _ - - - _ -e safety features can be added that will bring
f n__ *f ' :f : "; the calculated doses from a postulated acce-
a_.:---'- ^ ': dent within the guidelines of to CFR Part
:- _ : S -: ^ S_"_-, 50.34, 9 0.. , _ _ _ ". " : n ,- -

- - --

i
7, ._ ;

. _. _ 2 g j
_ _ _ _ , ___. a...____ _,_ . _ _ _

& c; 2.: - _- ?? ^^^
.._.__f_g_,_':,_22_2
- -- , :: ; - ;: J :_ f :: : :-

y _ _ _ _ , u. f . - -_s ______ g ,
,

:: " f ^: f 1._ _ _ ' -- e ': c ::: S ': : " : :-:: ::- n :: : :: -f
7 .. . p.; _ g 3, __ __. . _ ,q. $___g __ __7

__ _ . .m.
_

-ee43G. ": '"C :::" S:: ' - f 9 : : f : : :: J2 <

_
. . w _ ; e ~ __ |- _ . ._a. _ w ._a_

Reguistory Guides 1.3,1.4,1.5.1.24 - ".:r- r:2
and 1.25,1.70,1.111. and 1,145 give
calcuistional methods (see A.2 of this
appendix.)

'The guidelineo-meantiene values for the exGusion eres -f L"2 - e le based on histoncal siting experience of light water cores
reactors. '-. .:r: - __: f "_ _ : f----- -: ':_: i------'' ' - f ': '_f. z-- - r r : ;;; : _ : f - :-" ; .

-

.
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Cbnsiderations Nievant Ngulations Regulatory ExpericnCe
and Ngulatory Guides and Pos i t ic,n

A.4 Hyee40gy

A.4.1 Flooding

Precipitetson, wind, or seismically 10 CFR Part 100 Appendix Ait. To ersiuste sites located in nyer valleys, on
induced flooding (e.g., resultmg from *Criteds'for the Seismic and Geolope flood pains, or along cr estlines where there
dem failure, from nyer blockspe or $stmg " - - ': of' Nuclear Power is a potentist for flooding. the studies '

diversion, or from distently and locally Plante efear18FP8CTJVE DA~it].* desenbod in Regulatory Guide 1.59 should
geneisted see waves) can Stfoct the he made.
esfaty of a nuclear power station. Regulatory Guide 1.59, * Design Beeis

Floods for Nuclear Power Plants.*

Reguistory Guide 1.70, * Standard

Format end Content of Safety Analyses
Reporte for Nuclear Power Plants,*
(Section 2.4).

. --.
,

10 ',,FR Port 50, Appendix A, * General
D ;tign Cnterie for Nucieer Power
e tents;* Critonon 2 * Design Bases for
#rotection Against Natural
Phenomene.*

A.4.2 Water Supply

A safety-related water supply is 10 CFR Part 100, Appendix Nis. A highly dependable system of water supply
required for normal or emergency "Centens ter theSeismic and Geolope sources should be shown to be availabie
shutdown and cooldown. 3stmg S - : ':- 'TNuclear Power under postdeted occurrences of naturei

Plants;elterJ8PPRCTWE DATEl.* phenomene and site-related accicental
phenomene or combinations of such

Reguletory Guide 1.59, * Design Cosis phenomene se discussed in Regulatory
Floods for Nuclear Power Plante.* Guide 1.59.

Reguletory Guide 1.27, " Ultimate Heat To evaluate the suitability of a site, there
Sink for Nuclear Power Plants.* must be e reasonable assurance that permits

for water use and for water consumption in
the quantities nesdod for a nuclear pcwor
plent of the stated approximate especity and
type of cooling system can be obtained by
the applicant from the appropriate State,
local, or regional bodies.

A.4.3 Water Oueltty

Contaminatinn of ground water and 10 CI'4 Ps.t 20, ' Standards For the entene provided in 10 CFR Ports 20 and
surface water by radioactive metenals Protection Age.st Radiation.* 50 will be used by the NRC staff for

discharged from nucteer stations could determirung permissible concentrations of
cause public heetth herards 10 CF8: . art 50, " Licensing of radionuclides dischtTed to surface water*

Production and Utilization Facilities.* end ground water.

..

i

|
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Considerations Relevant Regulations Regulatory Experience !,

and Regulatory Guides and Position ,

m
i

k( A.5 Industriel, Milit ar y and
Tronoportation FacWties Near the Site.

,

Accidents et present or projected
nearby mdustrief, mehtery, and trans- 10 CFR Part 50. Appendix A. * General Potentially hazardous f acilities and activit>es
portation facihtees may offect the safety Design Cntens for Nuclear Po wer withm 5 miles of a proposed site must be
of the nuclear power statson. Plants.* Critonon e, * Environmental and identified. if a prehmmary evaluation of

hessete Design Besee." potenteel occidents of these facd. ties
indicates that the potential hsterd ' from

Reguletory Guide 1.70, " Standard shock waves and missiles approach or
Format and Content of Safety Analysie exceed those of the des.pn basis tornado for
R. Nrte,* Section 2.2 (hete types of the region Ithe design basis tomado is

;fa stees and potential accedentsh described in Regulatory Guide 1.7 6), or ;
potential hazards such as flammable vapor '

Regulato y Guede 1.78, * Assumptions cloude, toxic chemicals, or incendsery ;

for Evoluetmg the Habitability of a fragmente exist, the suitabihty of the site
Naclear Power Plant Control Room should be determmed by detailed evaluation

:

During a D$ stulated Haastdous of the potential hazard. I

Chemical Release.' i

The identifecation of design basis events
resultmg from the presence of nearby ha2-
ordous metensis or actwit.es in the vicinity
of a nuclear power station is acceptable if
the design basis events include each
postulated type of accident for which r

i

realistic estemste of the probability of ;
occurrence of potential exposures m excess

|
of 10 CFR Part 4GC-50.34 guidehnes )
exceeds approximately 10'per year.

/

(v To evoluete the - NbiLty of sites i*. detail
for potential ai nt situations envolving
hazardous mate. f.s and activities from
nearby mdustrial, military, and transportation
facihties, the studies desenbed in Secteon

* 2.2 of Regulatory Guide 1.70 should be
made.

1

.

D
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APPENDIE D

ENVIRONMENTAL CONSIDERATIONS FOR ASSESSING
SITE CCITABILITY FOR NUCLEAR POWER STATIONS

This appendix summarizes environmental considerations related
to site characteristics that should be addressed in the early site

process. The relative importance of the differentselectionfactors to be considered varies with the region or State in which
the potential sites are located.

Site Selection processes can be facilitated by establishing
limits for various parameters based on the best judgment of
specialists knowledgeable of the region under consideration. For

example, limits can be chosen for the fraction of water that can be
diverted in certain situations without adversely affecting the
local populations of important species. Althe'oh simplistic
because important factors such as the distribution of important

such limitsspecies in the water body are not taken into account,
can be useful in a screening process for site selection.

A discussion of performance characteristics of light-water-
cooled reactor stations which may affect the environment is given
in WASH-1355, " Nuclear Power Facility Perforr.ance Characteristics
for Making Environmental Impact Assessments," Ders.nber 1974.

'
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Considerations ParaTeters Regulatory Position I
.

( E.1 Preservation of important Habitete |

trnportant habitats are those that are
|essential to mainteirung the repro- The proportion of an important habitat in general, a detailed justification should be ;

ductive cepecity and wtelity of that would be destroyed or significantly provided when the destruction or signif. cent
'

emportant species populations * of the altered in relation to the total habetet alteration of more then a few percent of
harvestable crop of economical'y or withm the regionin which the proposed important habiter types is proposed.

|recreationally important species, Such site is to be located is e useful 1

habitats include breeding eroes (e.g., parameter for estimating potential The reproductive capacity of populations of I
nesting and spewrung eressi, nursery, impacts of the construction or opere- important species and the harvestable crop
feeding resting. and wintenne areas or tion of a nuclear power station. The of economically or recreationally important )other areas of seasonally tugh concen- value of the proportion venes among populations must be maintained unless

,

tretions of individuele of important species and omong habitats. The justificatioe. for proposed or probable j
specie 6. region considered in determirung pro- changes con be provided.

portions is the normel geographic range
The construction and operation of of the specif:c population in question,
nuclear power stations (including new
transmission lines and access comdore if endangered of threatened spec.es )constructed in conjunction with the occur et e site. the potential effects of
station) con result in the destruction or the construction and operation of a
alteration of habitats of important nuclear power station should be
species leading to changes in the evalueled relative to the potential
abundance of a species or in the impact on the local population and the
species composition of a commuruty. total estimated population over thc

entire range of species.
,

|

See also Chapter 2 of Regulatory Guide
4.2 *Properation of Environmental "

Reports for Nuclear Power Stations. * '

'As defined for this guide in Section B.

..

|

I

O
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Cbnsiderations ParaTeters Regulatory Position
,

B.2 Migratory Routes of important
~

>

Species
-

Seasonal or daily rnigratione are The width or crose-sectional eres of a Narrow reaches of water bodies showid be
eccential to maintaining the repro- water body et a proposed site retetsve evoeded se ortes for locating intake or
ductive capacity of some important to the general width or cross-sectional discharge structures.
opecies populations. eres in the porbon of the water used by

migratmg species should be estimated. A tone of pasoogo that will permit normal
Deeruption of migratory pattems can movement of important species populatione
result f rom partial or coviplete blockage Suggested trunimum zones of pesongo and maintenance of the harvestable crop of
of mig story routes by structures, range from 1/3 to 3/4 of the width or economically important populations should
discharge plumes, environmental cross-sectonal erees of narrow water be provided,
altersbone, or men's activities (e.g., bodies.**
tronoportation or tronomission corndor
cleanng and site properation). Some species migrate in control, dooper

erees while othere use merginal,
ehellow erees. Rivere, streams, and

1

estuaries see seldom homogeneous in !

their 1storal dimension with respect to !
depth, current velocity, and habitat
type. Thus, the use of width or crose-
ocebonel eroe criterie for determining
adequate tones of pesonge should be
combined with a knowledge of
importent species and their trugretory
requiremente.

'Weter Ousbev Cnterie.1972 National Academy cf Sciences - National Academy of
Engineering, Woohington D.C.,1972.

* Handbook of Environmental Controf. Volume IIt! Water Suootv and Treatment. R.G.
Bond and C.P. Straub (Eds. ore), CRS Press, Cleveland. Ohio 1973. )

|
1

l

i
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Considerations Parareters Regulatory Position

("
k B.3 Entreinment and -

b impingement of Agustic
Orgeniome

Plankton, including eggs, larves, and The depth of the water body at the The site should have chorectoristics that
Juvorule fish, can be kdied or snjured by point of intake relative to the general allow placement et intake structures where
entremment through power station depth of the water body in the vicoruty the relative abundance of smportant species
cooling s ystems or in discharge plumes. of the este. se emell and where low approach velocities

can be etteined. (Deep regions are generally
The reproductive cepecity of important The proportion of water withdrewn less productive then shallow areas. It is not
species pooulations may be imposted by relative to the net new eveilable water errplied that benthic intakes see necessary.)
lethof stresses or by eublethel stressee et the site is en indirect measure of the
that effect reproduction of individuele destruction of plankton which in turn ie important habitate (see B.1) should be
or result k increened predation on the indicative of possible effects on avoided es locations for intake structures.
effected speci.se populetson. populations of important species. It

has been suggested that the fraction of
Fish and other equatic orgenieme con sveilable new water that con be
be ki!!ed or injured by impingement on diverted is in the range of 10% to 20%
coolmg water intake screens * or by of flow."'
entrainment in descharge plumes.

The simplistic parameter fproportion of
water withdrawellis suitable for use in
a screerung procese or sete selection.
However, other ft.: tore such se

distribution of importent mecias 6hould
be considered and in eK uses the
advice of experts on the local ficherW s
ehould be consulted to ensurs that
proposed withdrawals will not bepm excessive.

'Appror ch velocity and screen.fece velocity are design entorie that may effect the impingeme ,* of larger organisms, principally fish,
onintake screens. Acceptabio approach and screeref ace velocities are based on fish ewem erfreds which will very with the species,
site and season.
*The Water's Edne Cntical Problems of the Coastel Zone. B.H. Ketchum (Editor), MIT Press, Cambridge, Mass.,1972.
*Eno neenne for Rosalution of the Enerov-Environment Dilemme. National Academy of Engineenna. Washington, D.C.1972.

I

i
1

1
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Cbnsiderctions Parmetors Regulatory Position |

5.4 Entrepment of Agustic Organisme

Cooling water intoke end discharge
system features, such es canals and Site chorectoristice thrt wili Sites where the construction of intake or
thermal plumes, con attrect and entrap accommodate design features that discharge consle would be necessary should

)organismo. principally fish. The metigets or prevent entrepment. be avoided unless the site end important I
resulting concentration of amportant species charactenstics are such that entry of |fish species neer the stateon sits can important species to the canal con be !result in h gher mortalitsee from statsore prevented or hmsted by screerung. I

related covees. such as impingement.
I

cold shock, or gas bubble diesees. then
would otherwise occur. '

Entrepment con eleo interrupt normal
migratory patterne.

.

B.5 vvater Quality

Effluents discherged from nuclear Apphcoble EPA-epproved State water Pursuant to Section 401(a)(1) of the
power plants are govemed under the quality storderds. FWPCA. certification from the State that any
authority of the Federal Water Pollution discherge wiU comply with apphcobie
Control Act (FWPCAMPL 92 500) as W *- - ' - " ' " ' - " - - - - - effluent limitations on;* other water pollution

|Implemented $ri 40 CFR Parte 122-125 w h --- "- " r- control reouiremer n . meessarybefore the ;
"- '-

and 422. eso a..- ::! "_ :- Or " -C--'_-_. NRC can issue o ca.% .' ion permit unless I

'

h 4,? M 1 -" S : the requirement is we.ved by the State or
,

-' '--

the State fails to act within a reasonable {length of time,

issuance of a permit pursuant to Section
402 of the Act is not a prerequisite to en

,

NRC license or permit.
I

Where station construction or operation has
the potentief to degrade weter quality to the,

possible detriment of other users, more de-
toiled analyses and evolustion of water
quality may be necessary..=

.u , . . 17. . g .: 7 < m n; ___. g._.gc - u;. 1_ u ; g
r_ - - ' - -- -- Pi g g n11.__--w

)
l
i

I

|

.
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Considerations Parameters Regulatory Position ,

:

I
j |

\ B.8 Water Availability
,

iThe consumptive use of water for Applicable Federal, State, and local ste- Water use and consumption must comply +

coolmg, petable,"end oorvise weter mey tutory tequirements. with statutory requiremente and be
be restricted by statute, may be competable with water use plans of

_

inconsistent with water use planning, Competabihty with water use plen of cognarant water resources planrung [
*

or may lead to en unocceptable impact cogrurent water resource planning opencies. |to the water resource, egency.

Consumptive use of[surfooe| end' ground
in the obsence of a water use plon, the water should be testncted such that the ,

offect on other wetor users is evolusted supply of other users is not impaired and [
considering flow or volume reduction that applicable surface water quehty ston- '

and the resultant ability of all uorre to derde could be met, assurning normal station j
-

obtain adequete supply and to meet operational discharges and extreme low flow
apphcable water quality etenderde fees conditions defmed by generally accepted
5.5, Water Quality). oneineering practices.

i
For multipurpose impounded lakes and !

,

reservoirs, consumptive use should be .

restricted such that the meOnitude and i

frequency of drewdown will not result in i
;

unacceptable demeGe to importent habitats
j'

(see B.1, Preservation of important Habitats) ,
i or be inconsistent with the management >

goals for the water body. I
1

S.7 Established Public
Amenity Aroes '

Areas si] properties dedicated by Proxirruty to hisser'ei _ ist public Sating in the vicisty of designated pubhc,

Federal, State, or local Govemments to emerury eres. Viewebihty (see 8.10, ameruty areas will generetly require exten-
! histot% ocenic, recreational, or cultural Visual Ameruties). sive evolustion and justification. j
'

purposes are generally prohibited areas e

for siting power stations. The evolustion of the suitability of sites in f
,

j the vicinity of Ideteric' properties. or pubhc j
~

i Siting nuclear power stations in the amenity eressie dependent on consideration '

! viciruty of established public emenity of a epocific plant design and station layout j

areas could result in the loss or in relation to potentialimpacts on the public,

, detenotation of importent public emenity eres. PsWe efloots'en historie
|3 emenities. proportes'enset be reviewed iceerding to 36

CPR1 Pert ? S00n?Protooney of3 Historic,

Pseperiles.Ol'.'On 'the Neturet
%cj PNoorvellofCActief11960,J es
amended. |

5.8 Prospective Designated Amenity
Areae

Areas containing important resources Comperienn of possible amenity eroes Public emeruty areas that are distinctive,
for Alstoric, scenic, recreational, or in number and extent with other similar unique, or rare in a region should be Pvoia
cultural use may not currently be areas available on a local, regionet, or es sites for nuclear power stations.
designated as such by public agencies national basis, as appropriate,
but may involve e not lose to the public
it converted to power generation. |
These areas may include locally rare |

lend types, such as send dunes, wet- |
lands, or coastel cliffs.

4.7-30
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Cbnsiderations ParaTeters Regulatory Position

B.9 Public Pionning

Land use for e nuclear power station Officieily adopted lend use plans. Land use plans adopted by Federet, State,
should be compatible with established regional, or local government entities must
land use or ronmg plans of be examined, and any conflict between
governmental entities, these piens and use of a proposed site must

be resolved by consultation with the

appropnete governmental entity.

i
B.10 Visuel Amenities

The presence of power station The solid engle subtended by station The wouel mtrusion of nuclear power station
structures mayintroduce adverse wsvel structures et entical wiewing points. structures as vis wed from nearby
impacts to residential, recreational, residential, recreational, scenic, or cultural<

historic, scenic, 0; cultural erees or stees should be controllad by selecting siter
other areas with significent dependence where existing topography and forests con
on desirable wowmg chorectenstics, be utilized for screening station structres

from those areer m which visual impact 6 !

would otherwise be unocceptable.

B.11 Local Fogging and Icing

Water and water vapor rolessed to the increase in number of hours of fogging The herards on transportation routes from
*

atmosphere from recirculating cooling or icing caused by operation of the fag or ice that result from station operation
systems con lead to ground fog and ice station. should be eve!usted. The evaluation should
resulting in tronoportation hazarde and inc6ude estimates of frequency of occur-
demoge to electric transmission rance of station-induced fogging and icing
systems, and their impact on transportetion, electrical

acts'ities andtransmission, and other v
functions.

B.12 Cooling Tower Drift

Concentrations of chemicals, dissolved The percent drift lose from recirculatmg The potential loss of important terrestrial
solids, and suspended solids in coolmg condenser cooling water, particle site species and other resources should be
tower drift could effect terrestrief biota distribution, seit deposition rete, local consioered.
and result in,pecceptable damage to atmosphenc coraditions. end loss of

; vegetetson and other resources. sensitive terrestrial bio % effected by
salt deposition from coolmg tower drift.

B.13 Cooling Tower Plume Lengthe

Natural draft cooling towers produce
cloud-like plumes which very in aire The number of hours por year 2he The wsibility of cooling tower plumes es e
and altitude ciepending on the plume is usable es a function of function of direction and distence from cool-
etmospheric cariditions. The plumes direction and dictance from the coolmg ing towers should be considered. The evalu-
are usually a few miles in length before towers. stion should include estimates of frequency1

becoming dissipated, although plume of occurrence for plumes es well as potential ;
lengths of 10 to 30 miles have been herards to eviation in the vicinity of
reported from cooling towers. Visible commercial and military airports.

,

plumes emitted from cooling towers !

could cause o hazard to commercial
end frwistory aviation in the viciruty of I
commercial and military 9srporte. The
plumes themselves or their shadows I
cculd have oesthetic irnpocts.

O
4.7-31



1

- Cbnsiderations Parareters Regulatory Positica

B.14 Plume interaction,

Water vapor from coJng tower plumes The degree to which impacto may The herords to public health, structures, and
may interact with induetnel emissions occur will very depending on the dio- other resources from potential plume inter-
from nearby facilities to form noxious tence between the nuclear and fossil- action between cooling tower plumes and
or toxic eubetences which could couse i aled e6tes, the hours per year of plumes trom fossil-fueled oites endinduetnel
adverse public l oeith impacto, or result plume interaction, the type and emissione from nearby facilities should be
in unacceptable levele of demoge to concentration of chemscal reaction pro- considered,
biota, structures, en other resources. ducts, the eres of chemical fellout, and

the local atmosphonc conditione.

B.15 Noise

Undesirable noise levels et nuclear Applicable Federal, State, and local Noies levele et proposed estes must comply
power statione could occur during both noise regulations. with etetutory requiremente..

the construction and operation phases
; and have unacceptable impacts near ~'

! the plant.

B.16 Economic impact of Preemptive
Land Use

j

| Nuclear power statione con preempt The level of local economic dislocation, if a preliminary evolustion of not local
large eroes, especially when large such es lose of income, jobs, and pro- economic impact of the use of productive.

. cooline lekee era constructed. The land duction, csused by preemptive use of land for a nuclear power etstion indicates a.

f requirement is liitely to be en important productive lend and its effect on potential for large econornic dislocation, the'
issue when a proposed este is on pro- meetmg forosoosble netsonal demands NRC staff will require e deteiled evaluation
ductive land (e.g., agriculturel lendi thet for agriculture products. of the potential impact and justifiestion for
is locally limited in sveilability and is the use of the s.to based on a cost-,

importent to the local economy, or effectivenese comparison of altemative
i which may be needed to meet station designe and site-station combine-
I forososable national demande for agri- taone. To complete i.e evolustion. the staff

cultural producto. well also need information on whether and to,

what extent the land use effects nationet re-
guiremonte for agricultural products.

4

5

4
:
!
-

M"

!
-

J

,

4

l

e

(s

4.7-32

/



a w a. -- - , o m -e. .4n a- 5 -a-e -a a ._.- s-+ -. ' o. m

* N

!

"
'

a

'

s !

<

]
.

p

!

|

j
1 !
.- |

I |
4

i

i l,
4
i \

|
;

4

i

i
i

j 10 CFR PART 100, APPENDIX B
4

| COMPARATIVE TEXT
i
j

l
;

b

!
i
4

:

e

i

|

,



-
.

.
.

9 Appendix B 16' Paft]0,0 -- CRITERI[FOR3HE SEISMIC AND GE0 LOGIC SITING;^
GRHEMA-MR @ NUCLEAR POWER PLANTS hgER]EEfECTIVETDATE]

3

4 GENERAL /INFORMATION

5

6 Thif appendifapplibsitFapplIEintiMo[appif for an 'early; site permit
7 b[~coinbi;nEd'lfc.iniFj5rs;Uaht;tu;Pi~r{52T6Diji[ Noter,1.orf a construEtion

~irmit|oEopeFitfng; lice 6seiphrsiihtitDgt30;of s @ apter on or after
~

8 p t

9 GFFECTIVErDATE|0FjTHIS} REGULATION]MHosivspjj]f!th|e} construction; permit was

10 [isiedipr"16ffo]{ EFFECTIVE!D, ATE 10FITHI53EGUQTION]Ethe 6peratln5}l1|censs7

11 Sliyht]~ shill [c'ompQyit{the][ilmJcyd|geblogj{ siting criteria 'in
8ppindl[A'E oTPa~rtl10076f!|this[Eh]Efel!M12 t

13 Thisapp|en|diilahd[AppendiMS3ojyiFtl50jofthis.;chapterprovidethe
14 EsHm][ge61ajiE[aiidfiiit@iake]]iig@gifihgyitirli{for nuclea'r power

~

15 plant'sjconstructedipursuanfto[applisitiins?applie(foronorafterthe
16 iffeEijVe~diteof'this~reybljaltia,nly

I ;~y

\ I. PURPOSE
v.

19

20 General Design Criterion 2 of Appendix A to Pvt 50 of this chapter
21 requires that nuclear power plant structures, systems, and components
22 important to safety be designed to withstand the effects of natural phenomena

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

24 without loss of capability to perform their safety functions. It is the
25 purpose of these criteria to set forth the principal seismic and geologic
26 considerations which guide the Commission in its evaluation of the suitability
27 of proposed sites for nuclear power plants and the suitability of the plant
28 design bases established in consideration of the seismic and geologic
29 characteristics of the proposed sites.'
30 These criteria are based on the li=ited [u' fint geophysical', andr

31 geologicalhind :seisin61bg(c^al information 0v:11:510 10 date concerning faults
32 and earthquake occurrences and effects. They will be revised as necessary

O) ~ iWiidififi on s i pres eniedliEESTs7egM~afisifiiFsien e ral .J Aice pt abl e( 8 C

% msthods and; additional 2 discuss)$ars|provided iniregulatory; guides
i 35 andstandardirs91eWMijn3EstjbnsT~

36
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I when more complete information becomes available.

92

3 II. SCOPE
: 4

5 These criteria, which apply to nuclear power plarts, describe the nature
6 of the investigations required to obtain the geologic and seismic data
7 necessary to determine site suitability and provide reasonable assurance that
8 a nuclear power plant can be constructed and operated at a proposed site
9 without undue risk to the health and safety of the public. They cc: ribe

10 pe cedure; for determining th: qu:ntit:tiv: vibratory ground : tion de:ign
11 b;;i: :t :ite du 10 ::rthqu:k : : d d:: ribe infer tion needed te

12 determine whether :nd is what extent : nucle:r power plant need be de:igned to
13 with:tand th: Offect: of urf :: f:ulting. Other gGeologic and seismic factors

14 required to be fsken into account in the siting and design of nuclear power
15 plants are identified.

