FER 18 1992

MEMORANDUM F OR.: 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 S0,
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 recommending 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
decoupling decisions of site suitability from those involvi.
plant design. The first part of this proposed rule change
primarily involves specifying site criteria (e.g., exclusion area
and population distribution) directly and removing source terms
and dose calculations from the evaluation of site suitability.
The requirement for dose calculations (ard related source term)
will be r:located from Part 100 to Part S50 of the regulatio s o:x
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 Register Notice describes each of the

proposed changes which are intended to accomplish the following:

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

L5 Part 100 will specify the criteria applicable to the site
(e.g., exclusion area distance, population distribution,

establishment of the safe shutdown earthguake ground
motion) .

3 Source term and jose calculations would not be used for
evaluating site suitability under Part 100. 1Instead, they
will, on an interim basis, be placed into Part 50 consistent
with the location in the regulation of other plant design
requirements.

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

2. 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.

£, The specification that the Operating Basis Earthquake (OBE)
is one-half the Safe Shutdown Earthquake has been deleted
and replaced with two options.

K 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.

The ACRS has reviewed the reactor siting criteria portion of this
package and has written a letter to the Commission, dated January
15, 18%2. The ACRS Reactor Safeguards Extrewme 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 engincering 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 regues* that the CRGR
review these rule changes late in February t¢ support this
schedule.




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

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

The Commissioners

James M. Taylor
Executive Director for Operations

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

To obtain Ccamission approval to publisk for public comment
proposed revisions to reactor siting regulations and
assoctated 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.

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 eliminiting the use
of a postulated accident source term and the use of dose
culculations in the determination of acceptability of 2
nuclear power plant site. The existing requiremeats 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 populatica dencity criteria
around future reactor sites. The requirement for a low
population zone (LPZ) would be de 41 from 10 CFR Part 100

for future plants. Requirements r.: ing the evaluation of
man-related hazards and the feas. ty of carrying out
protective actions in the event of di015gical emergency

are incorporated into 10 CFR Part )

The second change is to revise Ay . ‘x A, “Seismic and

Geologic Siting Criteria for Nuclear . Tants,” to 10 CFR
Part 100 to reflect current wr - ing and the
advancements in the state—of —the—a: th sciences and
earthquake engineering with regard t r sit'ng. The
proposed regulation would requir .« use of both

probabilistic and deterministic analyses in reactor siting.
Also, detailed guidance on what constitutes an acceptable
investigation or design bases would be deletec from the
regulation and placed into a regulatory guide. The revised
criteria will not be applied to existing plants. Therefore

Leonard Soffer, RES
492-3916

Dr. Andrew J. Murphy, RES
492-3860
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James M. Taylor
Executive Director for Operations

REVISION OF 10 CFR PART 100, REACTOR SITE CRITERIA; REVISIONS
TO 10 CFR PART S0; AND NEW APPENDIX B TO 10 CFR PART 100 AND
APPENDIX S TO 10 CFR PART S0
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To obtain Commission approval to publish for public comment
proposed revisfons to reactor siting regulations and
associated Regulatory Guides for future applicants that wiil
decouple siting from plant design and reflect advancements
in the state—of—the-art of earth sciences and earthquake
enginzering with regard to siting power reactors.

!

This preposed 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 term and the use of dose
calculations 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 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 wunderstanding and the
advancements in the state—of —the—art of earth sciences and
earthquake engineering with regard to reactor siting. The
proposed regulation would require the wuse 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 irto 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
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the proposed revised criteria will be design? <d Appendix B
so that the licensing bases for existing plants is
maintained.

The third part of this rulemaking is revisions to Ffert 50.
One portion of the Part 50 revision is to add, on an interim
basis, the source term and dose calculations being deleted
from Part 100. The source term and dose calculations to be
added to Part S0 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
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 Operating Basis Earthquake (OBE) ground
motion or significant plant damage occurs.

A. Reactor Siting Criteria (non—seismic):

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
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
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
the postulation of a Targe accidental fission product release
within containment and the evaluation of the radiological
consequences, in terms of doses. Doses are calculated for
two hypothetical individuals located at any point (generally,
the closest point) on the exclusion area boundary, and at the
outer radius of the low population zone, and are required t»
be within specified 1imits (25 rem to.the whole body and 300
rem to the thyroid gland). In addition, the nearest
population center, containing about 25,000 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 Vimits on dose (and implicitly on risk); without
setting numerical criteria on exclusion area and low
population zone size. Numerical limits 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 accep ible exclusion
area distance and population density and has been used in the
review of sites.



The Commissioners

3

On Jurne 1, 1976, the Publi: Interest Research Group (PIRG)
filed a petition for rulen;kin* (PRM-100-2) requesting that
tihe NRC incorporate minimum exclusion area and low popu?ation
zone distances and population density limits into the
regulations. In August 1S78, the Commission directed the
staff to develop a general policy statement on nuclear power
reactor siting. e “Report of the Siting Poilcy Task
Force,” (NUREG-0625) was issued 1in 1979 and provided
recommendations in this regard. On July 29, 1980, the NRC
{ssued (45 FR 50350) an Advauce Notice of Proposed Rulemaking
(ANPR) regarding revision of the reactor siting criteria
which discussed the recommendations of the Siting Pclicy Task
Force and sought public comments. The proposed rulemaking
was deferred by the Commission in December 198] to await
development of the Safety Gdal and improved research on
accident source terms. On August 4, 1986, the Policy
Statement on Safety Goals was f{ssued {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 decisfon to proceed with a rulemaking in this area
represe- . a partial granting of the PIRG petition.

Jn 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 S0 to reflect current scurce term information and to
replace the interim dose requirements with updated design
criteria. The Commissior, 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.

B. i i rthquake Engineering Criteria:

Appendix &, “Seismic and Geologic Siting Criteria for Nuclear
Power Plants,” to 10 CFR Part 100, “Reactor Siting Criteria,”
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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for rule making (PRM 100-1) requesting that an opinion
interpreting and clarifyiﬁ? Appendix A with respect to the
determination of the Safe Shutdown Earthquake be issued. A
nc.ice 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).

The proposed regulation changes included with this paper
grlnar'ly fnvolve two related but basically separate changes.
he 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.

A. Reactor Siting Criteria (non-seismic):

The proposed revisfon 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
B is added to Part 100. Subpart B contains the prcposed 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 i1he guidelines in
Regulatory Guide 4.7, “General Site Suitability Criteria for
Nuclear Power 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 refiects 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 alung 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
radial distance out to 30 miles should not exceed 500 people
per square mile. In addition, the projected offsite



The Commissioners

5

population density 40 years after the time of site approval
should not exceed 1000 people per square mile out to a radial
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
p::nt design features in matching a proposed design to the
site. - ' .

The proposed regulation reflects the requirement currently
fn 10 CFR Part 52.17 for review of emergency planning
considerations for early site permits. The rule would
require that important s{TE®  factors, 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
a2 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, 1is also included in the
oackage.

ri riteria:

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 regulations.

The proposed regr ' .+ would alldbw NRC to benefit from
experience gaines r« application of the procedures and
methods set fort' .+ ‘- : .rrent regulation, the difficulties
encountered, and . { advancement in the state-of-the-

art of the earth sciences. 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 require
the use of probabilistic as well as deterministic analyses
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.




The Commissioners

6

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
-ot}on control point from the foundation level to the ground
surface.

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 specification that the OBE (the vibratory ground motion
that will assure safe continued operation) is one—half the
SSE has been deleted from-the proposed regulation and
replaced with two options; efther one—third of the SSE
ground motfon, 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
exi<ting regulations, that the OBE controls the design of
some parts of the plant.

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

Because fthe revised 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 ¢§50.8 and §50.3() are
revised to reference Appendix S. The proposed regulation
would also make conforming amendments *t- 10 CFR Parts 52 and
100. Sections 52.17(a)(1), §52.17(a)(1)(vi), §100.8, and
§100.20(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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licensees with the necessary guidance for implementing the
proposed regulations:

DG-1015, “ldentification and Characterization of Seismic
Sources, Deterministic Source Earthquake and Ground Motion.”
The draft guide provides eneral guidance and
recommendations, describes acceptable procedures and provides
a list of references that present acceptable methodologies
to identify and characterize capable tectonic sources and
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
Tocation, operability, characteristics, installation,
a:t::tion. and maintenance that are acceptable to the NRC
staff.

DG-1017, “Pre-Earthquake Planning and Immediate Nuclear Power
Plant Operator Post-Earthquake Actions.” The draft guide
provides guidelines that are acceptable to the NRC staff for
a timely evaluation of the recorded seismic instrumentation
data and to determine v.ether or not plant shutdown fis
required.

DG-1018, “Restart of a Nuclear Power Plant Shut Down by a
Seismic Event.” The draft ?Mde provides guidelines that are
acceptable to the NRC staff for performing inspections and
tests of nuclear power plant equipment and structures prior
to restart of a plant that has been shut down due to 2
seismic event.

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

General

The draft guides and standard review plan section are being
presented along with, and should be issued simultaneously
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 (RUMARC), Electric Power
Research Institute (EPRI), Department of Enmergy (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
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 rulemaking and requests public input. The

Federal Register Notice also addresses actions related to new

;::N"“”d Regulatury Guides and Standard Review Plan
ons.

The ACRS subcommittees were briefed on the staff's approach
on December 10, 1991 (seismic), January 7, 1992
‘non-niuic). and February 5, 1992 (seiswic). The ACRS
ull committee was briefed on-Jdanuary 10, 1992 (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 term 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,
emergency 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 issuec raised by the ACRS in the
develspment of the proposed Part 100 regulation. A single
revision of Part 100 was proposed in SECY—90—34] as weli
as in a menorandum 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
the large amount of experience gained in licensing reviews.
The basis for ‘ne exclusion area radius is that staff
experience has siown that a typical! plant having available
engineered safety features will l1ikely 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
heaith objectives for a 3800 MW, Tight water reactor. The
proposed population density values have served to keep large
population centers away from the plant and in practice
accomplished what the LPZ is intended to accomplish, while
still allewing for a reasomable selection of sites on all
regions of the nation. The staff also confirmed that for a
plant similar to those evaluated in NUREG-—1150, 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—90-34],
in response to the Commission’s SRM of February 13, 1990, and
noted that today's methodologies tended to indicate that
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 cuicerns regarding the
staff's long term effort to wupdate 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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The Office of the General Counsel has reviewed this paper and
has no legal objections.

That the Commission:

1.

the issuance of the enclosed draft documents for

B day public comment period.

that this rule, {f promulgated, will not have a

significant economic effect on 2 substantial number of
small entities pursuant to the Regulatory Fiexivility
Act of 1980 (5 U.S.C. 605 (b)).

Note:

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

be published in the Federal Register for a 90-day

public comment period.

A notice of availability of a Regulatory Analysis
(Enclosure 2) and an Environmenta) Assessment and
Finding of No Significant Environmental Impact
(Enclosure 3) will be supplied concurrently to
the Public Document Room (Enclosure 2).

Because Appendix S to Part 50, Appendix B to Part
100 are new, an “information <collection
requirement” is t2ing submitted to OMB for review
(Enclosure 4). It is noted that the overall
estimated burden on the staff and industry
remains essentially the same; the proposed
revisions have added requirements to use
probabilistic analyses in seismic and geologic
siting while potentially reducing the required
earthquake engineering analyses.

A public announcement (Enclosure 12) will be
issued when the notice of proposed rulemaking and
notice of availability of the draft regulatory
guides and draft standard review plan section are
filed with the Office of the fFederal Register.

The appropriate Congressional committees will be
informed (Enclosure 13).

Copies of the Federal Register notices will be

distributed to all power reactor permittees anc
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licensees. The notices will be sent to other
interested parties upon request.

The Chief Counsel for Advocacy of the Smal)
Business Administration will be notified of the
Commission’s determination, _pursuant to the
Regulatory Flexibility Act of 1980 (5 U.S.C. 605
{0)), 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.

A Backfit Analysis {s not required for this
proposed rule, because these amendments do not
involve any provisions which would impose
backfits as defined in §50.109(a)(1).

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
for Operations

. Federal Register Notice of Rulemzking

. Regulatory Analysis

Environmental Assessment

. OMB Reporting Review Package

. Federal Register Notice of Regulatory Guide

and Standard Review Plan Section Availability

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

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
I1S.ACRS February 77, 1992 Letter
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[7590-01)
NUCLEAR REGULATORY COMMISSION
10 CFR Parts S0, 52 and 100
RIN 3150-—ADS3

Reactor Site Criteria
Including Seismic and Earthquake Engineering Criteria for
Nuclear Power Plants

AGENCY: Nuclear Regulatory Commission.
ACTION: Proposed regulation.

SUMMARY: The Nuclear Regulatory Commission is proposing to amend its regulations
to update the criteria used in decisions regarding power reactor siting including
geologic, seismic, and earthquake engineering considerations for future nuclear
power plants. The proposed regulation would allow NRC to benefit from experience
gained in the application of the procedures and methods set forth in the current
regulation, and to incorporate the rapid advancement in the state—of —the—art
of earth sciences and earthquake engineering. The proposed regulation primarily
consists of two separate changes, namely the source term and dose considerations,
and seismic and earthquake engineering considerations of reactor siting. The
proposed regulatory action is applicable only to applicants that apply for 2
construction permit, operating license, preliminary design approval, fina{ design
approval, manufacturing license, early site permit, design certification, or
combined license (combined construction permit and operating license) on or after
[EFFECTIVE DATE OF THE REGULATION].

DATE: Comment period expires 90 days after date of publication in the federal
Register. Comments received after this date will be considered if it is
practical to do so, but the Commission is able to assure consideration only for
comments received on or before this date.

ADDRESSES: Mail written comments to: Secretary, U.S. Nuclear Regulatory
Commission, Washington, DC 20555, Attention: Docketing. and Service Branch.
Deliver comments to: 11555 Rockville Pike, Rockville, Maryland, between
7:45 am and 4:15 pm Federal workdays.
Copies of the regulatory analysis, the environmental assessment and finding
of no significant impact, and comments received may be examined at: the NRC
Public Document Room at 2120 L Street NW. (Lower Level), Washington, DC.

FOR FURTHER INFORMATION CONTACT: Dr. Andrew J. Murptly, Office of Nuclear
Regulatory Research, Mail Stop NLS-217A, U.S. Nuclear Regulatory Commission,
Washington, DC 20555, Telephone (301) 492-3860 concerning the seismic and
earthquake engineering aspects. Mr. Leonard Soffer, Office of Nuclear Regulatory
Research, Mail Stop NLS-324, U.S. Nuclear Regulatory Commission, Washington, DC
20555, telephone (301) 492-3916 concerning other siting aspects.
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SUPPLEMENTARY INFORMATION:

i Background.

Il. Objectives.

I11. Genesis.

Iv. Alternatives.

v Major Changes.

V.A Reactor Siting Criteria.

V.8 Seismic and Earthquake Engineering Criteria.

VI. Siting Policy Task Force Recommendations.

Vil. Related Regulatory Guides and Standard Review Plan Section.
VIII. Future Regulatory Action.

IX. Electronic Format.

Ks Questions.

XI. Finding of No Signif.cant Environmental Impact: Availability.
‘XIT.  ° “ "‘Paperwork Reduction Act Statement.

XIII. Regulatory Analysis.

XIv. Regulatory Flexibility Certification.

Xv. Backfit Analysis.

1. Background

The present reguiation regarding reactor site criteria (10 CFR Part 100)
was promulgated April 12, 1962 (27 FR 3509). Staff guidance on exclusion area
and low population zone sizes as well as population density was issued in
Regulatory Guide 4.7, “General Site Suitability Criteria for Nuclear Power
Stations,” published as a draft in September 1974. Revision 1 to this Guide was
issued in November 1975. 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 zone distances and
population density 1imits into the regulations. In August 1978, the Commission
directed the NRC staff to develop a general policy statement on nuclear power
reactor siting. The “Report of the Siting Policy Task Force,” (NUREG—0625) was
issued in August 1979 and provided recommendations regarding siting of future
nuclear power reactors. On July 29, 1980 (45 FR 50350), the NRC issued an
Advance Notice of Proposed Rulemaking (ANPR) regarding revision of reactor site
criteria which discussed the recommendations of the Siting Policy Task Force and
sought public comments. The proposed rulemaking was deferred by the Commission
in December 1981 to await development of a Safety Goal and improved research on
accident source terms. On August 4, 1986 (5] FR 23044), the NRC issued its
Policy Statement on Safety Goals which stated quantitative health objectives with
regard to both prompt and latent cancer fatality risks. On Noveuber 29, 1988,
the NRC (28 NRC B829) denied the PIRG petition 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.
Because of possible renewed interest in power reactor siting, the NRC is
proceeding with a rulemaking in this area. This should be regarded as & partial
granting of the petition which requested incorporation of exclusion area size and
population density via rulemaking.

Appendix A, “Seismic and Geologic Siting Criteria for Nuclear Power
Plants,” to 10 CFR Part 100, “Reactor Siting Criteria,” was originally issued as
a proposed regulation on November 25, 1971 (36 FR 22601), published as a final
regulation on November 13, 1973 (38 FR 31279), and became effective on Cecember
13, 1973. There have been two amendments to 10 CFR Part 100, Appendix A. The
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first amendment, i‘sued November 27, 1973 (38 FR 3257%5), corrected the final
regulation by addi'g the legend under the diagram. The second amendment resulted
from a petition for rulemaking (PRM 100—1) requesting that an opinion
interpreting and clarifying Appendix A with respect to the determination of the
Safe Shutdown Earthguake be issued. A notice of filing of the petition was
published on May 14, 1975 (4C FR 20983). The substance of the petitioner’s
proposal was accepted and published as an immediately effective final regulation
on January 10, 1977 (42 FR 20%52).

I1. Objectives

- e

The objectives of this proposed regulatory action are to:

1. state directly criteria for future sites which, through experience and
importance to risk, have been shown key to protecting public health and safety;

2. provide a stable regulatory basis for seismic and geologic siting and
applicable earthquake engine¢s ing design of future nuclear power plants that will
update and clarify regulatory requirements and provide a flexible structure to
permit consideration of new technical understandings; and

3. relocate from Part 100 to Part 50 those requirements which apply to
plant design, effectively decoupling siting from plant design.

I11. Genesis
— oad
The proposed regulatory/Action reflects changes which are intended to (1)
benefit from the experience gained in applying the existing regulation and from
research; (2) resolve interpretative questions; (3) provide needed regulatory
flexibility to incorporate/state—of—the—art improvements in the geosciences
and earthquake engineering; (4) simplify the language to a more “plain English”

texts;!n9,15+'1tiﬁuwﬁed?c_ua:ious_in&:[ﬂll_sxai4—1ﬂU’Tiai?TF7'tomnea&se
The propcsed regulatory action will apply to applicants who apply for a

construction permit, operating license, preliminary design approval, final design
approval, manufacturing license, early site permit, design certification, or
combined license after the effective data of the final regulations.

Criteria not associated with the selection of the site or establishment of
the safe shutdown earthquake ground motion have been placed into Part 50. This
action is consistent with the location of other design requirements in Part 50.

Because the revised 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
reactor siting criteria would be designated Subpart B in 10 CFR Part 100 for site
applications after the effective data of the final regulations and the criteria
on seismic and geologic siting would be designated as a new Appendix B to 10 CFR
Part 100. These new sections would be added to the existing body of regulations.
The dose calculations and the earthquake engineering criteria will be located 1n
10 CFR Part 50 (§50.34(a) and Appendix S, respectively). Since Appendix § 15
not self executing, applicable sections of Part 50 (§50.34 and §50.54) are
revised to reference Appendix S. The proposed regulation would also make
conforming amendments to 10 CFR Parts 52 and 100. Sections 52.17(a)(1),
§2.17(a)(1)(vi), and 100.20(c)(1) and (3) and Part 52 Appendix Q would be amended
to note Appendix B to Part 100.

IV. Alternatives

FRN - 3
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The first alternative considered by the Commission was to continue using
current regulations for site suitability determinations. This is not considered
an acceptable alternative. Although the siting related issues for nuclear power
plants currently being licensed are closed or are expected to be closed soon,
there is good reason to initiate the proposed regulatory action in light of the
current and future staff review :7 future reactors (particularly certified
designs) so that a certified design would not be dependent on site paramete:s to
establish the fission product retention characteristics of the design. Further, .
the current regulation has created difficulty for applicants and the ctaff in
terms of inhibiting flexibility in applying updated information and using updated
methods of analysis in the licensing process.

A second alternative considered was replacement of the existing regulation
(LPZ and dose calculations from Part 100 and Appendix A to Part 100) with an
entirely new regulation. This is not considered an acceptable alternative
because the provisions of the existing regulations form part of the licensing
bases for many of the operating nuclear power plants and others that are in
various stages of obtaining their operating license.

For seismic and earthquake engineering, a third alternative considered was
the replacement of the entire regulation with a regulatory guide. This is not
considered acceptable because a regulatory guide is non—mandatory. The
Commission believes that there could be an increase in the risk of radiation
exposure to the public if the siting and earthquake engineering criteria were
non—mandatory.

The approach of establishing the revised requirements in new sections of
Part 100 and relocating plant design requirements to Part 50 while retaining the
existing regulation was chosen as the best alternative. The public will benefit
from a Tearer, more uniform, and more consistent licensing process which
incorporates updated information and is subject to fewer interpretations. The
NRC staff will benefit from improved regulatory implementation (both technical
and legal), fewer interpretive debates, and increased regulatory flexibility.
Applicants will derive the same benefits in addition to avoiding 1icensing delays
due to unclear regulatory requirements.

V. Major Changes
V.A Reactor Siting Criteria (non—seismic).

The site criteria contained in the proposed regulation are based upon
previous guidance issued in Regulatory Guide 4.7, “General Site Suitability
Criteria for Nuclear Power Stations,” and the risk insights and accident » lease
characteristics of present 1ight water reactors (LWR’s), and particularly those
plants analyzed in NUREG—1150, “Severe Accident Risks: An Assessment for Five
U.S. Nuclear Power Plants,” dated December 1990. However, the proposed criteriz
decouple siting from plant design and, as such, are independent of the plant type
to be built in the site. The Commission consicers this a reasonable position
since it is expected that future reactors licensed under Part 50 or under Part
52 of the Commission's regulations will reflect through their design,
construction and operation an extremely low probability for accidents that could
result in release of significant quantities of radicactive fission products. In
addition, the recommendations of the Siting Policy Task Force were considered in
making these changes as discussed in Section XII.