16 The investigations described in this appendix are within the scope of
17 investigations permitted by 5 50.10(c)(1) of this chapter.
18 Each applicant for a construction permit [opiFatihg} license, early; site
19 p6rmit[6FE6Ebined11|idenseshallinvestigateallseismicandgeologicfactors
20 that may affect the design and operation of the proposed nuclear power plant
21 irrespective of whether such factors are explicitly included in these
22 criteria. Both[delsrministhilidM5Qi|13tMejaluations shal1!be conducted

~ ~

-

23 t6.Tde'termin.eTilteliuiTabi.ll'tyiisdil..i. Waf67_dsli.hWehhiremen. ts for th. e site.
. - -- . -- -- ~

24 Additional investigations end/or more conservative determinations than those
25 includtd in these criteria may be required for sites located in areas haveg
26 iltli complex geology $siihQEst{d@difsFebitjioQ or in areas of high[
27 seismicity. If an applicant believes that the particular : ismology seismic
28 and geMegy-jibl69'ih[ch'aractefist#sEof a site indicate that some of these
29 criteria, or portions thereof, need not be satisfied, the specific sections of
30 these criteria should be identified in the license application, and supporting
31 data to dust #y-clearly jus ( Vsuch departures should shall;be presented.
32 Thi|0iridjorf0ffitsNffNudleiMsicf6ERsisljQ6sisustispprose such
33 d. .eV. i a t io'nH.-- --

34 Me:: criteri: de not addre:: inve:tig: tion: ef volenni: phenomen;
35 eequired for site: 100 ted in cre:: of vole:nic ::tivity. Investigation: of |
36 the vele:ni ::pect: Of uch :!te: will be determined on : :::: by :::: b :is. 1
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III. DEFINITIONS4

'

3

4 As used in these criteria: '

-

4

i 5 (a) The 41gLtivg" of an earthquake is a measure of the size of an

; earthquake and is related to the energy released in the form of seismic waves.6

7 Magnitude" means the' numerical value on a _tanda_rdiz_ed, scale 1suh as,i sut not
__

s
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t
~
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; _

l im.i te.d,t_op~M~ omen.. gA. gn.i ude.n.,.5urfa ,e.tWave aMa_g.wi.. ..~de ., Body Wave, Magni tude, ort a t - . .nn m - . ... . . . . .
8

.
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-
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; 9 Richter Mi"hitu..d.e scalei.-
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3 10
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W _ . 1. h*... . . . . . . . . . - , . . . . . .. . . . . .... .. ... .. . . . . . . . . .

i ...,.
134 ......

.

! 14 (tF_AM. tEiiiEGENgtpahtEiTaEiNostFiE. EE. ....liFieltTeaith.quike Ia

e xp_ect ed gtv gw.wwuine si_v.w.e.m #.i v,e. .~.s.g.,s o _occ_ur n t a' g- _n _se.i s:,a.e-. m. . c ' . , , . . .h. qw .w.es Am.wwm,e...vsa w.e,svbl y be_gy .wv y,
Mu -vowtw -w
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i.., . . source in the.
.,,...w ,s

hatrcan reas.ona; 15
a-~- - . . -,

p.ge n,.e. 7,y, ump . -p . pp eA. - .

16 c.u_r re n t i t, e_c.t.o_pw. -.- , p,qmp.w.ityiog-,g.ni._c Ereg_me d_gw.,-a.d si. . p.gg.,uwe,g,qdp,_siu_se _., a_t,xarelgdwp...,r stica,a anal..ys. i s_. el t. i s
gy,w, . ,,,..g,3, ,

4
.. ~ .

J

J 17 g_ene. r._al_l y,, ...s... ,.m1.b_a sed.._io#.m:.nat6ewm
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- a _nts- .- - . ca ev - ~. .. . .. ,-.

4
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..t. _ . e7.orewher.e _i, h,q_uak....,.,.,_.,, _ ,t,t ,esofso.
-- .-

... .

ccurrenc,elofn th_quak.,t i n.d i c a_t,e s._t ths
-.

* ear L~_ xr_a eear-- - . e.s-- ~ . . - -

_lik_el ih... d o...f. ,l _,.,d._h_a_nith. - ,l_a19_est_,:h,i s.t.,o__rica~h_,._
.m.. - ._

i 20 eve.nt soo ar9er e_e. ..- m - -,

21 (c) The " Safe Shutdown Earthauake Risiiid%t'iWfSSEW-lM is-%et,

22 . . _ u. . . y_ . . u . .u. . . , u. u _ ._ .a. . . ___ _...,..a.u.._..,u... ....... ... a...y .. u.m.. _ _ _ , _ . . _ ,_ _
,

... ... . .. .. . r. . . ... ....... . ..._ ..

23 _a,__.1..,,. __.u....u.... u. . . .. .. u...., ........,___,__....a ._.a.._,,.. a._2 , :._

r. . . . . . .
__ ___

, , . . . . .... .....,, . . . . . . .... . . .

1

.'. .- .'. -"',.....-- ...-...'. .. ... ..... ..-....y".."' " '
. 24 ,,--".'."..".....m".-'..".."... ' " ' ""." "..rm . .. . . .
1
4

25- which mi c:; the-madamm vibratory ground motion for which certain'

L 26 structures, systems, and components ere-Hi,llM,iFdesigned to remain
1 - d
4
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29 , u.. u...___u..,.. . ,. a...__.a.._._ n...,... r,.
...__ u.. ..,.a _m ____

s., ,. . ,, .... . . . _ . . .. . . .,,
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-

31 . t.... u. ._. _....u..u,,,,,,___2 __
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!
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__ _ _____
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.\
1 M)-%e-4peeat4ng h i'.-Earthqu:ke" i: th:t c rthc. uke which,
2 con:idering the regien:1 :nd local gecic;; :nd :ci::clegy and :pec4f+e
3 (Aar:cteri;ti'; cf lec:1 sub:urfecc- cterial, could rea:cnably be expected to
4 effe4-the-;hnt ite during the Operating life of the plant; it i: that

5 eaethquake which producc: the vibratory grcund actica fer which the c features
6 ef-the-wehar pc=r plet-secec::ry for continued Operatica without unduc
7 v4sk to-the he:lth :nd ::fety of the public are de:igned tc remain functien:1
8 (ed) A 2 fault" is a tectonic structure along which differential
9 slippage of the adjacent earth materials has occurred parallel to the fracture

10 plane. It i; di: tinct frc cther type: cf ground di:ruption uch ::
i.
'

11 had:lide:, f t::ure:, and cr ter:. A fault may have gouge or breccia between
12 its two walls and includes any associated monoclinal flexure or other similar
13 geologic structural feature.

~

14 (fe) 2 Surface faultinal is differential ground displacement at or near
15 the surface caused directly by fault movement and is distinct from nontectonic 1

16 types of ground disruptions, such as landslides, fissures, and craters.
17 if..)a7SsFfibe~difdFkiiToWIfsidisf3FtT6sT6fi.sb.1.1.-.s=EbN.. rocksiat;or''near the

- w--- -- - - - - + .

~F6u.~h.d. ,? i...uFfise. b7thi.FF6.Ei.ssi...iFidf?
..dgi.

. - - -- . .ifTsillh" cbi Fsss16nl. or |r18 .

..W.%4.vtV. .

19 e xten,.s'. *N.,A.i.,o. n, . a s t a,n...r"e'%=.*%sul tr o ff va._rTo'AuAMW".Ti.i..Ft , , %4gs
@,A.f- w ? Ny A.%WWgg ,.%i q.$ .g . % %P.lu%I%%

+,-. .a..
.e.. .f.. 6Ny Y'ic i s u r fa.W#p.W.*.Ib'c e ' d'e' - = o"# 1f r& ."%:mationI

1.g. W
,, , A OS v I -.,

+. -- : us.u .

es;h c n
|%:

20 15 Tasijdefalid yi thMif thh6ak'e]proce 55Fij
21

. ....,4

> ' A.u, pu. -s ei sm~i.sg..
..,s....

c s ource _jg..g%v.3my mo,...w.e._ne_r_al_.i., .%.,w,,. wyte_r_ageferr.yi n. . . .,to ,.bo.th-seismo enic
u.,.,7 . , . . .v . .. ..

1 s.sa_t
;

m

22 s su Fcis.. e isd~?Ea pi. b._1'e Wi..E f6._st.E._% s ou rce_si
.- - .- _ . 1

,.,A,sei.__ ..-i ~.. ~., ,._ni s~n-nt. io#~,,ff t. he,t earth,that has uni formE - smocen rsourcei war 1or--n' o..-
., . . . ..

,,,

23
. . ~ . .-- . - .

24 .Earthb. iksip6. tentla12(isF,. dit.._'iFiil._ifif.iE.Tf._50FE.s. feifth. quaks.iand frequency of
~ - .. - - - . . -

25 Fec. u rFente)* d i s t i nctW ffo. nii. ihi~s.oFF55_6d th.piiFs.ilc7Mse i smogen i c i s o u rc e wi l ly n o t I

i. - ~ . --- -
,~,% ...,.v.~.v.-- ......,y . + ~ u wn # . v. - . I

26 cau s..e_! sur,f ace 4 d. .i,s Pl. iceme. n...i. s.m._.$_%,i.e sm_oge_ni_c_:s_ou_rc_es..f,c_ov.e.r.t a.. wide . .. . ..,,. . f
. .

- ,. .

range o

27 EbsiiEilHies7from.aTwellWifihid[ fief 6dic]tWuitHFe7t'6Tslii519~ailarge region
28 bf Jdi f f...uie_'is t.s._mi_ cit).~(s_eTim6.ti.cf6_hTF. pF5_Ei._5E._s)_fth.du.. ghtTto beicharac. teri zed by

- - - --

29 ths same~siFthMake#FicsFFEREi%delHMsil's5545}e(s6srbeits als6i

haracterize..d b._.d tsni vo.._l_veme.n,t. i_ni_th_escur_re.n_t_st_ec. t_onl._,. i...me as reflected
- - . _ . -. . . , .

etre
..

30 c. - -n ~ .. ~ - ..

i nT t h e Q u a t e rn aFy^m.-(.u.~ p p ro fi mitely;" thiil.istT2, i. mil l ibifyi.+ irs.- ) i g e. 01 og i cf h i s t o ry .i a31
Ea hv.a.e-.., e .w. . ... ann 4 wwawM-- ww.hw a t . - '

32 (9.) A 2 capable fee 4 tietW61FiusF^ tc i is M tectonicjstructure that can1

generate,j,oth_iearthq_uak_e_._.d tiect_onic_isurfa_ce. ,fo.._.-rmation such~,as faulting or
_. ._ _ .._ _. _

sgan i Je
- . , ...... .

33
__ ~ . - _ .

-_l d,i ng.+.a_t > o r .__ t_h._-._f. a_,ce s _i_n e the 4 P_ resent _Fs_ei_sm. o__t ecto _ni c : re. -9.i. me . - It. islo .-ne.ar_ e..'s. u r._ _ .

34

~.Ea?id.iiRiddI6y~._itiliis~is555 : f ult which h:: exhibited one or scre of theE. . ~~ . .. .c - . . . .~
35

36 following characteristics:-
37 (1) " /cment at er near the grcund :urf:ce :t least once within the
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p s e , n. n. a. ,. . . _ , . c. ___.__,__.....__...u.._. .t_ _... enn,n.n.n.... __ __..____. . .
r. . - . . . . . , . . ..~m..~... . . . m .. ...,3 .... . . . . . . . . .m r... - .

t ye:r;.

-u_hn-,-.n., f;n. . face,:or^_n.e. a,r ,s_urface: d.eformation of. 1 ,dfor.
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O T e:p.resence.'o sur
.

. . . .
3

. an ms or
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.
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geo e. p.os s - h rox a4

y_e a_rs . o._r c a.m_l. ~vve..a._s t_ro_nce.-in%t._ths.
- - . --

ws** ...np

s...n.Wr.-t
~ s v-e., n s v .a. . y w -Mov .

sl a st.gw.ams.wys- . APP _ro_xi-
.ys. -sv

.x ms -e50
p......

m...ata_,lya'.0_00lp.,.a.p..y-ears.5 ;

6 m, u..,...... . .,_u.Jt,.. ,_,._.._ _..,,~
.2

.___,__a ....u.. e._ .._a,
r . . , . ....... ~ ....,, ... . . . . . _ ... .m.

. . c. r. o. . u. . . . .. r . _4 ,. u. . . a..__..__....... .o. . _ .. . 3. .,. u. . _.. ,.u.. - .... u..7
_ ____ .. ___

. . .. .. . ......
_ . u ,. c. . . , .,

. . , ... ..~ .. .

8
-

WA_"Fii.s_os.. ibl. i'iii6d. iitiBsWith..'i6e"sEm.. dre?li.. e*e.a^rthquakes or
-- .-- . -

9 siist,iinid ~iiiF. t.hy. U,.v.iki|h ti iifitiitTifi' sis llyT dom..pa..niedi by isigni fIcant
~

. r
e

"eu...v.. .J. - ...M.u.we4w.,.~w...w., Aeb e. .. . e4 ..

v a a
.- c 2 a

10 ELF. fde. Tdef6r.dif135. 7-- . -- .

11 {3) A :twetural relation: hip to : ::p:ble f: ult :::crding to
12 ek r::teri: tic: (1) er (2) cf thi: p;r:gr:ph :uch th:t =cv::ent en one could

4

. . , uAr-expect _2 u. - - -.r ...._.au.,..__. . ~... ... .
..u _13 _

u_

),_: .t X_1_st_ru.c.t__ur,a.l,# a_s..s. oc.i.ati_o_n_; wit _ti a._s c._- ___ _ . __ . u.~
. . _____

. . . . . . . .. . - . . . ~ . .

,. _._.

_ap_ab. l.,e,t,ec. tonic-_sou,rce having
__. _ _r

14
, _. .- - _ - .

15 Eh'iViEtiFfitT._Es_~1W(1)?~o_ fit.hiija~riiFaph'ssiftdf ~moVementT on o'ne"could b'e
~ _ ~. -

~._. _ bly _ _ ted ,t ,o.rb~e acc.
. ._

-.o.~pan.ied.y.
.-

. movew, nk.,onPtKi"6ther.16 n- -
reasona m ec m

-- . ._ . .

17 In some cases, the geologic evidence of past activity at or near the
O ground surface along a particular f; ult Espabli[ tectonic sou'rce may be

obscured at a particular site. This might occur, for example, at a site having
20 a deep overburden. For these cases, evidence may exist elsewhere along the
21 fast-stFucture from which an evaluation of its characteristics in the
22 vicinity of the site can be reasonably cased. Such evidence shall be used in
23 determining whether the fault ifiUE_ti.~Filis a capable f: ult ' tectonic source'

~

.-

24 within this definition.
25 Notwi%sunding the foregoing paragraphs III(gi) (1), (2) and (3),

~

structural association of a fa4, structure with geologic structural features26
.

27 wh4th-that7are geologically old (at least pre-Quaternary) such as many of
'

28 those found in the Eastern region of the United States shall, in the absence
29 of conflicting evidence, demonstrate that the f; ult strdcture is not a capable
30 faA l._.ei..~t_A6 Mids'EEFwithin this definition.- - --

31 (h) A " tectonic provin::" i: : r:gica cf 'h " rth A- rican contin nt

32 chcr::terized by : rel:tive consistency of the geclogic structural featur+s
33 contained thercin-
34 {i) A " tectonic :tru:4ur " i: : ';rg :::ledi:10::tica er distortion

O ,, .....__a u. . ._,3. ,

... .
.v., . _ . . .m ,. . u. . . ...u..,,.,. u , _ . . .

(
. . . . . . . ~ . . . . _ . . . . . ... .. ..~ _..

...,_a ,...,.,__,_.._....m.._... ,, _ _ ...a..exa {f, . _. _ ..,_ m.... .......3 .... .. 3.. . . . . . . . ._ . . . . _. .m ,w., 3,

. i. ....a .._,..._.._ ....- a ..a..ed,

37 m. u. . .u. . ..._,._ _ __..__ _.. .__ _.,.. __. u.m . . . .. . . _ . . r.. . . _ - . . . . . . . . .
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1 inve:tig; tion of the region:1 :nd leeal ge:1 gi: and : i mi ch:rac4 ristic;

2 of th: ;ite d: en:trate: th:t the need te de:ign for surf :: fau1Hng h:: been
3 properly determined.
4 (k) The "centrol width" of : f cit i 'h ::ximur width Of the zon:
5 centeining ::pped f ult irace;, including-:11 fetM: which ::n be reasonably
6 4ferred to have experienced differentiel ::ve :nt-4cring Ou: ternary ti=c: :nd
7 which join er ::n rc::en bly be inferred i: j in the :in fault trace, t

8 measured within 10 mile: 21:ng the fault'; trend in both dircetion; from the
9 point Of accrc:t :pprc:ch i; the :ite. (5 : Figure 1 of thi :ppendix.)

10 (4j) A "reSDonse sDectrum" is a plot of the maximum responses
11 (acceleration, velocity] or displacement) of a family of idealized
17 single-degree-of-freedom d:: ped oscillators :g: inst 'a[alfunction ofjhe
l't natural frequencies (or period:) of the oscillators forja,giv~en;. dam' ping;value.
14 TiieWisfohiii~5jiinifsmiliiEi1FuTifQ 1 a specified vibratory motion input
15 at the4r lisji]])tWi[ supports.

.. _ .. m_. . . . . .

cense ;o.^%. ,y _r., _. ear v site'oers .oaasie fine'd . in Part 52 _of16 ,( .
a.m...

ombi_nef
._

-

...

17 thjf Wapt'eE 7j
18

I
19 IV. REQUIRED INVESTIGATIONS

20

21 The geological, sci:=ic seismol6gicalMand engineering characteristics
22 of a site and its environs shall be investigated in sufficient scope and
23 detail to pr vide rc;:en ble :::ur:nt that they :re :ufficiently well

24 undcr:tcod to permit an adequate evaluation of the proposed site, eM-to
25 provide sufficient information to support ee-)6t[pvobabilistic and

~

Beti^il6TitiiRdeterminations required by these criteria 7 and to permit26 r
27 adequate engineering solutions to actual or potential geologic and seismic
28 effects at the proposed site. The size of the region to be investigated and
29 the type of data pertinent to the investigations shall be determined by the
30 nature of the region surrounding the proposed site. The investigations shall
31 be carried out by a review of the pertinent literature and field
32 investigations nd : hall include th: :tep: Outlined asjidentified- in
33 paragraphs (a)through(ep)ofthissection.
34 (a) Required Inve:tigation for Vibratory Ground Motion.
35 The purpose of theid investigations required by this paragraph is to
36 obtain information needed to describe th tibr tory-ground tion produc h

37 isiisiltheSafeShutdownEarthquakegroundmotion. The seismic sources
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;artificial, the failure of which could adversely affect tne nuclear power^'

plant, shall be considered. An assessment shall be made of the potentialj s ,,

3 effects of erosion or deposition and of combinations of erosion or deposition
4 with seismic activity, taking inte account inform 6 tion concerning the physical

|
5 pr:perty prdpertfesiof the materials underlying the site developed pursuant to |

6 par: graph ( )(1), (3), :nd (4) of cetion IV and the effects of the Safe
w... v.+. w . . w.o ,...v. s ...g . y 2-..

i 7 Shutdown Earthqu:ke vibratoryjgroun(umwsetjon;det u.ejw.. + era nedjin Paragraph. V(b).|
,

8 (3) Cooling water supply. Assurance of anhadequate cooling water supply

9 for emergency and long-term shutdown decay heat removal shall be considered in.

10 the design of the nuclear power plant, taking in to-int'o' account information
r

11 concerning the physical properties of the materials underlying the site,
! 12 developed pur:u:nt to p;r:gr:ph: (:)(1), (3), :nd (4) of ;cction IV and the

13 effectsoftheSafeShutdownEarthquakeGfiE5);M6t{6h;?andthedesignbasis

| 14 for le~c@iblMdyhtssto[ibsurface Mfo'r55MN f:;1 ting. Consideration of
15 river blockage or diversion or other failures which thit may block the flow of#

;

! 16 cooling water, coastal uplift or subsidence, ee-tsunami runup and drawdown,
J

! 17 and failure of dams and intake structures shall be included in the evaluation,
'' where app-opriate.,

\. (4) Distantstructures.Thosestructureswhich'hatbarenotlocatedint

20 the immediate vicinity of the site but which are safety-related shall be
21 designed to withstand the effect of the Safe Shutdown Earthquake Ground

22 Mo[jon. ' :nd the Thuldesign basis for surface faulting shalli6u-' determined on
23 a ba' sis | comparable b;;i: to that of the nuclear power plant, taking into
24 account the material underlying the structures and the different location with
25 respect to that of the site. |

26

27 VI. APPLICATION TO ENGINEERING DESIGN

28 ,

29 () Vibr: tory ground =0ti n

30 (1) Sf Shutdcun E:rthquche. The vibr:tery gr und :: tion produced by
31 the S fe Shutd wn Earthqu:ke h:ll b: defined by rc p:n; pectra

32 corre:pending to the ::ximur cibratory :::cler: tion: :t-the cicvation; cf the
33 fcund: tion: Of the nucle:r p0wcr pl:nt :tructure; deterrine pursuant to

34 p;r:gr:ph (:)(1) of ;c; tion V. The re:p;nse :pectra 05:11 reltte the rc pon:c
'' Of the fcundation: Of the nucle:r powcr pl:nt :tructure; to the .ibr-ater-y

grcund =ctien, con:idering :uch found: tion; to bc : ingle degree of freedom
37 damped escillater: :nd neglecting :cil :tructure inter : tion effect:. In .iew
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24 (c) The "Operatina Basis Earthauake Geoimd MotionWOBEi" is that
earthquake-which, consider 4ng-4he-r+9 enabend4oce4-geology and sei;melegy425

26 and-speei-fi+-eharac4cristics of local subsurface material, could rea:cnaMy-be
27 expected-to-affeet-the-plant sit ^ during-the-operat4ng44fe-of-the-plentt-+4
28 4s-that-earthquake-which produc+s-the vibratory ground motion for which those
29 features of the nuclear power plant necessary for continued operation without
30 undue risk to the health and safety of the public are-designed-to-will remain
31 functional. |f Es95Ee"66. the"D55F. 5 fin,gV._ilisiEaEihi. uils-.Wikis_d 'M61. io. nlis

'

, . - - - .~ - m ~.
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33 p% icante
.W.vGt,.wWs,sh 'd.*Myn

34 (d) A 2 response spectrum" is a plot of the maximum responses
35 (acceleration, velocity 2 or displacement) of a family of idealized
36 single-degree-of-freedom damped-oscillators against-asj~frndi6n16f?ths
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11 IV. APPLICATION TO ENGINEERING DESIGN

12
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-. ter;15 c ap
16 (a) V4 beat 4en MbFif5Fy Ground Motion

- _ l17 (1) SafeShutdownEarthquakeGroundjM6 tion;. The v4beateey-ground

W met 4cn produced by the Safe Shutdown Earthquake C@6@y6tl6Mshall be def4ned'

-f
_ch_ar.adf_.-,. dlby derived- frem-a _fr. fi_elhgroun.. ,,,- . .-m.m.i.o_n response spectra _~t
v

' e_ev . d1 mot a
..

eriz_e_
. . .

( .m

20 16Eifi~ei@_f5En_dTsiffsid5T6Ffh.yf.oth6t'icilM. odCo.Utcfo.Apii_Dapp_fi..p~Fiais_5_ _ . _ . mm_m - . m - ~

21 eseresponding io the-maximum . ib. story-accelerat4 ens-at-the-ek+at4 ens-of-the
22 foundat4 ens-ef-the nuclear pcwcr plant-st+uetur+s-determhe-pursuant-te
23 par-agraph ( )(1) of cction V. The response spectra shall relate-the-response

| 24 of the foundat4 ens-ef the nuclear power plant streetere: to the-v4bratery
25 ground mat 4enreensMeehg-such-foundat4en; to bc single-degree of freedom i

1

26 damped c;cillaters and neglec44ng scil structure-Mteraction ef-feet-sr In view !
i

27 of thS limited data available on vibratory ground motions of strong
28 earthquakes, it usually will be appropriate that the desijn response spectra
29 be smoothed dew-spectra developed from e-series a6 ensemble of response

| 30 spectra related to the vibratory motions caused by more than one earthquake.

KiTa7 min"ive.v.wRIh~e_>.hw.ywp. nor_iz_o_nt~al,l. i v,,yS_fef_Shw- m. mum i
,.m
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w,.. ~......x w- , 3 ~ . .: ,n-

31 n he
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ound- ion,,neve.bwwnw. mw
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I

pv*u MKem e/*wk%wMWM Ae N.WEC&.:.-'l e ra. ^i.wn o urwithtaip_ea_igroun.daa. cc.e.
oww ^ e- s - - - <-

.f
l33 .To sat eas_ ~ . - - .

t on - . g~

\

| 34 The nuc! car power plant shall be designed so that, if the Safe Shutdown
! Earthquake F6'u,sdWEI._EnToccurs, certain structures, systems, anJ components"

- - - - _

will . remain functi onal iand. v.v.yf.g,t. fhwivg.wmvew.l..i_ov,w.b_le.pywsst_ressTandpdef.or.my vi.~ i _ n;ap_p ca
-w- % . .v y w.n swe .e - we em -

at ondy---.. t.wg
p.mpa ; g.ws.gv-

g

w i imi s.;
~ - - v .,

37 The:c structure:, :ystem:, and component: cre the:c necessary to assure (i)
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1 the-4ntegeity of the react +e-coolant pressure boundary, (ii) the-capability M
2 shut-down the reaeter and mainte4n-41-4n a cafe condM4en, or (iii) the

3 espabl444y-to-prevent er mitigate-the-consequcace of accident; which-could
4 result in potential cM+4te-exposures comparable to the guideMnc exposures-ef
5 this-paet,--In addition to seismic loads,-4ec4eding-aheeshec4sr applicable

concurrent po_rpal,,oper f._ing,jfunctionaly and accident-induced loads shall be
.

.

6 a

7 taken into account in the design of these safety-related structures, systems,
8 z components. The design of the nuclear power plant shall also take inte
9 account the possible effects of the Safe Shutdown Earthquake @iind| Mot,ijnfon

10 the facility foundations by ground disruption, such as fissuring, jifersli
11 I@[ej{Q differential eenseMdat4en-Islil,imiej[f, erateeingr iquefaction, and
12 landsliding, as required in paragraph fd}-ef Section V. PAYajIFsp@V{f$if

hlEn.~dI.EB_if_6T,P'a._M__10.'0,_7u_F_i.h_is._Gh_ap_tsM, .13 A. .

14 The engineering-method used to in;ure that-the-required safety functions
.i- n__turesgyst ems,<,gand_c.--- ,sjsjal l,7. ~befere-mamteined assured,during

n .-. n . .

15 o struc s omponent
..

16 and after the vibratory ground motion associated with the Safe Shutdown
17 Earthquake [FoindjM6fi361thFogh shall involve the use of either a suMaMe
18 dynamie-analysi @jQlesting. or a-su+1eMe-qualification test-methods. to

.

19 demonstratc that--st+ueterc:, :y: tem; and-c+mponents-ean-w+thstand thc :cismie
and-other-concur +ent-leads -except where it-ean be demonst+ated-that-the-use20 r

21 e f-an-equivalen t-s ta t4e-Tead-meth od-pr+vides-adequa te-c+nserva t4+ m-

22 The analysi cr test-pvafuation]shall take into account soil-structure
23 interaction effects and the expected duration of vibratory motion. It is
24 permissible to design for strain limits in excess of yield strain in some of
25 these safety-related structures, systems, and components during the Safe
26 Shutdown Earthquake Odou6dTMoliiin and under the postulated concurrent

27 eend444 ens-Ydi~d[, provided that-the necessary safety functions are maintained.
28 (2) Operating Basis Earthquake GF6bRBIMofis6.

29 MThe-Operat4ng-Bas +s--Ear 4hquake-shaN-te defined-by-response-speetra.

kii,Eiif.<.w.w.w....EEf.d.u.wxl6T.wu=e.y s, f fecisisf? thE0.pe.ritM%.g2 Bis.sw;M. #-Esr.O.fqu.'ake? Grou6d. e.ot.ionv
2
M

'

s010 di.ww.: fh i ~.-.-m+ c ...w wm
i i

s -- . ... > - - y- y - ~
30

- ' .s.-/ #w -sww ww ww v-

.;wyeg 5myw.wvy--pwylh .w.w.w.w:t-inorma"lj operas.;.miqgtl+oadsj AM mal l,. structures, systems, and
< - ~~ vv.-

-w w-

31 An3co' 3ationiw3
32 compow ats of the nuclear power plant necessary for continued operation |
33 without undue risk to the health and safety of the public shall be-des 4 ned-to i9

1

34 remain functional and within applicable stress and deformation limitst when
35 subjected to the effeet+-ei the vibratery-mot 4en-of-the-Operat4eg-Basis
36 Ear 4hque':0 in comMeat4en-with-nermal operat4eg-4eed:. The eng4*eer4ng-methed

37 used to insure-that the:c st+ueterc;, systems, and-components arc espaMe-ef
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1

,l_ , withstending-the-effeels of the-Operat4ng B;;i Ear-thquake-sham-4nvclvc the

( ) use of cither ; suitable-dynamk analy;i: or ; suitable quS4f4eet4<n test to
V demonst+al+-that the strueteres, system; and-tempenent+-cen-withstend-the-

4 se4smic :nd other-concerrent loads, except-where it can be demonst+ated-that
5 the-use-ef-an-equivalent-stat 4c load method-peevides-edequate conservat4smr
6 -The-ana4ysi: cr test shah-t-ake-4nte-account soil structure-int +eaet4en
7 ef-fec4e-end-the-expected-durat4en-of vibrateey-met 4enr
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>'j \
.

s -

( |is.fEFisiT6hWffe.Ets'Thdi thMe'xp' Ethdidurifion 'df v'itfFEory| groundlofioh.e
y - . . . .

'O (3) Required Plant Shutdown.3 If vibratory ground motion exceeding
21 that of the Operating Basis Earthquake Ground Motion 6FJii.giiifibant'. pl.ist) p|

' ~

-

22 d_isi.ji..loccurs, _Th_sM.mih._en.see_injusilshutdown ef-the nuclear power plant-wi44-be /,
.

23 required. Prior to resuming operations, the licensee will be required te
.

24 sQ1HdemonstratetotheCommissionthatnofunctionaldamagehasoccurredto
25 those features necessary for continued operation without undue risk to the
26 health and safety of the public.
27 (4) Required Seismic Instrumentation. Suitable instrumentation shall
28 be provided so that the seismic resnonse of nuclear power plant features
29 important to safety can be determ+ned-evElbated promptly[iffeifinTeafthlidikK
30 to permit comparisen of-such re:pcase-wMh-that used as the 'es4 n-bas 4s-Such9

31 ; comparison is needed-to-dec44c-whether-the-plent-cin-c+nt nue-te-be-eperated
32 safely and to-ferm44-such-t4=cly ac44en as may be-appr+pr4eter
33 These criS++e-do-not address k need fe -iastrument,at4en-that-wouM

A ^ ~

1b) UEidisE5MsMi nfdh' vel 3hidiinfDra ffiRdsulltbryKGaide?DGh10172 Prs 3/

~
?andtlniriis'diate Nuclear PowerTP1 ant"O eratWLPost4Eairth qu h k el P1 a~n n i n g!" ~~~~~~~~ ~^~~~~~~'~~~~^"~~~~~^p~^" "~~~

Ea._Ft6' 'diks. i Ast16ds. .36
- .-- -
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1 automat 4cally chut-down-e-nuc4 ear-powe.' 4ent when an caethquake-eeeues-w?
2 exceed:- a predetermined-intensity. The-need for such-instrumentet4en-n-unde
3 considecat4en-
4 (b) Surfcce Fault 4ng Df.f5@tyij.
5 (1) If- the-nudear-power phat is to-be located-within-the-ane

requiring-detailed fauM4ng-invest 4 at4ent-a-dete44ed-invest 4 at4en-of-the6 9 9
7 regional-and-leeel-geelegie-end-senmie-chaeaeteefsides of the site shah-be
8 etee4ed-out-to-determine-the need to-teke-iste-account-suefece-feuM4cg-in-the

des 4 n cf the nuc4eae-power plant--Where it is determ%d-that-suebee9 9
10 feuM4ng-necd-not-be-teken-inte- account, sum 4e4ent-data-tc clearly just4-f-y
11 the determinat4en-shall be presented-in the licen:c appl 4 eat 4en-
12 (2) L'here it is determined-that-surface-fauM-ing-must-be-t-aken-inte
13 eseount, the-eppMeant-shall, in c:t-abHehing-the-des 4gn-basic resuef-ace
14 fauM4ng-on a site t-ake-into account evidence-concerning-the-regional-end
15 4ees4-gcclogic and scismie--eheraeteristic; cf-the-s4te-and-from-eny-ether
16 eelevant-date-
17 t3}The design-basrw-hbQntilalffor surface feuM4ng-difoniistionfshall be

^

18 taken into account in the design of the nuclear power plant by providing
19 reasonable assurance that in the event of such di-spheement-dur-ing-feuM4ng
20 dif,oMjin[ certain structures, systems, and components will rema.n
21 func.ional . These-structurcs, systems, and-cemponent+-are-those necc : art-te
22 essure (i) the ir.tegr4ty of the reac-ter-cooknt-pressuee-boundary, (ii) t-he
23 espa bl441-y-to-shu t-down-the-ree -4ee-and-main tain-44-i n-a-sa fe-sh u tdown

24 conditien, or (i:i) the-eapabi1ity tc prevent-er--sa44 ate-the-consequenees-of9
25 ace 4 dent; whieh-could result-in-potent 4el-e#sMmposures-comparable-to-the

^

26 guideHec exposures-of-tHs-part. In addition to snrfacsids|fotm5tiMiliduced,
27 {@MZQBgyy@uchlisfiiQsaliiF6ifili'511f t:al571nio?idcount" seismic
28 loads, including aftershocks, ind/ applicable concurrent functional and
29 accident-induced loadsk shah-be-taken-into account-in-t4:e design-of-such
30 safety featurcs. The design provisions sham-be-based-en-an-assumpt4en-that
31 th; design basis-for surface feuM4ng-8sf6riistioW cen-secue-shillTli[liisid@
32 MM@j]l{EdlypMe@ejin any direction and azimuth and under any part of
33 the nuclear power plant [,7 unless evidence indicates this assumption is not
34 appropriate, and shal' take into account the estimated rate at which the

35 surface fauk4ng-difdtdillin may occur.
36 (c) Seismically Induced Floods and Water Waves and Other Design
37 Conditions. The-des 4gn--basi; fee-s$eismically induced floods and water waves
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4,,

i 1 from either locally or distantly generated seismic activity and other design ,s i

! conditions determined pursuant to par: graph: (c) and (d) cf :cctica V, !

!-
'- _ bgggph7fflj[p6'd%jl3f[jpjf3[{[(fgj[[pg[jf%W(gCEI3shall be

i 4 taken into account in the design of the nuclear power plant so as to prevant

[ 5 undue risk to the health and safety of the public.
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1 / SPECIFIC ISSUES FOR COMMENTS
i v-

The proposed guide, DG1015, outlines, for the first time, concepts and procedures
to be used in conjunction with the probabilistic/ deterministic seismic hazard

"

analyses. Rationale for the approach is discussed in Section V.B.3 of the
supplementary information of the accompanying federal register notice to this
rule-making action.

The staff is currently performing confirmatory studies to evaluate and refine
these proposed procedures. A limited study has been. completed demonstrating the

'

feasibility of procedures and the validity of the concepts. However, the staff
would like to solicit comments on the concepts outlined in the proposed guide at
this time. To facilitate the review, results of the application of the proposed
procedure to four test sites are published separately (letter report from D.4

Bernreuter of LLNL to A. Murphy of HRC).

There are some divergent views on the role probabilistic seismic hazard analysis |
should play in the licensing arena. Within the staff it appears that there is 1

a general consensus that the revised seismic and geological siting criteria*

should allow considerations for a probabilistic hazard analysis. There is also
a general belief that the probabilistic analysis should be calibrated against the
past practices for siting and licensing the current generation of nuclear power
plants. There is a general consensus that ground motions should be calculated

O* _ With regards to the role of the probabilistic analysis, views range from an
using deterministic methods once the controlling earthquakes are determined.

|
i advocacy of a predominantly probabilistic analysis to the

probabilistic/ deterministic dual approach proposed here to a predominantly
deterministic approach as used currently. Given these divergent views, the staff

,

would like to invite comments regarding the use of probabilistic seismic hazard,

analysis and balance between the deterministic and probabilistic analyses. This
~

i and other associated issues are itemized below. (As the detailed technical
studies are completed some of the staff positions may be confirmed, but specific
comments would be helpful at this time.)

,

1. Should both deterministic and probabilistic approaches be used in siting i

nuclear power ;0 ants? If both are used how should they be combined or |
weighted, i.e., should one control over the other?'

2. If the dual probabilistic/ deterministic approach as proposed in this draft
guide is to be used, is the proposed procedure in Appendix C adequ3te to

; determine controlling earthquakes from a probabilistic analysis?

3. In determining the controlling earthquakes should the median values of the
seismic hazard analysis be used to the exclusion of other statistical
measures such as mean or 85th percentile?

(The staff has selected probability of exceedance levels associated with
the median hazard analysis estimates as they provide more stable estimates*

fm

( of controlling earthquakes.)
L

4. Should the median target level of IE-4 for LLNL or 3E-5 for EPRI be raised
or lowered, i.e:, should the next generation of NPPs have design levels

.

.
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+

for seismic events approximately equal to, greater than, or less than the
current NPPs?

(The NRC has made a policy statement that stated the current NPPs are at
the appropriate level of safety.)

5. For the probabilistic analysis, should and how many controlling
earthquakes be generated to cover the frequency band of concern for NPPs?

(For the four trial plants used to develop the criteria presented in this
regulatory guide, the average of results for the 5 Hz and 10 Hz spectral
velocities was used to establish the probability of exceedance level.
Controlling earthquakes were evaluated for this frequency band, for the
average of I and 2.5 Hz spectral responses, and for peak ground
acceleration.)
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DRAFT REGULATORY GUIDE DG-1015

IDENTIFICATION AND CHARACTERIZATION OF SEISMIC SOURCES, i

4 DETERMINISTIC SOURCE EARTHQUAKES AND GROUND MOTION
5*

6
7 A. INTRODUCTION

3
8
9 Paragraph IV (a, b and c) of proposed Appendix B, " Criteria for the Seismic and

10 Geologic Siting of Nuclear Power Plants after [ Effective Date)," to 10 CFR Part
11 100, " Reactor Site Criteria," requires investigations to assess the proposed site*

12 for: (a) vibratory ground motion, (b) tectonic surface deformation and (c) non--

13 tectonic deformation. Paragraph V(a through d) of Proposed Appendix B to 10 CFR^

14 Part 100 requires the determination of: (a) deterministic source earthquakes,
15 (b) site ground motions, (c) safe shutdown earthquake ground motion and (d) the ,

a 16 need to design for surface tectonic and non-tectonic deformations. ,

174

18 The purpose of this guide is to provide general guidance on acceptable procedures
4

'19 to (1) identify and characterize seismic sources, (2) determine deterministic ,

20 source earthquakes (DSEs) and controlling earthquakes (CEs), and (3) compare the >

21 seismic hazard level to that at operating plants. These procedures are required
22 by Appendix B to 10 CFR Part 100.
23
24 Any information collection activities mentioned in this regulatory guide are i

25 contained as requirements in the proposed amendments to 10 CFR Part 50 that would I

(T provide the regulatory basis for this guide. The proposed amendments have been ,

%)
submitted to the Office of Management cnd Budget for clearance that may be(
appropriate under the Paperwork Reduction Act. Such clearance, if obtained, ,

29 would also apply to any information collection activities mentioned in this
30 guide.
31
32 .

.

!

33 B. DISCUSSION
34 i

35 Appendix B requires consit..vation of both probabilistic and deterministic
'

36 approaches to obtain site geologic and seismologic characteristics. The approach
37 required by Appendix A to 10 CFR Part 100 for determining the safe shutdown
38 earthquake ground motion is deterministic and, thus, does not explicitly '

39 incorporate uncertainties about the seismic hazard into the ground motion
40 determination. Current probabilistic seismic hazard analyses rely heavily on
41 expert opinion and their results are driven by the tails of the probability
42 distributions, and, thus, need to be benchmarked by simpler deterministic
43 analysis. Therefore the role of the probabilistic analysis is to ensure that the
44 uncertainties have been included in the assessment of the seismic hazard and the .

45 role of the deterministic analysis is to ensure that the resultant design !

46 provides protection against a scenario based on historical seismicity and recent
47 geological history. |

*

48
49 Before providing specific guidance, the following synopsis of the develcpment of

~

50 the Safe Shutdown Earthquake Ground Motion (SSE) is presented. The development
A of the SSE follows two re ared, parallel paths. The first path is referred to i

/ in Figure 1 as Determin stic Analysis (DA) and the second path as Probabilistic

DG-1015-1 ,
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1 Analysis (PA). The initial step in the process is to obtain the site and region
2 specific geological, seismological, and geophysical data. Branching from the
3 first step to DA, the seismic sources around the site are identified and the
4 deterministic source earthquake (DSE) for each source is determined. Ground
5 motion is calculated using DSEs and the ground motion guidance provided in
6 Standard Review Plan (SRP) Section 2.5.2. The controlling earthquakes for this
7 path are determined as illustrated in Figure 2. The initial step along PA is to
8 conduct an Electric Power Research Institute (EPRI) or a Lawrence Livermore
9 National Laboratory (LLNL) seismic hazard assessment of the site (EPRI-NP-63950 1

10 and NUREG/CR-5250) for eastern U.S. sites. The results of this assessment are
11 compared to the collected assessments of the currently operating plants as

.

12 described in Appendix B of this guide. The site seismic hazard assessments are i
13 deaggregated as described in Appendix C of this guide to obtain the controlling '

14 earthquakes for PA. Ground motion based on the controlling earthquakes from PA
15 are also calculated using the guidance in SRP 2.5.2. The ground motions from the
16 DA and PA controlling earthquakes are compared to the SSE ground motion ar are
17 used to develop the SSE.
18

.

19 1. Identification and Characterization of Seismic Sources I
20 '

21 " Seismic source" is a genera' term referring to both seismogenic sources and
22 capable tectonic sources. A "seismogenic source" is a portion of the earth which
23 is considered to have uniform seismicity (same DSE and frequency of recurrence).
24 A seismogenic source would not cause surface displacement. Seismogenic sources |
25 cover a wide range of possibilities from a well-defined tectonic structure to j
26 simply a large region of diffuse seismicity (seismotectonic province). A
27 " capable tectonic source" is a tectonic structure which can generate both
28 earthquakes and deformation such as faulting or folding at or near the surface |
29 in the present tectonic regime. Appendix A contains definitions of these and i

30 other terms used in this regulatory guide. '

31
32 Investigations of the site and region around the site are necessary to identify
33 seismic sources and determine their potential for generating earthquakes and

i

34 causing surface deformation. Identification and characterization of seismic i

35 sources is based on regional and site geological and geophysical data, historical
36 and instrumental seismicity data, the regional stress field, and geologic
37 evidence for prehistoric earthquakes. The bases for the identification of the
38 seismic sources should be documented. Appendix D describes investigation
39 procedures that may be used in identifying and defining seismic sources.
40
41 The following is a general list of characteristics to be determined for a seismic
42 source:
43
44 a. Source zone geometry (location and extent, both surface and subsurface).
45
46 b. Description of Quaternary (last 2 million years) displacements (sense of
47 slip on the fault, fault length and width, age of displacements, estimated
48 displacement per event, estimated magnitude per offset, rupture length and
49 area, and displacement history or uplift rates of seismogenic folds).
50
51 c. Historical and instrumental seismicity associated with each source.
52

DG-1015-2
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e d. Evidence of paleoseismicity.
(
' e. Relationship of the fault to cther potential seismic sources in the

4 region.
'

5
6 f. Deterministic Source Earthquake. (Details for the determination of the
7 DSEs are provided in section 2.)
8 ,

9 g. Recurrence model (frequency of earthquake occurrence versus magnitude). |
10 t

11 h. Effects of human activities such as withdrawal of fluid from or addition I

12 of fluid to the subsurface, extraction of minerals, or the effects of dams
13 or reservoirs.
14 !

'

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

18
.19 j. Other factors that can contribute to characterization of seismic sources
20 such as strike and dip of tectonic structures, orientations of regional
21 and tectonic stresses, fault segmentation (both along strike and down-
22 dip),etc. .

23
24 The level of detail for investigations around the site is governed by the
25 Quaternary tectonic regime and the geological complexity of the site and region.

([%}
Regional investigations such as geological reconnaissances and literature reviews
should be conducted within a radius of 320 km (200 miles) of the site to identify
seismic sources. Geological, seismological, and geophysical investigationsv

29 should be carried out within a radius of 40 km (25 miles) to identify and
;
'

30 characterize the seismic and surface deformation potential of capsble tectonic
31 sources and the seismic potential of seismogenic sources, or demonstrate that ;

32 such structures are not present. Detailed geological, geotechnical,
P seismological, and geophysical investigations should be conducted within a radius !

$4 of 8 km (5 miles) of the site to determine the potential for tecteoic deformation
35 at or near the ground surface in the site vicinity. Sites that are located such ;

36 that there are capable and/or seismogenic structures within a radius of 40 km (25 !

37 miles) will require more extensive geologic and seismic investigations and t

38 analyses (similar to those within a 8 km (5 mile) radius). The areas of ,

39 investigations may be asymmetrical and larger than specified above in areas near
40 capable tectonic sources, high seismicity, or complex geology.

|41
i

42 For the site and the area surrounding the site, the lithologic, stratigraphic,
43 hydrologic and structural geologic conditions will need to be determincd. The ;

44 investigations should include the determination of the static and dynamic ;

45 engineering properties of the materials underlying the site and an evaluation of |

46 physical evidence concerning the behavior during prior earthquakes of the
47 surficial materials and the substrata underlying the site. The properties needed
48 to outermine the behavior of the underlying material during earthquakes and the

,

'

49 characteristics of the underlying material in transmitting earthquake ground
50 motions to the foundations of the plant (such as seismic wave velocities,
51 density, water content, porosity, elastic modulii, and strength) should be ,

'^ determined. Geological, seismological and geophysical investigations are
(- DG-1015-3 ;
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I described in Appendix D to this guide and geotechnical investigations are
2 described in Regulatory Guide 1.132.

4 Where it is deter;:ined that surface deformation need not be taken into account,
5 sufficient data to clearly justify the determination should be presented.
6 Because engineering solutions cannot always be demonstrated for the effects of
7 permanent ground displacement phenomena, it is prudent to avoid a site when there
a is potential for surface deformation.
9

10 Eastern United States
11 :

12 The area east of the Rocky M3untains within the North American Plate and well I
13 away from the active plate margins is described as the " stable continental |
14 region" (SCR). In the SCR characterization of seismic sources is more
15 problematic than in the active plate margin region because there is generally no
16 clear association between seismicity and known tectonic structures. The observed
17 geologic structures were generated in response to tectonic forces that no longer
18 exist and bear little correlation with current tectonic forces. Thus, a greater
19 amount of judgment must be used than for active plate margin regions, and it is
20 important to account for this uncertainty by the use of alternative models.
21
22 Based on current knowledge, seismic sources in the SCR are generally relatively ;
23 large areas, or seismotectonic provinces. The identification of seismic sources
24 in the SCR should consider hypotheses presently accepted for the occurrence of
25 earthquakes in the SCR (for exatple, the reactivation of favorably oriented zones
26 of weakness or the local amplification and release of stresses concentrated i

27 around a geologic structure). )
28

'

29 Western United States
30 1
31 For the active plate margin region, where earthquakes can often be correlated |
32 with tectonic structures, those structures should be assessed for their seismic
33 and surface deformation potential. In the western U.S., at least three types of
34 sources exist: (1) faults that are known at the surface, (2) buried (blind)
35 sources and, (3) subduction zone sources, such as exist in the Pacific Northwest.
36 The nature of surface faults can be determined by conventional surface and near
37 surface investigation techniques to determine strike, geometry, sense of
38 displacements, length of rupture, Quaternary history, etc.
39
40 Buried (blind) faults are often accompanied by coseismic surficial deformation
41 such as folding, uplift or subsidence. The surface expression of blind faulting
42 can be detected by the mapping of uplifted or down-dropped geomorphological
43 features or stratigraphy, survey leveling and geodetic methods. The nature of
44 the structure at depth can often be determined by core borings and geophysical
45 techniques.
46
47 Subduction zones are seismic sources in the Pacific Northwest and Alaska. The
48 seismic sources associated with subduction zones are the interface between the
49 subducting and overriding lithespheric plates and intraslab sources in the
50 interior of the downgoing oceanic slab. The characterization of subduction zone
51 seismic sources should include consideration of the following: geometry of the
52 subducting plate, rupture segmentation of subduction zones, geometry of

DG-1015-4
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O historical ruptures, constraints on the up-dip and down-dip extent of rupture,
and comparisons with other subduction zones worldwide.