Rationale for Individual Criteria

FRN - 4
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A. Exclusion Area - An exclusion area surrounding the immediate vicinity
of the plant has been a requirement from the very beginning for siting power
reactors. This area has been found to provide a high degree of protection to the
public from a variety of potential plant accidents and also affords protection
to the plant from potential man—related hazards.

The present regulation has no numerical size requirement for the exclusion
area, in terms of distance, and instead assesses the consequences of a postulated
radioactive fissicn product release with.n containment, coupled with assumptions
regarding containment leakage, performance of certain fission product mitigation
systems and dispersion factors for a hypothetical individual located at any point
on the exclusion area boundary. The plant and site combination is considered to
be acceptable if the calculated consequences do not exceed the dose values given
ia the present regulation. Regulatory Guide 4.7 suggests an exclusion area
distance of 0.4 miles, since this has been found, in conjunction with typical
engineered safety features, to meet the dose values in the exisiing regulation.

The Commission considers an exclusion area to be an essential feature of
a reactor site, and is retaining this requirement for future reactors. However,
in keeping with the recommendation of the Siting Policy Task Force to decouple
site requirements from reactor design, the proposed regulation would eliminate
the use of a postulated source term, assumptions regarding mitigation systems and
dispersion factors, and the calculation of radiological consequences to determine
the sizes of the exclusion area and low population zone. It would instead require
@ minimum exclusion area distance of 0.4 miles for power reactors.

This distance, together with typical engineered safety features previously
reviewed by the staff, has generally been found to satisfy the dose guidelines
in the present regulation. An exclusion area of this size or larger is fairly
common for most power reactors in the U.S., and has not heen unduly difficult for
most prospective applicants to find and obtain.

Finally, this distance has alse-been found to readily satisfy the prompt
and latent fatality quantitative health objective of the Commission's Safety
Goals Policy, when coupled with plant designs as reflected by those in
NUREG—1150. Hence, the minimum exclusion area distance - -oposed would assure
a very low level of risk to individuals, even for those located very close to the
plant at the population density proposed in the regulation.

Although an exclusion area size of about © 4 miles is considered
appropriate for reactor power levels of current desiygr., the Commission is also
considering whether or not this size unduly penalizes potential reactors having
significantly lower power levels. Hence, the Commission requests comments on
whether the minimum size of the exclusion area should be fixed at 0.4 miles
regardless of reactor power level, or whether it should vary according to reactor
power level with a minimum value (for example, 0.25 miles).

B. Low Population Zone - The present regulation requires that a low
population zone (LPZ) be defined immediately beyond the exclusion area.
Residents are permitted in this area, but the number and density must be such
that there is a reasonable probability that appropriate protective measures could
be taken in their behalf in the event of a sericus accident. In addition, the
nearest densely populated center containing more than about 25,000 residents must
be located no cluser than one and one—third times the outer radius of the LPZ.
Finally, the dose to a hypothetical individual located at the outer radius of the
LPZ over the entire course of the accident must not be in excess of the dose
values given in the regu'ation. Regulatory Guide 4.7 suggests that an outer
radius of about three miles for the LPZ has been found to satisfy the dose values
in the nresent regulation.

Several practical problems have arisen in connection with the low
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population zone. Before 1980, the LPZ generally defined the distance over which
public protective actions were contempiated in the event of a serious accident.
Part 50.47 now requires plume exnusure Emergency Planning Zones (£PZ) of about
ten miles for each plant.

The Tow population zore also places restrictions on the proximity of the
nearest densely populated ceater of 25,000 or more residents. However, without
numerical requirements for the outer radius of the low populatiun zone, this
requirement has iittle practical effect. Typical low populaiion zones for
existin? power reactors have several thousand residents. If Regulatory Guide 4.7
were followed and a distance of three miles were selected as the low population
zone outer radius, a maximum population within the low popuration zone at the
time of Site approval would be about 14,000 residents. Finally, the staff has
sometimes experienced difficulty in defining - “densely populated center.”

The Conmission considers that the + .ctions intended for the “low
population zone”, namely, a low density of residents and the feasibility of
taking protective actions, have been accomplished by other regulations, or can
be accomplished by other means. Protective actfor =~ .'rements are defined via
the use of the EPZ's, while restrictions on popu” - . close to the plant can be
assured via preposed population density crit. For these reasons, the
Commission {s propasing to eliminate the requirem...c ¢“ 2 low population zone for
future ;  r reactor sites for purposes of deteruini:j site suftability.

¢ - The present regulation contains no
populati.n densiLy requirements other thin the equirement, noted above, that the
distance to the nearest population center ¢ 1taining more than about 25,000
residents must be nu closer than one and one—ihird times the outer radius of the
LPZ. This was reccgnized s a potential concern when the present regulation was
promulgated. As the Commission in 1962 noted in iis Statement of Considerations
(27 FR 3509) accompanying the issuance of the regulation, “...in some cases where
very large cities are involved, the population center distance may bive to be
greater than those suggested by these guides.”

As a result of the significant increase in reactor power levels during the
1960's, the staff .ssued Regulatory Guide 4.7 in 1974. With respect to
population density this guide states as fcllows:

*Areas of low populaticn density are preferred for nuclear power
station sites. High populaticn densities projected for any time during
the 1ifetime of a station are considered during both the NRC staff review
and the putlic hearing phases of the licensing process. If the population
density at the proposed site is not acceptably Tow, then the applicent
will be required .> give special attention to alternative sites with lTower
population densities.

If the population density, including weighted transient population,
projected at the time of initial operation of 2 nuclear power station
exceeds 500 persons per square mile averaged over any radial distance out
to 30 miles (cumulative population at a distance divided by the area at
that distance), or the projected population density over the lTifetime of
the facility exceed: 1C00 persons per square mile averaged over any radial
distance out to 37 miles, special attention should be given to the
consideration of aiternative sites with lower - .pulation densities.”

The basis for this guide was that it provided reasonable separation of
reactor sites from larg: population centers, while also assuring an adequate
selection of sites, even in the Northeastern U.S. However, no comparison with
explicit risk criteria were provided at thot time.

An illust=ation uf the degree of separation distarce provded by this Guide
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for population centers of various sizes may be useful. Under this guide, a
population center of about 25,000 or more residents may be no closer than 4 miles
from a reactor, since a density of 500 persons per square mile within this
distance would yield a total populatien of about 25,120 persons. Similarly, a
city of 100,000 or more residents may be no closer than about 10 miles; a city
of 500,000 or more persens may be no closer than about 20 miles, and a city of
1,000,000 or more persons may be no closer than about 30 miles from the reactor.

The Commission has examined these guidelines with regard to the Safety
Goal. The Safety Goal quantitative health objective in regard to latent cancer
fatality states that, within a distance of ten miles from the reactor, the risk
to the population of latent cancer fatality from nuclear power plant operation,
including accidents, should not exceed one—tenth of .one percent..of the
likelihcod of latent cancer fatalities from all other causes. In addition to the
risks of latent cancer fatalities, the Commission has alsc investigated the
l1ikelihood and extent of land contamination arising from the release of
quantities of long—1lived radioactive species such a~ Cesium—137, in the event
of a severe reactor accider -

The results of these analyses indicate that the latent cancer fatality
quantitative health objective noted isove is met for current plant designs.
Since the population density values of Regulatory Guide 4.7 have been in use
since 1975, since these afford an adequate supply of sites in every region of the
nation, the Commission sees no merit in significantly relaxing these values by
allowing nuclear power plants to be located significantly closer to population
centers than has heretofore been the case. The Commission recognizes, however,
that nuclear power plants -octing current safety standards could be located at
sites significantly denser than 500 people per square mile and meet the latent
cancer fatality Safety Goal. In addition, the Commission considers it reasonable
to continue to specify the population distribution out to 30 miles, even though
the Quantitative Health Objectives of the Commission's Safety Goal Policy only
apply out to 10 miles, for latent fatalities. The 30 mile distance will ensure
that no large population centers are located closer than about 30 miles from the
site.

From analysis done in support of this proposed change in regulation, the
likelihood of land contamination from a severe accident sufficient to require
long term condemnation of land beyond 30 miles is very low. Thus, the propesed
criteria provides assurance that the likelihood of long term condemnation of
large popuiation centers is very low.

For these reasons, the Commission is proposing that, at the time of initial
site approval, population density values of no more than 500 people per square
mile averaged over any radial distance out to 30 miles be used for judging the
acceptability of new nuclear power plant sites. Similarly, in keeping with
Regulatory Guide 4.7, the projected population density 40 years after initial
site approval should not exceed 1000 people per square mile.

The proposed regulation indicates that these population density levels are
not to be exceeded for new nuclear power plant sites. The Commission is also
requesting comments on whether sites exceeding these population densities should
be approves, and, if so, under what conditions.

Several points regarding population projections and their application
should be made. First, since the validity and reliability of population
projections, particularly for relatively small regions, decreases markedly as the
projection time period increases, population projections for the purpose of
assessing site suitability are to be limitied to a time period of 40 years after
initial site approval. Population projectioi. beyond this time period become
unreliable and speculative.

FRN - 7
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Second, population projections are intended to be used as a factor in the
siting process to evaluate a potential nuclear power plant site and to determine
whether alternative sites having lower population densities should be considered.
Because of uncertainties in population projections and because analyses have also
shown that current plant designs can meet the Commission’s Safe‘y Goals and that
other risks can be kept at a very low level at sites having significantly higher
population densities than those being proposed for approval, the population
density limits proposed in the regulation are to be applied at the time of
initial Jite approval or early site permit renewal only, recognizing that they
may be exceeded over the 1ife of the plant.

D. ug;gfﬁglgg1;31_£j;*n;; - Radiclogical doses which incorporated site
meteorological data need no longer be calculated for the purpose of determining
site suitability. Meteorological data will still be needed for safety analysis
and for assessing the adequacy of certain plant features, as well as to deternine
plant adequacy in regard to meteorological extremes, such as tornados and maximum
probable precipitation. Therefore, the proposed regulation maintains the
requirement to collect and characterize meteorolvgical data representative of the
site.

The Commission has examined the variations in site meteorology that have
influenced dose calculations in past dicensing reviews. Individual site
meteorology characteristics have been used primarily to determine atmospheric
dispersion or dilution factors, in order to evaluate doses to hypothetical
individuals at t*e exclusion area and low population zone outer radius. The
degree of dilution increases with increasing distance between the release point
and any hypothetically exposed individual, but also is affected by other factors,
tncluding the time of day. In this regard, the dispersioi. factor could vary
significantly at a given site, showing a pronounced diurnal variation. However,
when the time averaged dispersion factor of a given sité is compared with that
of other sites, the variation between one site and another is much less.

" Analyses reported in NUREG/CR—2239, “Technical Guidance for Siting Criteria

Development,” dated December 1982, for example, show that calculated average
ir._.vidual consequences for an identical postulated release of radioactivity to
the environment using data from weather stations throughout the Un’ced States
yielded results that varied only by about a factor of two. Based upon these
considerations, the Commission has determined that the average meteorological
characteristics between one site and another are sufficiently simili ' that
characterization of individual site meteorology is not a sigr ficant
discriminator in determining site suitability, when compared to the uncertainties
in other areas of the determination of risk to the health and safety to the
public However, site meteorological characteristics are needed in safety
analysis and for assessing the adequacy of certain plant design features.

£. nzdrological Factors - This area is important in establishing the
magnitude of external hazards from ground water contamination, such as by basemat
melt th-ough, which could contaminate aquifers and thereby affect large
populations. The proposed regulation adds or modifies existing requirements for
obtaining information to characterize hydrological factors at a site important
to risk. This information will be reviewed by the staff and used as interface
criteria in matching a proposed design to the site.

F. Nearby Industrial and Transportatior facilities - This area of review
is proposed to be incorporated into the reguiations for the purpose of site
suitability. This area of review has, in fact, been a part of the staff review
for many years. The acceptance standard is the same as that currently in staff
review guidance documentation. Hence, the proposed regulation involves no
substantive changes in this area and merely codifies what has been staff practice
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for a number of years.

G. feasibility of Carrying out Protective Actions - The proposed regulation
would require that important site factors, 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.

Planning for emergencies is part of the Commission’s defense—in—depth
approach. The Commission concludes that site characteristics that may represent
an impediment to the development of adequate emergency plans, such as limitatiors
of access or egress in the immediate vicinity of a nuclear power plant should be
identified at the site approval phase. This is consistent with the approach the
Commission has taken in early ‘site reviews under 10 CFR Part 52.

H. uumu.xmm.mnnm_m_o‘m:_mmm - Conditions
around a site may change. In addition to population changes, whir’. may be

estimated or projected for relat.vely near—term periods with some degree of
confidence, significant changes in the nature of the industrial, military and
transportation facilities may also occur. PopdTation growth in excess of that
anticipated could represent an unanticpated change in the potential risk to an
individual or to society. Early identification of this potential ctange could
permit timely changes in the procedures or plant features to minimize the change
in the risk to the health and safety of the public.

Likewise, early {identification of activities or facilities that are
potentially hazardous could permit timely changes in the procedures or plant
features to minimize the change in the risk to the health and safety of the
public. Man—related activities potentially hazardous to a plant are typically
major industrial or transport facilities such as major highways, large pipelines,
major airports, etc. Relatively minor changes in industrial activity have been
shown to be of little concern.

In regard to this area, the Commission is alsoc requesting comments on
whether peviodic reporting of population and significant offsite activities
should include all operating licensees, as well as site permit holders.

Interim Change to Part S50

The proposed change to 10 CFR 50 simply relocates the requirements
previously contained in 10 CFR 100 for each applicant to calculate a whole body
and a thyroid dose at specified distances. Since these requirements affect
reactor d= ign rather than siting, it is more appropriately located in 10 CFR 50,
thus leaving 10 CFR 100 with site criteria only. For this proposed revision, the
source term and methodology for performing the dose calculations remain unchanged
from that stated in 10 CFR 100.

These requirements apply to all future applicants for a power reactor.
They are int..ded to be interim requirements until such time as more specific
requirements for future applicants are developed governing containment
performance and other fission product cleanup systems.

V.B Seismic and Earthquake Engineering Criteria.

The following are major changes in the proposed revision to Appendix A,
“Seismic and Geologic Siting Criteria for Nuclear Power Plants,” to Part 100,
associated with the proposed seismic and earthquake engineering criteria
rulemaking:

1. Separate Siting from Design. Criteria not associated with site
suitability or establishment of the safe shutdown eartnquake ground motion have
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been placed into Part 50. This action is consistent with the location of other
design requirements in Part 50. Because the revised criteria presented in the
proposed regulation will not be applied to existing plants, the licensing basis
for existing nuclear power plants must remain part of the regulations. The
criteria on seismic and geologic siting would be designated as a new Appendix B,
“Criteria for the Seismic and Geologic Siting of Nuclear Power Plants After
[EFFECTIVE DATE OF THIS REGULATION],” to 10 CFR Part 100. Criteria on earthquake
engineering would be designated as a new Appendix S, “Earthquake Engineering
Criteria for Nuclear Power Plants,” to 10 CFR Part 50.

2. Remove Detailed Guidance from the Regulation. The current recv ation
contains both requirements and guidance on how to satisfy the requiremeris. For
example, in Sectien IV, Requi Investigations, it is stated that investigations
are required for vibratory ground motfon, surface faulting, and seismically
induced floods and water waves. After stating the purpose of the investigation,
detailed guidance is provided on what constitutes an acceptable investigation.
A similar situation exists in Section V, Seismic and Geologic Design Bases.

In mskisa geoscience assessments, there 152 need for considerable latitude
and judgement. This latitude and judgement is required because of limitations
tn data and the stote—of—-the—art of geologic and seismic analyses, and because
of the rapid evolution taking place in the geosciences in terms of accumulating
knowledge and in modifying concepts. This need appears to have been recognized
when the existing regulation was developed. The existing regulation states that
these criteria are based on limited geophysical and geological information and
will be revised as necessary when more complete information becomes available.

However, having geoscience assessments detailed and cast in a regulation
has created difficulty for applicants and the staff in terms of inhibiting the
use of needed judgement and latitude. Alse, 1t has inhibited flexibility in
applying basic principles to new situations and the use of evolving methods of
analyses (for instance, probabilistic analyses) in the licensing process.

* The level of detail presented in the proposed regulation would be
considerably reduced. The proposed regulation would identify and establish basic
requirements. Detailed guidance, that is, the procedurés acceptable to the NRC
for meeting the requirements, would be removed and placed in Draft Regulatory
Guide, DG—1015, “Identification d Characterization of Seismic Sources,
Deterministic Source Earthquakes, aA8 Ground Motion.”

3. Use of both deterministi. and probabilistic analyses. The proposed
regulation will require the use of both probabilistic and deterministic analyses.
The existing approach for determining a Safe Shutdown Earthquake Ground Motion
{SSE) for a nuclear reactor site, embodied in Appendix A to 10 CFR 100 relies on
a “deterministic” approach. Using this deterministic approach, an applicant
develops a single set of earthquake sources, develops for each source 2
postulated earthquake to be used as the source of ground motion that can affect
the site, locates the postulated earthquake according to prescribed rules, and
then calculates ground motions at the site. Although this approach has worked
reasonably well for the past two decades, in the sense that SSEs for plants sited
with this approach are judged to be suitably conservative, the approach has not
recognized uncertainty in geoscience parameter. Specifically, because so little
is known about earthquake phenomena {especially in the eastern U.S. but even in
the west where much more is known), there have always been substantial
differences of opinion among experts as to how the prescribed process in Appendix
A is to be carried out. Experts of equivalent stature often delineate very
different estimates of the largest earthquakes to be considered, and different
ground —motion models.

Over the past decade, analysis meth ds for encompassing these differences

FRN - 10



1
2
3
o
5
6
7
8
9

have been developed and used. These “probabilistic” methods have been designed
to allow explicit incorporation of different models for zonation, earthquake
size, cround motion, and other parameters. Their advantage is their ability not
only to incorporate different models and different data sets, but also to weight
them using judgments as to the validity of the different models and data sets,
and thereby to provide an explicit expression for the overall uncertainty in the
ground motion estimates and means of assessing sensitivity to various different
input parameters.

Probabilistic methods have been used by many groups, not only in the
seismic—hazard area but in many other zreas. In the seismic—hazard area, many
of the practitioners participated in either the NLC—~LLNL or the EPR]
seismic—hazard projects over the past decade.

The advantages of these probabilistic methods are manifest, but their
limitations are important too. In the seismic—hazard area, tne most important
limitation is that the “bottom—1line” results from these analyses tend to be
dominated by the tails rather than the central tendencies of the distributions
of knowledge and expert opinion. -

For these reasons, the proposed revision to Appendix A of 10 CFR 100 has
adopted a mixed approach. The staff proposes to use both the deterministic (same
as that being currently used) and the probabilistic approaches together, and to
compare the results of each to provide insights unavailable if either were used
alone. The principal limitation of the deterministic approach --- its ability
to incorporate only one model and one data set at a time and its inability to
allow weighted incorporation of numerous models --- can be assessed by comparing
its results with the results of a probabilistic analysis accomplished in
parailel. Similarly, the principal Timitation of the probabilistic approach ---
its tendency to allow its results to be dominated by the tails rather than the
central tendency of distributions of uncertain knowledge or expert opinion ---
can be assessed by comparing its results with the results of one or more
deterministic analyses.

The staff believes that taken together these two approaches can allow more
informed judgments as to what the appropriate Safe Shutdown Earthquake Ground
Motion should be for a given site. Both the applicant's judgments and those of
the staff will be improved. Therefore, it is the staff’s opinion that this mixed
approach is the bust way to accomplish the objective of this aspect of the
revised regulatien, which is to arrive through analysis at a site—specific
ground motion that appropriately captures what is known about the seismic regime.
This dual approach will thus lead to a more stable and predictable licensing
process than in the past.

In order to implement this dual approach, the staff has proposed a
requirement that the probability of exceeding the Safe Shutdown Earthouake Ground
Motion at a site be lower than the median probability of exceedance computed for
the current population of the operating plants. This requirement assures that
the design levels at new sites will be comparable to those at many existing
sites, particularly more recently iicensed sites. This criterion is also used
to 1dentify significant seis ic sources, in terms of magnitude and distance,
affecting the estimates of gr_und motions at a site.

4. fe Sh wn_far ke. The existing regulation states when the
maximum vibratory accelerations of the SSE at the foundations of the nuclear
power plant structures are determined to be less than one tenth.the acceleration
of gravity (0.1g) ..... it shall be assumed that the maximum vibratory acceler-
ations of the SEE at these foundations are at least 0.1 g, (Section V(a)(1)(v)).
(Also, Section V(a)(1)(iv) contains the phrase “at each of the various foundation
locations.”) The location of the seismic input motion control point as stated
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in the existing regulation has led to confrontations with many applicants that
believe this stipulation is inconsistent with good engineering fundamentals.
The proposed regulation would move the location of the seismic input motion
control point from the foundation—level to free—field, at the free ground
surface or hypothetical rock outcrop, as appropriate. The 1975 version of the
Standard Review Plan placed the control motion in the free—field. The proposed
regulation is also consistent with the resolution of Unresolved Safety Issue
(USI) A—40, “Seismic Design Criteria,” (August 1989) that resulted in the
revisign of Standard Review Plan Sections 2.5.2, 3.7.1, 3.7.2, and 3.7.3.

lyses. The existing regulation states that the maximum vibratory

round motion ./ the OBE is one—half the maximum vibratory ground metion of the

afe Shutdown Earthquake Ground Motion (Sectfon V(a)(2)). Also, the ei‘sting
regulation states that the engineering method used to insure that structures,
systems, and components are capable of withstanding the effects of the OBE shall
involve the use of either a suitable dynamic analysis or a suitable qualification
test (Section VI(2)(2)). In some cases, for instiance piping, these m ti—facets
of the OBE in the existing regulation made it possible for the OBE t. have more
design significance than the SSE ground motion. A decoupling of the OBE and SSE
has been suggested in several documents. For instance, SECY—79—300 (Enclosure
B) suggested that design for a single limiting event, and inspection and
evaluation for earthquakes in excess of some spe..iied 1imit may be the most
sound regulatory approach; NUREG-1061, “Report of the U.S. Nuclear Regulatory

Commission Piping Review Committee,” Vol.5. ranked a decoupl ft
SSE as third out of six high priority changes ; and SECY—90(1 volutionary
Light Water Reactor (LWR) Certification Issues and Their RelatYGnship to Current

Regulatory Requirements,” states that the staff agrees that the OBE should not
control the design of safety systems. For the evolutionary reactors, the staff
will consider requests to decouple the OBE from the SSE on a design~—specific
basis.