3
4 NUREG-XXXX provides a list of references that may be useful in characterizing
6 seismic sources.
6
7 2. Deterministic Source Earthquakes (DSEs)
8
9 DSEs are the largest earthquakes that can reasonably be expected to occur in a

10 given seismic source in the current tectonic regime. Deterministic source
11 earthquakes are characterized by their magnitudes and, as a minimum, will be the
12 largest historical etr.thquake associated with each source. A larger earthquake
13 is warranted in . cases where specific geological evidence is available, e.g.,
14 paleoliquefaction evidence of larger prehistoric earthquakes or where the rate
15 of occurrence of earthquakes indicates the likelihood of larger than the largest
16 historical event.
17
18 Eastern United States
19
20 In the SCR there is a short record of the historical seismicity and considerable
21 uncerteinty about the underlying causes of earthquakes. Because of this
22 uncertainty, it is necessary to use considerable judgment and a variety of
23 approaches to establish the DSEs. In addition to the maximum historical
24 earthquake, the determination of the DSE earthquake for each identified

"q seismogenic source is based on the pattern and rate of seismic activity, the
) Quaternary (2-million years and younger) development and characteristics of the
j source, the current stress regime and how it aligns with the known tectonic

28 structures in the source, and paleoseismic data.
29-
30 Western United States
31
32 In the Western U.S., earthquakes can often be associated with tectonic
33 structures. For faults, the magnitude of an earthquake is related to the
34 characteristics of the estimated rupture such as the length or the amount of
35 fault displacement. The following empirical correlations can be used to estimate
36 DSE's from fault behavioral data and also to predict the amount of displacement
37 that might be expected for a given magnitude.
38
39 a. Surface rupture length versus magnitude (Slemmons, 1977, 1982; Bonilla and
40 others, 1984; and Wesnousky, 1988).
41
42 b. Subsurface rupture length versus magnitude (Wells and others,1989).
43
44 c. Rupture area versus magnitude (Wyss, 1979).
45
46 d. Maximum and average displacement versus magnitude (Wells and Coppersmith,
47 in review).
48
49 In the Pacific Northwest and Alaska, DSE's must be assessed for subduction zone
50 seismic sources. Worldwide observations indicate that the largest earthquakes

are associated with the plate interface, although intraslab earthquakes (e.g.,('- the 1949 Puget Sound earthquake) can also be large. DSEs for subduction zone

DG-1015-5
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1 sources can be based on estimates of the expected dimensions of rupture or
2 analogies to other subduction zones worldwide.
3
4 NUREG-XXXX contains a list of references, some of which may be useful in
5 developing maximum earthquakes using deterministic methodologies.
6
7 3. Probabilistic Seismic Hazard Analysis
8
9 A probabilistic seismic hazard analysis (PSHA) should be carried out for the

10 site. A PSHA allows the use of multi-valued models to estimate the likelihood
11 of earthquake ground motions occurring at a site. The PSHA systematically takes
12 into account uncertainties which exist in various parameters (such as seismic
13 sources, maximum earthquakes, and ground motion attenuation). Alternate
14 hypotheses are considered in a quantitative fashion. The PSHA can be used to
15 ,1etermine the effects of varying significant parameters, identify significant
16 sources in terms of mrgnitude and distance, and provide hazard estimates for use
17 in seismic probabilistic risk assessments.
18
19 The results of a PSP 1s c e specifically used to derive controlling earthquakes as
20 discussed in Section 4 below and Appendix C. It can also be used to estimate the
21 probability of exceeding the SSE and demonstrate that the probability of 1

'

22 excaeding the SSE design ground motion at the site compares favorably with that
23 for the currently operating nuclear power plants. (The procedure for this
24 demonstration is described in Appendix B.)
25
26 Either the Lawrence Livermore National Laboratory (LLNL) (NUREG/CR-5250) or
27 Electric Power Research Institute (EPRI) (EPRI-NP-6395-0) seismic hazard
28 analyses, including associated data bases, should be used for plant sites in the ,

29 SCR. However, alternative seismic hazard an31yses may be 'used with proper
30 justification. For the PSHA, the use of the seismic c urces identified in the
31 LLNL and EPRI studies are considered acceptable except in regions of the SCR with
32 high activity rates, e.g., near New Madrid and Charleston, in these cases,

33 either describe additional site specific seismic sources or show that the
34 regional seismic sources in the LLNL and EPRI probabilistic studies adequately
35 model the tectonics in the vicinity of the site.
36
37 Probabilistic methodologies similar to the LLNL and EPRI seismic hazard studies
38 have not been performed for the western U.S. For western U.S. sites, a site

39 specific PSHA must be performed and documented in such detail that a thorough
40 review can be carried out by the NRC staff (PG&E,1988; NUREG-0675; WPPSS,1988).
41
42 4. Centrolling Earthquakes |

43
44 Controlling earthquakes are those earthquakes that have the greatest effect on
45 the ground motion at the nuclear power plant site. There may be several ;

46 controlling earthquakes for a site, e.g., a moderate, neaR -thquake may
47 control the high frequency portion of the ground motion spectrus and a large,
48 distant earthquake may control the low frequency portion of the spectrum. See
49 Figure 2.
50 1

51 In the Deterministic Analysis (Figure 1.), the controlling earthquakes are j
i52 determined via the following procedure.

DG-1015-6
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f^ For each seismic source, place the DSE at the closest approach of thata.
source to the site. For the seismic source in which the site is incated,

'

the DSE should be considered to occur at about 15 km from the site,
2 4

5 b. Determine the DSEs that produce the largest ground motions at the site.
6 Ground motions at the site from DSEs are estimated using the procedures

i7 described in Standard Review Plan Section 2.5.2 (Vibratory Ground Motion). I
8 The earthquakes producing the largest ground motions at the site are the

i9 controlling earthquake..
i

10 !4

11 In the Probabilistic Analysic (Figure 1), the controlling earthquakes are |12 determined via the following preedure.
i13

14 4. Perform a probabilistic seisuit hazard analysis for the site. The |
15 analysis will develop uniform ha:.ard spectra at several probabilities of -

,

4 16 exceedance.
. 17
! 18 b. Deaggregate the probabilistic seismic hatard results to identi fy

19 controlling earthquakes; their description includes magnitude and distance,

20 from the site (Appendix C). This deaggregation should be done at the
21 probability of exceedance level discussed in Appendix 8.
22
23
24 The controlling earthquakes thus derived from the deterministic and probabilistic !
25 analyses can be compared at this stage to determine if the controlling- *

% earthquakes from these two approaches are similar and also to determine if the
,

; } controlling earthquake (s) which will dominate the ground motion estimates at the
_/ site is (are) easily identifiable. If the dominant controlling earthquake (s) can |

'
^

29 be identified, the ground motions are determined only for this identified
^

30 controlling earthquake (s). If the controlling earthquakes from the two ,

31 approaches are dissimilar, then ground motion estimates are made for various
32 controlling earthquakes and compared to derive the final ground motion estimates,

33 for use in establishing the SSE ground motion or comparing it with the SSE ground
34 motion. ,

i.

35 !

\
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.

!
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;
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1 C. REGULATORY POSITION
2 ;

3 1. During the site selection phase, preferred sites are those where there is !
4 a minimum likelihood of surface or near surface deformation or the 1

5 occurrence of earthquakes on faults in the site vicinity (within a radius ,

'

6 of 8 km (5 miles)). Because of the uncertainties and difficulties in
7 mitigating the effects of permanent ground displacement phenomena such as 1

8 surface faulting or folding, fault creep, subsidence or collapse, the NRC
9 staff considers it prudent to select an alternate site when the potential

10 for permanent ground displacement exists at the site.
11 |
12 2. Regional investigations such as geological reconnaissances and !

13 literature reviews should be conducted within a radius of 320 km (200 >

14 miles) of the site to identify seismic sources.
15 !

16 3. Geological, set gical, and geophysical investigation should be carried |

17 out within : ra_. ; of 40 km (25 miles) to identify and characterize the

18 seismic potential of capable tectonic and seismogenic sources or
19 demonstrate that such stractures are not present.
20
21 4. Detailed geological, geotechnical, seismological, and geophysical
22 investigations should be conducted within a radius of 8 km (5 miles) of
23 the site to determine the potential for tectonic deformation at or near
24 the ground surface in the site vicinity. Geological, seismological and
25 geophysical investigations are described in Appendix 0 and geotechnical
26 investigations are described in Regulatory Guide 1.132.
27
28 5. Sites that are located such that there are capable and/or seismogenic

29 faults within a radius of 40 km (25 miles) will require more extensive
30 geologic and seismic investigations and analyses (similar to those within
31 a 8 km (5 mile) radius). The area of investigation may be asymmetrical
32 and extend beyond 40 km (25 miles).
33
34 6. Seismic sources should be identified and characterized using the
35 information developed by the investigations. Alternative seismic sources
36 should be developed to incorporate a range of interpretations and the
37 bases for the identification of these sources should be documented.
38 Source zone geometry should be defined for each seismic source. For
39 faults, the type of slip, length of rupture, amount of disolacement per
40 maximum event, and area of the rupture surface should be determined.
41
42 7. Deterministic Source Earthquakes, which are the best judgment of the
43 maximum earthquake that can reasonably be expected to occur in a given
44 seismic source should be defined for each seismic source.
45
46 8. Perform a probabilistic seismic hazard analysis (PSHA) for the site to
47 estimate the probability of exceeding the SSE. Either the LLNL or EPRI
48 probabilistic seismic hazard analyses with associated data bases should be |

49 used for plants in the eastern United States. For western plants, a site- ;

50 specific probabilistic seismic hazard study should be performed. Use the 1

51 PSHA to identify sources in terms of magnitude and distance that )
52 contribute significantly to '.he seismic hazard at the site.

DG-1015-8 !
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Os
9. Determine the ces that produce the largest ground motions at the site.

Ground motions at the site from CE's are estimated using the procedures ,

!

described in Section 4 of this guide and Standard Review Plan Section3
4 2.5.2 (Vibratory Ground Motion). j

5
6 ,

D. IMPLEMENTATION7
8

The purpose of this section is to provide guidance to applicants and licensees ,

9
10 regarding the NRC staff's plans for using this regulatory guide.
11

This draft guide has been released to encourage public participation in its .

12 |
13 development. Except in those cases in which the applicant proposes an acceptable

alternative method for complying with the specified nortions of the Commission's14
regulations, the method to be described in the active guide reflecting public :15
Comments will be used in the evaluation of applications for a construction16
permit, operating license, early site permit, or combined license submitted after ,

17
18 the implementation date to be specified in the active guide. This guide would :

!not be used in the evaluation of an application for an operating license19
submitted after the implementation date to be specified in the active guide if |20

21 the construction permit was issued prior to that date. |[
22

,
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Appendix A to Reculatory Guide DG-1015

4 Definitions
5
6
7
8 Seismic Source
9

10 A " seismic source" is a general term referring to both seismogenic sources and
11 capable tectonic sources.
12
13 Seismoaenic Source
14
15 A "seismogenic source" is a portion of the earth that has uniform earthquake j

16 potential (same expected maximum earthquake and frequency of recurrence) distinct
i 17 from the surrounding area. A seismogenic source will not cause surface ;

18 displacement. Seismogenic sources cover a wide range of possibilities from a :

19 well-defined tectonic structure to simply a l&rge region of diffuse seismicity I

20 (seismotectonic province) thought to be characterized by the same earthquake |

21 recurrence model. A seismogenic source is also characterized by its involvement j
22 in the current tectonic regime as reflected in the Quaternary (approximately the )
23 last 2 million years). |
24 ;

25 Capable Tectonic Source
g3

( ) A " capable tectonic source" is a tectonic structure which can generate both
'd earthquakes and tectonic surface deformation such as faulting or folding at or
29 near the surface in the present seismotectonic regime. It is characterized by
30 at least one of the following characteristics:
31
32 a. Presence of surface or near surface deformation of landforms or geologic
33 deposits of a recurring nattre within the last approximately 500,000 years
34 or at least once in the last approximately 50,000 years.
35
36 b. A reasonable association with one or re large earthquakes or sustained |

37 earthquake activity which are usually accompanied by significant surface
38 deformation.
39
40 c. A structural association with a capable tectonic source having |

41 characteristics (a) of this paragraph such that movement on one could be
42 reasonably expected to be accompanied by movement on the other.
43
44 In some cases, the geologic evidence of past activity at or near the ground
45 surface along a particular c&pable tectonic source may be obscured at a
46 particular site. This might occur, for example, at a site having a deep
47 overburden. For these cases, evidence may exist elsewhere along the structure
48 from which an evaluation of its characteristics in the vicinity of the site can

49 be reasonab'y based. Such evidence shall be used in determining whether the
50 structure is a capable tectonic source within this definition.
v.

f Notwithstanding the foregoing paragrrohs, structural association of a structure

DG-1015-13
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1 with geologic structural features which are geologically old (at least pre- I
'2 Quaternary) such as many of those found in the eastern region of the United

3 States shall, in the absence of conflicting evidence, demonstrate that the
4 str'ature is not a capable tectonic source within this definition.
5 I

6
7 Deterministic Source Earthouake (OSE) ;
8 |
9 A DSE 's the luc 1est earthquake that can reasonably be expected to occur in a ;

10 given seismic source in the current tectonic regime, and is used in a |
11 deterministic analysis. It is generally based on the maximum historical

i

12- earthquake associated with that seismic source, unless recent geological evidence '

13 warrants a larger earthquake, or where the rate of occurrence of earthquakes
14 indicates the likelihood of larger than the largest historical event.
15
16
17 Controllino Earthouakes (CE)
18 |
19 Controlling Earthquakes are the earthquakes which produce the largest ground i

20 motions estimated at the site. There may be several Ces for a site. I

21
22 Stable Continental Reaion
23
24 A " stable continental region" (SCR) is comprised of continental crust, including
25 continental shelves, slopes and attenuated continental crust and excludes active
26 plate boundaries and zones of currently active tectonics directly influenced by i

27 plate margin processes. It exhibits no significant deformation associated with 1

28 the major Mesozoic-to-Cenozoic (last 240 million years) orogenic belts. It

29 excludes major zones of Neogene (last 25 million years) rifting, volcanism or
30 suturing.
31
32 Safe Shutdown Earthouake I

33
34 The Safe Shutdown Earthquake Ground Motion is the vibratory ground motion for .

35 which certain structures, systems, and components shall be designed to remain
36 functional.
37
38 Intensity

39
40 The intensity of an earthquake is a measure of its effects on humans, human-built
41 structures, and on the earth's surface at a particular location. Intensity is

42 described by a numerical value on the Modified Mercalli scale.
43
44 Tectonic Structure
45
46 A tectonic structure is a larg?-scale dislocation or distortion usually within
47 the earth's crust. Its extent is on the order of miles.
48
49 Maanitude
50
51 An earthquake magnitude is a measure of the strength of an earthquake as
52 determined by seitnographic observations.

DG-1015-14
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Nontectonic Deformation

Nontectonic deformation is distortion of surfacc or near surface soils or rocks4
5 that is not directly attributable to tectonic act'vity. Such deformation

'

6 includes features associated with subsidence, karst tv.*rane, glaciation or
7 deglaciation, and growth faulting.
8

|

s

2

.
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Appendix B to Reculatory Guide DG - 1015

4 Probabilistic Comparison of Safe Shutdown Earthauake
5 to Operatina Plants
6
7
8 B.1 Introduction
9

10 This appendix outlines a procedure to calculate the probability of exceeding the
11 Safe Shutdown Earthquake Ground Motion (SSE). This procedure can be used (1) to
12 compare the calculated probability of exceeding the SSE to th'.se for the
13 currently operating plants as required by Appendix B to 10 CFR Part ~ 00; and (2)
14 to establish controlling earthquakes in the probabilistic hazaru analysis as
15 discussed in Appendix 5 to this regulatory guide. Uniform hazard spectra
16 (spectra that have a uniform probability of exceedance over the frequency range
17 of interest) should be calculated to estimate the probability of exceeding the
is SSE design response spectrum.
19
r B.2 Procedure
21
22 The following procedure is one acceptable approach to assure that the probability
23 of exceeding the SSE compares favorably with that for the currently operating
24 nuclear power plants as of [date).
25
26 B,2.1 Eastern U.S. Sites.

28 There are two state-of-the-art approaches (EPRI NP-6395-D, 1989 and NUREG/CR-
29 5250, 1989) currently available to calculate the probabilistic seismic hazard for '

30 sites east of the Rocky mountains (Eastern U.S.). These approaches, however,
31 produce d:f ferent hazard estimates for a given si' Therefore, the staff is. j

32 recommending the following interim procedure until .e differences between the
'

33 two hazard methods are resc1ved. This procedure relies on relative measures to
34 assure that the annual probability of exceeding the SSE is comparable to that of
35 operating plants. The procedure is based on studies conducted for the Eastern
36 Seismicity Issue and the IPEEE program (NUREG-1407, 1990). Either the LLNL or -

37 EPRI methodology can be used to carry out the following calculations, with the l
38 appropriate set of limits associated with each method. If any analysis other
39 than the LLNL or EPRI methods is used in the eastern U.S., probabilities of
40 exceeding the SSE would need to be developed for all operating plant sites in
41 addition to the site under consideration in order to make the appropriate
42 comparison.
43
44 Step 1. Calculate Uniform Hazard Response Spectra (UHRS) with various return ;

45 periods. Figure 8.1 shows a sampla set of median UHRS for various I

46 return periods. The UHRS should be developed at the same location !
47 as the location of the SSE (i.e. either at the free ground surface !
48 or at a hypothetical rock outcrop).
49
50 Step 2. Calculate composite annual probabilities of exceeding the SSE and

|

51 compare those probabilities with operating plants using median
52 hazard estimates. (Although the median estimates are used for the

DG-1015-16
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9 purpose of the carrying out the procedure outlined in this appendix,
the hazard analysis should be performed with consideration of
uncertainties to develop complete insights.) The procedure is i

4 illustrated in Figure B.2.
5
6 (a) Estimate the annual probabilities of exceeding the SSE
7 spectrum at two discrete frequencies (5 and 10 Hz) using the
8 UHRS.
9

10 (b) Calculate the composite annua; probability using the following
11 formula:
12
13 Composite Probability = 1/2(al) + 1/2(a2),

14
15 where al and a2 represent annual probabilities of exceeding
16 SSE spectral ordinates at 5 and 10 Hz, respectively.
17
18 Example: From Figure B.2, for a median UHRS derived using the
19 LLNL methodology, at points al and a2 corresponding to 5 and
20 10 Hz:
21
22 Composite Probability - 1/2(4E-5) + 1/2(8E-5)
23 - 6E-5.4

24 - .-

25 (c) Figure B.3 shows the di=tribution of median probabilities of
(N exceeding SSEs for or ~ ing Eastern U.S. plants using LLNL.

%')i hazard estimates. Y;..s figure also indicates a limit;
approximately 50% of the currently operating plants have a

29 probability of exceeding the SSE ground motion below this
30 limit. (Limits ' r both the current EPRI and LLNL seismic
31 hazard studies are listed in Table B.1.) The SSE is adequate
32 when the probability of exceeding the SSE compares favorably
33 to the limits shown in these figures.
34
35 Table B.1
36
37

38 Method Probability of Exceedance Limits
for i4edian Hazard Estimates

39 LLNL lE-4

40 EPRI 3E-5
41
42
43 For the hypothetical examph the calculated probability of
44 exceedance of 6E-S is less than the limit of IE-4 and thus the
45 probability of exceeding the SSE compares favorably with that
46 of operating plants.
47

fh
/ )

~
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1 Figures B.4 presents the same information resulting from the l
2 use of the EPRI UHRS estimates. This limit should be used i

3 when the EPRI method is used to calculate the probability of |
4 exceeding the SSE. |

5 1

6 )

7 8.2,2 Western U.S. Sites !
8 |
9 for the Western U.S. (WUS) sites, a probabilistic data base, such as that

'

10 compiled in the LLNL and EPRI studies, is not available. To date no procedure
11 exists, similar to that described above, to compare the probability of exceeding
12 the SSE to other sites in the WUS. In addition, the probabilistic hazard at a

13 site in the WUS may be governed by clearly identifiable seismic sources, such as |
14 faults (or folds) observed at the surface, which have tetter defined seismicity
15 characteristics. Therefore, for WUS sites, a site-specific analysis should be
16 developed using suitable methodologies to estimate the probability of exceeding
17 the SSE and to identify significant contributors to the hazard (e.g., NUREG-0675,
18 1991).
19 ;

20 1

21 RffERENCES
22
23 Electric Power Research Institute Report NP-6395-D, "Probabilistic Seismic Hazard
24 Evaluations at Nuclear Power Plant Sites in the Central and Eastern United !

25 States: Resolution of the Charleston Earthquake Issue," 1989.
26
27 NUREG/CR-5250, " Seismic Hazard Characterization of 69 Nuclear Plant Sites East
28 of the Rocky Mountains," 1989.
29 1

30 NUREG-1407, " Procedural and Submittal Guidance for tha Individual Plant
31 Examination of External Events (IPEEE) for Severe Accident Vulnerabilities,"
32 1990.
33
34 NUREG-0675, Supplement No. 34, " Safety Evaluation Report related to the operation 1

35 of Diablo Canyon Nucleer Power Plant, Units 1 and 2," 1991. )
36 .

'37

l
1

e
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\ f Appendix C to Reculatory Guide DG-1015

3
4
5 Retermination of Controllina Earthouakes from the
6 Probabilistic Analysis s

7
8
9

C.1 Introduction
11
12 This appendix outlines a procedure to determine controlling earthquake (s) from
13 the probabilistic hazards analysis for a site. The ground motions from these
14 controlling earthquakes should be determined following the procedures outlined
15 in Section 2.5.2 of the Standard Review Plan. Controlling earthquakes should
16 be determined for the median seismic hazard limit used to satisfy the requirement
17 discussed in Section C.2 below and Appendix B of this Regulatory Guide to demon-
18 strate that the probability of exceeding the safe shutdown earthquake ground
19 motion (SSE) compares favorably with that of the currently operating nuclear
20 power plants.
21
22 C.2 Procedure
23
24 The llowing procedure is one acceptable approach to determine controlling
25 earthquakes from an probabilistic hazards analysis.

C.2.1 Eastern U. S. Sites

29 As discussed in Appendix B of this Regulatory Guide there are two approaches
30 (NUREG/CR-5250,1989 and EPRI NP-6395-0, 1989) currently available to calculate
31 probabilistic seismic hazards for sites east of the Rocky mountains (Eastern
32 U.S.). Either of these methods can be used to carry out the following
33 calculations, with the appropriate set of limits associated with each method.
34
35 Step 1. Perform the site-specific hazard analysis using the LLNL or EPRI
36 method and associated data. From thir analysis, compute median
27 hazard curves for the average of the 5 and 10 Hz spectral
38 velocities , S,,.3,. That is a curve showing probability of exceeding
39 varicus levels of the average of the 5 and 10 Hz spectral velocity.
40
41 Step 2. Using the appropriate prob 6bility of exceedance level, P , (e.g.,c

42 for the median S,,,,, hazard curve derived from the LLNL method, Pc is
43 lE-4 according to figure B.3(c) and Table B.1 of Appendix B), enter
44 the hazard curve of step 1 at P to determine the correspondingc

45 spectral velocity.
46
47 Step 3. Deaggregate the median of the average of the 5 and 10 Hz hazard
48 curves as a function of magnitude and distance by calculating the
49 contribution to the hazard for all of the earthquakes in a selected

i 50 set of magnitude and distance bins, to determine the relative
'

7% contribution to the hazard, H., for each bin centered at Magnitude
' m and Distance d. H., is the probability of exceeding S,(Pc)

| l h-G
DG-1015-23
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1 computed for a bin at magnitude m and distance d.
2
3 Step 4. Compute the magnitude of the controlling earthquake for the median
4 estimate using the contributions K computed in Step 3.
5
6
7
8

18 A - I I mH / I I H.
11 md md --

12
13
14 The distance of the controlling earthquake from the site n .

15 determined from i

16
17

10 0 - I I dH / I I H.
20 md in d
21 |
22 Step 5. Using the same P, and steps 1 through 4 as above, also determine

i23 controlling earthquakes for median spectral response for the average i

24 of the 1 and 2.5 Hz spectral responses, and for the median estimates !
25 of the peak ground acceleration. |

26
27
28 Step,6. The cround motion corresponding to the controlling earthquake is 1
29 determined as outlined in Section 2.5.2 of the Standard Review Plan.
30 *

31
32 C.2.2 Western U. S. Sites
33
34 For the Western U. S. Sites, a probabilistic data base, such as compiled in the

'35 LLNL or EPRI studies, is not available. In a region of active tectonics there
36 is lest uncertainty about the significant contributors to the seismic hazard and 1

37 the controlling earthquakes can generally be defined deterministically. For
38 regions of lower, less active tectonics, an analysis similar to the one outlined
39 above in Steps 1-4 can be performed. Step I would be omitted and the 5, level
40 used would correspond to the value selected for the SSE.
41
42
43 C.3 Example for Eastern U. S. Site

44
45 To illustrate the application of the above procedure, calculations are performed
46 for an eastern U. S. site using the LLNL methodology given in NUREG/CR-5250.
47
48 Step 2
49
50 Table C.1 gives the probability of exceeding various levels of the average of the
51 5 and 10 Hz spectral velocity hazard curves from the LLNL study.
52
53

DG-1015-24
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,

d

;

:.

Table C.1

', Average of 5 and 10 Hz S, Curves for the Site
4

5 Spectral Probability of Exceedance
6 Velocity (Median)
7 (5,-cm/ s) ;

a 2 2.6E-3

9 5 3.7E-4

10 10 5.8E-5
11
12 Entering Table C.1 with the probability of exceedance (P,) values given in Table
13 B.1, and by interpolating, the corresponding value for S,(P,) is as given in
14 Table C.2.
15
16
17
18 Table C.2
19 ,

20 Median
,

S,(P,)-cm/s 8 |

(72ju
24 t

25 Ster 3
26
27 for this example, to deaggregate the hazard and daterntine the H , it is first
28 necessary to compute the contribution to the average hazard for the 5 and 10 Hz
29 spectral velocities for the matrix of magnitudes and distance bins such as given
30 in Table C.3.
31

,

li

;

,

i

;

3
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Table C.3
4
5 Magnitudes and Distance Bins Used in Example
6

7 Distance Magnitude Range of Bin
8 Range of
9 Bin (km) 5 - 5.5 5.5 - 6 6 - 6.5 6.5 - 7 7 - 7.5 >7.5 -

10 0-25

11 25-50

12 50-100

13 100-150

14 150-200

15 >200
16
17 For each bin a complete hazard analysis is performed to give the contribution to
18 the hazard from all earthquakes within the bin, e.g., all earthquakes with
19 magnitudes 6 to 6.5 and distance 25 to 50 km from the site. The results for this
20 bin are given in Table C.4.
21
22
23 Table C.4
24
25 Contribution to the Hazard From All Earthquakes in the Range of
26 6 s H s 6.5 and distances 25 s d s 50 to the average of the 5
27 and 10 Hz spectral velocity
28

29 Spectral hedian
30 Velocity, S, Probability of

Exceedance

31 5 1.4E-5

32 10 3.lE-6

33 12.5 1.lE-6
34
35 The value of H. (Probability of exceeding 5,(P,)) for this bin is obtained by
36 entering Table C.4 with the S,(P,) values given in Table C.2 and computing H by
37 interpolation. The values for H for this bin are given in Table C.5.
38
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()D Table C.5
4

Value for H for the bin 6 s m s 6.5 and5
6 25 s d s 50 for the Example Site
7

Median8

9 H. 5.0E-6

10
11
12 Table C.6 gives the complete matrix of the H values for the example site.
13
14
15

Table C.616
17
18 H Values for All Bins Based on the Median Hazard
19 (Note: If H s 1.E-10, it is listed as 0)
20

21 Distance Magnitude Range of Bin
""9" " 5 - 5.5 5.5 - 6 6 - 6.5 6.5 - 7 7 -7.5 >7.5

0-25 2.0E-5 1.lE-5 2.4E-6 0 0 _0

*i4 25-50 6.2E-6 8.9E-6 5.0E-6 6.5E-9 0 0

25 50-100 6.0E-7 2.3E-6 6.8E-6 8.4E-7 0 0

26 100-150 1.6E-9 1.6E-7 1.5E-6 2.8E-6 0 0'

27 150-200 0 1.1E-9 2.1E-8 4.6E-7 0 0

28 >200 1 0 0 0 6.0E-9 0 0
,

29
30
31 Step 4

33 To compute R, D for the example site, the values of H given in Table C.6 are
34 used with m and d values corresponding to the midpoint of the magnitude of the
35 bin (5.25, 5.75, 6.25, 6.70, 7.25, 7.75) and centroid of the ring area (16.7,
36 38.9, 77.8, 126, 176 and somewhat arbitrarily 300km).
37

38 Thus for the example site, the controlling earthquakes, in 6, D values are given
-

40 in Table C.7.
41
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2 Table C.7

4 Magnitude and Distance of Controlling Earthquake from the
5 LLNL Probabilistic Analysis
6

7
Based on Median
Hazard Estimi'

g g 5.810

0
I4
15
10 C.4 Examples for Western U. S. Sites
17
18 Since a general approach for the western U.S. sites is not available, two19 specific cases illustrating determination of controlling earthquakes are20 discussed below.
31
23
23 C.4.1 - Diablo Canyon
24 "

25 The Diablo Canyon site is located on the California coast. A logic-tree approach
has been used to assign weights to variables associated with faults near the site36

and determine maximum magnitude distributions (NUREG-0675, Supplement 34). The37

logic tree approach was also part of the probabilistic seismic hazard analysis.28

The result was that the Hosgri fault zone was the most significant source. The29
controlling earthquake for the Diablo Canyon site is a magnitude 7.2 event on the30

Hosgri fault zone at the closest distance of this fault zone to the site (4.531

km). The controlling earthqutke magnitude is larger than the maximum historical32
33 earthquake (the 1927 magnitude 7.0 Lompoc earthquake) which may have occurred on
34 a structure related to the Hosgri.
35
36 C.4.2 - WNP-3
37
38 The WNP-3 site is located in western Washington and lies above the Cascadia
39 subduction zone. The staff considered four controlling earthquakes for the site
40 (January 4,1991 letter from Mendonca to Mazur):
41
42 a. The applicant proposed that a maximum random earthquake in the crust near
43 the site is magnitude 5-1/2 to 6. This earthquake is based on the largest44 historical earthquakes in the Coastal Plain seismotectonic province (about
45 magnitude 5) and the resolution of geological studies in the site region.46
47 b. The maximum earthquake associated with the Ulympia Lineament 35 km
48 northeast of the site is a magnitude 7.5 based on estimated maximum
49 rupture length.
50

The maximum magnitude earthquake for the intraslab subduction zone source51 c.
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/' ) is about magnitude 7-1/2 based on the maximum historical event associated
( ,/ with the Cascadia subduction zone intraslab source (the 1949 magnitude 7.1

3 Puget Sound earthquake) and comparisons with intraslab sources in other
4 subduction zones worldwide.
5
6 d. The interface subduction zone source is capable of great (larger than
7 magnitude 8) earthquakes. This maximum magnitude is still under review in
a light of ongoing geological studies. At this time the staff considers the
9 maximum magnitude to be 8-1/4 based on arguments about the likely

10 dimensions of rupture and comparisons with other subduction zones with
11 slow convergence rates.
12
13 REFERENCES
14
15 Electric Power Research Institute Report NP-6395-D, "Probabilistic Seismic Hazard
16 Evaluations at Nuclear Power Plant Sites in the Central and Eastern United
17 States: Resolution of the Charleston Earthquake Issue," 1989.
18
19 NUREG/CR-5250, " Seismic Hazard Characterization of 69 Nuclear Plant Sites East
20 of the Rocky Mountains," 1989.
21.

22 Letter from Marvin Mendonca, NRC to D.W. Mazur, Washington Public Power Supply
23 System, "NRC Review of Seismic Report for WNP-3," January 4,1991.
24

NUREG-0675, Supplement No. 34, " Safety Evaluation Report related to the operation
of Diablo Canyon Nuclear Power Plant, Units 1 and 2," 1991.,
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2 Accendix D to Reaulatory Guide DG-1015

3 Geolocisal. Seismolooical and Geophysical Investications to

4 Characterize Seismic Sources
5
6 D.1 Introduction
7 ,

8
9 Seismic sources define areas where future earthquakes are likely to occur.

10 Geological and seismological investigations provide the information needed to
11 characterize source parameters, including the size and geometry of the seismic
12 sources, earthquake recurrence models, and deterministic source earthquakes
13 (DSE). The amount of data available about earthquakes and their causative

14 sources varies substantially between the western U.S. and the stable continental
15 region (SCR) and also from region to region within these broad areas. In active
16 tectonic regions the focus will be on the identification of both capable tectonic
17 sources and seismogenic sources and the methods described in sect.on D2 can be
18 applied. In the SCR east of the Rocky Mountains, seismogenic sources play a
19 significant role because of the difficulty in unequivocally correlating
20 earthquake activity with known tectonic structures.
21
22 In the SCR a number of significant tectonic structures exist which have been
23 suggested as potential seismogenic sources (i.g. New Madrid faul6 zone, Nemaha
24 Ridge, Meers fault, Ramapo fault zone, Clarendon-Linden fault). There is no
25 clear procedure to follow to characterize the DSE magnitude associated with such
26 possible seismogenic sources; therefore, it is most likely that the determinatic,n
27 of the seismogenic nature of the source will be inferred rather than demonst~ated
28 by strong correlations with seismicity and/or geologic data. Furthermore, it is
29 not known what relations exist between observed tectonic structures in a given
30 seismogenic source and the current earthquake activity loosely correlated with
31 that source. Generally, the observed tectonic structure resulted ' rom ancient
32 tectonic forces that are no longer present, and thus the structural extent may
33 not be a very meaningful indicator of the size of future earthquakes in the
34 source. Careful analysis of the historical record and the results of regional
35 and site studies and judgment play key roles. If, on the other hand, such strong
36 correlations and/or data exist between seismicity and seismic sources, then
37 approaches used for active tectonic regions can be applied.
38
39 The following is a general list of characteristics to be determined fer a seismic
40 source:
41
42 a. Source zone geometry (location and extent, both surface and subsurface).
43
4e b. Description of Quaternary (last 2 million years) displacements (sense of
45 slip on the fault, fault length and width, age of displacements, estimated
46 displacements per event, estimated r;agnitudes per offset, rupture length
47 and area, and displacement history or uplift rates of seismogenic folds).
48
49 c. Historical and instrumental seismicity associated with each source.
50
51 d. Paleoseismicity.
52
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e. Relationship of the fault to other potential seismic sources in theC region.
l

3
4 f. Deterministic Source Earthquake, i
5 |

6 g. Recurrence model (frequency of earthquake occurrence versus magnitude).
7 )
8 h. Effects of human activities such as w~ *awal of fluid from or addition i
9 of fluid to the subsurface, extraction linerals, or the effects of dams |

10 or reservoirs. !
11 i

12 1. Volcanism. Volcanic hazard is not addressed in this regulatory guide. It |
13 will be considered on a case by case basis in regions where this hazard i14 exists. .

15
16 j. Other factors that can contribute to characterization of seismic sources
17 such as strike and dip of tectonic structures, orientations of regional 4

18 and tectonic stresses, fault segmentation (both along strike and downdip),
19 etc.
20
21 0.2. Investiaations to Characterize Seismic Sources
22
23 a. General
24

/ Investigations of the site and region around the site are necessary to identify ;

(
both seismogenic sources and capable tectonic sources and determine their '

potential for generating earthquakes and for causing surface deformation. Wherey
28 it is determined that surface deformation need not be taken into account,
29 sufficient data to clearly justify the determination should be presented in the
30 license application or early site review.
31
32 In the sit,ng of nuclear power plants, engineering solutions are generally
33 available to mitigate the potential vibratory effect of earthquakes through
34 design. However, such solutions cannot always be demonstrated as being adequate
35 for mitigation of the effects of permanent ground displacement phenomena such as
36 surface faulting or folding, sut'sidence, grour.d rollapse or fault creep. For ;

37 this reason, it is prudent to select an alternative site when the potential for
38 permanent ground displacement exists at the sito (IAEA,.1991). In most of the
39 eastern U.S. tectonic structures at seismogenic deoths, as determined from
40 ea:thquake hypocenters, apparently bear no relationship to geologic structures
41 exposed at the grounc surface. Young faults either do not extend to the ground
42 strface or there is insefficient geologic material of the appropriate age
4; available to date the facits. Seismogenic faults are not always exposed at ground
44 surface in the western U.S. as demonstrated by the buried (blind) reverse sources
45 of the 1983 Coalinga, 1988 Whittier Narrows and 1989 Lonra Prieta earthquakes.
46 Lese factors emphasize the need to not only conduct thorough investigations at
47 th; ground surface but also to identify structures at seismogenic de" hs.
48
49 The level of detail for investigations should be governed by the current and late
50 Quaternary tectonic regime and the geological complexity of the site and region.
p Whenever faults or other structures are encountered at a site (4 'uding in the

iy of the i( SCR) either in outcrop or excavations, it is necessary to per ,
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1 investigations described below to demonstrate whether or not they are capable*

2 tectonic sources.
3
4 Regional investigations should extend to a distance of 320 km (200 miles) from
5 the site and data presented at a scale of 1:500,000 or smaller. Investigations
6 of greater detail should be conducted to a distance of 40 km (25 miles) from the
7 site and the data presented at a scale of 1:50,000 or smaller. Detailed .

8 investigations should be carried out within a radius of 8 km (5 miles) from the
9 site and data presented at a scale of 1:5000 or smaller. Data from

10 investigations within the site area (approximately I km ) should be presented2

11 at a scale of 1:500 or smaller. The areas of investigations may be asymmetrical
12 and larger than those described above in regions of late Quaternary activity or
13 historical seismic activity (felt or instrumentally recorded data) or where a
14 site is located near a capable tectonic source such as a fault zone.
15 .

16 Regional and site information needed to assess the integrity of the site with
17 respect to potential ground motions and surface deformation caused by capable
18 tectonic sources include determination of: (1) the lithologic, stratigraphic,
19 geomorphic, hydrologic, geotechnical and structural geologic characteristics of
20 the site and the area surrounding the site, including its geologic history; (2)
21 geologic evidence of fault offset or other distortion such as folding at or near
22 ground surface at or near the site; and (3) determination of whether or not any
23 faults or other tectonic structures any part of which are within a radius of 8
24 km (5 miles) are capable tectonic sources. This information will be used to
25 evaluate tectonic structures underlying the site, whether buried or expressed at
26 the surface, with regard to their potential for generating earthquakes and for
27 causing surface deformation at or near the site. The evaluation should consider
28 the possible effects caused by human activities such as withdrawal of fluid from
29 or addition of fluid to the subsurface, extraction of minerals, or the loading
30 effects of dams or reservoirs.
31
32 b. Reconnaissance Investiaations. Literature Review and Other Sources of
33 Preliminary Information

34
35 Site and regional investigations can be planned based on field reconnaissances
36 data from previous investigations and reviews of available documer.ts. Possible
37 sources of information may include universities, consulting firms and government
38 agencies. A detailed list of possible sources of informaticn is given in
39 Regulatory Guide i.132.
40
41 c. Detailed Investiaations to Characterize Seismic Sources
42
43 The fellowing methods are suggested but they are not all-inclusive and
44 investigations should not be limited to them. Some procedures will not be
45 applicable to every site ano situations will occur requiring investigations which
46 are not included in the following discussion. It is anticipated that new

47 technologies will be available in the future that will be applicable to these
48 investigations.
49
50 Surface exploration needed to assess neotectonic conditions of the geology of the
51 area around the site is dependent on the site location and may be carried out
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[/ ) with the use of any appropriate combination of geological, geophysical,
) seismological and geotechnical engineering techniques.( ,3

4 (1) Geological interpretations of aerial photographs and other remote-sensing
5 imagery, as appropriate for the particular site conditions, to assist in

,

6 identifying rock outcrops, faults and other tectonic features, fracture
7 traces, geologic contacts, lineaments, soil conditions, and evidence of
a landslides or soil liquefaction.

9.

10 (2) Mapping of topographic, geologic, geomorphic and hydrologic features at
11 scales and contour intervals suitable for analysis, stratigrtab

12 (particularly Quaternary), surface tectonic structures such as fault
13 zones, and Quaternary geomorphic features. For offshore sites, coastal
14 sites, or sites located near lakes or rivers this includes topography,
15 geomorphology (particularly mapping marine and fluvial terraces),

16 bathymetry, geophysics (such as seismic reflection), and hydrographic
17 surveys to the extent needed for evaluation.
18
19 (3) Identification and evaluation of vertical crustal movements by:
20 (a) geodetic land surveying to identify and measure short term crustal
21 movements (Reilinger and others, 1984; Mark and others, 1981) and
22 (b) geological analyses such as analysis of regional dissection and
23 degradation patterns, marine and lacustrine terraces and shorelines,
24 fluvial adjustments such as changes in stream longitudinal profiles or

terraces and other long term changes such as elevation changes across lava
flot:s, etc. (Rockwell and others, 1984)

,

8 (4) Analysis of offsst, displaced or anomalous landforms such as displaced
29 stream channels or changes in stream profiles or the upstream migration of
30 knickpoints (Sieh,1984; Sieh and Jahns,1984; Sieh and others,1989;
31 Weldon and Sieh,1985; Swan and others,1980; PG&E,1988), abrupt changes
32 in fluvial deposits or terraces, changes in palecchannels across a fault
33 (Swan and others,1980), or uplifted, downdropped or laterally displaced
34 marine terraces (PG&E, 1988).
35
36 (5) Analysis of Quaternary sedimentary deposits within or near tectonic zont:
37 such as fault zones and including: (a) fault related or fault controlled
38 deposits including sag ponds, graben fill deposits, and colluvial wedges
39 formed by the erosion of a fault paleoscarp, and (b) non-fault related,
40 but offset deposits including alluvial fans, debris cones, fluvial terrace
41 and lake shoreline deposits.
42
43 (6) Identification and analysis of deformation features caused by vibratory
44 ground motions including seismically induced liquefaction features (sand
45 boils, explosion craters, lateral spreads, settlement, soil flows), mud
46 volcanoes, landslides, rockfalls, deformed lake deposits or soil horizons,
47 shear zones, cracks or fissures (Obermeier and others,1985; Amick and
48 others, 1990).
49
50 (7) Estimation of the ages of fault displacements by analysis of the

(~'S morphology of topographic fault scarps associated with or produced by
r

| ( ) surface rupture. Fault scarp morphology is useful in estimating age of
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1 last displacement, approximate size of the earthquake, recurrence -

2 interval s, slip rate and the nature of the causative fault at deptn
3 (Wallace, 1977, 1980, 1981; Crone and Harding, 1984).
4
5 (8) Listing of all historically reported earthquakes which can reasonably be
6 associated with seismic sources any part of which is within a radius of
7 320 km (200 miles) of the site, including date of occurrence and the
8 following measured or estimated data: highest intensity, magnitude,
9 epicenter, depth, focal mechanism, stress drop, etc. Historical

10 seismicity includes both historically reported and instrumentally recorded
11 data. For pre-instrumentally recorded data, intensity should be converted
12 to magnitude, the procedure used to cnnvert it to magnitude should be
is clearly documented, and epicenters should be determined based on intensity
14 contours. Methods to convert intensity values to magnitudes in the
15 central and eastern U.S. are described in Nuttli (1979), Street and
16 Turcotte (1975), ad Street and Lacroix (1979).
17
18 (9) Seismic monitoring in the site area should be established as soon as
19 possible after site selection.
20
21 Subsurface investigations that should be accomplished in the site area or within
22 the region to identify and define seismogenic sources and capable tectonic
23 sources may include:
24
25 (1) Geophysical investigations such as air or ground magnetic and gravity
26 surveys, seismic reflection and seismic refraction surveys, borehole
27 geophysics, and ground penetrating radar.
28
29 (2) Core borings to map subsurface geology and obtain samples for testing
30 such as age dating.
31
32 (3) Excavating and logging trenches across geological features as part of the
33 neotectonic investigation and to obtain samples for age dating those
34 features.
35
36 At some sites, deep soil, bodies of water, or other material may obscure geologic
37 evidence of past activity along a tectonic structure. In such cases the analysis
38 of evidence elsewhere along the structure can be used to evaluate its
39 characteristics in the vicinity of the site (PGEE, 1988; NUREG-0675, 1991).

.

40 -

41 An important part of the geologic investigations to identify and define potential
42 seismic sources is the age-dating of geologic materials. The following
43 techniques are useful in dating Quaternary deposits:
44
45 (1) Radiometric Dating Methods
46 .

47 (a) Carbon 14 for dating organic materials (Upper limit ranges from
48 30,000 up to 100,000 years) (Callender, 1989).
49 (b) Potassium argon for dating volcanic rocks ranging in age from about

,

50 50,000 to 10 million years (Callender, 1989).
51 (c) Uranium series uses the relative properties of various decay
52 products of '"U o r '''U . Ages range Nm 10,000 to 350,000
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(Callender,1989). "'U/"*U can yield between 40,000 and 1,000,000
(A) years (Muhs and Szabo,1982) iV (d) Fission track uses minerals such as zircon ar.d apatite, with ;

4 fissionable uranium in volcanic rocks. Although some interpretation
5 is required in counting tracks, the technique has no inherent age
6 range limitations if suitable materials are available (Callender,
7 1989).
8 (e) Thermoluminescence (TZ) is best used for stratigraphic correlation ,

9 and determining relative ages rather than absolute ages. The !
lo maximum age is 10 million years (Callender,1%9). i
11 (f) Electron spin resonnce (ESR) is used to date quartz that formed in !
.12 fault gouge during the fault event (Ikeya and others, 1982). I

13>

14 (2) Other Quantitative Numerical Methods
15
16 (a) Paleomagnetic dating requires material containing magnetic-
17 susceptible minerals with sufficient stratigraphic and time ranges
18 to provide several reversals. An independent time datum for |,

19 correlation with the polarity time scale is required (Callender, l
20 1989).
21 (b) Thicknesses of weathering rind development on the margins of clasts,
22 such as caused by obsidian hydration, can be used to estimate the |

23 age of deposits (Coleman and Pierce, 1981). ;

24 (c) Cation-ratio dating of desert varnish on rock surfaces by chemical
25 analysis (Dorn, 1983). ;

/T (d) Tephrochronology, which is the identification and correlation of '

( ) undated and dated volcanic ashes by geochemical and petrographic
(/ analyses (Sheets ard Grayson,1979; Self and Sparks,1981).

29 (e) Amino-acid racemizatie uses organic material and is based on time-
i

,

30 dependent diagenetic concesion of one form of amino-acid polymer i

31 structure to another (Bada and Helfman, 1975; Bada and Protsch,
32 1973).
33 (f) Lichenometry is used to estimate ages from sizes of lichens growing
34 on gravel or boulders (such as glicial deposits) (Locke and others,

i

35 1979). .

'

36 (g) Soil profile development is used to determine age based on measured
37 amounts of accumulated pedogenic materials (Machette, 1978).
38 (h) Dendrochronology is used to determine the ages of trees th..t were

'

39 affected by a tectonic event or other phenomena such as landsliding '

40 or flooding (Page,1970; Sieh,1978; Atwater and Yamaguchi,1991).'

41
42 (3) Relative Age Dating Methods
43
44 (a) Relative degree of scil profile development of B and C horizons can
45 provide at least an order of magnitude estimate of the ages of
46 buried soils or relict surface soils on surficial deposits
47 (Callender, 1989; Machette, 1982). For B horizons the diagnostic -

48 characteristics include: thickness, depth, amount, texture, type of
49 clay, soil structure and color, and amount of Fe oxides or fe-Al-
50 organic accumulation (Callender, 1989). For C horizons the

important diagnostic characteristics are thickness, depth, stage of4 development and amount of pedogenic carbonate and other soluble.

DG-1015-35



.

4

i salts (Macfadden and Tinsley,1982; Hardin,1982). Other references
2 for this subject include Matti and others, 1982; Pearthree and
3 Cdvo,1982; Pearthree and others,1983; Keller and others,1984,
4 and Chadwick and others, 1984.
5 (b) Relative degree of weathering of surface and subsurface clasts in
6 sedimentary deposits such as glacial moraines is useful but requires
7 independent means of age calibration (Callender,1989).
8
9 In the SCR it may not be possible to demonstrate, in an absolute manner, the age

10 of last activity of a tectonic structure. In such cases the NRC staff will
11 accept association of such structures with geologic structural features or
12 tectonic processes which are geologically old (at least pre-Quaternary) as an age
13 indicator in the absence of conflicting evidence.
14
15 These investigative procedures should also be applied, where possible, to
16 characterize offshore structures (faults or fault zones, and also folds, uplift
17 or subsidence related to faulting at depth) for coastal sites or those sites
18 located adjacent to landlocked bodies of water. Investigations of offshore
19 structures will rely heavily on seismicity, geophysics and bathymetry rather than
20 conventional geologic mapping methods which can be used effectively onshore.
21 However, it is often useful to investigate similar features onshore to learn more
22 about the significant offshore features.
23
24
25 d. Distinction Between Tectonic and Nontectnnic Deformatim.
26
27 Nontectonic deformation like tectonic deformation can pose a substantial hazard
28 to nuclear power plants but there are likely to be differences in the approaches
29 used to resolve the issues raised by the two types of phenomena. Therefore, non-
30 tectonic deformation should be distinguished from tectonic deformation at a site.
31 In past nuclear power plant licensing activities, surface displacements caused
32 by phenomena other than tectonic phenomena have been confused with tectonically
33 induced faulting. Such features include faults on which the last displacement was
34 induced by glaciation or deglaciation, collapse structures, such as found in
35 karst terrain, and growth faulting, such as occurs in the Gulf Coastal Plain or
36 in other deep soil regions subject to extensive subsurface fluid withdrawal.
37
38 Glacially induced faults generally do not represent a deep seated seismic or
39 fault displacement hazard because the conditions that created them are no longer
40 present. However, residual stresses from Pleistocene glaciation may still be
41 present in glaciated regions although they are of less concern than active
42 tectonically induced stresses. These features should be investigated with respect
43 to their relationship to current in-situ stresses.
44
45 The nature of faults related to collapse features can usually be defined through
46 geotechnical investigations and can either be avoided, or if feasible, adequate
47 engineering fixes can be provided.
48
49 Large, naturally occurring growth faults as found in the coastal plain of Tey=
50 and Louisiana can pose a surface displacement hazard even though offset mt 6

51 likely occurs at a much less rapid rate than that of tectonic faults. They are
53 not regarded as having the capacity to generate damaging earthquakes, can often
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be identified and avoided in siting, and their displacements can be monitored.
j Some growth faults and antithetic faults related to growth faults are not easily,

h identified; therefore, investigations described above with respect to capable
4 tectonic faults and fault zones should be applied in regions where growth faults
5 are known to be present. Local human-induced growth faults can be monitored and
6 controlled or avoided.
7
8 If questionable features cannot be demonstrated to be of non-tectonic origin they '

9 should be treated as tectonic deformation.
10
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REGULATORY ANALYSIS
'J

"

4 A separate regulatory analysis was not prepared for this reg.;1atory guide. The
5 draft regulatory analysis " Proposed Revision of 10 CFR Part 100 and 10 CFR Part

'

6 50," provides the regulatory basis for this guide and examines the costs ana
j 7 benefits of the rule as implemented by the guide. A copy of the draft regulatory
1 8 analysis is available for inspection and copying for a fee at the NRC Public
] 9 Document Room, 2120 L Street NW. (Lower Level), Washington, DC, as Enclosure 2
| 10 to Secy 92-???. Single copies of the draft regulatory analysis are available
~

11 from Mr. Leonard Soffer, Office of Nuclear Regulatory Research, Mail Stop NL/S-
: 12 324, U.S. Nuclear Reoulatory Commission, Washington, DL 20555, telephone (301) :

13 492-3916 or Dr. Andrew J. Murphy, Office of Nuclear Regalatory Researcli, Mail '

14 Stop NL/S-217A, U.S. Nuclear Regulatory Commission, Washington, DC 20555,
1

15 telephone (301) 432-3860. i
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STANDARD REVIEh . W 2.5.2g
PROPOSED REVISION 3

.