Activities equivalent to OBE—SSE decoupling are alsc being done in foreign
countries. For instance, in Germany their new design standard requires only one
design basis earthquake (equivalent to the SSE). They require an inspection
level earthquake (for shutdown) of 0.4 SSE. This level was set so that the
vibratory ground motion should not induce stresses exceeding the allowable stress
limits originally required for the OBE design.

The proposed regulation would allow the value of the OBE ground motion to
be set at: (i) one—~third of the SSE ground motion, or (ii1) a value greater than
one—third of the SSE ground motion. 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 (discussed in Item 6,
Required Plant Shutdown), and second, the amount of analyses associated with the
OBE. An appli . t may determine that at the one—third the SSE level, the
probability of exceeding the OBE vibratory ground motion is too high; the cost
associated with plant shutdown for inspections and testing of equipment and
structures prior to restarting the plant is unacceptable. Therefore, ihe
applicant may voluntarily select an OBE ground motion value at some higher
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, 2
suitable analysis shall be perfaormed to demonstrate that the requirements
associated with the OBE ground motion are satisfied. The design shall take into
account soil—structure interaction effects and the expected duration of the
vibratory ground motion. The requirement associated with the OBE is that all
structures, systems, and components of the nuclear power plant necessary for
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continued operation without undue risk to the health and safety of the public
shall remain functional and within applicable stress and deformation limits when
subjected to the effects of the OBE ground motion in combination with normal
operating loads. Subject to further confirmation, it is determined that if an
OBE ground motion of one—third of the SSE is used, the requirements of the OBE
can be satisfied without the applicant performing any explicit response analyses,
and performing some minimal design checks (additional discussion below). There
is high confidence that, at this ground motion level with other postulated
concurrent loads, most critical structures, systems, and components will not
exceed currently used design limits. There are situations associated with
current analyses where only OBE ground motion is associated with tr: design
requirements, for -example, the ultimate heat-sink (see Regulatory Gu de x.z?,
“Ultimate Heat Sink for raclear Power Plants®). In these sftuatior, a value
expressed as a fraction of the SSE response would be used in the analyses.
Section VIiIl of this Supplemental Information section identifies existing guides
that would be revised, technically to maintain the existing design philosophy.
With regard t2 piping analyses, positions on fatigue ratcheting and seismic
anchor motion are being developed and will be issued in a draft regulatory guide
separate from this rulemaking. >

6. . The current regulation states that if
vibratory ground motion exceeding that of the OBE occurs, shutdown of the nuclear
power plant will be required, (Section V(2)(2). Supplemental information to the
existing regulation (38 FR 31279, Item 6e) includes the following statement: “A
footnote has been added to §50.36(c)(2) of 10 CFR Part 50 to assure that each
power plant is aware of the limiting condition of operation which is impesed
under Section V(2) of Appendix A to 10 CFR Part 100. This limitation requires
tha" if vibratory ground motion exceeding that of the OBE occurs, shutdown of the
nuclear power plant will be required. Prior to resuming operations, the licensee
will be required to demonstrate to the Commission that no functional damage has
occurred to those features necessary for continued operation without undue risk
to the health and safety of the public.” At that time, it was the intention of
the Commission to treat the Operating Basis Earthquake as a limiting condition
of operation. From the statement in the Supplemental Information, the Commission
directed applicants to specifically review Part 100 to be aware of this intention
in compiying with the requirements of 10 CFR 50.36. Thus, the requirement to
shutdown if an OBE occurs was expected to be implemented by being included among
the technical specifications submitted by applicants aftzr the adoption of
Appendix A. In fact, applicants did not include OBE shutdown requirements in
their technical specifications.

The proposed regulation would treat plant shutdown associated vibratory
ground motion exceeding the OBE or significant plant damage as a condition in
every operating license. The shutdown reguirement would be a condition of the
license (§50.54) rather than a limiting condition of operation (§50.36), because
the necessary judgements associated with exceedance of the vibratory ground
motion or significant plant damage can not be adequately characterized in 2
technical specification. §50.54(ee) would be added to the regulations to
require plant shutdown for licensees of nuclear power plants that comply with the
earthquake engineering criteria in Paragraph IV(a)(3) of Proposed Appendix $ to
10 CFR Part 50. Draft Regulatory Guide DG—1017, “Pre—Earthquake Planning and
Immediate Nuclear Power Plant Operator Post—Earthquake Actions,” would provide
guidance acceptable to the NRC for determining whether or not vibratory ground
motion exceeding the OBE ground motion or significant plant damage had occurred
and nuclear power plant shutdown is required. The guidance is based on criteria
developed by the Electric Power Research Institute (EPRI) to avoid unnecessary
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proionged shutdowns. Draft Regulatory Guide DG—1018, “Restart of a Nuclear
Power Plant Shut Down by a Seismic Event,” would provide guidelines that are
acceptable to the NRC staff for performing inspections and tests of nuclear power
plant equipment and structures prior to plant restart. This guidance is also
based on EPRT reports.

7. Clarify Interpretations. In Appendix B to 10 CFR Part 100 changes have
been made to resolve questions of interpretation. As an example, definitions and
required investigations stated in the proposed regulation would be . .gnificantly
changed to eliminate or modify phrases that were more applicable to only the
western United States.

VI. Siting Policy Task Force Resommendations

The Siting Policy Task Force (NUREG—0625) made nine recommendatiois with
regard to revision of the reactor siting criteria. The individual
recommendations and the disposition and actions being taken in regard to each of
these are discussed below.

Revise Part 100 to change the way protection is provided for accidents by
incorporating a fixed exclusion area and protection action distance and
population density and distribution criteria.

1. Specify a fixed minimum exclusion distance based on )imiting the
individual risk from design basis accidents. Furthermore, the
regulations should clarify the required control by the utility over
activities taking place in land and water portions of the exclusion
area.

2. Specify & fixed minirum emergency planning distance of 10 miles.
The physical characteristics of the emergency planning zone should
provide reasonabie assurance that evacuation of persons, including
transients, would be feasible if needed to mitigate the consequences
of accidents.

. Incorporate specific population density and distribution limits
outside the exclusion area that are dependent on the average
population of the region.

4. Remove the requirement to calculate radiation doses as a means of
establishing minimum exclusion distances and low populatio: zones.

i i

Recommendation 1 has been or is largely being adopted by the Commission.
With regard to item 1, a fixed minimum exclusion area distance of 0.4 miles,
commensurate with past staff experience in the review of design basis accidents,
is being proposed. The Commission beli€ves that the existing requirements
regarding control over any land portion of the exclusion area together with
current emergency planning requirements make any new requirements on exclusion
area control unnecessary. The recommendations in item 2 were adopted by the
Commission shortly after the Three Mile Island accident and are presently in 10
CFR Part 50.47. The recommendations in item 3 are being adopted, except that
population density and distribution limits are proposed to be applicable
nationwide. The recommendation of Item & is being adopted.

Recommendation 2
Revise Part 100 to require consideration of the potential hazards posed by
man—made activities and natural characteristics of sites by establishing minimum

standoff distances for:
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Major or commercial airports,

LNG terminals,

Large propane pipelines,

Large natural gas pipelines,

Large quantities of explosive or toxic materials,
. Major dams, and

. Capable faults.

SN S WA e

Recommendation 2 is being adopted in part and rejected in part. Part 100
is to be revised to include consideration of man—related hazards. However,
establishment of minimum standotf distances by regulation for the hazards cited
is considered infeasible because staff review has found that acceptable
separation distances are not readily quantified and can depend upon many factors
such as the topography, size and operational aspects of such facilities, as well
as distance from the roactor.“Accordinglf. the provosed regulation will require
that the hazards be identified and evaluated so that they can be adequately
considered in the design of the reactor to be Tocated on the site.

Revise Part 100 by requiring a reasonable assurance that interdictive
measures are possibie to 1imit groundwater contamination resulting from Class 9
accidents within the immediate vicinity of the site.

The Commission is not adopting this recommendation. However, requirements
on future reactor designs will address the need to consider and minimize
containment failure under severe accident conditions. Future reactor designs
will need to address the potential for ground water contamination as part of
their environmental review under 10 CFR Part 51.

ion &
Revise Appendix A to 10 CFR 100 to better reflect the evolving technology
in assessing seismic hazards.
i ition and Action
The Commission is adopting this recommendation in this rulemaking.

ndation

Revise Part 100 to include consideration of post—licensing changes in

offsite activities.

1. The NRC staff shall inform local authorities (planning commission,
county commissions, etc.) that control activities within the
emergency planning zone (EPZ) of the basis for determining the
acceptability of a site.

5 The NRC staff shall notify those federal agencies as in item ] abow:
that may reasonably initiate a future federal action that may
influence the nuclear power plant.

3. The NRC staff shall require applicants to monitor and report
potentially adverse offsite developments.
4. 1f, in spite of the actions described in items 1 through 3, there

are offsite developments that have the potential for significantly
increasing the risk to the public, he NRC staff will consicer
restrictions on a case—by-case basis.
iti nd Action
This recommendation is already in effect or being adopted. Item 1 is
already covered by existing emergency planning requirements. Item 2 1is
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accomplished by issuance of a Significant Hazard Consideration statement by the
NRC staff. The Commission is requesting comments on I.en 3. With regard to item
4, the Commission retains the right to order restrictions on a case—by-—case
basis.

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

The Commission is not adopting this recommendation. In the current and
proposed Part 100 regulations applicants may provide specific plant design
features to compensate for site inadequacies. As lon‘ as these design features -
adequately account for the conditions at the site, public health and safety will
be protected. These specific design features may represent some economic
consideration. However, the -Commissfon has concluded that any economic
consideration should be left for the utility of applicant.

-

Revise r»art 100 to specify that site approval be established at the
earliest decision point in the review and to provide criteria that would have to
be satisfied for this approach to be subsequently reopened in the licensing
process.

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

Revise Part 51 to provide that a final decision disapproving a proposed
site Dy a state agency whose zpproval is fundamental to th¢ project would be 2
sufficient basis for NRC to terminate revi.w. Such terminativi of a review would
then be reviewed by the Commission.
i ition and Action
The Commission is not adopting this recommendation since incorporation of
it is considered inappropriate. This recommendation would effectively give the
state the arbitrary authority to prevent construction of a nuclear facility. The
federal government only has this authority. Furthermore, the Commission has
concluded that state approval is not required when the applicant his reasonable
measures within his means to comply with the regulations related to interactions
with state and local goveruments. :

Recommendation

Develop common bases for comparing the risks for all external events.

isposition ion

The Siting Policy Task Force's primary recommendation i this area was that
an interdisciplinary effort should be undertaken with the objective of developing
quantitative risk comparisons of all external events ard ratural phenomena. The
Comrission considers this to be a desirable objective but notes that the Siting
Policy Task Force made no specific recommendations with regard to siting criteria
or rulemaking. The Commission therefore considers this recommendation
inapplicable in the present context of examination of siting criteria, but notes
that recent developments in probabilistic risk analysis (PRA) have considered
examination of the risk from external events in detail.
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VII. Related Regulatory Guides and itandard Review Plan Section

The NRC is developing the followiny draft regulatory guides and standard
review plan section to provide prospective licensees with the necessary guidance
for implementing the proposed regulation. The notice of availability for these
materials is published elsewhere in this Federal Register:

1. DG—1015, “ldentification and Characterization of Seismic Sources,
Deterministic Source Earthquakes, and Ground Motion.” The draft guide provides
general guidance and recommendations, describes acceptable procedures and
provides a 1ist of references that present acceptable methodologies to identify
and characterize capable tectonic sources and seismogenic sources.

2. DG—1016, Second Propcsed 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 .:ceptable to the NRC staff.

3. D6—1017, “Pre-~—Earthquake Planning and Immediate Nuclear Power Plant
Operator Post —Earthquake Actions.” The draft guide provides guidelines that are
acceptable to the NRC staff for a timely evaluation of the recorded seismic
instrumentation data and to determine whether or not plant shutdown is required.

4. DG—1018, “Restart of a Nuclear Power Plant Shut Down 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 %o restart of a plant that has been shut down due to a seismic
event.

$. Draft Standard Review Plan Section 2.5.2, Proposed Revision 3 *Vibratory
Ground Motion.” The draft describes procedures to assess the ground motion
potential of seismic scurces at the site and to assess the adequacy of the SSE.

6. Draft Regulatory Guide 4.7, designated as Revision 2, dated December
1991, “General Site Suitability Criteria for Nuclear Power Plants.” 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.

VIiIl. Future Regulatory Action

Several existing regulatory guides will be revised to incorporate editorial
changes or maintain the existing design or analysis philosophy . These guides
will be issued to coincide with the publication of the final regulations that
would implement this proposed action.

The following regulatory guides will be re. sed to incorporate editorial
changes or tc be consistent with changes in Part 100. For example, the type of
changes contemplated would be to reference new paragraphs in Appendix B to Part
100 or Appendix S to Part S50. No technical changes will be made in these
Regulatory Guides.

l. 1.57, “Design Limits and Loading Combinations for Metal Primary
Containment System Components”

2. 1.59, “Design Basis Floods for Nuclear Power Plants”

. 1.60, “Design Response Spectra for Seismic Design of Nuclear Power
Plants”

4. 1.83, “Inservice Inspection of Pressurized Water Reactor Steam

Generator Tubes” ‘ ‘
1.92, “Combining Modal Responses and Spatial Components in Seisf..

Response Analysis”

n
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1.102, “Flood Protection for Nuclear Power Plants”

1.121, “"Bases for Plugging Degraded PWR Steam Generator Tubes”
1.122, *Development of Floor Response Spectra for Seismic Design of
Floor —Supported Equipment or Components”

|~y

The following regulatory guides will be revised technically to maintain
existing design or analysis philosophy. For example, the types of changes
contemplated would be to change OBE to a fraction of the SSE:

1.27, *“Ultimate Heat Sink for Nuclear Power Plants”

1.100, “Seismic Qualification of Electric and Mechanical Equipment
for Nuclear Power Plants” ;

1.124, *Service Limits and Loading Combinations for Class 1 Liner—
Type Component Supports*

1.130, “Service Limits and Loading Combinations for Class 1 Plate—
and—Shell—Type Component Supports”

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

1.142, “Safety—Related Concrete Structures for Nuclear Power Plants
(Other than Reactor Vessels and Containments)”

1.143, “Design Guidance for Radioactive Waste Management Systems,
Structures, and Components Installed in Light —Water —Cooled Nuclear
Power Plants” » :

ow -~ o -~ w N e
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During the revision of the regulatory guides cited above, if additional
changes are made, the applicable guide(s) will be distributed for public comment.

IX. Electronic Format Submittal of Public Comments

The comment resolution process will be improved if each com t is
identified with the document title, section heading and paragraph number tu which
it responds. Commenters may submit, in addition to the original paper copy, 2
copy of the letter in an electronic format on IBM PC DOS compatible 3.5 or 5.25
inch double sided double density (DS/DD) diskettes. Data files should be
provided in Wordperfect 5.1 format. ASCII code is also acceptable or if
formatted text is required, data files should be provided in IBM Revisable —
Form Text Document Content Architecture (RFT/DCA) format.

X. Questions

In addition to soliciting comments on all gspe.ts of this rulemaking, the
Commission specifically requests comment on the fo'lowing questions.

P Should an exclvsion area distance smailer than 0.4 miles be allowed
for plants with a lower reactor power level than 3800 MW~

- The Commission intends to codify the guidelines in Regulatory Guide
4.7 which identifies population density to be 500 people per square
mile out to a distance of 30 miles at the time of site approval and
1000 people per square mile 40 years after site approval. Should
these population densities continue to be used for siting purposes?
If not, what value(s) would be appropriate and what is the basis for
a different value”
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. R Should the Commission approve sites that exceed the proposed
population values of 10 CFR Part 100.21, and if so, under what
conditions?

. Should holders of early site permits, construction permits, and

operating license permits De required to periodically report changes
in the population and offsite hazards? If so, what regulatory
purpose would such reporting requirements serve?

5. What continuing regulatory significance should the safety
requirements in 10 CFR Part 100 have after granting the initial
gg;rating license or combined operating license under 10 CFR Part

6. Are there certain site meteorological conditions which should
preciude the siting of a nuclear power plant? If so, what are the
:onditions that can not be adequately compenstated for by design

eatures?

7. From the discription of the disposition of the recommendations of
the Siting Policy Task Force report (NUREG—0625), it was noted that
the Commissfon was not adopting everv element of each
recommendation. Are there compelling reasons to reconsider any
recommendation not adopted and, if so, what are the bases for
reconsideration?

The propoted guide, DG-—-1015, outlines, for the f.~-. 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
this federal register notice.

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 Tike 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 tuv four test sites are published separately
(Letter report from D. Bernreuter of LLNL to A. Murphy of NRC).

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 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 using deterministic methods once the controlling earthquakes are
determined. With regards to the role of the probabilistic analysis, views range
from an 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 dete: ainistic and probabilistic analyses. This
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.)
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8. Should bolh deterministic and probabilistic approaches be used in
siting nuclear power plants? If both are used how should they be
combined or weighted, i.e., should one control over the other?

9. If the dual probabilistic/deterministic approach as proposed in this
draft guide is to be used, is the proposed procedure in Appendix C
lde?uatc to determine controlling earthquakes from a probabilistic
analysis?

10.  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 leveis associated
with the median hazard analysis estimates as they provide more
stable estimates of contrziling earthquakes.)

11. Should the median target level of 1E-4 for LLNL or 3E-5 for EPRI be
raised or lowered, i.e., should the next generation of NPPs have
design levels 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.)

12. 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 wused to establish the probability of
exceedance level. Controlling earthquakes were evaluated for this
frequency band, for the average of 1 and 2.5 Hz spectral responses,
and for peak ground acceleration.)

XI. Finding of No Significant Environmental Impact: Availability

The Commission has determined under the National Environmental Policy Act
of 1969, as amended, and the Commission’s reguiations in Subpart A of 10 CFR Part
81, that this proposed regulation, if adopted, would not be a major Federal
action significantly affecting the quality of the human environment and therefore
an environmental impact statement i1s not required.

The revisions associated with the reactor siting criteria in 10 CFR Part
100 and the relocation of the plant design requirements from 10 CFR Part 100 to
10 CFR Part S0 has been evaluated against the current requirements. The staff’s
evaluation has concluded that relocating the requirement for a dosr calculation
to Part 50 and adding more specific site criteria to Part 100 doer not decrease
the protection of the public health and safety over the ciy~rzui requlations. The
proposed ammendments do not affect non—radiological plant efflients and have no
other environmental impact.

The amendment of Appendix A to 1P {FR Part 100 as stated in 10 CFR Part
100, Appendix B and 10 CFR Part 50, hppencix S will not change the radiclogical
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environmental impact offsite. Onsite occupational radiational exposure
associated with inspection and maintenance will not change. These activities are
principally associated with base line inspections of structures, equipment and
piping, and maintenance of seisric instrumentation. Base line inspections are
needed to differentiate between pre—existing conditions at the nuclear power
plant and earthquake related damage. The structures, equipment and piping
selected for these inspections are comprised of those routinely examined by plant
operators during normal plant walkdowns and inspecticns. Routine maintenance of
seismic instrumentation assures its operability during earthquakes. The locaticn
of the zefezic instrumentation is similar to that in the existing nuclear power
plants. The proposed amendments do not affect non—radiological plant effluents
and have no other environmental impact.

The environmental assessment and finding of no significant impact on which
this determination is based are available for inspection at the NRC Public
Document Room, 2120 L Street, NW. (Lower Level), Washington, DC. Single copies
of the environmental assessment ind finding of no significant impact are
available from Mr. Leonard Soffer, Office of Nuclear Regulatory Research, Mail
Stop NL/S-324, U.S. Nuclear Regulatory Commission, Washington, DC 20555,
telephone (301) 492-3916 or Dr. Andrew Murphy, Office of Nuclear Regulatory
Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission, Washington,
DC 20555, telephone (301) 492-3860.

X1I. Paperwork Reduction Act Statement

This proposed regulation amends information collection requirements that
are subject to the Paperwork Reduction Act of 1980 (44 U.S.C. 350] et seq.).
This proposed regulation has been submitted to the Office of Management and
Budget for review and approval of the paperwork requirements.

There is no public reporting burden related to the non—seismic siting
criteria. Public reporting burden for the collection of information related to
the seismic and earthquake engineering criteria is estimated to average 800,000
hours per response, including the time for reviewing instructions, searching
existing data sources, gathering and maintaining the data needed, and completing
and reviewing the collection of information.

Send comments regarding this burden estimate or any other aspect of this
collection of information, inclucing suggestions for reducing this burden, to the
Information and Records Management Branch (MNBB 7714), U.S. Nuclear Regulatory
Commission, Washington, DC 20555; and to the Desk Officer, Office of Information
and Regulatory Affairs, NEOB-—3019, (2150-0011 and 3150-0093), Office of
Management and Budget, Washington, DC 20503.

-~ XI1]. Regulatory Analysis

The Commission has prepared a draft regulatory analysis on this propoised
regulation. The analysis examines the cecsts and benefits of the alternatives
considered by the Commission. The draft analysis is available for inspection in
the NRC Public Document Room, 2120 L Street, NW. (Lower Level), Washington, DC.
Single copies of the analysis are available from Mr. Leonard Soffer, Office of
Nuclear Regu'-tory Research, Mail Stop NL/S-324, U.S. Nuclear Regulatory
Comiission, Washington, DC 20555, telephone (301) 492-3916 or Dr. Andrew J.
Murphy, Office of Nuclear Regulatory Research, Mail Stop N “S-217A, U.S. Nuclear
Regulatory Commisc<ion, Washington, DC 20555, telephone ,.J"' 492-3860.