3 2.5.2 VIBRATORY GROUND MOTION

4 REVIEW RESPONSIBILITIES.

S Primary - Structural and Geosciences Branch (ESGB)
'

6 Secondary - None

7 AREAS OF REVIEW

8 The Structural and Geosciences Branch review covers the
9 seismological and geological investigations carried out to4

10 cctablich evaluate the accelerat-ion fee the safe shutdown
11 earthquake (SSE) and the operat-iftg-basic carthquake (OBE) for the
12 site. The cafe chutdown carthquake 10 thatwrthquake-that is
13 based-upon an evoluct-icn of the ma*imum car-thquake--potent-iel'

14 considering the regioncl and local geology and seismology-and
15 speci-f-le-charseter-istics Of local cubcur-fsce-material . It is t-hat>

16 ear-thquake-that--produces-the maximum vibratory-ground--mot-ion-for
17 which cafety-related cteueturec, cyctc=c, ced--eempenento -are
18 designed-tc rc=cin functiencl. The operat-ing-basic---carthquake-is

that--earthquake-thatms-idering- the-regicnal and local-geologyr

[% seismology, and-e ecific chreeter-istics of local subsurfcee'

( material, could reasonably- te expected to a f-feet-tte pla n t---s-i-te
22 dur-ittg-the-operating 1ife of-the-p-lent-t-i-t--is-ttat car-t-hqu3e-that
23 produces-the vibratory-ground-mot-ion-for-whieh-those fed-ures-of-
24 the-nuclear power--plent~neccccary for cont-int.Wt-icn without-

25 undue-rick to - the-hea4Nend-safety of the- publ-ic are des-igned-tei

! 26 rema-in-funet-iona-1,- The SSE represents the potential for earthquake
27 ground motion at the site and is the vibratory ground motion for
28 which all safety related structures, systems and components are
29 designed to ensure public safety. The SSE is based upon a detailed
30 evaluation of the earthquake potential, taking into account'

31 regional and local geology, seismicity, and specific
32 characteristics of local subsurface material. It is defined as the
33 free-field ground response spectra at the plant site and is
34 described by horizontal and v, ' tical response spectra corresponding
35 to the expected ground motiot at the free-field ground surface or
36 a hypothetical rock outcrop. I

!

37 Seismological and geological investigations are described in

38 Regulatory Guide DG1015, Tdentification and Characterization of
39 Seismic Sources. These investigations describe the seismicity of
40 the site region anC correlation of earthquake activity with seismic
41 sources. Seismic sources are identified and characterized, j

42 including the Deterministic Source Earthqua?te (DSE) associated with
4 each seismic source. All seismic sources, any part of which is g

i
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1 within 320 km (200 miles) of the site, must be identified. Sources
thquakes large enough2 at larger distances which are capable of s

3 to affect the site must also be identified seismic sources can be
4 capable tectonic sources or seismogenic st - maes; a seismotectonic
5 province is a type of seismogenic source.

6 The principal regulation used by the staff in determining the scope
7 and adequacy of the submitted seismologic and geologic information
8 and attendant procedures and analyses is Appendim A, " Scismie-and
9 Geologie-Gi-t-leg-Gr-i-tcria - for-N++ clear Power Planto Appendix B,"

10 " Criteria for the Seismic and Geologic Siting of Nuclear Power
11 Plants after [ effective date]" to 10 CFR Part 100 (Ref. 1).

12 Additional guidance (regulations, regulatory guides, and reports)
13 is provided to the staff through References 2 through 8.

14 Specific areas of review include seismicity (Subsection 2.5.2.1),
15 geologic and tectonic characteristics of the site and region
16 (Subsection 2.5.2.2), correlation of earthquake activity with
17 geologic structure or tectonic provinces (Subsection 2.5.2.3),

18 maximum earthquake potential (Subsection 2.5.2.4), seismic wave
19 transmission characteristics of the site (Subsection 2.5.2.5), and
20 safe shutdown earthquake (subsection 2.5.2.6) , and operet-i-ng-basis
21 ear-thquake (Subseet-ion 2.5.2.7). Both deterministic and

22 probabilistic evaluations are used to assess the SSE.

23 The geotecanical engineering aspects of the site and the models and
24 methods employed in the an lysis of soil and foundation response to
25 the ground motion environment are reviewed under SRP Section 2.5.4.
26 The results of the geosciences review are used in SRP Sections
2 '! 3.7.1 and 3.7.2.

28 II. ACCEPTANCE CRITERIA

29 The applicable regulations (Refs. 1, 2, and 5) and regulatory
30 guides (Refs. 4, 5, and 6) and basic acceptance criteria pertinent
31 to tP9 areas of this section of the Standard Review Plan are:

32 1. 10 CFR Part 100, Appendix ?., "Scicmic-and Occlogic Cit-leg
33 Gr-i-t-er-ie--for-Hue-lcar Power Plant-e.,.n-Appendix B, " Criteria for

34 the Seismic and Geologic Siting of Nuclear Power Plants af ter
35 (effective date]." These criteria describe the kinds of
36 geologic and seismic information needed to determine site
37 suitability and identify geolegic and seismic factors required
38 to be taken into account in the siting and design of nuclear
39 power plants (Ref. 1).

40 2. 10 CFR Part 50, Appendix A, " General Design Criteria for -

41 Nuclear Power Plants"; General Design Criterion 2, " Design
42 Bases for Protection Against Natural Phenomena." This

43 criterion requires that safety-related portions of the ,

44 structures, systems, and components important to saf ety shall

February 10, 1992
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Jw be designed to withstand the effects of earthquakes, tsunami,<

( and seiche without loss of capability to perform their safety
L functions (Ref. 2).

4 3. 10 CFR Part 100, " Reactor Site Criteria. " This part describes
5 criteria that guide the evaluation of the suitsbility of
6 proposed sites for nuclear power and testing reactors (Ref.
7 3).

: 8 4. Regulatory Guide 1.132, " Site Investigations for Foundations
9 of Nuclear Power Plants." This guide describes programs of

10 site investigations related to geotechnical aspects that would
11 normally meet the needs for evaluating the safety of the site
12 from the standpoint of the performance of foundations under
13 anticipated loading conditions including earthquake. It

14 provides general guidance and recommendations for developing
15 site-specific investigation programs as well as specific
16 guidance for conducting subsurface investigations, including
17 the spac- g and depth of bcrings as well as sampling intervals
18 (Ref. 4)

19 5. Regulatory Guide 4.7, " General Site Suitabilits Oriteria for
20 Nuclear Power Stations." This guide discusses s e major site

characteristics related 'o public health and safety which the21
22 NRC staff considers in determining the suitability of sites

.

?% for nuclear power stations (Ref. 5).

6. Regulatory Guide 1.60, " Design Response Spectra for Seismic
>

25 Design of Nuclear Power Plants." This-gu-ide-givec one-method i

|
26 acceptable-to-t-he-NGC-st+f-f-for-def-ining-the response-speet+a '

27 eormponding--t< the expected m a*imu m--g rou nd--aeee-ler-a t-ion
28 4Ref. 5) . Occ 0100 For design purposes smoothed response

spectra are generally used - for example, a standard spectral29
shape which has been used in the past is Regulatory Guide 1.6030

31 (Ref. 6). These smoothed spectra are still acceptable when an
32 appropriate peak acceleration is used as the high frequency

asymptote and the smoothed spectra compare f avorable with site33
specific response spectra derived from the deterministic and |

34
probabilistic procedures discussed in Subsection 2.5.2.6.35

36 The primary required investigations are described in 10 CFR Part
37 100, Section IV(a) of Appendix A B(Ref. 1) and regulatory guide
38 DG1015. The acceptable procedures for determining assessing the
39 seismic design bases are given in Section V(a), (b), and (c).-and
40 Geet4cn VI(c) of the appendim-- The seismic design bases are
41 predicated on a reasonable, conservative determination of the SSE
42 and-t-he-OBE . As defined in Sections -1-14 IV and V of 10 CFR Part

100, Appendix A B(Ref. 1), the SSE and C0E are is based on43 consideration of the regional and local geology and seismology and44
on the characteristics of the subsurface materials at the site and45 ar-e is described in terms of the vibratory ground motion t-hat theyfX

[ b() February 10, 1992
2.5.2-3



.

.

.

.

1 wouM-produee at the site. No comprehensive definitive rules can
2 be promulgated regarding the investigations needed to establish the
3 seismic design bases; the requirements vary from site to site.

4 2.5.2.1 Seism ;_ily. In meeting the requirement of Reference
5 1, this subsection is accepted when the complete historical record
6 of earthquakes in the region is listed and when all available
7 parameters are given for each earthquake in the historical record.
8 The listing should include all earthquakes having Modified Mercalli
9 Intensity (MMI) greater than or equal to IV or magnitude greater :

10 than or equal to 3.0 that have been reported -i n all tectenie
11 previnccc for all seismic sources, any parts of which are within
12 320 km (200 miles) of the site. A regional-scale map should be
13 presented showing all listed earthquake epicenters and should be
14 supplemented by a larger-scale map showing earthquake epicenters of
15 all known events within 80 km (50 miles) of the site. The 1

16 following information concerning each earthquake is required
17 whenever it is available: epicenter coordinates, depth of focus,
18 origin time, highest intensity, magnitude, seismic moment, source
19 mechanism, source dimensions, distance from the site, and any 1

20 strong-motion recordings (references from which the information was
21 obtained should be identified) . All magnitude designations such as
22 m, Me, M, M., etc., should be identified. In addition, any
23 reported earthquake-induced geologic failure, such as liquefaction,
24 landsliding, landspreading, and lurching should be described ,

25 completely, including the level of strong motion that induced i

26 failure and the physical properties of the materials. The I
27 completeness of the earthquake history of the region is determined |

28 by comparison to published sources of information (e.g., Refs. 9 |
29 through 13). When conflicting descriptions of individual ;

30 earthquakes are found in the published references, the staff should i

31 determine which is appropriate for licensing decisions. !

32 2.5.2.2 Geolocic and Tectonic Characteristics of Site and
33 Reaion. In meeting the requirements of References 1, 2, and 3,

'

34 this subsection is accepted when all geologic ~.st+ucturec within the
35 region-and--tectenie-eetivity seismic sources that are significant
36 in determining the earthquake potential of the region are

37 identified, or when an adequate investigation has been carried out
38 to provide reasonable assurance that all significant teetenie
39 st+uetures seismic sources have been identified. Information
40 presented in Section 2.5.1 of the applicant's safety analysis
41 report (SAR) and information from other sources (e.g., Refs. 9 and
42 14 through 18) dealing with the current tectonic regime should be
43 developed into a coherent, well-documented discussion to be used as
44 the basis characterizing the earthquake-generating potential of
45 seismogenic sources and capable tectonic sources the identified !

46 geclogic ctreet-ures. Specifically, each teetenic prevince seismic
47 source, any part of which is within 320 km (200 miles) of the site,
48 must be identified. The staff interprets seismotectonic provinces
49 to be regions of uniform earthquckc potentici (seicmotcetonic

February 10, 1992
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provinccc) teismicity (same DSE and frequency of recurrence)
distinct from the seismicity of the surrounding area. The proposed
seismotectonic provinces may be based on seismicity studies,-

4 differences in geologic history, differencec in the current
5 tectonic regime, etc. The staff considers that the most important
6 factors for the determination of seismotectonic provinces include
7 both (1) development and characteristics of the current tectonic
8 regime of the t_gion that is most likely reflected in-the
9 neotectonico (Post-Mieeer.c or chout 5 in the Quaternary

| 10 (approximately the last 2 million years and younger geologic
11 history) and (2) the pattern and level of historical seismicity.

i 12 Those characteristics of geologic structure, tectonic history,
13 present and past stress regimes, and seismicity that distinguish.

14 the various seissotectonic provinces and the particular areas
i 15 within those provinces where historical earthquakes have occurred

16 should be described. Alternative regional tectonic models derived
17 from availabic literature sources, including previous SARs and NRC'

| 18 staff Safety Evaluation Reports (SERs), should be discussed. The
19 model that best conforms to the observed data is accepted. In

20 addition, in those areas where there are capable faults tectonic
21 sources, the results of the additional investigative requirements
22 described in M-CFR Pcrt 100, ?.ppendix ?., Secticn IV(c) (0) (new
23 1), SRP Section 2.5.1 must be presented. The discussion should be
24 augmented by a regional-scale map showing the tect nic prcvinces
25 seismic sources, earthquake epicenters, locations of geologic

structures and other featrres that characterize the seismotectonic(" provinces, and the locations of any capable faults tectonic
& sources.

29 2.5.2.3 Correlation of Earthauake Activity with Cecica4e-stru<Aure

30 Seismocenic Sources, capable Tectonic Sources or

31 SeismoTectonic Provinces. In meeting the requirements of Reference
32 1, acceptance of this subsection is based on the development of the
33 relationship between the history of earthquake activity and the
34 geologic ctructures er ccic=ctcetonic provinccc seismic sources of
35 a region. The applicant's presentation is accepted when the
36 earthquakes discussed in Subsection 2.5.2.1 of the SAR are shown to
37 be associated with either geologic ctructure or tectonie--province
38 capable tectonic sources or seismogenic sources. Whenever an
39 earthquake hypocenter or concentration of earthquake hypocenters
40 can be reasonably correlated with geologic structures, the

41 rationale for the association should be developed considering the
42 characteristics of the geologic structure (including geologic and
43 geophysical data, seismicity, and the tectonic history) and the
44 regional tectonic model. The discussion should include

45 identification of the methods used to locate the earthquake
46 hypocenters, an estimate of their accuracy, and a detailed account
47 that compares and contrasts the geologic structure involved in the
48 earthquake activity with other areas within the seismotectonic
49 province. Particular attention should be given to determining the

y capability of faults with which instrumentally located earthquake
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1 hypocenters are associated.

2 The presentation should be augmented by regional maps, all of the
3 same scale, showing the tectonic provinces s eismi .: sources, the
4 earthquake epicenters, and the locations of geologic structures and
5 measurements used to define provinces. Acceptance of the proposed
6 tectonie-provinces seismic sources is based on the staff's

7 independent review of the geologic and seismic information.

8 2.5.2.4 Maximum Earthauake Potential and controlling

9 Earthquake (CE). In meeting the requirements of Reference 1, this

10 subsection is accepted when the vibratory ground motion due to the
11 maximum-credible carthquake DSE associated with each geologie
12 structure-or-the-maximum hictoric car-thquake-associeted-wite-each
13 t eetenic-prev 4 nee seismic source has been assessed and uhen the
14 e. srthquake (s) that would produce the maneum most severe vibratory
15 ground motion at the site has been determined. The maneum
16 eredibic carthquake DSE is the largest earthquake that can

geologie-et-ructure given17 reasonably be expected to occur on a
18 seismic source in the current tectonic regime. Considerable

19 judgement is involved in estimating the magnitude of the DSE.
20 suggested procedures for estimating the DSE are given in Regulatory
21 Guide DG1015. Geologic cr scismedegical Ovidence may war + ant a
22 madeu m-ea rthqua ke--larger-than-th e maximum hister-ie-ear-thquaker
23 Earthquakes associated with each geologic ct+ueture-or--teetenie
24 pr+vince seismic source must be identified. Where an earthquake is
25 associated with geologic structure, the maneum-credible-car +hquake
26 DSE that could occur on that structure should be evaluated, taking
27 into account significant factors, for example, the type cf the
28 faulting, fault length, fault slip rate, rupture length, rupture
29 area, moment, and earthquake history (e.g., Refs. 19 through 22).

30 In order to determine the manieum-etedible-ear 4hquake DSE that
31 could occur on those faults that are shown or assumed to be capable
32 tectonic sources, the staff accepts conservative values based on
33 historic experience in the region and specific considerations of

i 34 the earthquake history and geologic history of movement on the
35 faults. Where the earthquakes are associated with a seismotectonic
36 province, the largest historic earthquake within the province
37 should be identified. Isoseismal maps should also be presented for
38 the most significant earthquakes. The ground motion at the site
39 should be evaluated assuming appropriate seismic energy

40 transmission effects and assuming that the maximum-earthquake DSE
41 associated with each gealogie-structure-cr witt cach teeten4e
42 previsee seb mic source occurs at the point cf closest approach of
43 the structare or province to the site. (Further description is

44 provided. in Subsection 2.5.2.6.)

45 The earthquake (s) that would produce the most severe vibratory
46 ground motion at the site should be defined. If different

potential earthquakes would produce the most severe ground motion47

February 10, 1992
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A in different frequency bands, these earthquakes should be !
lD) specified. The description of the potential earthquake (s) is to

include the maximum intensity or magnitude and the distance from
4 the assumed location of the potential earthquake (s) to the site.
5 For the seismotectonic province surrounding the site, the DSE is
6 assumed to occur within 25 km of the site. The staff independently I

7 evaluates the site ground motion produced by the 4ergest.-earth <tuake
]8 DSE associated with each geologie-ssructure-or-teetenie--prev-i-nee

9 seismic source. Controlling earthquakes (CE) are those earthquakes
10 that have the greatest effect on the ground motion at the nuclear
11 power plant site. Acceptance of the dercription of the potential
12 controlling earthquake (s) that would produce the largest ground
13 motion at the site is based on the staff's independent analysis. 1

14 2.5.2.5 Seismic Wave Transmission Characteristics of the site.
15 In meeting the requirements of Reference 1, this subsection is
16 accepted when the seismic wave transmission characteristics 1

17 (amplification or deamplification) of the materials overlying j
18 bedrock at the site are described as a function of the significant '

19 frequencies. The following material properties should be
20 determined for each stratum under the site: seismic compressional
21 and shear wave velocities, bulk densities, soil index properties.

22 and classification, shear modulus and damping variations with
23 strain level, and water table elevation and its variation. In each |

24 case, methods used to determine the properties should be described I

7% in Subsection 2.5.4 of the SAR and cross-referenced in this |'

[ O determined
l subsection. For the manmum carthquake controlling earthquake, 1

in Subsection 2.5.2.4, the free-field ground motion !

28 (including significant frequencies) must be determined, and an |

29 analysis should be performed to determine the site effects on
30 different seismic wave types in the significant frequency bands.
31 If appropriate, the analysis should consider the effects of site
32 conditions and material property variations upon wave propagation
33 and frequency content.

34 The free-field ground motion (also referred to as control motion) <

35 should be defined to be on a ground surface and should be based on |
36 data obtained in the free field. Two cases are identified
37 depending on the soil characteristics at the site and subject to |'

38 availability of appropriate recorded ground-motion data. When data )
39 are available, for example, for relatively uniform sites of soil or
40 rock with smooth variation of properties with depth, the contrcl
41 point (location at which the control motion is applied) should be
42 specified on the soil surface at the top of the finished grade.
43 The free-field ground motion or control motion should be consistert
44 with the properties of the soil profile. For sites composed of one

45 or more thin soil layers overlying a competent material, or in case
46 of insufficient recorded ground-motion data, the control point is
47 specified on an outcrop or a hypothetical outcrop at a location on
48 the top of the competent material. The control motion specified
en should be consistent with the properties of the competent material.s
/
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1 Where vertically propagating shear waves may produce the maximum
2 ground motion, a one-dimensional equivalent-linear analysis (e.g. ,
3 Ref. 23 or 24) or nonlinear analysis (e.g., Refs. 25, 26, and 27)
4 may be appropriate and is reviewed in conjunction with geotechnical
5 and structural engineering. Where horizontally propagating shear
6 waves, compressional waves, or surface waves may produce the
7 maximum ground motion, other methods of analysis (e.g., Refs. 28
8 and 29) may be more appropriate. However, since some of the
9 . variables are not well defined and the techniques are still in the

10 developmental stage, no generally agreed-upon pt -mdures can be
11 promulgated at this time. Hence, the staff must use discretion in
12 reviewing any method of analysis. To insure appropriateness, site
1? response characteri-tics determined from analytical procedures
14 should be compared with historical and instrumental earthquake
15 data, when available.

16 2.5.2.6 Safe Shutdown Earthauake. In meeting the
17 requirer ents of Reference ', this subsection is accepted when the
18 vibratory ground motion specified for the SSE is described in terms
19 of the free-field response spectrum and is at least as conservative
20 as that which would result at the site from the ma*ieum-ear-thquako
21 CEs (determined in Subsection 2.5.2.4) considering the site
22 transmission effects (determined in Subsection 2.5.2.5). If
23 ceveral different maw-inum--potent-ic i car-thquakes CEs produce the
24 largest ground motions in different frequency bands (as noted in
25 Subrection 2.5.2.4), the vibratory ground motion specified for the
26 SSE aust be as conservative in each frequency band as that for each
27 earthquake.

28 The staff reviews the free-field response spectra of engineering
29 significance (at appropriate damping values) . Ground motion may
30 vary for different foundation conditions at the site. When the
31 site effects are significant, this review is made in conjunction
32 with the review of the design response spectra in Section 3.7.1 to
33 ensure consistency with the free-field motion. The staff normally j
34 ' evaluates response spectra on a case-by-case basis. The staff
35 considers comp 1*ance with the following conditions acceptable in
36 the evaluation of the SSE. In all these procedures, the proposed
37 free-field response spectra shall be considered acceptable if they
38 equal or exceed the estimated 84th percentile ground-motion spectra
39 from the mentimum--or---cont +oH-i-ng carthquake CE oescribed in

40 Subsection 2.5.2.4.
1

41 The following steps summarize the N ff review of the SSE.

42 1. Both horizontal and vertical component site-specific response
43 spectra should be developed statistically from response
44 spectra of recorded strong motion records that are selected to
45 have similar source, propagM isn path, and recording site
46 properties as the controlling earthquake (s). It must be
47 ensured that the recorded motions represent free-field

February 10, 1992
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conditions and are free of or corrected for any soil-structure
'

- interaction effects that may be present because of locations ;

and/or housing of recording instruments. Important source
properties include magnitude and, if possible, fault type, and

5 tectonic environment. Propagation path properties include
6 distance, depth, and attenuation. Relevant site properties.

7 include shear velocity profile and other factors that affect
8 the amplitude of waves at different frequencies. A
9 sufficiently large number of site-specific time histories<

10 and/or response spectra should be used to obtain an adequately"

11 broadband spectrum to encompass the uncertainti.es in these
12 parameters. An 84th percentile response spectrum for the'

13 records should be presented for each damping value of interest
14 and compared to the SSE free-field and design response*

1 15 spectrum (e.g., Refs. 30, 31, 32, and 33). The staff
16 considers direct estimates of spectral ordinates preferable to
17 scaling of spectra to_ peak accelerations. In the Eastern
18 United States, relatively little information is available cn

i 19 magnitudes for the larger historic earthquakes; hence, it may
20 be appropriate to rely on intensity observations (descriptions*

21 of earthquake effects) to estimate magnitudes of historic
22 events (e.g. , Refs. 34 and 35) . If the data for site-specific
23 response spectra were not obtained under geologic conditions
24 similar to those at the site, corrections for site effects

| 25 should be included in the development of the site-specific

,
.

spectra.

| 2. Where a large enough ensemble of strong-motion records is not
28 available, response spectra may be approximated by scaling
29 that ensemble of strong-motion data that represent the best'

30 estimate of source, propagation path, and site proporties
! 31 (e.g., Ref. 36). Sensitivity studies should show the effects
'

33 of scaling.

33 3. If strong-motion records are not available, site-specific peak
34 ground acceleration, velocity, and displacement (if necessary)
35 should be determined for appropriate magnitude, distance, and 1'

!

36 foundation ccnditions. Then . response spectra may be
37 determined by scaling the acceleration, velocity, and

; 38 displacement values by appropriate amplification factors
j .39 (e.g., Ref. 37). Where only estimates of peak ground

40 acceleration are available, it is acceptable to select a peak-

41 acceleration and use this peak acceleration as the high
.

43 frequency asymptote to standardized response spectra such as i
,

"

I

43 described in Regulatory Guide 1. 60 - (Ref . 6) for both the'

44 horizontal and vertical components of motion with the

45 appropriate amplification factors. For each control 1ing

46 earthquake, the peak ground motions should be determined using
47 current relations between acceleration, velocity, and, if

f 48 necessary, displacement, earthquake size (magnitude or
,

- 49 intensity) , and source distance. Peak ground motion should be

February 10, 1992
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1 determined from state-of-the-art relationships. Relationships
2 between magnitude and ground motion are found, for example, in
3 References 38, 39, 40, and 41 and relationships between ground
4 motion and intensity are found, for example, in References 41,
5 42, and 43. Due to the limited data for high intensities
6 greater than Modified Mercalli Intensity (MMI) VIII, the
7 available empirical relationships between intensity and peak
8 ground motion may not be suitable for determining the
9 approprihte reference acceleration for seismic design.

10 4. Response spectra developsd by theoretical-empirical modeling
11 of ground motion ma3 be used to supplement site-specific
12 spectra if the input parameters and the apprcpriateness of the ,

1

13 model are thoroughly documented (e.g., Refs. 19, 44, 45 and
14 46, and 53). Modeling is particularly useful for sites near
15 capable faul-ts tectonic sources or for deeper structures that ,

16 may experience ground motion that is different in terms of i

17 frequency content and wave type from ground motion caused by
18 more distant earthquakes. j

|

|

19 5. Probabilistic estimates of seismic hazard should be calculated |
20 (e.g., Refs. 41 and 47) and the underlying assumptions and

'

21 associated uncertainties should be documented to assist in the
22 staff's overall deterministic approach. The probabilistic
23 studies should highlight which seismic sources are significant .

24 to the site. Uni-fer-m--hacerd cpcotrW.,pect-re-that-have-e I
25 uniform-probability of cxecedence-over---the f requency-renge-of-
26 -ist+ rest ) chew-ing-uncerteisty-should-be-ealculeted-fer- 0. 01,
27 Or001, and O.0001 annua 1 - probabi-1-i-t-les-of-exce<xlance--at---the
28 siter The probability of exceeding the SSE response spectra
29 should also be estimated and comparison of results made with
30 other probabilistic studies. Suggested procedures are

31 contained in DG1015.

32 The time duration and number of cycles of strong ground motion is
33 required for analysis of site foundation liquefaction potential and
34 for design of many plant components. The adequacy of the time
35 history for structural analysis is reviewed under SRP Section
36 3.7.1. The time history is reviewed in this SRP section to confirm
37 that it is compatible with the seismological and geological
38 conditions in the site vicinity and with the accepted SSE model.
39 At present, models for deterministically computing the time history
40 of strong ground motion from a given source-site configucation may
41 be limited. It is therefore acceptable to use an ensemble of
42 ground-motion time histories from earthquakes with similar size,
43 site-source characteristics, and spectral characteristics or

44 results of a statistical analysis of such an ensemble. Total -

45 duration of the motion is acceptable when it is as conservative as
46 values determined using current studies such as References 48, 49,
47 50, and 51.

February 10, 1992
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4 * 2.5.2.' Operatine Eccic Earthcuake. In-=ceting the
'! requ4-eemente-cf ncference 1, thic cubaeetica ic accc;, table when-the

vibratory ground =cticn for the OBE ic deceribcd and-the recpcase
4 spectru: (at appropriate damping valucc) at the cite specifiedr
5 l'rebability calculatienc 'c.g., ncfc. 41, 47, and 52) abeuld be
6 used-te-est4 mate 4.hc- probability of cxeceding the OBE dur4cg-the
7 operating life of the plant. The maximum vibr+tery--ground-mot-ion
8 of-the-OBB-should-bc at least one half the-maximum vibrat+ry-gr+und*

j 9 motion of-the CCE unlecc ; Icuer OBE can be-just4-f4ed-on-the-bas-i-s
| 10 of-probability calculations. It has been st+f-f-praet4cc tc accept
! 11 the-OBB-i-f the return- period in en the arder-of-hundreds-of years
'

12 ic.g., ncf. 31) .

; 13 III. REVIEW PROCEDURES
1

] 14 Upon receiving the applicant's SAR, an acceptance review is
: 15 conducted to determine compliance with the investigative

16 requirements of 10 CFR Part 100, Appendix A B (Ref. 1). The
'

- 17 reviewer also identifies any site-specific problems, the resolution
j 18 of which could result in extended delays in completing the review.

19 After SAR acceptance and docketing, those areas are identified
; 20 where additional information is required to determine the
; 21 earthquake hazard. These are transmitted to the applicant as draft
'

22 requests for additional information.

/"~-

[ A site visit may be conducted during which the reviewer inspects,

( the geologic conditions at the site and region around the site as
25 shown in outcrops, borings, geophysical data, trenches, and those
26 geologic conditions exposed during constrnation if the review is,

( 27 for an operating license. The reviewer also discusses the
i 28 questions with the applicant and his consultants so that it is
} 29 clearly underctood what additional information is required by the

30 staff to continue the review. Following the site visit, a revised
31 set of requests for additional information, including any !

'

; 32 additional questions that may have been developed during the site
33 visit, is formally transmitted to the applicant. !,

! !

I 34 The reviewer evaluat.cs the applicant's response to the questions,

| 35 prepares requests for additional clarifying information, and
! 36 formulates positions that may agree or disagree with those of the
j 37 applicant. These are formel]y transmitted to the applicant.
i

36 The safety analysis report and amendments responding tc the
39 requests for additional inforration are reviewed to determine that

"

40 the information presented by the applicant is acceptable according
4

41 to the criteria described in Section II (Acceptance Criteria)'

42 above. Based on information supplied by the applicant, obtained ;

i 43 from site visits or from staff consultants or literature sources,
i 44 the reviewer independentli identifies and evaluates the relevant
; 45 ccicmotectonic provi-nees seismogenic sources and capable tectonic
[s
\ February 10, 1992
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1 sources, evaluates the capability of faults in the region, and
2 determines the earthquake potential for each province and cach
3 capabic - fault--or-tectonic ct+uetere seismogenic source or capable
4 tectonic source using procedures noted in Section II (Acceptance
5 Criteria) above. The reviewer evaluates the vibratory ground
6 motion that the potential carthquakes controlling earthquakes could
7 produce at the site and defines compares that ground motion to the
8 safe shutdown earthquake-end-operat4ng-bacic- carthquake.

9 IV. 3 VALUATION FINDINGS

10 If the evaluation by the staff, on completion of the rev iew of the
11 geologic and seismologic aspects of the plant site, confirms that

M o applicant has met the requirements or guidance of applicable*

mitions of References 1 through 6, the conclusion in the SER
19 ,tes that the information provided and investigations performed
15 support the applicant's conclusions regarding the seismic integrity
16 of the subject nuclear power plant site. In addition to the
17 conclusion, this section of the SER includes (1) def4 nit-ions an
18 evaluation of teetenie-provinces seismogenic sources and capable
19 tectonic sources; (2) evaluations of the capability of geologic
20 structures in the region; (3) determinct4 ens evaluation of the 6&E
21 earthquakefs}- DSEs and free-field resoonse spectra based on

23 evaluation of the potential controlling earthquakes; and (4) time
23 history of strong ground motion W nd (5'; determinatienc of-the GBE
24 f-rec-field response--speet-ra . Staff reservations about any
25 significant deficiency presented in the applicant's SAR are stated
26 in sufficient detail to make clear the precise nature of the

The above evaluation determinations or redeterminations77 concern.
28 are made by the staff during both the construction permit (CP) and
29 operating license (OL) phases of review.

30 OL applications are reviewed for any new information developed
J1 subsequent to the CP safety evaluation report (SER) . The review

32 will also determine whether the CP recommendations have been
33 implemented.

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

3G In our review of the seismologic aspects of the plant site we
37 have considered pertinent info 1mation gathered since our
38 initial seismologic review which was made in conjunction with
39 the issuance of the Construction Permit. This new information
40 includes data gained from both site and near-site

41 investigations as well as from a review of recently published
42 literature.

43 As a result of our recent review of the seismologic

44 information, we have determined that our earlier conc 1: y

45 regarding the safety of the plant from a seismolog.

Feoruary 10, 1992
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standpoint remains valid. These conclusions can be summarizedpI as follows:g

O
3 1. Seismologic information provided by the applicant and ,

'

4 required by Appendix A B to 10 CFR Part 100 provides an
5 adequate basis to establish that no eapable-feu4-ts
6 seismic sources exist in the plant site area which would !

7 cause earthquakes to be centered there.

8 2. The response spectrum proposed for the safe shutdown-

9 earthquake is the appropriate free-field response !

10 spectrum in conformance with Appendix A B to 10 CFR Part
,

11 100.

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

.

14 The staff concludes that the site is acceptable from a
15 seismologic standpoint and meets the requirements of (1) 10
16 CFR Part 50, Appendix A (General Design Criterion 2), (2) 10
17 CFR Part 100, and (3) 10 CFR Part 100, Appendix A B. This

; 18 conclusion is based on the following:

19 1. The applicant has met the requirements of: j
.

7% a. 10 CFR Part 50, Appendix A (General Design
>

Criterion 2) with respect to protection against
} natural phenomena such as faulting.
.' os

23 b. 10 CFR Part 100 (Reactor Site Criteria) with |

24 respect to the identification of geologic and i

25 seismic information used in determining the

26 suitability of the site,

27 c. 10 CFR Part 100, Append 4x A (Ceic,ic and-Ccclogiej
'

28 Gi-ting Cri-tcric for Nuclcar Pcwcr Picnts}- Appendix
29 B (Criteria for the Seismic and Geologic Siting of,

'

30 Nuclear Power Plants e.fter [ effective Date]) with
31 respect to obtain;*_ng the geologic and seismic ;

32 information necessary to determine (1) site;

33 suitability ar.d (2) the appropriate design of the
34 plant. Guidance for complying with this regulation
35 is contained in Regulatory Guide- 1.132, " Site
36 Investigations for Foundations of Nuclear Power
37 Plants," Regulatory Guide 4.7, "Genaral Site

38 Suitability for Nuclear Power Stations," and

39 Regulatory Guide 1.60, " Design Response Spectra for*

40 Seismic Design of Nuclear Power Plants."

41 V. IMPLEMENTATION

f

February 10, 1992s
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1 The following is intended to provide guidance to applicants and
2 licensees regarding the NRC staff's plans for using this SRP
3 section.

4 Except in those cases in which the applicant / licensee proposes an
5 acceptable alternative method for complying with specific portions
6 of the Commission's regulations, the methods described herein will
7 be used .:)y the staff in its evaluation of conformance with
8 Commission regulations,

9 Implementation schedules for conformance to parts of the method
'0 discussed herein are contained in the referenced regulatory guides
.

21 and NUREGs (Refs. 4 tnrough 8).

12 The provisions of this SRP section apply to reviews of construction
13 permit (CP), operating license (OL) , preliminary design approval
14 (PDA), final design approval (FDA), and combined license (CP/OL)
15 applications docketed after the date of issuance of this SRP
16 section.

17 VI. REFERENCES I

18 1. 10 CFR Part 100, Appendix ?. , "Scismic rnd Ccclogic Sit 4ng
19 Gr-i-ter-ie-for--Nuclear Pcuer Planter'1 Appendix B, " Criteria for

i30 the Seismic and Geologic Siting of Nuclear Power Plants Af ter
21 [ Effective Date)." i

22 2. 10 CFR Part 50, Appendix A, General Design Criterion 2,

23 " Design Bases for Protection Against Natural Phenomena."

24 3. 10 CFR Part 100, " Reactor Site Criteria."

25 4. Regulatory Guide 1.132, " Site Investigations for Foundations
26 of Nuclear Power Plants."

27 5. Regulatory Guide 4.7, " General Site Suitability Criteria for

28 Nuclear Power Stations."

29 6. Regulatory Guide 1.60, "Desigrs Response Spectra far Seismic
30 Design of Nuclear Power Plants."

31 7. Regulatory Guide 1.70, " Standard Tornat and Content of Safety
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34 9. NUREG/CR-1577, "L, Approach to Seismic Zonation for Siting
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l A DRAFT REGULATORY GUIDE DG-1016
,

([)! SECOND PROPOSED REVISION 2 TO REGULATORY GUIDE 1.12

NUCLEAR POWER PLANT INSTRUMENTATION FOR EARTHQUAKES |
4

5

6

7 A. INTRODUCTION

8 !

9 In 10 CFR Part 20, " Standards for Protection Against Radiation," licensees are
10 required to make every reasonable effort to maintain radiation exposures as
11 low as is reasonably achievable. Paragraph (c) of 150.36, " Technical
12 Specifications," to 10 CFR Part 50, " Domestic Licensing of Production and
13 Utilization Facilities," requires the technical specifications of a facility

14 to include surveillance requirements to ensure that the necessary quality of
15 systems and components is maintained, that facility operation will be within
16 safety limits, and that the limiting conditions of operation will be met.
17 Paragraph IV(a)(4) of Proposed Appendix S, " Earthquake Engineering Criteria

['N for Nuclear Power Plants," to 10 CFR Part 50 would rvquire that suitable

1._ instrumentation be provided so that the seismic response of nuclear power
20 plant features important to safety can be evaluated promptly. Paragraph

21 IV(a)(3) of Proposed Appendix S to 10 CFR Part 50 would require shutdown of j

22 the nuclear power plant if vibratory ground motion exceeding that of the
23 Operating Basis Earthquake (0BE) ground motion occurs.'

24

25 This guide is being developed to describe seismic instrumentation acceptable
26 to the NRC staff for satisfying the requirements of Parts 20 and 50 and the
27 Proposed Appendix 5 to Part 50.

28

29 Any information collection activities mentioned in this draft regulatory guide
30 are contained as requirements in the proposed amendments to 10 CFR Part 50

31 that would provide the regulatory basis for this guide. The proposed
32 amendments have been submitted to the Office of Management and Budget for

! 33 clearance that may be appropriate under the Paperwork Reduction Act. Such

Guidance is being developed in Draft Regulatory Guide DG-1017, " Pre-'

35 Earthquake Planning and immediate Nuclear Power Plant Operator Post-
36 Earthquake Actions," to provide plant shutdown criteria.
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I clearance, if obtained, would also apply to any information collection

h2 activities mentioned in this guide.

3

4

5

6 B. DISCUSSION

7

8 When an earthquake occurs, it is important to assess immediately the effects

9 of the earthquake at the nuclear power plant. State-of-the-art solid-state
10 digital time-history accelerographs installed at appropriate locations will
11 provide data on the frequency, amplitude, and phase relationship of the
12 seismic response of the free-field, containment structure, and other Category

i

13 I structures. The instrumentation should be located so that a comparison and

14 evaluation of such response may be made with the design basis and so that

15 occupational radiation exposures are maintained as low as reasonably

16 achievable (ALARA).
17

18 Free-field instrumentation data would be used to determine if the OBE ground

19 motion has been exceeded (see Draft Regulatory Guide DG-1017, " Pre-Earthquake

20 Planning and Immediate Nuclear Power Flant Operator Post-Earthquake Actions").

21 Foundation-level instrumentation would provide data on the actual seish

22 input to the containment and other buildings and would quantify differences
23 between the vibratory ground motion at the free-field and foundation-level.
24 Instrumentation is not located on equipment, piping, or supports since
'25 experience has shown that data obtained at these locations are obscured by
26 vibratory motion associated with normal plant operation.
27

28 The guidance being developed in Draft Regulatory Guide DG-1017 is based on the

29 assumption that the nuclear power plant has operable seismic instrumentation,
30 including the equipment and software required to process the data within four ;

31 hours after an earthquake. This is necessary because the decision to shut
32 down the plant will be made in part, by ccmparing the recorded data against
33 OBE exceedance criteria. The decision to shut down the plant is also based on

34 the results of the operator walkdown inspections which take place within eight
35 hours of the event.
36

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

'3
4 An evaluation of seismic instrumentation optrational experience noted that
5 instruments have been out of service during plant shutdown and sometimes
6 during plant operation. The instrumentation system should be operable at all
7 times. If the seismic instrumentation is inoperable, the guidelines being
8 developed in Appendix B to Draft Regulator ~ C*ide DG-1017 should be used to
9 determine if the Operating Basis Earthquake ground motion has been exceeded.

10

11 Information pertaining to instrumentation characteristics, installation,
12 activation, remote indication, and maintenance is provided in this guide to
13 ensure (1) that the data provided are comparable with the data used in the
14 design of the nuclear power plant, (2) that exceedance of the Operating Basis
15 Earthquake can be determined, and (3) that the equipment will perform as
16 required.
17

Appendix A to this guide provides definitions to be used with this guidance.

20

21

22 C. REGULATORY POSITION

23

24 The type, locations, operability, characteristics, installation, actuation,

25 remote indication, and maintenance of seismic instrumentation described below

26 are acceptable to the NRC staff for satisfying the requirements in 10 CFR
27 20.l(c),10 CFR 50.36(c), and Paragraph IV(a)(4) of Proposed Appendix S to 10
28 CFR-50 for ensuring the safety of nuclear power plants.
29

30 1. Seismic Instrumentation Type and Location

31

32 1.1 State-of-the-art solid-state digital instrumentation that will
33 enable the quick processing of data at the plant site should be
34 used.

u 1.2 A triaxial time-history accelerograph should be provided at each
37 of the following locations:
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1 1. Free-field.

O2

3 2. Containment foundation.

4

5 3. Two elevations (excluding the foundation) on a structure
6 internal to the containment.
7

8 4. Two independent Category I structure foundations (for
9 instance, the diesel generator building and the auxiliary

10 building) where the response is different from that of the
11 containment structure.

12

13 5. An elevation (excluding the foundation) on each of the
14 independent Category I structures selected in 4 above.
15

16 6. If seismic isolators are used, instrumentation should be

17 placed on both the rigid and isolated portions of the
18 structures at approximately the same elevations.

'

19

20 1.3 The specific locations for instrumentation should be determined by
21 the nuclear plant designer to obtain the most pertinent
22 information consistent with maintaining occupational radiation
23 exposures ALARA for the location, installation, and maintenance of

24 seismic instrumentation. In general:
25

26 1. A design review of location, installation, and maintenance
27 of proposed instrumentation for maintaining exposures ALARA

28 should be performed by the facility in the planning stage in
29 accordance with Regulatory Guide 8.8, "Information Relevant

30 to Ensuring that Occupational Radiation Exposures at Nuclear

31 Power Stationt Will Be As Low As Is Reasonably Achievable."

32

33 2. Instrumentation should be placed in a location with as low a
34 dose rate as is practical, consistent with other
35 requirements.

36 -

37 3. Instruments should be selected to require minimal

DG-1016 - 4 Feb 10, 1992
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maintenance and in-service inspection, and minimal time and
nuabers of personnel tu conduct installation and,,,

'3 maintenance.

4t-

[ 5 2. Instrumentation at Multi-Unit Si.

[ 6

7 Instrumentation in addition te that 'nstalled for a single ut.it will not
8 be required if essentially t'ie same seismic response i's expect d 4( the

f C other units based on the seismic analysis used in the seismic design of
i' ' 2C the plant. However, if there are separai.e control rooras, anunciatier

f ' 11 should be provided to both control rooms as specified in Regulatory *

12 Positior 7.
13 (

-

7 4 3. Seismic Instrumentation Operability

15

[ 16 The seismic instrumentation should operate during all modes of plant
'

17 operation, including periods of plant shutdown. The maintenance and
repair procedures should provide ~~ keeping the maximum number ofr

instruments in servict during plant opert' on and shutdown.
20

21 4. Instrumentation Characteristics
22

;

_ 23 4.1 The design should include provisions for in-service testinq. The
?' instruments should be capable of periodic channel checks during

_ 25 norsai plant ope:- . tion.
26

27 4.2 The instruments should have the capability for in-place functional
28 testing.

29

30 4.3 The instrumentation on t!s foundation and at elevations within the
'l same building or structure shool6 be interconnected for common
'2 starting and common timing, ant the instrumentation should contain

'

33 provisions for an external remote alam to indicate actuation.
'

34

4.4 The insi.rumentation should have the ability to record the 5
i %. seconds prior to sei<t c trigger actuation. It shuuld operate

37p- continuous'y during the period in which the earthquake exceeds the
-

DC-1016 - 5 Feb 10,1992
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I seismic trigger threshold and for a minimum of 5 seconds beyond

2 the last seismic trigger signal. The instrumentation should be
3 capable of a minimum of 25 minutes of continuous recording

4

5 4.S A; eleration Sensor (s).

6

7 1. The dynamic range should be 1000:1 zero to peak, for

8 example, 0.001g to 1.0 .9

9

10 2. The frequency range should be 0.0 Hz to 33.3 Hz, or an

11 equivalent demonstrated to be adequate by cea3utational

12 techniques applied to the resultant accelerogram.

13

14 4.6 Recorder.

15

16 1. The sample rate should be at least 200 samples per second.

17

2. The t;odwidth should be at least from 0.20 Hz to 50 Hz.- r

19

20 3. The dynamic range should be 1000:1.

21

22 4.7 Seismic Trigger.

22

24 The actuating level should be adjustable for a mini.num of 0.0059

25 to 0.029
26

27 5. Instrumentation Installation
28

29 5.1 The instrumentation should be designed and installed so that the
,

30 vibratory transmissibility over the amplified region of the design
31 spectral frequency range is essentially unity, that is, the
22 mounting is rigid.
33

34 5.2 The instrumentation should be oriectad so that the horizontal axes
35 are parallel to the orthogonal hori, tal axes acsumed in the

36 seirmic analysis.
37

DG-13M - 6 Feb 10, 1992
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1 5.3 Protection against accidental impacts should be provided. i

(~ i
-

| -( !

's 6. Instrumentation Actuation
4 I

5 6,1 Both vertical and horizontal input vibratory ground motion should i

6 actuate the same time-history accelerograph. One or more seismic

7 triggers may be used to accomplish this.

| 3

i 9 6.2 Spurious trios. ring should be avoided. -

( 10 |

L 11 6.3 The seismic trigger mechanisms of the time-history accelerograph :

|' 12 should be set for a threshold ground acceleration of not more than
:

| 13 0.029
i

14

15 7. Remote Indication ;

16

| 17 Activation of the free-field or any foundation-level time-history ,

[N accelerograph should be annunciated in tb: . trol room. If there are! ,

two or more control rooms at the site, annunciation should be provided

20 to each control room. ,

21 ,

22 8. Maintenance ,

23

| 24 8.1 The purpose of the maintenance program is to ensure that the j

25 equipment will perform as required. As stateo Regulatory

26 Position 3, the maintenance and is pair proceduit should provide

27 for keeping the maximum number of instrumen;. in service during -

28 plant operat'on and shutdown.

29 ;

'

30 8.2 Systems are t.. be riven channel checks every two weeks for the

31 first three months of service after startup. Failures of devices j

32 normally occur during initial operation. After the initial three -
i

33 month period and three consecutive success'ul checks, monthly

34 chaanel check are sufficient. The monthly channel check is to

7"x include-checkirg the batteries. The channel functional test i

should oe performed every 6 months. f.hannel calit, cation should be

-37 per rmed during refueling. j

DG-1016 - 7 rec 10, IM2 |
j

1

3 I

s______.__.___ __ ____ ___________ _ __ _ _ _ __-



._

.

1 D. IMPLEMENTATION

02

3 The purpose of this section is to providt guidance to applicants and licensees
4 regarding the NRC staff's plans for using this regulatory guide.
5

6 This proposed revision has been relea'ed to entourage public participation in
7 its development. Except in those cases in which the applicant proposes an
8 acceptable alternative method for complying with the specified portions of the
9 Commission's regulations, the method to be described in the active guide

10 reflecting public comments will be used in the evaluation of applications for
11 a construction permit, operating license, combined license, or design
12 certification submitted after the implementation date to be specified in the
13 active guide. This guide would not be used in the evaluation of an
14 application for an operating license submitted after the implementation date
15 to be specified in the active guide if the construction permit was issued
16 prior to that date.

17

O

s

|

9
s
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DEFINITIONS

,

|
3

4 Acceleration Sensor. An instrument capable of sensing absolute acceleration
5 and transmitting the data to a recorder.
6

7 Chanael Calibration (Primary Calibration). The determination and adjustment,
8 if required, of an in:.irument, sensor, or system such that it respbnds within
9 a specific range and accuracy to an acceleration, velocity, or displacement

10 input, as applicable, traceable to the National Institute of Standards andi

!

11 Technology (NIST), or an acceptable physical constant.
12

13 Channel Check. The qualitative verification of the functional status of the
14 instrument sensor. This check is an "in-situ" test and may be the same as a
15 channel functional test.
16

| 17 Channel Functional Test (Secondary Calibration). The determination without
i O adjustment that an instrument, sensor, or system responds to a known input,

U not necessarily traced to the National Institute of Standards and Technology
20 (NIST), of such character that it will verify the instrument, sensor, or

21 system is functioning in a manner that can be calibrated.

| 22

23 Containment - See Primary Containment and Secondary Containment.

| 24

25 operatina Basis Earthauake Ground Motion (0BE). The vibratory ground motion
26 for which those features of the nuclear power plant necessary for continued

| 27 operation without undue risk to the hea~th and safety of the public will
28 remain functional. The value of the Operating Basis Earthquake Ground Motion

- 29 is set by the applicant.
30

j Primary (Ontainment. The principal structure of a unit that acts as the31

; 3?. barrier, after tue fuel cladding and reactor pressure boundary, to control the
33 release of radioactive material. It includes (1) the containment structure
34 and its access openi 3s, pent t~ations, and appurtenances, (2) the ,a1vos,

pipes, cl; sed ;vstems, and other components used to inlate of the containment

| L atmosphere from the environment, and (3) those systems or portions of system:
1 '37 that, by their system functions, extend the containment structure bxndary

OG-1016 - 9 Feb 10, 1992-
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1 (e.g., the connecting steam and feedwater piping) and provide ef fective
2 isolation.
3

4 Recorder. An instrument capable of simultaneously recording the data versus
5 time from acceleration sensor (s).
6

7 Secondary Containment. The structure surround.1g the primary containment that

8 acts as a further barrier to control the release of radioactive material.'

9

10 Seismic Isolator. A device (for instance, laminated elastonier and steel)
11 installed between the structure and its foundation to reduce the acceleration
12 of the isolated structure, and the attached equipment and components.