The Commission requests public comment on the draft r gulatory analysis.
Comments on the draft analysis may be submitted to the NRC as indicated under the
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ADDRESSES heading.
XIV. Regulatory Flexibility Certification

In accordance with the Regulatory Flexibility Act of 1980, (5 U.S.C.
605(b)), the Commission certifies that this proposed regulation will not, if
promulgated, have a significant economic impact on a substantial number of small
entities. This proposed regulation affects only the licensing and operation of
nuclear power plants. Nuclear power plant site applicants do not fail within the
definition of small businesses as defined in Section 3 of the Small Business Act
(15 U.S.C. 632), the Small Business Size Standards of the Small Business

Administrator (13 CFR Part 121), or the Commission's Size Sta~<--d< (50 CFR

5024]; December 9, 1985). ‘
XV. Backfit Analysis

The NRC has determined that the backfit rute, 10 CFR 50.109, does not apply
to this proposed regulation, and therefore, that a backfit analysis is not
required for this proposed regulation, because these amendments do not involve
any provisions which would impose backfits as defined in 10 CFR 50.108(a)(1).
The proposed regulation would be applicable only to applicants for future nuclear
power plant construction permits, preliminary design approval, final design
approval, manufacturing license, early site reviews, operating licenses, and
combined operating licenses. -

List of Subjects

10 CFR Part 50 — Antitrust, Classified information, Criminal penalty, Fire
protection, Incorporation by reference, Intergovernmental relations, Nuclear
power plants and reactors, Radiation protection, Reactor siting criteria,
Reporting and recordkeeping requirements.

10 CFR Part 52 ~ Administrative practice and procedure, Antitrust,
Backfitting, Combined license, Early site_permit, Emergency planning, Fees,
Inspection, Limited work authorization, Nuclear power plants and reactors,
Probabilistic risk assessment, Prototype, Reactor siting criteria, Redress of
site, Reporting and recordkeeping requirements, Standard design, Standard design
certification.

10 CFR Part 100 — Nuclear power plants and reactors, Reactor siting
criteria.

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

PART 50 - DOMESTIC LICENSING OF
PRODUCTION AND UTILIZATION FACILITIES

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

AUTHORITY: Secs. 102, 103, 104, 105, 161, 182, 183, 186, 189, 68 Stat.
936, 937, 938, 948, 953, 954, 955, 956, as amended, sec. 234, 83 Stat. 1244, as
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amended (42 U.S.C. 2132, 2133, 2134, 2135, 2201, 2232, 2233, 2236, 2239, 2282);
secs. 201, as amended, 202, 206, 88 Stat. 1242, as amended, 1244, 1246, (4.
U.S.C. 5841, 5842, 5846).

Section 50.7 also issued under Pub. L. 95—601, sec 10, 92 Stat. 295] (42
U.S.C. 5851). Section 50.10 also issued under secs. 101, ,85, 68 Stat. 936, 955
as amended (42 U.S.C. 2131, 2235), sec. 102, Pub. L. 91—190, 83 Stat. 853 (42
U.S.C. 4332). Sections 50.13, 50.54(dd) and 50.103 also issued under ser. 108,
68 Stat. 939, as amended (42 U.S.C. 2138). Sections 50.23, 50.35, 50.%,, and
$0.56 also issued under sec. 185, 68 Stat. 955 (42 U.S.C. 2235).  ctionms
50.33a, 50.55a and Appendix Q also issued under sec. 102, Pub. L. 91-190, 83
Stat. 853 (42 U.S.C. 4332). Sections 50.34 and 50.54 also issued under sec. 204,
88 Stat. 1245 (42 U.S.C. 5844). Sections 50.58, 50.91 and 50.92 also issued
under Pub. L. 97415, 96 Stat. 2073 (42 U.S.C. 2239). Section 50.78 also issued
under sec. 122, 68 Stat. 939 (42 U.S.C. 2152). Sections 50.80 — S50.81 also
issued under sec. 184, 68 Stat. 954, as amended (42 U.S.C. 2234). Appendix F
also issued under sec. 187, 68 Stat. 955 (42 U.S.C. 2237).

For the purposes of sec. 223, 68 Stat. 958, as amended (42 U.S.C. 2273),
§§ 50.46(a) and (b), and 50.54(c) are issued under sec. 1€'-. 68 Stat. 948, as
amended (42 U.S.C. 2201(b)); §§ 50.7(a), 50.10(a)—(c), 50.34(a) and (e),
50.44(a)—(c), 50.46(a) and (b), 50.47(b), 50.48(a), (c),(d), and (e), 50.49(a),
50.54(a)(1), (1)(1), (1)—(n), (P), (Q), (L), (v), and (y), 50.35(f), 50.55a(a),
(c)—(e), (g), and (h), 50.59(.), 50.60(2:, 50.62(b), 50.€4{b), 50.65 and
$0.80(a) and (b) are issued under sec. 1611, vB Stat. 949, as amended (42 V.S.C.
2201(1); and §550.49d, (h), and (J), 50.54(w),(2),(bb),(cc), and (dd), 50.55(e),
50.59(b), 50.61(b), 50.62(b), 50.70(a), 50.71(a)—(c) and (e), 50.72(a), 50.73(a)
and (b), 50.74, 50.78, and 50.90 are issued under sec. 161(o), 68 Stat. 950, as
amended (42 U.S.C. 2201(0)).

R In §50.2, the following definitions should be added:
“Exclusion area” is as defined in §100.3(a).
“Low population zone™ is as defined in §100.3(b).
“Population center distance” is as defined in §100.3(c).

3. In §50.8, paragraph (b) is revised to read as follows:
§50.8 Information coliection requirements: OMB approval

(a) - * -

(b) The approved infermation collection requirements contained in this
part appear in 50.30, 50.33, 50.33a, 50.34, 50.34, 50.34a, 50.35, 50.36, 50.36a,
50.48, 50.49, 50.54, 50.55, 50.55a, 50.59, 50.60, 50.61, 50.63, 50.64, 50.65,

$0.71, 50.72, 50.80, 50.82, 50.90, 50.9], and Appendices A, B, E, G, K, I, J, K,
M, N, 0, Q P, and §S.

- * - - -

4. In §50.34, paragraph (a)(l) is revised to read as follows:
§50.34 Contents of applications; technical information.

(‘) * * *

(1) A desct iption and safety assessment of the site and a safety assessment
of the facility should be performed. Site characteristics shall comply with Part
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100 of this chapter. Special attention should be directed to plant design
features intended to mitigate the radiological consequences of accidents. In
performing this assessment, an applicant should assume a fission product
release’ from the core into the containment assuming that the facility is
operated at the ultimate power level contemplated. The applicant should perform
an evaluation and analysis of the postulated fission product release, using the
expected demonstrable containment leak rate and any fission product cleanup
systems intended to mitigate the consequences of such accidents, together with
applicable site characteristics, including site meteorology, to evaluate the
offsite radiological consequences. The evaluation should determine that:

(i) An individual located at any point on the boundary of the
exclusion area for two hours immediately following the onset of the postulated
fission product release would not receive a total radiation dose to the whole
body in excess of 25 rem’ or a total radiation dose in excess of 300 rem’ to the
thyroid from iodine exposure.

(i1) An individual located at any point on the outer radius of a low
population zone who is exposed to the radioactive cloud resulting from the
postulated fission product release (during the entire period of its passage)
would not receive a total radiation dose to the whole body in excess of 25 rem
or a total radiation dose in excess of 300 rem to the thyroid from iodine
exposure. For purposes of this evaluation, a Tow population zone houndary of 3.C
miles should be assumed.

With respect to operation at the projected initial power level, the applicant
is required to submit intormation prescribed in paragraphs (2)(2) through (8) of
this section, as well as the information required by this paragraph, in support
of the application for a construction permit.

' The fissien 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 containment of appreciable quantities of fission products.

? The whole body dose of 25 rem referred to above has been stated Vo
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 1i1fe
saving activities or protection of large populations where lower doses are not
practicable (see EPA, Manual of Protective Action Guides and Protective Actions
for Nuclear Incidents, Draft, September 1990). However, neiilher its use nor that
of the 300 rem value for thyroid exposure as set forth . "% s section are

intended to imply that these numbers constitute acceptable « for emergency
doses to the public under accident conditions. Rather, thi. ¢« 2am whole body
value and the 300 rem thyroid value have been set forth i: this section as

reference values, which can be used in the evaluation of plant design features
with respect to postulated reactor accidents, in order tc assure that suct
designs provide assurance of low risk of public exposure to radiation, in the
event of such accidents.
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NOTE: Reference is made to Technical Information Document (TID) 14844, dated
March 23, 1962, which contains a fission product release into containment which
has been used in past evaluations. The fission product release given in
TID— 14844 may be used as a point of departure upon consideration of severe
accident research insights available since its issuance, upon consideration of
plant design features intended to mitigate the consequences of accidents, or upon
characteristics of a particular reactor.

5. In §50.34, paragraph (a)(12) is added to read as follows:
§50.34 Contents of applications; technical information.

(') - - L

(12) On or after [EFFECTIVE DATE OF THE REGULATION], applicants who apply
for a construction permit pursuant to this part, or a design certification or
combined 1icense pursuant to Part 52 of this chapter, as partial conformance to
General Design Criterion 2 of Appendix A to this part, shall comply with the
earthquake engineering criteria in Appendix S of this part.

- - . * *

6. In §50.34, paragraph (b)(10) is added to read a: follows:
§50.34 Contents of applicalions; technical information.

(b) * * -

(10) On or after [EFFECTIVE DATE OF THE REGULATION], applicants who apply
for an operating license pursuant to this part, or a design certification or
combined license pursuant to Part 52 of this chapter, as partial conformance to
General Design Criterion 2 of Appendix A to this part, shall comply with the
earthquake engineering criteria of Appendix S to this part. However, if the
construction permit was issued prior to [EFFECTIVE DATE OF THE REGULAYION], the
¢ppiicant shall comply with the earthquake engineering criteria in Section VI of
Appendix A to Part 100 of this chapter.
- -

- - -

7. In §50.54, paragraph (ee) is added to read as follows:
§50.54 Conditions of licenses.

* * * * *

(ee) For licensees of nuclear power plants that have implemented the
earthquake engineering criteria in Appendix S of this part, plant shutdown is
required if the criteria in Paragraph IV(a)(3) of Appendix S are exceeded. Prior
to resuming operations, the licensee shall demonstrate to the Commissien that no
functional damsge has occurred to those features necessary for continued
operation without undue risk to the health and safety of the public.

8. Appendix S to Part 50 is added to read as follows:

- - * - -

Appendix S To Part 50 - EARTHQUAKE ENGINEZRING CRITERIA FOR NUCLEAR POWER PLANTS
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GENTRAL INFORMATICN

This appendix applies to applicants who apply for a design certification
or combined 1icense pursuant to Part 52 of this chapter, or a construction permit
or operating license pursuant to Part 50 of this chapter on or after [EFFECTIVE
DATE OF THIS REGULATION]. However, if the construction permit was issued prior
to [EFFECTIVE DATE OF THIS REGULATION], the cperating license applicant shal)
comply with the earthquake engineering criteria in Section VI of Appendix A to
Part 100 of this chapter.

This appendix and Appendix B to Part 100 of this chapter provide the
seismic, geologic, and earthquake engineering criteria for nuclear power plants
constructed pursuant to applications applied for on or after the effective date
of this regulation. '

I. INTRODUCTION

Each applicant for a construction permit, operating license, design
certification, or combined license is required by §50.34(a)(12), §50.34(b)(10),
and General Design Criterion 2 of Appendix A to this Part to design nuclear power
plant structures, systems, and components important to safety to withstand the
effects of natura!l phenomena, such as earthquakes, without loss of capability to
perform their safety functions. Also, a condition of all operating licenses for
nuclear power plants, as specified in §50.54(ee), is plant shutdown if the
criteria in Paragraph IV(a)(3) of this appendix are exceeded.

These criteria implement General Design Criterion Z insofar as it requires
structures, systems, and components important to safety to withstind the effects
of earthquakes.

I1. SCOPE

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

I11. DEFINITIONS

As used in these criteria:

(a) The Safe Shutdown Earthquake Ground Motion (SSE) is the vibratory

ground motion for which certain structures, systems, and components shall be
designed to remain functional.

(b) The structures, systems, and components required to withstand the
effects of the safe shutdown earthquake ground motion or syrface deformation are

those necessary to assure:

(1) The integrity of the reactor coolant pressure bound?. y,

(2) The capability to sh»u. down the reactor and maintain it in a safe
shutdown conditien, or

(3) The capability to prevent or mitigate the consequences of accidents
which could result in potential offsite exposures comparable to the guideline
exposures of §50.34(a)(1) of this chapter.

(¢) The QOperating Basis Earthguake Ground Motion (OBE) is the vibratory
ground motion for which those features of the nuclear power plant necessary for
continued operation without undue risk to the health and safety of tne public
will remain functional. The value of the Operating Basis Earthquake Ground
Motion is lower than the Safe Shutdown Earthguake Grouud Motion and is set by the
applicant.
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(d) A response spectrum is a plot of the maximum responses {acceleration,
velocity, or displacement) of a family of idealized single-degree-of — freedom
oscillators as a function of the natural frequencies of the oscillators for a
given damping value. The response spectrum is calculated for a specified
vibratory motion input at the oscillators supports.

(e) Surface deformation is distortion of soils or rocks at or near ground
surface by the processes of folding, faulting, compression, or extension as a
result of various earth forces. Tectonic surface deformation is asscciated with
earthquake processes.

(f) Combined license or design certification, as defined in Part 52 of this

chapter.
IV. APPLICATION TO ENGINEERING DESIGN -

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

(a) Vibratory Gruund Motion

(1) Safe Shutdowxn Earthquake Ground Motfon. The Safe Shutdown Earthquake
Ground Motion shall be characterized by free—field ground motion response
spectra at the free ground surface or hypothetical rock outcrop, as appropriate.
In view of the limited data available on vibratory ground motions of strong
earthquakes, 1t usually will be appropriate that the design response spectra be
smoothed spectra developed from an ensemble of response spectra related to the
vibratory motions caused by more thin one earthquake. As a minimum, the
hoerizontal Safe Shutdown Earthquake Ground Motion at the foundation level of the
structures shall be an appropriate response spectrum with a peak ground
acceleration of at least 0.lg.

The nuclear power plant shall be designed so that, if the Safe Shutdown
Earthquake Groun4 Motion occurs, certain structures, systems, and components will
remain functional and within applicable stress and deformation limits. In
addition to seismic loads, applicable concurrent normal operating, functional,
and accident—induced loads shall be taken inte account in the design of these
safety—related structures, systems, and components. The design of the nuclear
power plant shall also take into account the possible effects of the Safe
Shutdown Earthquake Ground Motion .on the facility foundations by ground
disruption, such as fissuring, lateral spreads, differential settlement,
Tiquefaction, and landsliding, as required in Paragraph V(f) of Appendix B to
Part 100 of this chapter.

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

The evaluation shall take into account soil—structure interaction effects
and the expected duration of vibratory motion. It is permissible to design for
strain limits in excess of yield strain in some of these safety--related
structures, systems, and components during the Safe Shutdown Earthquake Ground
Motion and under the postulated concurrent loads, provided the necessary the
functions ars maintained.

(2) Operating Basis Earthquake Ground Motion.

(1) When subjected to the effects of the Operating Basic Earthquake Ground
Motion in combination with normal operating loads, 211 structures, systems, and
components of the nuclear power plant necessary for continued operation without
undue risk to the health and safety of the public shall remain functional and
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10. In §52.17, paragraphs (a)(1) and (a)(1)(vi) are revised to read as

follows: .
o 50.3\'\\’}(\‘ q)

§52.17 Contents of applications.
(.) £ * -

(1) The application must contain the infofmation required by
50.33(a)~(d), the information required by 50.34(a)(12), and, to the extent
approval of emergency plans is sought under paragraph (b)(2)(ii) of this section,
the information required by 50.33(g) and (Jj), and 50.34(b)(6)(v). The
application must also contain a description and safety assessment of the site on
which the facility is to be located,  with appropriate attention to features
effecting faci)’ .y design; such assessment shall contain an analysis and
evaluation of tue major structures, systems, and cumponents of the facility which

-bear significantly on the acceptability of the site under the radiological

consequence evaluation factors identified in Part 50.34(a)(1) of this chapter.
In addition, the application should describe the following:

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

* A * - .
11.  Part 52, Appendix Q, paragraph 8 is added to read as follows:

8. Notwithstanding paragraph 7, any application for extension of an
early site permit is sub‘~ 't to a full site permit review.

- - - - -
PART 100 — REACTOR SITE CRITERIA
12. The authority citation for Part 100 continues to read as follows:
AUTHORITY: Secs. 103, 104 161, 182, 68 Stat. 936, 937, 948, 953, as
amended (42 U.S.C. 2133, 2134, 2201, 2232); sec. 201, as amended, 202, B8 Stat.
1242, as amended, 1244 (42 U.S.C. 584], 5842).

13 Part 100 is revised to read as 1lows:

* * - * *

PART 100 REACTOR SITE CRITERIA

Sec.

100.1 Purpose.

100.2 Scope.

100.3 Definitions.

100.8 Information collection requirements: OMB approval.

rt A — Evaluation Factors for Stationary Power Reactor Site
?ﬂhf! T before [EFFECTIVE DATE OF THIS REGULATION] and for Test
Reactors.
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within applicable stress and deformation limits.

(11) The Operating Basis Earthquake Ground Motion shall be characterized
by response spectra. The value of the Operating Basis Earthquake Ground Motion
shall be set to one of the following choices:

(A) One-—third of the Safe Shutdown Earthquake Ground Motion. The
requirements associated with this Operating Basis Earthquake Ground Hotion in (i)
can be satisfied without the applicant performing explicit response or design
analyses, or

(B) A value greater than one—third of the Safe Shutdown Earthquake Ground
Motion. Analysis and design shall be performed to demonstrate that the
requirements associated with this Operating Basis Earthquake Ground Motion in (i)
are satisfied. The design shall take into account soil—structure interaction

" effects and the expected duration of vibratory ground motion.

(3) Required Plant Shutdown.’ If vibratory ground motion exceeding that
of the Operating Basis Earthquake l:uund Motion or significant plant damage
occurs, shutdown of the nuclear power plant is reguired. Prior to resumin
operations, the licensee shall demonstrate to the Commission that no functiona
damage has occurred to those features necessary for continued operation without
undue risk to the health and safety of the public. :

(4) Required Seismic Instrumentation. Suitable instrumentation shall be

’provided s0 that the seismic response of nuclear power plant features important

to safety can be evaluated promptly after an earthquake.

(b) Surface Deformation. The potential for surface deformation shall be
taken into account in the design of the nuclear power plant by providing
reasonable assurance that in the event of such deformation certain structures,
systems, and components will remain functional. In addition to surface
deformation induced loads, the design of such safety features shall take into
account seismic loads, including aftershocks, and applicable concurrent
functional and accident—induced loads. The design provisions for surface
deformation shall be based on its postulated occurrence in any direction and
azimuth and under any part of the nuclear power plant, unless evidence indicates
this assumption is not appropriate, and shall take into account the estimated
rate at whjch the surface deformation may occur.

(c) Seismically Induced Floods and Water Waves and Other Design
Conditions. Seismically induced floods and water waves from either locally or
distantly generated scismic activity and other design conditions determined
pursuant to Paragraphs V(e) and (f) of Appendix B to Part 100 of this chapter
stall be taken into account in the design of the nuclear power plant so as to
prevent undue risk to the health and safety of the public.

PART §2 — EARLY SITE PERMITS; STANDARD DESIGN CERTIFICATIONS;
AND COMBINED LICENSES FOR NUCLEAR POWER PLANTS

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

AUTHCRITY: Secs. 103, 104, 161, 182, 183, 1B6, 1B8Y, 68 Stat. 936, 948,
g53, 954, 955, 956, as amended, .:c. 234, B3 Stat. 1244 -as amended (42 U.S.C.
2133, 2201, 2232, 2233, 2236, 2239, 2282); secs. 201, 202, 206, 88 Stat. 1242,
1244, 1246, as amended (42 U.S.C. 5841, 5827, 5B46).

: Guidance is being developed in Draft Regulatory Guide DG-1017, “Pre-
farthquake Planning ancd Immediate Nuclear Power Plant Operator Post-
farthquake Actions."
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100.10 Factors to be considered when evaluating sites.
100.11 Determination of exclusion area, low population zone, and population
center distance.

Subpart B — Evaluation Factors for Stationary Power Reactor Cite
Applications on or after [EFFECTIVE DATE OF THIS REGUIATION].
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.
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13 APPENDIX A — Seismic and Geologic Siting Criteria for Nuclear Power Plants. ‘VJ,oTﬁ
14 APPENDIX B — Seismic and Geologic Siting Criteria for Nuclear Fower Plants *g—' ntlt
15 After [EFFECTIVE DATE OF THIS R.GU.ATION].

17 AUTHORITY: Secs. 103, 104, 161, 182, 68 Stat. 93F,6 Q37, 948, 953, as amended (42
18 U.S.C. 2133, 2134, 2201, 2232); sec. 201, as amenced, 202, B8 Stat. 1242, as
18 amended, 1244 (42 U.S.C. 584],5842).

21 100.1 Purpose.
22 ;
23 (a) This part sets forth standards for evaluation o 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 irn approving or disapproving
'8 proposed sites.

30 100.2 Scope.

1

32 (a) This part applies to applications filed under Part 50 or Part 57 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 noel in design and unproven as prototypes
39 or pilot plants. For plants without >ignificant operating experience, it is
40 expected that these basic criteria will be applied in a manner that safeguard
4] features provide either site isolation or engineered features which reflects the
¥ lack of certainty that only experience can provide.

44 100.3 Definitions.

&6 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
5¢ 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
24 health and safety. Residence within the exclusion area shall normally be
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prohibited. In any event, residents shall be subject to ready removal in case
of necessity. Activities unrelated to operation of the reactor may be permitted
in an exclusion area under appropriate limitations, provided that no significant
hazards to the public health and safety will result.

(b) “Low population zone” means the area immediately surrounding the
exclusion area which contains residents, the total number and density of which
are such that there is a reasonable probability that appropriate protective
measures could be taken in their behalf in the event of a serious accident.
These guides do not specify a permissible population density or total population
within this zone because the situation may vary from case to case. Whether a
specific number of people can, for example, be evacuated from a specific area,
or instructed to take shelter, on a timely basis will depend on many factors such
as location, number and size of highways, scope and extent of advance planning,
and actual distribution of residents within the area.

(c) “Population center distance” means the distance from the reactor to
the nearest boundary of & densely populated center containing more than about
25,000 residents. o o

(d) “Power reactor” means a nuclear reactor of a type described in section
50.21(b) or 50.22 of this chapter designed to produce electrical or heat energy.

(e) “Testing reactor” means a “testing facility” as defined in section 50.2
of this chapter.

100.8 [nformation collection requirements: OMB approval.

(a) The Nuclear Regulatory Commission has submitted the information
collection requirements contained in this part to the Office of Management and
Budget (OMB) for approval as required by the Paperwork Reduction Act of 1980 (44
U.S.C. 350] ¢t seq.). OMB has approved the information collection requirements
contained in this part under control number 3150-—0093.

(b) The approved information collection requirements contained in this part
appear in Appendix A and Appendix B.

Suboart A — Evaluation Factors for Stationary Power Reactor Site
Applications before [EFFECTIVE DATE OF THIS REGULATION] and for Test
Reactors.

100.10 Factors to be considered when evaluating sites

Factors considered in the evaluation of sites include those relating both
to the proposed reactor design and the characteristics peculiar to the site. It
is expected that reactors will reflect through their design, construction and
eperation an extremely low probability for accidents that could result in release
of significant quantities of radiocactive fission products. In addition, the site
location and the enginezred features included as safeguards against the hazardous
consequences of an accident, should one occur, should insure a low risk of public
exposure. In particular, the Commission will take the following factors into
consideration in determining the acceptability of a site for a power or testing
reactor:

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

(1) Intended use of the reactor including the proposed maximum power
level and the nature and inventory of contained radioactive materials;

(2) The extent to which generally accepted engineering standards are
applied to the design of the reactor;
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(3) The extent to which the reactor incorporates unique or urusual
features having a significant bearing on the probability or consequences of
accidental release of radioactive materials;

(4) The safety features that arc to be engineered into the facility
and those barriers that must be breached as a result of an accident before 3
release of radioactive material to the environment can occur.

(b) Population density and use characteristics of the site environs,
including the exclusion area, low population zone, and the population center
distance.

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

(1) Appendix A, “Seismic and Geologic Siting Criteria for Muclear
Power Plants,” describes the nature of investigations required to obtain the
geologic and seismic data-necessary to determine site suitability and to provide
reasonable assurance that a nuclear power plant can be constructed and operated
at a proposed site without undue risk to the health and safety of the public.
It describes procedures for determining the quantitative vibratory ground motion
design basis at a site due to earthquakes and describes information needed to
determine whether and to what extent 2 nuclear power plant need be designed to
withstand the effects of surface faulting.

(2) Meteorological conditions at the site and in the surrounding area
should be considered.

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

(d) Where unfavorable physical characteristics of the site exist, the
proposed site may nevertheless be found to oe acceptable if the design of the
facility includes appropriate and adequate compensating engineering safeguards.

100.11 Determination of exclusion area, low population zone, and population
center distance.

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

(1) An exclusion area of such size that an individual located at any
point on its boundary for two hours immediately following onset of the postulated
fission product release would not receive a total radiation dose to the whole

‘The fission product release assumed for these calculations should be based
upon a major accident, hypothesized for purposes of . ¢ analysis or postulated
fr~ onsiderations of possible accidental events, that would result in potential
nazards 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 of appreciable quantities of fission products
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body in excess of 25 rem” or a total radiation dose in excess of 300 rem® to the
thyroid from iodine exposure.

(2) A low population zone of such size that an individual located at
any point on its outer boundary who is exposed to the radioactive cloud resulting
from the postulated fission product release (during the entire period of its
passage) would not receive a total radiation dose to the whole body in excess of
25 rem or a total radiation dose in excess of 300 rem to the thyroid from iodine
exposure.

(3) A population center distance of at least one and one—third times
the distance f om the reuctor to the outer boundary of the low population zone.
In applying this guide, the boundary of the population center shall be determined
upon consideration of population distribution. Politicai boundaries are not
controlling in the application of this guide. Where very large cities are
involved, a greater distance may be necessary because of total integrated
population dose consideration.

(b) For site- for multiple reactor facilities consideration should be given
to the following: i

(1) If the reactors are independent to the extent that an accident
in one reactor would not initiate an accident in another, the size of the
exclusion area, low population zone and population cinter distance shall be
fulfilled with respect to each reactor individually. The calculated envelopes
of each of the plants areas shall be overlayed of the areas such that the
outermost composite bounda.y shall then be taken as the plant boundary.

(2) If the reactorr are interconnected to the extent that an accident
in one reactor could affect the safety of operation of any other, the size of the
exclusion area, low population zone and population center distance shall be based
upon the assumption that all interconnected reactors emit their postulated
fission product releases simultaneously. This requirement may be reduced in
relation to the degree of coupling between reactors, the probability of
concomitant accidents and the probability that an individual would not be exposed
to the radiation effects from simultaneous -eleases. The applicant would be
expected to justify to the satisfaction of v.. Commission the basic for such 2
reduction in the source term.

(3) The applicant is expected to shcw that the simultaneous operation
of multiple reactors at a site will not result in total radioactive effluent
releases beyond the allowable limits of applicable regulations.

NOTE: For further guidance in develoning the exclusion area, the low

! The whole body dose of 25 rem referred to above corresponds numerically
to the once in a lifetime accidental or emergency dose for radiation workers
which, according to NCRP recommendations may be disreyarded in the determination
of their radiation exposure status (see NBS Handbook 69 dated Junme 5, 1959).
However, neither its use nor that of the 300 rem value for thyroid exposure as
set forth in these site criteria guides 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 for*h n these guides »¢ reference values, which can be used in the
evaluation of reactor sites with “_spect to potential reactor accidents of
exceedingly low probability of occurrence, and low risk of public exposure to
radiation.

2
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population zone, and the jopulation center distance, .eference is made to
Technical Information Document 14844, dated March 23, 1962, which contains 2
procedural method and a sample calculation that result in distances roughly
reflecting current siting practices of the Commission. The calculations
described in Technical Information Document 14844 way be used as a point of
departure for consideration of particular site reguirements which may result from
evaluation of the characteristics of a particular reactor, its purpose and method
of operation.

Copies of Technical Information Document 148¢¢ may be obtainec from the
Commission’s Public Ducument Room, 2120 L Street, NW, Washington, D.C., or by
writing the Director of Nuclear Reactor Regulation, U.S. Nuclear Regulatory

Commission, Washington, D.C. 20885.

100.20 Factors to be considered when evaluating-sites.

The Commission will take the following factors intc consideration in
datermining the icceptability of a site for a stationary power reactor:

(a, Population density and use characteristics of the site environs,
incli“ing the exclusion area, the population distribution, and the compatibility
of tn. site with the development of an emergency plan. )

%) The nature and proximity of man—related hazards (e.g. airports, dams,
transpo ‘tation routes, military and chemical facilities).

(\) Physical characteristics of the site, iicluding seismology,
meteorology, geolngy, and hydrology.

(1) Appendix B, “Criteria for the Seismic and Geologic Siting of
Nuclear Pcver Plants (Revised),” describes the criteria and nature of
investigaiions required to obtain the geologic and seismic data necessary to
determine site suitability.

(2) Meteorological characteristics of the site that are necessary
for safety analysis or that nay have an impact upon plant desion (such as maximum
probable wind speed and precipitation) should be identified and characterized.

(3) Factors important to hydrological radionuclide transport (such
as soil, sediment, and rock characteristics, adsorpticn and retention
coefficients, ground water velocity, and distances to the nearest surface body
of water) should be obtained from on—site measurements. The maximum probable
flood along with the potential for seismic ir*uced floods discussed in Appendix
B should be estimated using historical data.

100.2% Determination of exclusion area and population distribution.

(2) Lvery reactor facility shall have an exclusion area, as defined in
100.3(a) of this part.

(1) For sites with a single reactor facility, the distance to the
exclusion area boundary at any point (as measured from the reactor center point)
shall be r less than 0.4 miles.

() Tor sites with multiple reacteor facilities consideration should
be given to the following: If the reactors are inde. :ndent to t e extent that
an accident .n one reactor would not initiate an acc ent in another, the size
of each exclusion area shall be determined with respect to each reactor
individually. The exclusion area for the site shall then be taken as the plan
overlay of the sum of the exclus ' on areas for each reactor. If the reactors are
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interconnected to the extent that an accident in one reactor wou d initiate an
accident in another, the size of the exclusion area for each reactor shall be
determined on a case by case dasis.

(b) If the offsite population density at the proposed site exceeds the
values given in paragraph (1) below, the applicant shall provide justification
;or not locating the facility at an alternative site having a lower population

ensity.

(1) The population density, including weighted transient population,
projected at the time of initial site approval or site renewal should not exceed
500 people per square mile averaged over any radial distance out to 3" miles
(cumulative population at 2 distance divided by the total circular area at that
distance). The projected population density, including weighted transient
population, 40 years after the time of initial site approval or renewal chould
not e:ceed 1000 people per square mile averaged over any radial distance out to
30 miles.

(2) Transient population must be included for those sites where a
significant number of people (other than those -just passing through the srea)
work, reside part-—'ime, or engage in recreational activities and are not
permanent residents of the area. The trans‘ent population should be considered
for siting purposc; by weighting the transient population according to the
fraction of the tire the transients are in the area.

(c) Physical characteristics of the proposed site, such as egress
limitations from the area surrounding the site, that could pose a significant
impediment to the development of emergency plans, shall be identified.

100.22 fvaluation of Man—related Hazards,

Potential hazards to the plant from man—related activities associated with
nearby transportation routes, military and industrial facilities shall be
identified and their potential effects evaluzted. Potential hazards to the plant
include such effects as explesions, fires, toxic and/or flammable chemical
releases, dams (both upstream and downstream), pipeline accidents, and aircraft
crashes and impacts.

The effects of offsite hazards shall have a very low probability of
affecting the safety of the plant. The likelihood and consequences of offsite
hazards shall be estimated using data and assumptions that are as realistic and
representative of the site as is practical. The design bases for which the plant
shall be designed shall be specified.

14. Appendix B to Part 100 is added to read as follows:

* - - * *

Appenc.x B to Part 100 -- CRITERIA FOR THE SEISMIC AND GEOLOGIC SITING OF
NUCLEAR POWER PLANTS AFTER [EFFECT'VE DATE OF THIS REGULATION)

GENERAL INFORMATION

This apnendix applies to applicants who apply for an early site permit
or combined license pursuant to Part 52 of this chapter, or a construction
permit or operating license pursuant to Part 50 of this chapter on or after
[EFFECTIVE DATE OF THIS REGULATION]. However, if the construction permit was
issued prior to [EFFECTIVE DATE OF THIS REGULATION], the operating license
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applicant shall comply with the seismic and geologic siting criteria in *mj
Appendix A to Part 100 of this chapter. ALQ'»
This appendix and Appendix S to Part 50 .f this chapter provide the g”wk' >
seismic, geologic, and earthquake engineering criteria for nuclear power |4» & Ie
plants constructed pursuant to applications applied for on or after the A i
effective date of this regul-tion. ﬁﬂﬂ/yﬂ

I. PURPOSE

General Design Criterion 2 of Appendix A to Part 50 of this chapter
requires that nuclear power plant structures, systems, and components
important to safety be designed to withstand the effects of natural phencmena
such as earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches
without loss of capability to perform their safety functions. It is the
purpose of these criteria to set forth the principal seismic and geologic
considerations which guide the Commission in its evaluation of the suftability
of proposed sites for nuclear power plants and-the suitability of the plant
da2sign bases established in consideration of the seismic and geologic
characteristics of the proposed sites.’

These criteria are based on the current geophysic:l, geological, and
seismological information concerning faults and earthquake occurrences and
effects. They will be revised as necessary when more complete information
becomes available.

I1. SCOPE

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

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

Each applicant for a construction permit, operating license, eariy site
permit, or combined license shall investigate all seismic and geologic factors
that may affect the design and operation of the proposed nuclear power plant
irrespective of whether such factors are explicitly included in these
criteria. Both deterministic and probabilistic evaluations shall be conducted
to determine site suitability and seismic design requirements for the sile.
Additional investigations or more conservative determinations than thcse
included in these criteria may be required for sites located in areas with
complex geology, recent tectonic deformation, or in areas of high seismicity.
If an applicant believes that the particular seismic and geologic
characteristics of a site indicate that some of these criteria, or portions
thereof, need not be satisfied, the specific sections of these criteria should
be identified in the license application, and supporting data to clearly

g Considerations presented in this regulation are general. Accept§b1e
methods and additiona) discussion are provided in regulatory guides
and standard review plan sections.
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Justify such departures shall be presented. The Director, Office of Nuclear
Reactor Regulation must approve such deviations.

IT1. DEFINITIONS

As used in these criteria:

(a) The magnitude of an earthquake is a meacure of the size of an
earthquake and is related to the energy released in the form of seismic waves.
Magnitude means the numerical value on a standardized scale such as, but not
limited to, Moment Magnitude, Surface Wave Magnitude, Body Wave Magnitude, or
Richter Magnitude scales.

< «(b) vA deterministic source earthouake (DSE) 1s the largest earthquake
that can reasonably be expected to occur in a given seismic source in the
current tectonic regime, and is used in a deterministic analysis. It {s
generally based on the maximum historical earthquake associated with that
seismic source, uniess recent geological evidence warrants a larger
earthquake, or where the rate of occurrence of-earthquakes indicates the
1ikelihood of larger than the largest historical event.

(c) The is the vibratory
ground motion for which certain structures, systems, and components shall be
designed to remain functional.

(d) A fault is a tectonic structure along which differential slippage
of the adjacent earth materials has occurred parallel to the fracture plane.

A fault may have gouge or breccia between its two walls and includes any
associated monoclinal flexure or other similar geologic structural feature.

{e) Surface faulting is differential ground displacement at or near the
surface caused directly by fault movement and 1% distinct from nontectonic
typ:s of ground disruptions, such as landslides, fissures, and craters.

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

(g) A seismic source is a general term referring to both seismogenic
sources and capable tectonic sources.

(h) A seismogenic sopurce is a portion of the earth that has uniform
earthquake potential (same determinist‘c source earthquake and frequency of
recurrence) distinct from the surrounding area. A seismogenic source wiil not
cause surface displacements. Seismogenic sources cover a wide range of
possibilities from a well—defined tectonic structure ‘o simply a large region
of diffuse seismicity (seismotectonic province) thoug™t to be characterized by
the same earthquake recurrence model. 2 seismogenir source is also
characterized by its involvement in the current tectonic regime as reflected
in the Quaternary (approximately the last 2 miilion years) geologic history.

(1) A gapable tectonic source is a tectonic structure that can generate
both earthquakes and tectonic surface deformation such as faulting or folding
at or near the surface in the present seismotectonic regime. It is
characterized by at least one of the following characteristics:

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

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

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

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

Notwithstanding the €oregaing paragraphs III(1) (1), (2) and (3),
structural association of a strv.ture with geologic structural features that
are geologically old (at least p';-ouaternar{) such as many of those found in
the Eastern region of the United States shall, in the absence of conflicting
evidence, demonstrate that the s.ructure is mot a capable tectonic source
within this definition.

(§) A response spectrum is a plot of the maximum responses
(acceleration, velocity, or displa‘ement) of a—family of idealized
single—degree —of - freedom oscill tors as a function of the natural
frequencies of the oscillators for a given damping value. The reiponse
spectrum is calculated for a speci: ied vibratory motion input at the
oscillators supports.

(k) Combined license or early site permit, as defined in Part 52 of
this chapter.

IV. REQUIRED INVESTIGATIONS

The geological, seismological, and engineering characteristics of 2 site
and its environs shall be investigated in sufficient scope and detail to
permit an adequate evaluation of the proposed site, to provide sufficient
information to support both probabilistic and deterministic determinations
required by these criteria, and to permit adequate engineering solutions to
actual or potential geologic and seismic effects at the proposed site. The
size of the region te be investigated and the type of data pertinent to the
investigations shall be determined by the nature of the region surrounding the
proposed site. The investigations shall be carried out by a review of the
pertinent literature and field investigations as fdentified in paragraphs (a)
through (e) of this section:

(a) Vibratory Ground Motion.

The purpose of these investigations is to obtain fnformation needed to
assess the Safe Shutdown Earthquake Ground Motion. The seismic sources
(capable tectonic sources and seismogenic sources) in the site region shall be
identified and evaluatad. The deterministic source earthquakes shall be
evaluated for each seismic scurce.

(b) Tectonic Surface Deformation.

The purpose of these investigations is to assess the potential for
tectonic surface de‘ormation near the site and, if any, to what extent the
nuclear power plant needs to be designed for these occurrences.

(c) WNon—Tectonic Deformation.

The purpose of these investigations is to assess the potential for
surface deformations not directly attributable to tectonics such as those
associated with subsidence or collapse as in karst terrane, glacially induced
offsets, and growth faulting. Paragraph IV(b) concerns investigations
required for tectonic surface deformation that can occur coseismically.
Nontectcnic phensmena can represent significant surface displacement hazards
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to a site, but can in many cases be monitored, controlled, or mitigated by
engineering, or it can be demonstrated that conditions that were the cause of
the displacements no longer exist. Geological and geophysical investigations
shall be carried out to identify and define nontectonic deformation features
and, where possible, distinguish them from tectonic surface displacements. If
such distinction is not possible, the gquestionable features shall be treated
as tectonic deformation.

(d) Seismically Induced Floods and Water Waves.

The purpose of these investigations is to assess the potential for
nearby and distant tsunamis and other waves that could affect coastal sites.
Included in this assessment is the determination of the potential for slides
of earth material that could generate waves. Information arding distant
and locally generated waves or tsunamis that have affected the site, and
available evidence of runup and drawdown associated with these events, shall
be analyzed. Local features of coastal or undersea topography which could
modify wave runup or drawdown must be considered. For sites loctated near
lakes or rivers, analyses shall include the potential for seismically {nduced
floods or water waves, as, for example, from the failure during an earthquake
of a dam upstream or from slides of earth or debris into a nearby lake.

(e) Volcanic Activity.

The purp-se of these investigations is to assess the potential volcanic
hazards that would adversely affect the site :

V. SEISMIC AND GEOLOGIC DESIGN BASES

(a) Determination of Deterministic Source Earthquakes.

For each seismogenic and capable tectonic source identified in Paragraph
IV(a), the deterministic source earthquake shall be evaluated. As a minimum,
the deterministic source earthquake shall be the largest historical earthquake
in each source. The uncertainty in determining the deterministic source
earthquakes shall be accounted for in the probabilistic analysis.

(b) Determination of the Ground Motfon at the Site.

The grourd motion at the site shall be estimated from all earthquakes,
includiny the deterministic source earthquake associated with each source
which could potentially affect the site using both probabilistic and
deterministic approaches. In the deterministic approach, the deterministic
source earthquake associated with each source shall be assumed to occur at the
part of the source which is closest to the site. Appropriate models,
including local site conditions, shall be used to account for uncertainty in
estimating the ground motion for the site. The uncertainty in the ground
motion shall be accounted for. The ground motion is defined by both
horizontal and vertical free—field ground motion response spectra at the free
ground surface or hypothetical ro«  outcrop, as appropriate.

(¢) Determination of Safe S.utdown Earth uake Ground Motion.

The Safe Shutdown Earthquake Ground Motion is characterized by response
spectra. These spectra are developed from or compared to the ground motions
determined in Paragraph V(b). Deterministic and probabilistic seis ic hazard
analyses shall be used to assess the adequacy of the Safe Shutdown Earthquake
Ground Motion. The probability of exceeding the Safe Shutdown Earthgquake
Ground Motion is considered acceptably low if it is less than the median
probability computed from the current [EFFECTIVE DATE OF THIS REGULATION]
population of nuclear power plants.

As a minimum, the horizontal Safe Shutdown Earthquake Ground Motion at
the foundation level of the structures shall be an appropriate response
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spectrum with a peak ground acceleration of at least 0.lg.

(d) Determination of Need To Design for Surface Tectonic and
Non—Tectonic Defermations.

Sufficient geological, seismological, and geophysical data shall be
provided to clearly establish that surface deformation need not be taken into
«<count in the design of a nuclear power plant. When surfac. deformation is
likely, an assessment of the extent and nature of surface deformations must be
characterized.

(e) Determination of Design Bases for Seismically Induced Floods and
Water Waves.

The size of seismically induced floods and water waves that could affect
a site from either locally or distantly generated seismic activity shall be
determined, taking into consideration the results of the investigation
required by paragraph (d) of section IV.

(f) Determination of Other Design Conditions.

(1) Seoil Stability. Vibratory ground motions determined in Paragraph
V(b) can cause soil instability from ground disruption such as fissuring,
lateral spreads, differential settlement, and liquefaction, which is not
directly related to surface faulting. Geological features that could affect
the foundations of the proposed nuclear power plant structures shall be
evaluated, taking into account the information concerning the physical
properties of materials underlying the site and the effects of the vibratory
ground motion determined in Paragraph V(b).

(2) Slope stability. Stabilit{ of all slopes, both natural and
artificial, the failure of which could adversely affect the nuclear power
plant, shall be considered. An assessment shall be made of the potential
effects of erosion or deposition and of combinations of erosion or deposition
with seismic activity, taking into account information concerning the physical
properties of the materials underlying the site and the effects of the
vibratory ground motion determined in Paragraph V(v).

(3) Cooling water supply. Assurance of an adequate croling water supply
for emergency and long—term shutdown decay heat removal shall be considered
in the design of the nuclear power plant, taking into account information
concerning the physical properties of the materials underlying 1he site, the
effects of the Safe Shutdown Earthquake Ground Motion, and the de:ign basis
for tectonic and nontectonic surface deformation. Consideration of river
blockage or diversion or other failures that may block the flow of cooling
water, coastal uplift or subsidence, tsunami runup and drawdown, and failure
of dams and intake structures shall be included in the evaluation, where
appropriate. ®

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

VI. APPLICATION TO ENGINEERING DESIGN

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

(a) Vibratory ground motion.

(1) Safe Shutdown Earthquake Ground Motion.
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(2) Operating Basis Earthquake.
(3) Required Plant Shutdown.
(4) Required Seismic Instrumentation.
(b) Surface Tectonic Deformation.
(c) Seismically Induced Floods and Water Waves and Other Design
Conditions.

Dated at Rockvwille, Maryland, this _ day of . 1992.
For the Muclear Regulatory Commission.

Samuel J. Chilk,
Secretary of the Commission.
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Sec.

100.1 Purpose.

100.2 Scope.

100.3 Definitions.

100.8 Information collection requirements: OMB approval.

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

100.20 Factors to be considered when evaluating sites.
10021 Determination of exclusion area and population distribution.
100.22 Evaluation of potential man—related hazards.

APPENDIX A — Seismic and Geologic Siting Criteria for Nuclear Power Plants.
APPENDIX B -~ Seismic and Geologic Siting Criteria for Nuclear Power Plants
After [EFFECTIVE DATE OF THIS REGULATION].