13

14 Seismic Triacer. A device that starts the time-history accelerograph.

15

16 Time-History Accelerograph. An instrument capable of measuring and

17 permaner+1y recording the absolute accele ation versus time. The components

18 of the time-history accelerograph (acceleration sensor, recorder, seismic
19 trigger) may be assembled in a self-contained unit or be separately located.
20

21 Triaxial. Describes the function of an instrument or group of instruments in
22 three mutually orthogonal directions, one of which is vertical.
23

s

@
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1 REGULATORY ANALYSIS'

j or' A separate regulatory analysis was not prepared for this regulatory guide.
! 4 The draft. regulatory analysis, " Proposed Revision of 10 CFR Part 100 and 10
i 5 CFR Part 50," provides the regulatory basis for this guide and examines the
i

j 6 costs and benefits of the rule as implemented by the guide. A copy of the
'

7 draft regulatory analysis is available for inspection and copying for a fee at
8 the NRC Public Document Room, 2120 L Street NW. (Lower Level), WashirJton, DC,

; 9 as Enclosure 2 to Secy 92-???. Single copies of the draft regulatory analysis
10- are available from Mr. Leonard Soffer, Office of Nuclear Regulatory Research,

i 11 Mail Stop NL/S-324, U.S. Nuclear Regulatory Commission, Washington, DC 20555,

j 12 telephone (301) 492-3916 or Dr. Andrew J. Murphy, Office of Nuclear Regulatory
13 Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission, Washington,

14 DC ?.0555, telephone (301) 492-3860.

15

|
i

i

!
|

'

;

i
|

s

'

\s_

;
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DRAFT REGULATORY GUIDE DG-1017-s

/ i
(v! PRE-EARTHQUAKE PLANNING AND IMMEDIATE NUCLEAR POWER

3 PLANT OPERA OR POST-EARTHQUAKE ACTIONS

4

5

6

7 A. K'TRODUCTION

8

9 Paragraph IV(a)(4) of Proposed Appendix S, " Earthquake Engineering Criteria
10 for Nuclear Power Plants," to 10 CFR Part 50, " Domestic Licensing of
11 Production and Utilization Facilities," would require thet suitable
12 instrumentation' be provided so that the seismic response of nuclear power
13 plant features important to safety can be evaluated promptly. Paragraph

14 IV(a)(3) of Proposed Appendix 5 to 10 CFR Part 50 would require sht'tdcwn of
15 the nuclear power plant if vibratory ground motion exceeding that of the
16 Operating Basis Earthquake Ground Motion or significant plant damage occurs.
17 Proposed Paragraph 50.54(ee) to 10 CFR 50 would require licensees of nuclear

['~'} power plants 9 hat have adepted the earthquake engineering criteria in Proposed
(/ Appendix S to 10 CFR 50 to shut down the plant if the criteria in Paragraphm_

20 IV(a)(3) of Proposed Appendix 5 are exceeded.
21

22 This guide is being developed to provide guidance acceptable to the NRC staff
23 for a timely evaluation after an earthquake of the recorded instrumentation
24 data and for determining whether plant shutdown would be required by the
25 proposed amendments to 10 CFR Part 50.

26

27 Any information collectica activities mentioned in this draft regulatory guide
28 are contained as requirements in the proposed amendments to 10 CFR Part 50
29 that would provide the regulatory basis for this guide. The proposed

30 amendments have been submitted to the Office of Management and Budget for

31 clearance that may be appropriate under the Paperwork Reduction Act. Such
32 clearance, if obtained, would also apply to any information collection

9
' Guidance is being developed in Draft Regulatory Guide DG-1016, Second

Proposed Revision 2 to Regulatory Guide 1.12, " Nuclear Power Plant
Instrumentation for Earthquakes," to describe seismic instrumentation

36 acceptable to the NRC staff.

DG-1017 - 1 Feb 7, 1992
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1 activities mentioned in this guide.
2

3

4

5 B. DISCUSSION

6

7 When an earthquake occurs, ground motion data are recorded by the seismic

8 instrumentation.' These data are used to make an early determination of the

9 degree of severity of the seismic event. The data from the seismic
10 instrumentation, coupled with information obtained from a plant walkdown, are

'1 used to make the initial determination of whether the plant should be shut
.

12 down, if it has not already been shut down by operational perturbations
13 resulting from the seismic event. If on the basis of these initial
14 evaluations (instrumentation data and walkdown) it is conclud7d that the plant
15 shutdown criteria have not been exceeded, it is presumed that the plant will

16 not be shut down. Guidance is being developed on post shutdown inspections

17 and plant restart; see Draft R2gulatory Guide DG-1018, " Restart of a Nuclear

18 Power Plant Shut Down by a Seismic Event."
,

19

20

21 The Electric Power Research Institute has developed guidelir.es that will

22 enable licenser- to quickly identify and n ' ss earthquake effects on nuclear
23 power plants. inese guidelines are in PM f930, "A criterion for

'

Determining Exceedance of the Operating Basis E v',% :.ke," July 1988, EPRI NP-24

25 6695, " Guidelines for Nuclear Plant Response to a f.artt. quake," December 1989,

26 and EPRI TR-100082, " Standardization of Cumulative Absolute Velocity,"
'

27 December 1991.'

28

29 Thf s guide is basx on the assumption that the nuclear power plant has
30 operable seismic instrumentation. If the seismic instrumentation is
31 inoperable, the guidelines being developed in Appendix A to this guide would
32 be used to determine whether the Operating Basis Earthquake Ground Motion h~

33 been exceeded.

34

Copies may be obtained from the Research Reports Center (RRC), Box 50490,35 2

36 Palo Alto, California 94303.
I

DG-1017 - 2 Feb 7, 1992
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Shutdown of the nuclear power plant would be required if the vibratory groundd

| V motion experienced exceeds that of the Operating Basis Earthquake (OBE) ground ,

; 3 motion. Two criteria for determining exceedance of the OBE are provided in
4 EPRI NP-5930: a threshold re:.punse spectrum ordinate criterion and a -

,

5 cumulative absolute velocity criterion (CAV). A procedure to standardize the
,

6 calculation of the CAV is provided in EPR) .R-100082. In addition, a spectral

j 7 velocity threshold has also been recommended by EPRI since some structures )
8 have fundamental frequencies below the range specified in EPRI NP-5930. The

'

9 staff now recommends 1.0 to 2.0 Hz for the range of the spectral .elocity;

j lb limit since some structures have fundamental frequencies below 15 Hz. The
; 11 former range was 1.5 to 2.0 Hz.

.

i

; 12 i
.

'
13 Decisions on continued operation will be made by the staff in conjunction with

| 14 the licensee on a case-by-case basis consistent with applicable regulations.
'

j 15 therefore, the staff does not endorse the philosophy discussed in EPRI NP-

f
'

16 6695, Section 4.3.4 (first paragraph, last sentence), pertaining to plant

) 17 shutdown considerations following an earthquake based on the need for

I continued power generation in the region. ;

y

20 Appendix B to this guide provides definitions to be used with this guidance.
21

22

23

24 C. REGULATOR) r0SITIGN

25

26 1. Base-line Data
27 ,

73 1.1 Information Related to Seismic Instrumentation
29

30 A file containing information on all the seismic instrumentation
31 should be kept at the plant. The file should include:
32 i

33 1. Information on each instrument tvoe such as make, model, and

34 serial number; manufacturers' data sheet; list of special
(_ features or options; performance characteristics; examplesg

M of typical instrumentation readings and interpretations;
37 operations and maintenance manuals; repair procedures

DG-1017 - 3 Feb 7, 1992
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1 (manufacturers' recommendations for repairing common

2 problems); and a list of any special requirements, e.g.,

3 maintenance, operational, installation.
4

5 2. Plan views and vertical sections showing the locations of
6 each seismic instrument and the orientation of the instru-
7 ment axis with respect to a plant reference axis.
8

9 3. A complete ervice history of each seismic instrument. The
10 service history should include information such as dates of
11 servicing, description of completed work, and calibration
12 records and data (where applicable).

13

14 4. The response spectrum and cumulative absolute velocity (see

15 Regulatory Position 4). These data should be obtained after
16 the initial installation and each servicing of the free-

17 field instrumentation using a suitable earthquake time
18 history (e.g., the October 1987 Whittier, California
'S earthquake) or manufacture's calibration standard.

20

21 1.2 Planning for Post Earthquake Inspections

22

23 The selection of equipment and structures for inspections and the

24 content of the base line inspections as described in Sections

25 5.3.1and5.3.2.1ofEPRINP-6695,"GuidelinesfohNuclearPlant

26 Response to an Earthquake," are acceptable to the hRC staff for
27 satisfying the requirements in Paragraph IV(a)(3) of Proposed
28 Appendix 5 to 10 CFR Part 50 for ensuring the safety of nuclear

29 power plants.

30

31 2. Imt'diate Postearthouake Actions
32

33 The guidelines for immediate postearthquake actions specified in
34 Sections 4.3.1 and 4.3.2 (including Section 5.3.2.1 and items 7 and 8 of
35 Table 5-1) of EPRI NP-6695 are acceptable to the NRC staff for

k 35 satisfying the requirements indicated in Paragraph !;:(a)(3) of Proposed
37 Appendix S to 10 CFR Part 50.

DG-1017 - 4 Feb 7, 1992
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3. Eval _uation of Ground Motion Records

3 3.1 Data Identification
4

5 A record collect'on log should be maintained at the plant, and all

6 data should be identifiable and traceable with respect to: '

7

8 1. The date and time of collection,

9

! 10 2. The make. model, serial number, location, and orientation of

f 11 the instrument (sensor) from which the record was collected.
12 3.2 Data Collection

.

13

14 1. Only personr.el trained in the operation of the instrument

15 should collect the data.

s6

17 2. Procedures for removing and storing records frcm each

7''''N
seismic instrument should be preplanned and performed in

( ,) accordance with established procedures.
_

20

21 3. Extreme caution should be exercised to prevent accidental

2? damage tc the recording media and instruments during data

13 collection and subsequent handling.

24

25 4. As data are collected and the instrumentation is inspected,

26 notes should be made regarding the condition of the

27 instrument and its installation, for example, instrument

28 flooded, mounting surface tilted, whether fallen objects

29 might have struck the instrument or the instrument mounting

30 surface.

31

32 5. For validation of the collected data, a reference signal

33 (see Regulatory Position 1.l(4)) should be added to the

34 record without affecting the previously recorded data.
,q

,

\ ')l
6. If the instrument operation appears to have been normal, the

s

I
37 instrument should remain in service without readjustment or'

CG-1017 - 5 feb 7, 1992
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I change that would defeat attempts to obtain postevent
'

2 calibration.

4 3.3 Record Evaluation
5

6 Records should be analyzed according te th wanufacturer's
7 specifications and the results of the anal) sis should be
8 evaluated. Any record anomalies, invalid data, and nonpertinent
9 signals should be noted, with any known causes.

10

11 4. Determinino OBE Exceedance

12

13 The evaluation to determine if the OBE was exceeded should be performed

14 using data obtained from the three components of the free-field ground
15 motion (i.e., two horizonta' and one vertical). The evaluation may be

16 performed oa uncorrected ear;hquake records. It was found in a study of

17 uncorrected versus corrected earthquake records (EPRI NP-5930) that the

18 use of uncorrected records is conservative. The evaluation should
,

19 consist of a check of the response spectrum, cur:lative absolute
20 velecity limit, and the operability of the instrumentation.

| 21

22 4.1 Response Spectrum Check

23

24 The OBE esponse spectrum is exceeded if any one of the threc

| 25 components (two horizontal and one vertical) of the 5 percent

26 damped free-field ground motion response spectra is larger than:

27,

28 1. The corresponding design response spectral acceleration (0BE

; 29 spectra if used, otherwise 1/3 of the Safe Shutdown j

30 Earthquake (SSE) spectra) or 0.29, whichever is greater, for

31 frequencies between 2 to 10 Hz, or

32

33 2. The corresponding design response spectral ve90 city (OBE

34 spectra if used, otherwise 1/3 of the SSE spectra) or a

35 spectral velocity of 6 inches per second, whichever is

36 greater, for frequencies between 1 to 2 Hz.

37 1

!
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r^ 4.2 Cumulative Absolute Velocity (CAV) Limit .

I i
'

\ .

. 3 The CAV should be calculated as follows: For each component of

4 the free-field ground motion, (1) the absolute acceleration (g
5 units) tiine-history is ragmented into 1-second intervals, (2)

-6 each 1-second interval that-has at least 1 exceedance of 0.025g is >

7 integrated over time, (3) a'il the integrated values are summed
,

8 together t.. arrive at the CAV. Additional guidance on how to
i 9 determine the Cf.1/ is pr:vided in EPRI TR-100082. s

10 ],

l '. The CAV Limit is exceeded if any CAV calculation is greater than !4

| 12 0.lo g-second,

13y ;

! 14 4.3 Instrument Operability Check ;

15 1
.

16 After an earthquake at the plant site, the response spectrum and
,

17 CAV should be obtained using the calibration standard (see i

O Regulatory Position 1.l(4)) to demonstrate that the system was

(/ functioning properly.
20

21 5. Criteria for Flant Shutdown
22

'23 If the OBE vibratory ground motion is exceeded or significant plant

24 damage occurs, the plant must be shut down. ;

25 :

26 5.1 OBE ExceeJance, li the response spectrum check and the CAV limit,

27 performed in accordance with Regulatory Position 4.1 and 4.2, were

28 exceeded, the OBE was exceeded and plant shutdown is required. If

29 either limit does not exceed the criterion, the earthquake motion .

30 did not exceed the OBE. The determination of whether or not the
'

31 OBE has been exceeded should be performed even if the plant

?? automatically trips off-sine as a result of the earthquake, or :

33

34 5.2 Damaae. The plant should shutdown if the walkdown inspections,
,

/ performed in accordance with Regulatory Position 2 (Section 4.3.2

Y of EPRI NP-6695), discover damage.
:

37 i

DG-1017 - 7
-

. .

-



._

.

.

1 5 Pre-Shutdown In;oections

O?

3 The pre-shutdown inspections described in Section 4.3.4 of EPRI NP-6695,
4 " Guidelines for Nuclear Plant Response to an Earthquake," are acceptable
5 to the NRC staff for satisfying the requirements indicated in Paragraph
6 IV(a)(3) of Froposed Appendix S to 10 CFR 50 for ensuring the safety of
7 nuclear power plants 0;bject to the follcwing:
8

9 6.1 Delete the last sentence in the first paragraph of Section 4.3.4.
10

11 6.2 The following paragraph in Section 4.3.4 is repeated to emphasize
12 that the plant should shut down ir. as oi derly manner.
13

14 " Prior to initiating plant shutdown following an earthquake,
15 visual inspections and control beard checks of safe shutdown
16 systems should be performed by plant operations personnel,

17 and the availability of off-site and emergency power sources
18 should be determined. The purpose of these inspections is

19 to determine the effect of the earthquake on essential safe

20 shutdown equipment which is not normally in use during power

21 operation so that any resets or repairs required as a result
22 of the earthquake can be performed, or alternate equipment

23 can be readied, prior to initiating shutdown activities. In

24 order to ascertain possible fuel and reactor internal
25 damage, the following checks should be made, if possible,

26 before plant shutdown is initiated .... "

27

28 If the OBE was not exceeded and the walkdown inspection indicates no

29 damage to the nuclear power plant, shutdown of the plant is not
30 required. The plant may continue to operate (or restart following a
31 post-trip review, if it tripped off-line due to the earthquake).
32

'

33

34

35 D. IMPLEMENTATION

36

37 The purpose of this section is to provide guidance to applicants and licensees
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regarding the NRC staff's plans (6- using this regulatory guide.is

'

,/
! 3 This draft guide has been released to encourage public participation in its

1 4 development. Except in those cases in wmich the applicant proposes an

; 5 acceptable alternative method for complying with the specified portions of the
6 Commission's regulations, the method to be described in the act've guide

: 7 reflecting public comments will be used in the evaluation of applications for ;

j 8 a constructic permit, operating license, combined license, or design I

! 9 certification submitted after the implementation date to be specified in the

10 active guide. This guide would rot be used in the evaluation of an

) 11 applic* on for an operating license submitted after the implementation date

| 12. to be specified in the active guide if the construction permit was issueu
! 13 prior to that date.

14'

2

1

I

i
i

)
j /
'

i
!

i

l
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2 APPENDIX A

3 INTERIM OPERATINC BASIS EARTHQUAKE EXCEEMMCF GUILELINES

4

5

6 Draft Regulatory Guide DG-1017 is based on the assumption that the nuclear

7 power plant has operable seisme instrumentation. If the seismic instrumenta-
8 tion is inoperable, the following should be used to determine whether the
9 Operating Basis Earthquake Ground Motion (0BE) has been exceeded:

10

11 1. For plants at which instrumentally determined data are available only , .
12 the foundation level, the Cumulative A,bsolute Yelocity (CAV) Limit (see
13 Regulatory Position 4.2 of this guide) is not applicable, and a
14 determinatinti of OBE exceedance is based on the response spectru.a check

15 described in Regulatory Positicn 4.1 of this regulatory guide. A
16 comparison is made between the foundation level design response spectra

17 and data obtained from the foundation level instruments. If the

18 response spectrum check at any foundation is exceeded, the OBE is

19 exceeded and shutdown is warranted.

20

21 2. For plants at which no inttruiuental data are available, the OBE will be
22 considered to have been exceeded and shutdown to be warranted if one of

23 the following applies:
24 |

25 1. The earthquake resulted in Modified Mercalli Intensity (MMI) VI or
25 grea'ar within 5 km of the plant, |

27

28 2. The earthquake was felt within the plant and was of magnitude 6.0

29 or greater, or

30 j

31 3. The earthquake was of mapitude 5.0 or greater, and occurred

32 within 200 km of the plant.
,

33

34 3. A postearthquake plant walkdown should be conducted (see Regulatory
| 35 Position 2 of this guide).

36 1

37 4. If plant shutdown is warranted under the above guidelines, the plant
'
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i !
i i

f f
1I shculd be shut down in an orderly manner (sr,2 Regulatory Position 6 of

|- this guide). i
;

i 3- !

L 4 Nota:
4 -- ,

j 5 The U.S. Geological Survey, National Earthquake Information Center, - .
, .

i

5 6 determinations of epicentral location, magnitude, and intensity will |r -

,

2 7 usually take precedence over other estimates; however, regional and '

l
5 8 local determinations will be used if they-are considered to be more
i
i 9. accurate. Also, higher quri .~;y damage reports or a lack of damage

10 reports from the nuclear power plant site or its immediate vicinity will-
11 take precedence over more distant reports.

.
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!
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%2 APPENDIX B

3 DEFINITIONS

4

5 Desior Response Spectra. Response spectra used to design Seis. sic Category I

6 structures, systems, and components.

7

8 Operatina Basis Earthouake Ground Motion (GBE). The vibratory ground motion

9 for which those features of the nuclear power plant necessary for continued

10 operation without undue risk to the health and safety of the public will
11 remain functional. The value of the Operating Basis Earthquake Ground Motion

12 is set by the applicant.
13

14 Spectral Ac.eleration. The acceleration response of a linear oscillator with

15 prescribed frequency and damping.

16

17 Spectral Velocity. The velocity response of a linear oscillator with pre-
18 scribed frequency and damping.

19

20

21

0
!

I
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$Aseparateregulatoryanalysiswasnotpreparedforthisregulatoryguide.
REGULATORY ANALYSIS

4 The draft regclatory analysis, " Proposed Revision of 10 CFR Part 100 and 10
5 CFR Part 50," provides the regulatory basis for this guide End examines the
6 costs and benefits of the rule as implemented by the guide. A copy of the
7 draft regulatory analysis is available for inspection and copying for a fee at

, 8 the NRC Public Document Room, 2120 L Street NW. (Lower Level), Washington, DC,

9 as Enclosure 2 to Secy 92-???. Single copies of the draft regulatory analysis
10 are available from Mr. Leonard Soffer, Office of Nuclear Regulatory Research,
11 Mail Stop NL/S-32# U.S. Nuclear Regulatory Commission, Washington, DC 20555,

12 telephone (301) 492-3916 or Dr. Andrew J. Murphy, Office of Nuclear Regulatory
13 Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission, Washington,

14 DC 20555, telephone (301) 492-3860.
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A DRM l' RLGULATORY GUIDE DG-1018 i

RESTART OF A NUCLEAR POWER r' ANT SHUT D0WN

3 BY A SEISMIC EVENT

4

5 |

6 I

7 A. INTRODUCTION

8

9 Paragraph IV(a)(3) of Proposed Appendix S, " Earthquake Engineering Ct !teria

10 for Nuc~ lear Power Plants," to 10 CFR Part 50, "D<smestic Licensing of

11 Production and Utilization Facilities," would require shutdown of the nuclear
12 4,vwer plant if vibratory ground motion exceec"4 that of the Operating Dasis
13 Earthquake Ground Motion occurs.' Prior to resuming operations, the licensee
14 uust demonstrate to the Commission that no functional damage has occurred to

15 those features necessary for continued operation without undue risk to the |

16 health and safety of the public |
'

: 17

This guide is being developed to provide guidelines that are acceptable to the
NRC staff for performing inspections and tests of nuclear power plant

24 equipment and structures prior to restart of a plant that has beer, shut down
21 by a seismic event,
22

23 Any information collection activities mentioned in this draft regulatory pide
24 are contained as requirements in the proposed amendments to 10 CFR Part 50

25 that woeld provide the regulatory basis .for this guide.: The proposed 1
'

26 amendments have been submitted to the Office of N,anagement and Budget for
'

27 clearar.ce that may be appropriate under the Paperwork Reductic,n Act. Such

28 clearance, if obtained, would also apply to any information collection
29 activities mentioned in this guide.
30

31

32
.

33

9
...

Guidance is being developed in Draft Regulatory Guide DG-101/, " Pre-'

35 Earthquake Flanning and Immediate Nuclear Power Plant Operator Post-
36 Eatthquake Actinns," to provide plant shutdnwn criteria.
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1 B. DISCUSSION

9>

3 ' Data from seismic instrumentation' and a wallrdown of the nuclear power plant
4 are used to make the initial determination of whether the plant should be shut
5 down after an earthquake, if the plant has not already shut down from
6 operational perturbation:; resulting from the seismic event.'
7

8 The Electric Power Research Institute has developed guideliner that will
9 enable licwnsees to quickly identify and assess earthquake effects on nuclear

10 power plants, EPRI NP-6695, " Guidelines for Nuclear Plant Response to an
11 Earthquake,"' December 1989. This regulatory guide addresses sections of
12 EPRI NP-6695 that relate to post-shutdown inspection and tests, inspection
13 criteria, inspection personnel, documencation, and long-term evaluations.
14

15

16 ;

17 C. REGULATORY POSITION

1 After a plant has been shut down by an earthquake, the s cesines for

20 inspections and tests of nuclear power plant equipment and structures that are
21 specifi.$ in Sections 5.3.2 (ir.cluding Tables 2-1, 2-2, and 5-1), 5.3.3
22 (inclu& Table 5-1), 5.3.4, 5.3.5, and the long-term evaluations that are
23 specified in Section 5.3 (all sections and subsections) of EPRI NP-6695 would
24 be acceptable to the W. staff for satisfying the requirements in Paragraph
25 IV(a)(3) of Proposed Appendix 5 to 10 CFR 50. ;

26 j

El Coincident with the long-term evaluations, the plant should be restored to its |

28 current licensing basis. Exceptions to this must be approved by the Director, |

29 Office of Nuclear Reactor Regulation.
30

Guidance is being developed in Draft Ragulatory Guide DG-1016, Second31 2

32 Proposed Revision 2 to Regulatory Guide 1.12, " Nuclear Power Plant
33 Instrumentation for Eaithquakes," that will describe seismic
34 instrumentation acceptable to the NRC staff.

!

Copies r.iay be obtained from the Research Reports Center (RRC), Box 50490,35 5

36 Palo Alto, California 94303. |
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D. IMPLEMENTATION

T The purpose of this section is to provide guidance to applicants and licensees
4 regarding the NRC staff's plans for using this regulatory guide. )
5

6 This draft guide has been released to encourage public participation in its
7 development. Except in those cases in which the applicant proposes an
8 acceptable alternative method for complying wit a the specified portions of the
9 Commission's regulations, the method to be described in the active guide

10 reflecting public comments will be used in the evaluation of applications for
,

'

11 a construction permit, operating license, combined license, or design
4

12 certification submitted after the implementation date to be soecified in the
1

13 active guide. This guide would not be used in the evaluatio. ~ an~

14 application for an operating license submitted after the implementation date
15 to be specified in the active guide if the construction permit was issued

16 pricr to that date.

17
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1 REGULATORY ANALYSIS

92

3 A separate regulatory analysis was not prepared for this regulatory guide.
4 The draf t regulatory analysis, " Proposed Revision of 10 CFR Part 100 and 10'

5 CFR Part 50," pravides the regulatory basis for this guide and examines the
6 costs and benefits of the rule as implemented by the guide. A copy of the

7 draft regulatory analysis is available for inspection and copying for a fee at
8 the NRC Public Document Room, 2120 L Street NW. (Lower Level), Washington, DC,

9 as Enclosure 2 to Secy 92-???. Single copies of the draft regulatory analysis

10 are available from Mr. Leonard Soffer, Office of Nuclear Regulatory Research,

11 Mail Stop NL/S-324, U.S. Naclear Regulatory Commission, Washington, DC 20555, '

12 telephone (301) 492-3916 or Dr. Andrew J. Murphy, Office of Nuclear Regulatory

13 Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission, Washington,

14 DC 20555, telephone (301) 492-3860.

15

9
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