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

100.1 Purpose,

(a) Hethe-purposeoftThis part to-deseribe-errtens whieh gorccthe-Commmeon
w45 sets forth standards for evaluation of the suitability of proposed sites for stationary
power and testmg reactors subject to Part 50 or Part 52 of this chaprer.

Gueston-of-geceptebiriv—of repetorSies
identifyies e-number—of the factors considered by the Commission in the evaluation of

reactor sites and the generet-eriers standards used et-this-time-as-guides in approving or
d:sapproving proposed sites. Anv-eappheant-who-believes-that-{aetorsotherthen-these set
torth—n—the fegumeton—should—beconadered by —the Commmssonwith-be—expeeted +6
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100.2 Scope,

(a) This part applies to apphcauons filed under Part 50 or Part S2 of this chapter for
early site permit, construction permit, operating license, or combined comstruction permit
and operating license for stetionary power and testing reactors.

(b) The site criteria contained in thxs part apply to reactors for which there 18

sxgmﬁcam operating experience.
These site criteria can also be applied to other

reactor types—ia-partiesiar, such as for reactors that are novel in design and unproven as
prototypes or pilot plants,++is-expeeted-that-thest casie-eriteria-witl-be _pphed-ina-mannes
thet—safeguard—features provided that either site isolation or engineered features are

provided showié which appropriately sccount for refleet the lack of certainty that only
experience can provide.

100.3 Definitions,

As used in this part:

(a) “Exclusion area™ means that area surrounding the reactor, in which the reactor
licensee has the authority to determine all activities including exclusion or removal of
personnel and property from the area. This area may be traversed by a highway, railroad,
or waterway, provided these are not so close to the facility as to interfere with normal
operations of the facility and provided appropriate and effective arrangements are made to
control traffic on the highway, railroad, or waterway, in case of emergency, to protect the
public health and safety. Residence within the exclusion area shall normally be prohibited.
In any event, residents shall be subject to ready removal in case of necessity. Activities
unrelated to operation of the reactor may be permitted in an exclusion area under
appropriate limitations, provided that no significant hazards to the public health anc safety
will result.

(b) “Low population zone™ means the area immediately surrounding the exclusion
area which contains residents, the total number and density of which are such that there is
a reasonable probability that appropriate protective measures could be taken in their behalf
in the event of a serious accident. These gaides do not specify a permissible population
density or total population within this zone because the situation may vary from case 1o case.
Whether a specific number of people can, for example, be evacuated from a specific area,
or instructed tc take shelter, on a timeiy basis will depend on many factors such as location,
number and size of highways, scope and extent of advance planning, and actual distribution
of residents within the area.

(c) “Population center distance™ means the distance from the reactor to the nearest
boundary of a densely populated center containing more than about 25,000 residents.

(d) “Power reactor™ means a nuclear reactor of a type described in ss 50.21(b) or
50.22 of this chapter designed to produce electrical or heat energy.

(e) “Testing reactor™ means a “testing facility” as defined in ss 50.2 of this chapter.
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100.8 Information collection requirements; OQMB approval,

(a) The Nuclear Regulatory Commission has submitted the information collection
requirements contained in this part to the Office of Management and Budget (OMB) for
approval as required by the Paperwork Reduction Act of 1980 (44 U.S.C. 3501 et seq.).
OMB has approved the information collection requirements contained in this part under
control number 3150—0093.

(b) The approved information collection require1.\ents contained in this part appear

in Appendix A, and Appendix B.

—— ’_., »;} Ti1On

Factors considered in the evaluation of sites include those relating both 1o the
proposed reactor design and the characteristics peculiar to the site. It is expected that
reactors will reflect through their design, construction and operation an extremely low
probability for accidents that could result in release of significant quantities of radioactive
fission products. In addition, the site location and the engineered features included as
safeguards against the hazardous consequences of an accident, should one occur, should
insure a low risk of public exposure. In particular, the Commission will take the following
factors into consideration in determining the acceptability of a si  for a power or testing
reactor:

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

(1) Intended use of the reactor including the proposed maximum power level
ana the nature and inventory of contained radioactive materials;

(2) The extent to which generally accepted engineering standards are applied
to the design of the reactor;

‘3) The extent to which the reactor incorporates unique or unusual features
having a significant bearing on the probability or consequences of accidental release of
radioactive materials;

(4) The safety features that are to be engineered into the facility and those
barriers that must be breached as a result of an accident before a release of radioactive
material to the environment can occur.

(b) Population density and use characteristics of the site environs, including the
exclusion area, low population zone, and the population center distance.

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

(1) Appendix A, “Seismic and Geologic Siting Criteria for Nuclear Power
Plants,” describes the nature of investigations required to obtain the geologic and seismic
data necessary to determine site suitability and to provide reasonable assurance that a
nuclear power plant can be constructed and operated at a proposed site without undue risk
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to the health and safety of the public. It describes procedures for determining the
quantitative vibratory ground motion design basis at a site due to earthquakes and describes
information needed to determine whether and to what extent a nuclear power plant need
be designed to withstand the effects of surface faulting.

(2) Meteorological conditions at the site and in the surrounding area should
be considered.

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

(d) Where unfavorable physical characteristics of the site exist, the proposed site may

nevertheless be found to be acceptable if the design of the facility includes appropriate and
adequate compensating engineering safeguards.

100.11 Determination of exclusior. area, low population zone, and population center
distance,

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

(1) An exclusion area of such size that an individual located at any point on
its boundary for two hours immediately following onset of the postulated fission product
release would not receive a total radiation dose to the whole body in excess of 25 rem’ or

"The fission product release assumed for these calculations should be based upon a
major accident, hypothesized for purposes of site analysis or postulated from considerations
of possible accidental events, that would result in potential hazards nc: exceeded by those
from anyv accident considered credible. Such accidents have generally been assumed to
result in substantial meltdown of the core with subsequent release of appreciable quantities
of fission products.

? The whole body dose of 25 rem referred to above corresponds numerically 1o 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 S, 1959). However, neither its use nor that of the 300
rem value for thyroid exposure as set forth in these site criteria guides 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 these guides as reference values, which can be used in the evaluation
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a total radiation dose in excess of 300 rem’ to the thyroid from iodine exposure.

(2) A low population zone of such size that an individual located at any point
on its outer boundary who is exposed to the radioactive cloud resulting from the postulated
fission product release (during the entire period of its passage) would not receive a total
radiation dose to the whole body in excess of 25 rem or a total radiation dose in excess of
300 rem to the thyroid from iodine exposure.

(3) A population center distance of at least one and one—third times the
distance from the reactor to the outer boundary of the low population zone. In applying this
guide, the boundary of the population center shall be determined upon consideration of
population distribution. Political boundaries are not controlling in the application of this
guide. Where very large cities are involved, a greater distance may be necessary because
of total integrated population dose consideration.

(b) For sites for multiple reactor facilities consideration should be given to the
following:

(1) If the reactors are independent to the extent that an accident in one
reactor would not initiate an accident in another, the size of the exclusion area, low
population zone and population center distance shall be fulfilled with respect to each reactor
individually. The calculated envelopes of each of the plants areas shall be overlayed se
eetewieted of the areas such that the outermost composite boundary shall then be taken as
thewrespeetsve plant boundaryses.

(2) If the reactors are interconnected to the extent that an accident in one
reactor could affect the safety of operation of any other, the size of the exclusion area, low
population zone and population center distance shall be based upon the assumption that al!
interconnected reactors emit their postulated fission product releases simultaneously. This
requirement may be r~duced in relation to the degree of coupling between reactors, the
probability of concomitant accidents and the probability that an individual would not be
exposed to the radiation =ffects from simultaneous releases. The applicant would be
expected to justify to the satisfaction of the Commission the basis for such a reduction in
the source term.

(3) The applicant is expected to show that the simultaneous operation of
multiple reactors at a site will not result in total radioactive effluent releases beyond the
allowable limits of applicable regulations.

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

of reactor s:tes with respect to potential reactor accidents of exceedingly low probability of
occurrence, and low risk of public exposure to radiation.
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of operation.
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 v riting

the Director of Nuclear Reactor Regulation, U.S. Nuclear Regulatory Cemmission,
Washington, D.C. 2055S.

The Commission will take the following factors into consideration in determining the
acceptability of a site for a stationary power reactor:

(a) Population density and use characteristics of the site environs, including the
exclusion area, the populati-- distribution, and the Compatibility of the site with the
development of an plan.

(b) The nature and proximity of man—related hazards (e g. airports, dams,

tion routes, military and chemical facilities).

(¢) Physical characteristics of the site, including seismology, meieorology, geology, and

hydrology.

(1) Appendix B, “Criteria for the Seismic ©.nd Geologic Siti.g of Nuclear
Power Plants (Revised),” describes the criteria and nature of investigations required to
obtain the geologic and seismic data necessary to determine site suitability.

(2) Meteorological characteristics of the site that are necessary for safety
analysis or that may have an impact upon plant design (such as maximum probable wind
speed and precipitation) should be identified and characterized.

(3) Factors important to hydrological radionuclide transport (such as soil,
‘~diment, and rock characteristics, adsorption and retention coefficients, ground water

‘ocity, and distances 10 the nearest surface body of water) should be obtained from on-
site measurements. The maximum ble flood along with the potential for seismic
izduced floods discussed in Appendix B should be estimated using historical data.

100.21 D

(a) Every reactor facility shall have an exclusion area, as defined in 100.3(a) of this
part.

(1) For sites with & single reactor facility, the distance 1o the exclusion area
boundary at any point (as measured from the reactor center peint) shall be no less than 0.4
miles.

(2) For sites with multiple reactor facilities, consideration should be given 1o
the following: If the reactors are independent to the extent that an accident in one reactor
would not initiate an eccident in another, the size of each exclusion area shall be
determined with respect to each reactor individually. The exclusion area for the site shall
then be taken rs the plan overlay of the sum of the exclusion areas for each reactor. If the
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reactors are interconnected to the extent that an accident in one reactor would initiate an
accident in another, the size of the exclusion area for each reactor shall be determined on
a case by case basis.

(b) If the offsite population deusity at the proposed site exceeds the values given in
paragraph (1) below, the applicant shali nrovide justification for not locating the facility at
an alternative site baving a lower population density.

(1) The population density, including weighted transient population, projected
at the time of initial site u%“MMMmmdSOOpeop
per square mile muy radial distance out t0 30 miles (cumuls*ve population
at a distance divided by the total circular area at that distance). ‘lhemecwd population
density, including weighted transient 40 years after the time of initial site
approval or early site permit renews! not exceed 1000 people per square mile
magedmmyu&dmmwﬂd&

mmmm@w for those sites where a significant
number of people (odmthntbouhﬂ area) work, reside part—time,
or engage in recreational activities and are not permanert residents of the area. The
transient population should be considered for siting purposes by weighting the transient
population according to the fraction of the time the transients are in the area.

{¢) Physical characteristics of the proposed site, suci as egress limitations from the
area surrounding the site, that could pose a significant impediment .0 the development of
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21 emergency plans, shall be identified.
22 10022 Evaluation of Man—related Hazards,
23 Potential hazards to the plant from man—related activities associated with nearby

24 transportation routes, military and industrial facilities shall be identified and their potential
25 effects evaluated. Potential hazerds to the plant include such effects as explosions, fires,
26 toxic and/or flammable chemical releases, dams (both upstream and downstrean ), pipeline
27 accidents, and aircraft crashes and

2 Th: effects ammmm:mmmammm the safety
29 of the plant. The likelihood and consequen ﬂmw shall be gstimated using
30 data and assumptions that are as realistic and ve of the site as is practical. The
31 desrgnbucsforwtnchtbeplmnhlnbedeﬁpadﬂnnbelpedﬁ
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50.2 DRefinitions.

*exclusion area”™ is as defined in §100.3(a).
“Low population zone” is as defined in §100.3(b).
“Population center distance” is as defined in §100.3(c).

50.34 Contents of applications: technical information

(a) Preliminary safety analysis report. 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 safety assessment of the site and

a safety assessment of the facility should be performed. BSite

characteristics shall comply with Part 100 of this chapter.enwhieh

the —faeility —io—to—be —lecated—with—eppropriate attentien—te
features—affeeting—faeility-designr Special attention should be
l : Satad ¢ i dentified—int "

directed to
this—ehapter~ plant design features intended to mitigate the
radioclogical cons ,  of accidents. In performing this
assessment, an applicant should assume a fission product release
from the core ? into the = assuning that the facility is
operated at the ultimate power level contemplated. The applican’
should perform an evaluation and analysis of the postulated fissioc.
product release, using the expected demonstratable containment leak
rate and any fission product cleanup systems intended to mitigate
the consequences of such accidents, together with applicable site
characteristics, including site meteorology, to evaluate the
g}f‘tuu radiclogical consequences. The evaluation should determine
ac: Gueh--assessment—shatl-ecentain-ean-analysisand-evaluationef

(i) An individual located at any point on the boundary of

! The applicant may provide information required by this
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.

! 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 beern assumed to
result in substantial meltdown of the core with subsequent release
into the containment of appreciable guantities of fission products.
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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
radiation dose to the whole body in exces of 25 rem ’ or a total
radiation dose in excess of 300 rem to the thyroid from iodine
ure.
(ii) an individual located at any point on the outer
radius of a low population zone who is exposed to the radicactive
cloud resulting from the postulated fission product release (during
the entire period of its passage) would not receive a total
radiation dose to the whole body in excess of 25 rem or a total
radiation dose in excess of 300 rem to the thyrcid from iodine
exposure. = For applications for a construction permit, operating
license, combination of construction permit and operatng license,
preliminary design approval, final design approval, manufacturing
license, or design certification filed after [THE EFFECTIVE DATE OF
THIE RULE], a low population zone boundary of 3.0 miles shall be
assumed. For applications and licenses prior to [THE EFFECTIVE
DATE OF THIS RULE)], a low population zone determined in accordance
with 10 CFR Part 100, Subpart A, shall be used.

7ith respect to operation at the projected initial power level,
the applicant 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.

NOTE: Reference is made to Technical Information Document (TID)
14844, dated March 23, 1962, which contains a fission product

' The whole body dose of 25 rem referred to zobove 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,
1859). More recently, this whole body dose value has also been
provided as guidance for radiation workers performing emergency
services invelving life saving activities or protection of large
pcpulations where lower doses are not practicable (see EPA, Manual
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 evaluatiorl of plant design
features with respect to petential-—severe 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.
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release into containment which has been used in past evaluations.
The fission product release given in TID-14844 may be used as a
point of departure mconcidcration of severe accident research
ingights availzble s its issuance, upon consideration of plant
design features intended to mitigate the consequences of accidents,
or upon characteristics of a particular reactor.
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DRAFT_REGULATORY ANALYSIS
PROPOSED REVISION OF [0 CFR PART 100
AND 10 CFR Part 50

STATEMENT OF THE PROBLEM

This Regulatory Analysis covers two considerations. First is the revision of the
“Reactor Siting Criteria,” 10 CFR Part 100, for future plants. The second
consideration is the revision of 10 CFR Part 100, Appendix A, “Seismic and
Geologic Siting Criteria for Nuclear Power Plants.” Both considerations address
the relocation of plant design criteria from Part 100 to 10 CFR Part 50. This
regulatory analysis is presented in two parts, corresponding to these two
considerations.

Reactor Siting Criteria (non-seismic):

10 CFR Part 100, “Reactor Siting Criteria,” sets forth a framework that guides
the Commission in its evaluation of the suitability of proposed sites for
stationary power and testing reactors. The present criteria regarding reactor
siting were issued in April 1262, There were only a few small power reactors
operating a* _aat time. The present regulation requires that every reactor have
an exclu .n area which has no residents, although transient use is permitted.
A low population zone immediately beyond the exclusion area is also reguired.
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 the postulatior of a large accidental fission product release
within containment and the evaluation of the radiolcgical consequences, in terms
of doses. ‘Yoses are calculated for two hypothetical individuals located at any
point (g¢ rally, the closest point) on the exclusion area, and at the outer
radius o. che low population zone, and are required to be within specified 1imits
(25 rem to the whole body and 300 rem to the thyroid gland). In addition, the
nearest population center, containing about 25,000 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. In practice
these siting criteria contained in 10 CFR 100 do more to influence reactor design
than site criteria.

Since the issuance of Part 100 in 1962, there have been significant changes and
developments in reactor technology. The nuclear power industry has developed and
matured significantly; from the existence of a few small power plants generating
a2 very small fraction of the nation’s electrical energy, the industry has grown
today to the point where there are presently about 110 power reactors in
operation in the United States. These supply about 20 percent of the nation's
electricity. Reactor power levels have also significantly increased. Early
plants typically had reactor power levels of about 150 megawatts thermal, whereas
today's plants have power levels about 20 to 25 times greater.

There has been increased development of and reliance upon fission product cleanup
systems in modern plants to mitigate the consequences of postulated accidents.
As a result, it is possible for present nuclear power plants to be located at
sites with a very small exclusion area and stil)l meet the dose criteria of
Part 100.
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There has also been an increased awareness and concern regarding the effect of
potential nuclear accidents. Although accident considerations “.eve been of key
importance in reactor siting from the very beginning, major dzvelopments such as
the issuance of the Reactor Safety Study (WASH-1400) in 1375, the occurrence of
the Three Mile Island accident in 1979, the accideri at Unit 4 of the Chernoby)
reactor in the Soviet Union in 1986, and the issuance of NUREG-1150 “Severe
Accident Risks: An Assessment for Five U.S. Nuclear Power Plants” have areatly
increased awareness, knowledge and concerns in this area. :

Finally, since its initial promulgation in 1962, the Commission has approved more
than 75 sites for nuclear power plants, and has had an opportunity to review a
number of others. As a result of these reviews, much experience has been gained
regarding the site factors that influence risk and their range of acceptability.

The major impetus for the proposed rule is increi.zd interest in new nuclear
power generation and the possibility that applicants will request site approva)l
for new nuclear power plants. The Commission believes that, in the event such
requests materialize, the criteria for siting power reactors should address
directly those site factors important to risk and should reflect the significant
experience learned since the regulation was first issued in 1962.

ismi iti n rth ngin i i ia:

Appendix A, “Seismic and Geologic Siting Criteria for Nuclear Power Plants,” to
10 CFR Part 100, “Reactor Siting Criteria,” sets foith a framework that guides
the staff in its evaluation of the adequacy of applicants’ investigations of
geclogic and earthquake phenomena and proposed plant design parameters. The
issuance of Appendix A was an important step in establishing a definitive
regulatory framework for dealing with earth science issues in the licensing of
nuclear power plants. The Appendix contains the following statement:

“These criteria are based on the limited geophysical and geological
information available to date concerning faults and earthquake
occurrence and effect. They will be revised as necessary when more
complete information becomes available.”

The bases for Appendix A were established in the late 1960's and it became
effective December 13, 1973. Since then, with advances in the sciences of
seismology and geclogy, along with the occurrence of some licensing issues not
foreseen in the development of Appendix A, a number of significant difficulties
have arisen in the application of this regulation. Specific problematic areas
include the following:

)s In making geoscience assessments, there is a need for considerable
latitude and judgement. This latitude and judgement is required
because of limitations in data and the state of the art of geologic
and seismic analyses, and because of the rapid evolution taking
place in the geosciences in terms of accumulating knowledge and in
modifying concepts. This need was recognized when Appendix A was
developed. However, having detailed geoscience assessments in
Appendix A, a regulation, has created difficulty for applicants and
the staff in terms of inhibiting the use of needed judgement and
latitude. Also, it has inhibited flexibility in applying basic
principles to new situations and the use of evolving methods of
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analyses in the licensing process.

& Various sections of Appendix A lack clarity and are subject to .

different interpretations and dispute. Also, some sections in the
Appendix do not provide sufficient information for implementation.
As a result of being both overly detailed in some areas and not
detailed enmough in others, the Appendix has been the source of
licensing delays and debate and has inhibited the use of some types
of analyses such as probabilistic seismic hazard analysis.

1
2
3
&
5
]
7
8
9

In other siting areas, such as hydrology, regulatory guidance has
been handled effectively through use of regulatory guides. Many
problems encountered in implementing Appendix A could best be
alleviated through the use of regulatory guides and a program for
continuous updating.

4. The Operating Basis Earthquake (OBE) is associated with (1) the
functionality of those features necessary for continued operation
without undue risk to the health and safety of the public, (2) an
earthquake that could reasonably be expected to affect the plant
site during the operating life of the plant, (3) a rinimum fraction
of the Safe Shutdown Earthquake (SSE), and (4) r - shutdown if
vibratory ground motion is exceeded. These mult.- aspects have
resulted in seismic criteria that have led to overly stiff piping
systems and excessive use of snubbers and supports which, in fact,
could result in less reliable piping systems. Also, regulatory
guidance defining an exceedance of the OBE, and plant shutdown or
restart procedures have not been developed. Post earthquake ‘
evaluations are handled on an ad—hoc basis.

S. The stipulation in Appendix A that the SSE response spectra be
defined at the foundation of the nuclear power plant structures has
often led to confrontations with many in the engineering community
who regard this stipulation as inconsistent with sound practice.

QBJECTIVES

Beactor Siting Criteria (non-seismic):

The objective of the proposed regulatory action is to provide a stable regulatory
basis for the siting of nuclear power plants by decoupling decisions of site
suitability from those affecting plant design.

This will be accomplished by:

a. stating directly those site criteria which, through experience
and importance to risk, future sites should meet and

b. relocating from Part 100 to Part 50 those requirements which
apply to reactor design.

The major changes associated with the revision of the regulation are:
1. The proposed regulatory action will apply to applicants who apply .
for a construction or early site permit on or after the effective
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date of the final regulations. The current regulation will remain
in place and be applicable *o all licensees and applicants prior to
the effective date of the final regulations.

Part 100 will state directly those criteria applicable to the site
(e.g. exclusion area distance, population distribution).

Criteria such as source term and dose calculations would be used for
evaluating plant features and not for evaluating site suitability
and will be placed into Part 50 consistent with the location in the
regulation of other design requirements.

Since the revision to the regulation will not be a backfit, the licensing bases
for existing nuclear power plants must remain in the regulation. Therefore, the
revised regulation will be designated as a new subpart to Part 100 for future
plants while maintaining the current Part 100 for existing plants.

Finally, in support of the above change:. Regulatory Guide 4.7 has been revised.
seismic Siting and Earthquake Engineering Criteria:

The objectives of the proposed regulatory action are to:

1.

Provide a stable regulatory basis for seismic and geologic siting
and applicable earthquake engineering design of future nuclear power
plants that will avoid licensing delays due to unclear regulatory
requirements;

Provide a flexible structure to permit consideration of new
technical understandings; and

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

The major points associated with the revision of the regulation are:

1.

The proposed regulatory action will apply to applicants who apply
for an early site permit, design certification, or combined license
(construction permit and operating license) pursuant to 10 CFR Part
52, or a construction permit or operating license pursuant to 10 CFR
Part 50 on or after the effective date of the revised regulation.
However, if the construction permit was issued prior to the
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.

Criteria not associated with the selection of the site or
establishment of the safe shutdown earthquake ground motion have
been placed into Part 50. This action is consistent with the
location of other design requiremenis in Part 50.

Because the revised criteria presented in the proposed regulation will not be
applied to existing plants, the licensing bases for existing nuclear power plants
must remain in the regulations. Therefore, the proposed revised criteria on
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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.

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 (i.e.,
§50.34, §50.54) are revised to reference Appendix S.

Tgo proposed rule would also make conforming amendments to 10 CFR Parts 52 and
100.

Finally, in support of the above changes, regulatory guides and standard review
plan sections will be revised or developed, as appropriate.

ALTERNATIVES
Reactor Siting Criteria (non-seismic):
The alternatives considered included:
£ no action (e.g. continue to use existing Part 100)
. delete the existing Part 100 and replace it with an entirely new
Part 100 which eliminates the dose calculation and specifies site
criteria.
@ retain the existing Part 100 for current plants and add a new

section to Part 100 for future plants which eliminates the dose
calculation and specifies site criteria.

The first alternative considered by the Commission was to continue using current
regulations for site suitability determinations. This is not considere¢ an
acceptable aliernative. Although the siting related issues for nucle: - power
plants currently being licensed are closed or are expected to be closed soon,
there is good reason to initiate the proposed regulatory action in light of the
current and fuiure staff review of future reactors (particularly certified
designs) so that a certified design would not be dependent on site parameters to
establish the fission product retention characteristics of the design. Further,
the current regulation has created difficulty for applicants and the staff in
terms of inhibiting flexibility in applying updated information and using updated
methods of analysis in the licensing process.

Deletion of the existing regulation also is not considered an acceptable
alternative since it is the licensing bases for virtually all the operating
nuclear power plants and those tnat are in various stages of obtaining their
operating license.

Therefore, cthe last option is the preferable course of action and is the option
evaluated further in this analyses.

itin ngi i iteria:

The first alternative considered by the Commission wa: to avoid initiating a
rulemaking proceeding. This is not an acceptable alternative. Although the
siting related issues associated with the current generation of nuclear power
plants are completed or nearing completion, there is a renewed sense of urgency
to initiate the proposed regulatory action in light of the current and future
staff review of advanced reactor seismic design criteria. The current regulation



has created difficulties for applicants and the staff in terms of inhibiting
flexibility in applying basic principles to new situations and using evolved
methods of analysis in the licensing process.

A second alternative considered was the deletion of the existing regulation
(Appendix A to Part 100). This is not an acceptable alternative because these
provisions form part of the licensing bases for many of the operating nuclear
power plants and others that are in various stages of obtaining their operating
l}cense. Also, geologic and seismic siting criteria are needed for future
piants.

A third alternative considered was the replacement of the entire regulation with
a regulatory guide. This is not acceptable because a regulatory guide is non-
mandatory. The staff believes that there could be an increase in the risk of
radiation exposure to the public if the siting and earthquake engineering
criteria were non-mandatory.

Since there are problems with implementing the existing regulation (Appendix A
to Part 100), the only satisfactory alternative is to revise the regulation. The
approach of establishing the revised requirements in a new Appendix B to Part 100
and Appendix S to Part 50 while retaining the existing regulation was chosen as
the best alternative.

Finally, the following memoranda or reports provide further support for 2
revision to Appendix A to Part 100:

ks Staff Requirements Memorandum from Chilk to Taylor dated January 25,
1991, Subject: SECY-90-34] - Staff Study on Source Term Update and
Decoupling Siting from Design.

“The staff should further ensure that the
revisions to Appendix A of Part 100 are
available to support the time schedule
shown in the paper [Commission Briefing on
Source Term Update and Decoupling Siting
from Design (SECY-90-341), dated December
13, 1990] for option 2, and are technically
supportable with the information that will
be available at the time the draft comes
forward for Commission action.”

- Memorandum from Taylor to Beckjord dated September 6, 1990, Subject:
Revision of Appendix A, 10 CFR Part 100, “Seismic and Geologic
Siting Criteria for .wuclear Powcr Plants.”

“]1 approve of your plan to begin work on
the development of a revised regulation and
this activity should be assigned a high
priority status.”

3. NUREG-0625, Siting Policy Task Force.
“Revisc “ppendix A to 10 CFR Part 100 to
better reflect the evolvirg technology in
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assessing seismic hazards.” -

L NUREG-1061, “Report of the U.S. Nuclear Regulatory Commission Piping
Review Committee,” Vol 5, April 1985,

“The Committee recommends that

WO S WA -

0 Rulemakin? amending Appendix A to 10
0

CFR Part 100 be undertaken to permit
}? decoupling of the OBE and SSE. ...."
12 CONSEQUENCES
13
i; a. Costs and Benefits
“; Benefits
1 —
18 Reactor Siting Criteria (non-seismic):
19
20 The revision to Part 100 will be beneficial to all. The industry and public will
g; benefit from a clearer, more uniform and consistent licensing process.
23 Benefits to industry, the public and the NRC staff will result from the following
24 changes:
25
26 i. Clear Statement Of Site Criteria. The proposed revision to Pa-t 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 reactor 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 Ks Current Practices Will Be Reflacted. 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 art of the staff review for many years. The criteria and
40 standards @ the same as those currently in staff review guidance
4] documentat cn (Standard Review Plan, etc.). Hence, the proposed rule
42 involves no substantive changes in this area and merely codifies what has
43 been staff practice for a number of years. Addit'onally, 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 ruie would eliminate the
48 use of a2 postulated source term, assumptions regarding mitigation systems
49 and dispersion factors, aad the calculation of radiological consequences
50 to determine tho 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 “‘ow population zone”,
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namely, a low density of residents and the feasibility of taking
protective actions, have in fact been overtaken by other regulations or
can be accomplished by other means. Protective action requirements are
defined via the use of the EPZ’s, while restriction on population clese to
the piant can be assured via proposed population density criteria. Ffor
these reasons, the Commission is proposing to eliminate the requirement of
a lTow population zone for future power reactor sites.

In addition, 1he proposed rule would require that important site factors,
such as population d*stribution, tovography, and transportation routes be
considered and examined in order to Jdetermine whether there are any site
characteristics that could pose a significant impediment to the develop-

ment of an emergency plan. This proposed requirement is also consistent
with 10 CFR Part 52.

Planning for emergencies is part of the Commission's defense-in depth
approach. The Commiscion concludes that—si'e characteristic that may
represent an impediment to development of adequate emergency plans, such
as limitations of access or egresses in the immediate vicinity of a
nuclear power plant should be identified zt the early stage of site
approval rather than at a later date prior to operation thus gvoiding
significant licensing delays.

. Risk To The Public. The NRC Staff has generated a reduced set of source
terms based on the NUREG-1150 analyses and tt - Independent Risk Assessment
Plant. These source terms were used in the MELCOR Accident Consequences
Code System (MACCS) for six reactor-containment designs. The results of
these analyses indicate that the risk to the public is acceptably low and
the guidelines o” ‘he Commission's Safety Goal Policy are met for all
rlants up to 3.¢ MW, the largest capacity plant considereéd in the
analyses.

seismic Siting and Earthquake Engineering Criteria:

The revision of Appendix A to Part 100 will “e beneficial to al). The public
will benefit from a clearer, more uniform and consistent licunsing process
subject to fewer interpretations. The NRC staff will benefit from improve”
regulatory implementation (both technical and legal), fewer interpretive debates,
and increased regulatory flexibility. Applicants will derive the same benefits
in addition to avoiding licensing delays due to unclear regulatory requirements.

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

Benefits to applicants or NRC staff will result from the folowing changes:

1. Define seismic sources. Better definition of seismi- source types
will eliminate a major source of licensing delays.
2. Use probabilistic analyses. The proposed regulation will reguire
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the use of both deterministic and probabilistic analyses. The staff
proposes to use both the deterministic (same as that being currently
used% and the probabilistic approaci.es together, and to compare the
results of each to provide insights unavailable if either were used
«lone. The principal Timitavion of the deterministic approach ---
its ability to incorporate only one model and one data set at a time
and its inability to allow weighted incorporation of numerous models
--=- can be essessed by comparing its results with the results of a
probabilistic analysis accomplished in parallel. Similarly, the
principal limitation of the probabilistic approach --- its tendency
to allow its results to be dominated by the tails rather than the
central tendency of distributions of uncertain knowledge or expert
opinion --- can be assessed by comparing its results with the
results of one or more deterministic analyses.

The staff believes that taken together these two approaches can
allow more informed judgments as to what the appropriate SSEGM
should be for a2 given site. Both the applicant’s judgments and
those of the sta®f will be improved. Therefore, it is the statf’'c
opinion that this mied approach is the best way to accomplish 1
nbjective of this aspect of the revised regulation, which is to
arrive through analysis at a site—specific ground motion that
appropriately captures what is known about the seismic regime. This
d.al approach will thus lead to a more stable and predictable
Ticensing process then in the past.

Reflect current design practices. The proposed regulations would
reflect industry design practices and the associated staff review
procedures (for instance, the location of the control point for the
seismic input) that have evolved since the initial regulation
(Appendix A to Part 100) was issued in 1973. Many of these
practices and procedures were incorporated into the revision of
Standard Review Plan Sections 2.5.2, 3.7.1, 3.7.2, and 3.7.3 that
are associated with the resolution of Unresolved Safety Issue (USI)
A-40, “Seismic Design Criteria.”

Clarify the nulti-facets associated with the Operating Basis
Earthquake (OBE). In the existing regulation, the OBE is associated
with (1) the functionality of those features necessary for continued
operation without undue risk to the health and safety of the public,
(2) an earthquake that cou.d reasonably be expectec to affect the
plant site during the operating life of the plant, (3) a minimum
fraction of the Safe Shutdown Earthquake (SSE), and (4) plant
shutdown if the vibratory ground motion is exceeded. In some cases,
for instance, piping, the multi—facets of the OBE made it possible
for the OBE to have more design significance than the SSE. The
seismalogical basis, that is, the association of the OBE with a
l1ikelihood of occurrence has been :-_moved from the proposed
regulation. Other facets of the OBE, for instance, its value
(percent of the SSE) and relationship with plant shutdown are
discussed below. The functionality aspect of the OBE remains
unchanged.

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)
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
selecting the value of the OBE; first, plant shutdown is required if
vibratory ground motion exceeding that of the OBE occurs (discussed
in Item 6, Reguired Plant Shutdown), and second, the amount of
nalyses associated with the OBE. An applicant may determine that
at the one—third the SSE level, the probability of exceeding the
OBE vibratory ground motion is too high; the cost associated with
plant shutdown for inspections and tests of equipment and structures
prior to restarting the plant is unacceptable. Therefore, the
applicant may voluntari’y select an OBE ground motion value at some
higher 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 require..nts associated with the OBE ground
motion are satisfied. The desigm—shall take into account soil-
structure interaction effects and the expected curation of the
vibratory ground motion. The reguirement associated with the OBf is
that all structures, systems, and components of the nuclear power
plant necessary for continued operation without undue risk to the
health and safety of the public shall remain functional and within
applicable stress and deformation limits when subjected to the
effects of the Operating Basis Earthquake Ground Motion in
combination with normal operating loads. Subject to further
confirmation, it is determined that if an OBE ground motion of
one—third of the SSE is used, the reguirements of the OBE can be
satisfied without the applicant performing any explicit response
analyses, and minimal design checks (additional discussion below).
There is high confidence that, at this ground motion level, with
other postulated concurrent loads, most critical structures,
systems, and components will not exceed currently used design
limits. There are situations associated with current analyses where
only OBE ground motion is associated with the design requirements,
for example, the ultimate heat sink (see Regulatory Guide 1.27,
“Ultimate Heat Sink for Nuclear Power Plants”). In these situations
a value expressed as a fraction of the SSE response would be used in
the analyses. The section Future Regulatory Action ~f this
Regulatory Analysis identifies existing guides that would ' revised
to maint: ) the existing design philosophy« With regard to piping
analyses, positionc on fatigue ratcheting and seismic anchor motion
are being developed anc will be issued in a draft regulatorv guide
separate from this rulemaking.

Activities equivalent to OBE-SSE decoupling are also being done in
foreign countries. For instance, in Germany their new design
standard requires only one design basis earthquake (eguivalent to
the SSE). They require an inspection level earthquake (for
shutdown) of 0.4 SSE. This level was set so that the vibratoe
ground motion should not induce stresses exceeding the allowable
stress limits originally required for the OBE design.

Guidance for required plant shutdown. The proposed regulation would
treat plant shutdown associated with vibratory ground motion
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10.

exceeding the OBE or significant plant damage as a condition in
every operating license. The shutdown requirement would be a
condition of the license (§50.54) rather than a limiting condition
of operation (§50.36), because the necessary judgements associated
with exceedance of the vibratory ground motion or significant plant
damage can not be adequately characterized -~ a technical
specification. §50.54(ee) would be added to the regulations to
require plant shutdowr for licensees of nuclear power plants that
cumply with the earthquake engineering criteria in Paragraph
IV(a)(3) of Proposed Appendix S to 10 CFR Part 50. Draft Regulatory
Guide DG-1017, “Pre—Earthquake Planning and Immediate Nuclear Power
Plant Operator Post—Earthquake Actions,” would provide guidance
acceptable to the NRC for determining whether or not vibratory
ground motion exceeding the OBE ground motion or significant plant
damage had occurred and nuclear power plant shutdown is required.
The guidance is based on criteria developed by the Electric Power
Research Institute (EPKi) to avoid urmecessary prolonged shutdowns.
Draft Regulatory Guide DG—1018, “Restart of a Nuclear Power Plant
Shut Down by a Seismic Event,” provides guidelines that are
acceptable to the NRC staff for performing inspections and tests of
a nuclear power plant equipment and structures prior to plant
restart. This guidance is also based on EPRI reports.

Reduced level of detail. The level of detail presented in the
proposed regulations has been limited to general guidance. The
proposed regulations would identify and establish basic
requirements. Detailed guidance, that 1is, the procedures
acceptable to the NRC for meeting the requirements, has been removed
and placed in Draft Regulatory Guide, DG—1015, “Identification and
Characterization c¢f Seismic Sources, Determinisitc Source
Earthquake, and Ground Motion.”

Provide greater fluxibility. The proposed regulations would provide
a flexible structure that will permit the consideration of new
technical understandings and state—of —the—art advancements since
the detailed guidance has been removed from the proposed reguiation
and placed into regulatory guides.

Clarify interpretations. Changes nave been made to the seismic and
geologic siting cri.eria to vresolve past questions of
interpretation. As an example, the definitions and reguired
investigations sections of the proposed regulations have been
significantly changed to eliminate or modify phrases that were more
applicable to only the western United States.

Clarify text. The proposed regulations would use more explicit
terminology. For instance, the Safe Shutdown Earthquake (SSE) and
Operating Basis Earthquake are now referenced as the Safe Shutdown
Earthquake Ground Motion (SSE) and the Operating Basis Earthquake
Ground Motion (OBE). Im addition, appropriate changes within the
text highlight that the SSE ground moticn used as the design basis
is not associated with a single earthquake but may be a composite of
several expected earthquakes.
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1 Costs

z a
‘ Reactor Siting Criteria (non-seismic):

5 The costs associated with the revised regulations are subdivided into two
6
7
8
9
10

categories; ithe first is associated with siting criteria modifications (Part
100), the second is associated with (Part 50) modifications.

Part 100

11 The overall cost impact associated with revising the siting criteria aspects of
ig the regulation are neutral. Important factors in this regard are:
14 1. Defining a Minimum Exclusion Area Distance and Eliminating Dose
15 Calculations. The present regulation has no numerical size
16 requirement for the exclusion area, in terms of distance, and
17 instead assesses the consequences—of a postulated radicac.
18 fission product release within containment, coupled with assumptio .
19 regarding containment leakage, performance of certain fission
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 s
23 considered to b: acceptable if the calculated conseguences do not
24 exceed the values given in the present rule. Regulatory Guide 4.7
23 suggests an exclusion area distance of 0.4 miles, since this has
26 been found, in conjunction with typical engineered safety features,
27 to meet the dose values in the existing rule.

‘ The Commission considers an exclusion area to be an essentia)

feature of a reactor site, and is retaining this reguirement for

3] future reactors. However, in keeping with the recommendation nf the
32 Siting Policy Task Force to decouple site requirements from reactor
i3 design, the proposed rule would eliminate the use of a postulated
34 source term, assumptions regarding mitigation systems and
33 meteor~ agy, 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
¢) source .erm and the use of dose calculations in determining the
&2 acceptability of a site and replacing these with population criteria
43 and a minimum size of the exclusion area is expected to reduce time
a4 and costs associated with obtaining site approval.
45
46 Rs Nearby Industrial and Transportation Facilities. "his area of
a7 review is propesed to be incorporated into the regul ons for the
48 purpose of site suitability and has been a part of the staff review
L3 for many years. The criteria and standards are the same as those
50 currently in staff review guidance documentation (Standard Review
51 Plan, etc.). hence, the proposed rule involves no substantive
52 changes in this area and merely codifies what has been staff
3 practice for a number of years.

‘ Feasibility of Carrying out Protective Actions. The proposed rule
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would require that important site factors, such a population
distribution, topography, and transportation routes be considered
and examined in order to determine whether there are any site
characteristics that would pose a sigrificant impediment to the
development of an emergency plan.

The cost impact ass( * .ed with this revision is neutral. It is
expected to increase .ime and costs for site approval but should
significantly reduce time and costs at the OL or COL stage by
avoiding licensing delays.

Part 50

The overall cost impact associated with revising the reactor licensing aspects
of the regulation are neutral because the source term and dose calculations have
always peen required under Part 100 for site suitability but will now be required
under Part 50 and used in evaluating plant features therefore there is no change
in cost.

Seismic Siti U fibthaits faascoitas Sidsoias.

The costs associated with the proposed regulations are subdivided into two
categories; the riys¢ is associated with the geosciences and site investigations
(Appendix B to Part 100), the second is associated with earthquake engineering
{Appendix S to Part 50).

Appendix B to Pa Lt 100

As substantiated below, the overall cost impact associated with the geosciences
and site investigation aspects of the proposed regulation as compared to Appendix
A of Part 100 are slightly increased in some areas but reduced overall because
of anticipated improvement in the licensing process. Specific examples include:

F Reduced Licensing Delays. The licensing process will be enhanced
because information needed for the staff review can be incorporated
in the safety analysis reports at the time of docketing instead of
later through staff questions and applicant responses.

2. Probabilistic Analyses. Probabilistic analyses to determine
vibratory ground motion, surface tectonic deformation, and
seismically induced floods and water waves reilect to some extent
what is ali2ady current staff practice. In particular, probabi-
listic hazard analyses have been used to determine the probability
of exceeding the Safe Shutdown Earthquake Ground Motion at the plant
site. However, the overall use of probabilistic analyses as
suggested in Draft Regulatory Guide DG—1015, “ldentification and
Characterization of Seismic Sources, Deterministic Source farth-
quake, and Ground Motion,” is new but should not have a significant
cost impact. Computer co. :5 to perform the probabilistic analyses
are avaiiable. An applicant would input the site coordinates and
local site effects (current requirement) to obtain the probabilistic
hazard data. It is estimated that these analyses can be performed
within a few days.
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The comparison between the deterministic (current requirement) and
probabilistic analyses is new. In cases where it is Judged that the
deterministic and probabilistic provide equivalent results the
process is completed. In cases where the results differ spectra are
developed to make additional comparisons. Evaluations associated
~«th these comparisons would be handled on an ad hoc basis.
However, as stated above, licensing delays would be reduced because

the required data are defined and available to the applicant and
staff for evaluation.

As part of the Federal Register notice public comments on specific
questions associated with the use of a dual prebabilistic and
deterministic analyses requirement and the comparisor procedure
recommended by the staff are requested.

: Seismic Sources. The new approach—towards seismic sources (using
seismogenic sources instead of tectonic provinces) and other
clarifications of the licensing approach are expected to recuce time
and costs required for obtaining site approval.

Appendix S to Part 50

As substantiated below, the overal) cost impact associated with the earthquake

engineering aspects of the proposed regulation are neutral or reduced. Specific
examples include:

1. Reduced OBE Analysis. The response analyses associated with the
Operating Basis Earthquake (OBE) may be eliminated if the applicant
sets the OBE at one-third of the Safe Shutdown Earthquake Ground
Motion (SSE;. Selecting an OBE value greater than one-third of the
SSE does not increase the analytical effort above current
requirements.

2. Control Point Location. Changing the location of the control point
(the point at which the vibratory ground motion is applied) from the
foundation level to the Yree-field does not affect costs. The
following discussion from Section 2.1.1.4 of NUREG-1233 (pages 13
and 14) is #pplicable:

“A number of recent plants were designed to
the 1975 Standard Review Plan requirements
which specified the free-field motion at
the free-surface for soil-structure
interaction analysis. During the operating
license (OL) review, the implementation of
the current pesition of input motion at the
foundation level in the free field resulted
in a modification of some structural floor
beams of seismic Category | structures at
one plant. No hardware changes resulted at
other plants. (Note that the staff's
investigation was limited to the Safe
shutdown systems and structures that housed
them, and allowance was made for tested
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strength values in some cases.)”

3. Seismic Instrumentation. Although the seismic instrumentation
requirements are different, the cost is essentially the same as that
currently used in operating plants there are fewer instruments
required. The maintenance and calibration costs with the new solid-
state seismic instrumentation are less than that associated with the
current instrumentation. The processing cof instrumentation data
will be done at the site, thereby reducing the potential for
prolon?ed plant shutdown while data are being evaluated. In
general, the ability to expeditiously assess the effects of the
earthquake on the plant will save both staff and licensee reso rces.

4. Post —earthquake Activities. In preparation of post —earthquake
activities 1t 1is recommended that the licensee inspect and
base—line certain structures, equipment and piping. Base line
inspections would differentiate between pre—existing conditions at
the nuclear power plant and earthquake related damage. The struc-
tures, equipment and piping selected for these inspections are
comprised of those routinely examined by plant operators during
normal plant walkdowns and inspections. After an earthquake plant
operators familiar with the plant would walkdown and visually
inspect accessible areas of the plant. Unnecessary plant shutdowns
would be avoided since the pre—earthquake condition of equipment
and structures (for example, physical appearance, leak rates,
vibration levels) would be known. This approach has been submitted
to the staff for approval by the Nuclear Management and Resources
Council (NUMARC) and i+ documented in an Electric Power Research
Report, EPRI NP—6695, “Guidelines for Nuclear Power Plant Response
to an Earthquake.” The associated cost impact is minimal and
recommended by industry.

Other NRC Programs

None for the non—seismic siting criteria.

Although Appendix A to 10 CFR Part 100 is titled “Seismic and Geologic
Siting Criteria for Nuclear Power Plants,” it is also referenced in two
other Parts of the regulation. They are (1) Part 40, “Domestic Licensing
of Source Material,” Appendix A, “Criteria Relating to the Operation of
Uranium Mills and the Disposition of Tailings or Wast~ Produced by the
Extraction or Concentration of Source Material from Ores Processed
Primarily for Their Source Material Content,” Section 1, Critericn 4(e),
and (2) Part 72, “Licensing Requirements for the Independent Storage of
Spent Nuclear Fuel and High-Level Radioactive Waste,” Paragraphs (a)(2)(b)
and (a)(2)(f)(1) of §72.102. The proposed regulation, Appendix B to Part
100, is still applicable only to nuclear power plants. The need to revise
Part 72 and Appendix A to Part 40, subject to the implementation of
Appendix B to Part 100, should be a separate rulemaking initiative.

r r : Since the siting and licensing of nuclear power

plants is carried out solely by NRC staff, no impact is projected on other
government agencies.

RA - 15



&, Constraints WU

None.
DECISION RATIONALE
Reactor Siting Criteria (non-seismic):

The major considerations that have guided the Commission in this proposed
revision to the reactor site criteria are as follows:

1. The criteria will assure a low risk both for individuals as well as
for society in general, even in the event of severe, but unlikely
reactor accidents. The proposed criteria are consistent with the
Commission Safety Goal Policy with respect to the risk of both
prompt and latent cancer fatalities: In addition, the Commission
has also examined the risks associated with land contamination or
property damage in the event of significant releases for long-1ived
radioactive species, such as cesium. The proposed criteria are
expected to result in a low likelihood of any significant offsite
contamination of densely populated areas.

Ee The criteria will assure that both man-made as well as natural
events associated with the site location are identified and used in
matching a design with the site.

3. The criteria will assure that a range of protective actiens can
feasibly be carried out to protect the public in the event of
emergency.

The proposed revisions reflect current staff practice.

The revised regulations will not reduce risk, but will improve the
description in the regulations of current staff practice in licensing.

Seismic Siting and Earthquake Engineering Criteria:

The recommendations to revise the existing requlation (Appendix A to 10 CFR Part
100) and replace it with the proposed regulations pertaining to the geosciences
and site investigations (Appendix B to Part 100), and earthquake engineering
(Appendix S to Part 50) are based primarily on qualitative rather than
probabilistic (i.e., core damage frequency reduction) arguments. The staf®'s
evaluation augments the regulatory analysis associated with the implementation
of Unresolved Safety Issue (USI) A—40, “Seismic Design Criteria” (NUREG—1233).
UST A—40 was implemented in August 1989 through the revision of Standard Review
Plan Sections 3.7.1, “Seismic Design Parameters,” 3.7.2, “Seismic System
Analysis,” 3.7.3, “Seismic Subsystem Analysis,” and 2.5.2, “Vibratory Ground
Motion.”

The staff’s conclusion is that for operating reactor and operating license
applicants, the proposed regulations would have 1ittle effect on risk. Operating
plants have generally been, and will be, seismically upgraded by plant-specific
actions such as implementation of the Systematic Evaluation Program (SEP), the
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impiementation of Generic Letter 88-—20, Supplement 4, *“Individual Plant
Examinations of External Events (IPEEE) for Severe Accident Vulnerabilities,” the
proposed implementation of USI A—46, “Verification of Seismic Adequacy of
Equipment in Operating Plants,” and NRC Bulletin programs. Therefore, this
regulatory action will be applicable oniy to applicants who apply for an early
site permit, design certification, combined iicense, construction permit or
operating license on or after the effective date of the final regulations.

For applicants of early site permits, design certifications, combined licenses,
construction permit or operating license, no overall increases in costs are
envisioned to implement the proposed regulations. In addition, the proposed
regulations will reduce delays in the licensing process because information
needed for the staff review can be incorporated in the safety analysis reports
at the time of docketing instead of later through staff questions and applicant
responses. Therefore, the staff proposed that all new applicants be required to
comply with the proposed regulatic ..

Currant Reaiatory Acts -

The current regulatory action consists of the following:

1. Revisions to §50.2, §50.8, §50.34, §50.54, and §52.17.
Revisions to §i00.1, §100.2, §100.3, and §100.8.
Add Subpart B §100.20, §100.21, and §100.22.

S W

New Appendix B to Part 100, Criteria for the Seismic and Geologic
Siting of Nuclear Power Plants After [EFFECTIVE DATE OF THIS
REGULATION]

$. New Appendix S to Part 50, Earthquake Engineering (riteria for
Nuclear Power Plants

6. New Regulatory Guides:

a. DG--1015, “ldentification and Characterization of Seismic
Sources, Deterministic Source Earthquake, and Ground Motion”

b. DG—1017, “Pre—Earthquak: Planning and Immediate Nuclear
Power Plant Operator Post--Earthquake Actions”

B, DG—1018, “Restart of a Nuciear Power Plant Shut Down by 2
Seismic Event”

¥ Revised Regulatory Guide:

a. Proposed Revision 2 to Regulatory Guide 4.7, “General Site
Suitability Criteria for Nuclear ®ower Stations”

b. DE—1016, Second Proposed Rev = >n 2 to Regulatory Guide 1.12,
*Nuclear Power Plant Instrumentation for Eartnguakes”

8. Revised Standard Review Plan Section:
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2.5.2, Vibratory Ground Motion

future Regulatory Action

Several existing regulatory guides will be revised to incorporate editorial
changes or maintain the existing design or analysis philosophy . These guides
will be issued subsequent to the publication of the final regulations that would
impiement this proposed action.

The following regulatory guides will be revised to incorporate editorial changes
For example, the type of changes contemplated would be to reference new
paragraphs in Appendix B to Part 100 or Appendix S to Part 50:

1.

1.57, “Design Limits and Loading Combinations for Metal Primary
Containment System Components”

1.59, “Design Basis Floods for Nuclear Power Plants”

1i60, “Design Response Spectra for Seismic Design of Nuclear Power
Plants”

1.83, “Inservice Inspection of Pressurized Water Reactor Steam
Generator Tubes”

1.92, “Combining Moda® Responses and Spatial Components in Seismic
Response Analysis”

1.102, “Flood Protection for Nuclear Power Plants”
1.121, *Bases fcr Plugging Degraded PWR Steam Generator Tubes”

1.122, *Development of Floor Response Spectra for Seism.c Design of
Floor-Supported Equipment or Components”

The following regulatory guides will be revised to maintain existing design
o~ analysis philosophy. For example, the types of changes contemplated would be
to change OBE to a fraction of the SSE:

1.
-

1.27, *“Ultimate Heat Sink for Nuclear Power Plants”

1.100, “Seismic Qualification of Electric and Mechanical Equipment
for Nuclear Power Plants”

1.124, “Service Limits and Loading Combinations for Class 1 Liner-
Type Component Supports”

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

1.132, “Site Investigations for Foundations of Nuclear Power Plants”

1.138, “Laboratory Investigations of Soils for Engineering Analysis
and Design of Nuclear Power Plants”
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7. 1.142, “Safety-Related Concrete Structures for Nu.lear Power Plants
(Other than Reactor Vessels and Containments)”

8. 1.143, “Design Guidance for Radioactive Waste Management Systems,
Structures, and Componernts Installed in Lignt-Water-Cooled Nuclear
Power Plants”

During the revision of the regulatsry ouides cited above, if additional changes
are made, the applicabls ;uice(s) wili be distributed for public comment.
Several regulator; gurdes will be revised to incorporate editorial changes or,
maintain the existing design or analysis phrilosophy.

IMPLEMENTATION B

This regulatory action is applicabie only to applicants that apply fur an early
site permit, design certification, combined license, construction permit or
operating license on or after the effective date of the final regulations.
However, if the construction permit was issued prior to the effective date of the
proposed regulation, the operating license applicant shall comply with the
seismic and geologic siting and earthquake engineering criteria in Appendix A to
Part 100.
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1 ND.NG OF NIFICANT IMPACT
F P

AND 10 CFR PART 50

The Nuclear Regulatory Commission is amending its regulations to update the used
reactor siting criteria; szismic and geologic siting criteria; and earthquake
engineering regulations for nuclear power plants. The non—seismic and seismic
areas are discussed separately.

Identification of Proposed Action
Reactor Siting Criteria (non—seismic):

Title 10 CFR Part 100, “Reactor Site Criteria,” was originally issued in fpril
1962. The proposed amendment will apply to applicants who apply for site
approval on or after the effective date of the final regulation. Since the
revision to the regulation will not be a backfit, the bases for existing nuclear
power plants must remain in the same regulation. Therefore, the revised
regulation on siting will be designated 10 CFR Part 100, Subpart B.

Criteria not associated with the selection of the site will be relocated into
Part 50 consistent with the Jlocation in the re?ulation of other design
requirements. Hence, source term and dose calculations will be used for
evaluating plant features, and not site suitability.

The proposed rule would eliminate the use of a postulated accident source term
and the use of a dose calculation in the determination of acceptability for 2
nuclear power plant site. It would also eliminate the designation of a low
population zone. Instead, it would set a minimum size for the exclusion area and
would set population density criteria around proposed nuclear power reactor
sites. In addition, criteria regarding the evaluation of man—made hazards and
the feasibility of carrying out protective actions in the event of an emergency
are to be incorporated.

Seismic Siting and Earthquake Engineering Criteris:

Appendix A, *Seismic and Geologic Siting Criteria for Nuclear Power Plants,” to
10 CFR Part 100, “Reactor Siting Criteria,” 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 for rule making
(PRM 100-1) reguesting that an opinion interpreting 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 sutstance of the petitioner’s proposal was accepted and published as an
immediately effective final rule on January 10, 1977 (42 FR 2052).

The proposed amendment will apply to applican*s who apply for an early site

permit, design certification, combined 1icen-~ _onstruction permit or operating
license on or after [effective date of the rev.sed regulation]. However, if the
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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 th:
revised criteria presented in the prcposed 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, “Criteria for the Seismic and Geologic Siting of Nuclear Power Plants
After [EFFECTIVE DATE OF THIS REGULATION],” and would be added to the existing
body of regulations.

Criteria not associated with the selection of the site or establishment of he
safe shutdown earthquake ground motion have been placed into Part 30. This
action is consistent with the location of other design requirements in Part 50.
Hence, earthquake engineering criteria would be located in Appendix S to 10 CFR
Part 50, “Earthquake Engineering Criteria for Nuclear Fower Plants.”

The priposed regulatory action incorporates changes intended to (1) benefit from
the experience gained in applying the existing regulation; (2) resolve
interpretative questions; (3) provide needed regulatory flexibility to
incorperate state—of—the—art improvements in the geosciences and earthquake
engineering; (4) simplify the language to a more “plain English” text; and (5)
acknowledge various internal staff and industry comments.

Need for the Proposed Action
gactor Siting Criteria (non—seismic):

Since its initial promulgation in 1962, the Commission has approved more than 75
sites for nuclear power plants, and hes had an opportunity to review a number of
others. As a result of these reviews, much experience has been gained regarding
the site factors that influence risk and their range of acceptability.

Additionally, there has also bee: an increased ewareness and concern regarding
the effect of potential nuclear «ccidents. Although accident considerations have
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 of the Three Mile Island accident in 1979, the Chernobyl
accident in the Soviet Union in 1986, and the issuance*of NUREG—1150, “Severe
Accident Risks: An Assessment for Five II.S. Nuclear Power Plants,” in December
1990, have greatly increased awareness, knowledge, and concerns in this area.

The major impetus for the proposed rule is increased interest in new nuclear
puwer generation and the possibility that applicants will request site approval
for new nuclear power plants. The Commission believes that, in the event such
requests materialize, the criteria for siting power reactors should address
directly those site factors important to risk and should reflect the significant
experience learned since the regulation was first issued in 1962.

Seismic Siting and Earthguake Engineering Criteria:

The experience gained in the application of the procedures and methods set forth
in the current regulat.on and the rapid advancement in the state--of —the—art
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of earth sciences have made it necessary to update the 1973 criteria.

fnvironm . Impacts of the Proposed Action
Reactor Siting Cri . ‘a_(non—seismic):

Part 100, Subpart B, "~ tainz the considerations which will guide the Commission
in its evaluation of \  suitability of a proposed site for nuclear power plants

“*er the effective da = of the final regulation. The revision to Part 50 will
v ain the engineering considerations which guide the Commission in its
evaluation of the suitability of the plant design. The amendment to 10 CFR Part
100 as stated in the propused rulemaking package reflects current lic msing
practice and will not char < the radiological environmental impact. Further, the
Policy Statement on Severc Accidents Regarding Future Design and Existing Plants,
published August 8, 1985 (50 FR 32138), affirms the Commission’s belief that a
new design for a nuclear power plant can be shown to be acceptable for severe
accident concerns if the criteria and procedural reguirements cited in 50 FR
32138 are met. Stated differently, the proposed regulatory action (10 CFR Part
100, Subpart B) are specifically based on maintaining the present level of risk
of radiological releases, thus having zero effect compared to the regulation (10
CFR Part 100, Subpart A) they replace for future siting applicatiors.

Seismic Siting and farthquake Engineering Criteria:

Proposed Appendix B to Part 100 contains the seismic and geologic considerations
which guide the Commission in its evaluation of the suitability of proposed sites
for nuclear power plants. Proposed Appendix S to Part 50 contains the earthquake
engineering considerations which guide the Commission in its evaluation of the
suitability of the plant design bases. The amendmer* of “ppendix A to 10 CFR
Part 100 as stated in Appendices B and S reflect cur: *». licensing practice in
earthquake engineering and enhanced current staff practice in seismic and
geologic siting through the use of probabilisitc analyses. Therefore, the
radiological environmental impact offsite will not change. Further, the Policy
Statement on Severe Reactor Accidents Regarding Future Designs and Existing
Plants, published August 8, 1985 (50 FR 32138) affirms the Commission's b-lief
that a new design for a nuclear power plant can be shown to be acceptable for
severe accident concerns if the criteria and procedural rcguirements cited in 50
FR 32138 are met. Stated differently, the proposed regulatory actions (Appendix
B to Part 100 and Appendix S to Part 50) are specifically based on maintaining
the present level of risk of radiological releases, thus having zero effect
compared to the regulation (Appendix A to Part 100) they repiace.

Onsite occupational radiation exposure associated with inspection and maintenance
will not change. These activities are principally associated with base line
inspections of structures, equipment and piping, and maintenance of seismic
instrumentation. Base line inspections are needed to differentiate between pre-
existing conditions at the nuclear power plant and earthquake related camage.
The structures, equipment and piping selected for these inspections are cymprised
of those routinely examined by plant operators during normal plant walkdowns and
inspections. Routine maintenance of seismic instrumentation assures its
operability during earthquakes. The location of the seismic instrumentation is
similar to that in the existing nuclear power plants. In addition, the proposed
regulatory guide pertaining to seismic instrumentation (Second Proposed Revision
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to Regulatory Guide 1.12, Nuclear Power Plant Instrumentation for Earthquakes)
specifically cites occupational radiation exposure as a consideration in
selecting the location of the instruments.

The proposed amendments do not affect non-radiological plant effluents and have
no other environmental impact. Therefore, the Commission concludes that there
are also no significant non-radiological environmenta) impacts associated with
the proposed amendments to the regulations.

Alternatives to the Proposed fiction
As required by Section 102(2)(E) of NEPA (42 U.S.C.A. 4332(2)(E)), the staff has
considered possibie alternatives to the proposed action.

The first alternative considered by the Commission was i. 3void initiating a
rulemaking proceeding. This is not an acceptable alternative. Although the
siting related issues associated with the current generation of nuclear power
plants are completed or nearing completion, there is a sense of urgency to
initiate the proposed regulatory action in 1ight of the current and future staff
izview of advanced reactor seismic design criteria. The current regulation has
created difficulty for applicants and the staff in terms of inhibiting
flexibility in applying basic principles to new situations and the use of
evolving methods of analyses in the licensing process. Further, decoupling
siting requirements from plant desiyn requirements such that the certified design
would not be dependent on site parameters to establish the fission product
retention characteristics of the design would benefit the licensing process.

A second alternative considered was the deletion of the existing regulation.
This is not an acceptable alternative because these provisions form the licensing
bases for many of the operating nuclear power plants and others that are in
various stages of obtaining their operating license.

For the seismic siting and earthquake engineering criteria areas, another
alternative considered was the replacement of the entire regulation with a
regulatory guide. This is not acceptable because a regulatory guide is non-
mandatory. The staff believes that there could be an increase in the risk of
radiation exposure to the public if the siting and earthquake engineering
criteria were non-mandatory.

The approach of establishing the revised requirements in new sections of the
regulations while retaining the existing regulation was chosen as the best
alternative. The public will benefit from a clearer, more uniform and consistent
licensing process subject to fewer interpretations. The NRC staff will benefit
from improved regulatory implementation (both technical and legal), fewer
interpretive debates, and increased regulatory flexibility. Applicants will
derive the same benefits in addition to avoiding licensing delays due to unclear
regulatory requirements. The adoption of revised siting and engineering criteria
would increase the efficiency of regulatory actions associated with any
resurgence of licensing activity.

Alternative Use of Resources

No alternative use of resources was considered.
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Agencies and Persons Consulted
Reactor Siting Criteria (non-—seismic):

NRC Staff developed the enclosed rulemaking recommendations. No outside agencies
or consultants were used in developing this rulemaking package. However, several
public meetings were held to inform industry of the staff’s efforts in revising
the siting criteria.

Seismic Siting and farthguake Engineering Criteria:

During the development of the proposed regulationc and supporting regulatory
guides the NRC staff had three public meetings with interested industry groups,
principally, the Nuclear Management and Resources Council (NUMARC) and the
Electric Power Research Institute (EPRI). The NRC staff also obtained advice
from the NRC Advisory Committee on Reactor Safeguards and comments from the U.S.
Geological Survey (USGS) staff. As a proposed rule, the regulations will be
released for public comment to encourage participation from the public and other
organizations in the development of the regulations.

Find f No Significant Imact

The Commission has determined under the National Environmental Policy Act of
1969, as amended, tha' the prouposed amendments to 10 CFR Parts 50 and 100,
relozating dose calculation requirements and specifying siting criteria
(population, seismic, and geologic), and earthquake engineering criteria for
nuclear power plants, if adopted, wc.ld not have a significant effect on the
quality of the human environment and that an environmental impact statement is
not required.

This determination is based on the following:

RS The proposed amendments to the regulations reflect current practice
achieved through the staff's evaluation of applicants safety analysis
reports at the time of docketing and applicant’s responses to staff
initiated questions and the results of research in the earth sciences and
seismic engineering.

2. The foregoing environmental assessment.

3. The qualitative, deterministic and probabilistic assessments pertaining to
seismic events in NUREC—1070, NUREG—1233, and NUREG—1407.

L The Policy Statement on Severe Reactor Accidents Regarding Future Designs
and Existing Plants, published August 8, 1985 (50 FR 32:38) affirming the
Commission’s belief that a new design for a nuclear powsr plant can be

shown to be acceptable for severe accident concerns if the criteria and
procedural requirements cited in 50 FR 32138 are met.

References

NUREG-1070, “NRC Policy on Future Reactor Designs, Decisions on Severe Accident
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Issues in Nuclear Power Plant Regulation,” July 1985.

NUREG-1233, “Regulatory Analysis for USI A-40, “Seismic Design Criteria” Final
Report,” September 1989.

NUREG-1407, “Procedural and Submi..2! Guidance for the Individual Plant
Examination of External Events (IPEEE) for Severe Accident Vulnerabilities, Final
Report,” Attachment to Appendix D, Value/Impact Analysis for the Implementation
of Individual Plant Examination of External Events, June 1991.
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NUCLEAR REGULATORY COMMISSION

Documents Containing Reporting or Recordkeeping Requirements: Offi. .. of
Management and Budget (OMB) Review

AGENCY:
ACTION:

SUMMARY :

U.S. Nuclear Regulatory Commission (NRC)

Notice of vhe Office of Management and c.uget review of information
collection.

The Nuclear Regulatory Commission (NRC) has recently submitted to
the Office of Management and Budget (OMB) for review the following
proposal for the collection of information under the provisions of
the Paperwork Reduction Act (44 U.S.C. Chapter 35). There are no
new or revised repor*‘-c requirements associated with the proposed

regulation 10 CFR P.: @ ., *Reactor Site Criteria,” and 10 CFR Part
50, “Domestic Licens.i: © Production and Utilitzation Facilities.”
1. Type of submiss® - new, revision or extension: Revision

2. The title of the information collections:

Proposed Appendix B, “Criteria for the Seismic and Geologic
Siting of Nuclear Power Plants After [EFFECTIVE DATE OF THIS
REGULATION]" to 10 CFR Part 100, and Proposed Appendix §,
“Earthquake Engineering Criteria for Nuclear Power Plants” to
10 CFR Part 50. (Revision of Appendix A, “Seismic and
Geologic Siting Criteria for Nuclear Power Plants” to i0 CFR
Part 100.)

3. The furm number if applicable: Not applicable
L How often the collection is required:

As necessary in order for NRC to assess the adequacy of
proposed seismic design bases and the design bases for other
geological hazards for nuclear power plants constructed and
licensed in accordance with 10 CFR Part 50, and the Atomic
Energy Act of 1954, as amended (the Act).

S. Who wil’ be required or asked to report: Applicents for a
constriction permit, operating license, early site permit,
design cvertification, or combined license, for nucliear power
plants.

6. An estimate of the number of responses:

1 annually.
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7. An estimate of the numbe~ of hours annually needed to complete
the requirement or r'que.':

164,500.

8. An indication of whether Section 3504(h), Pub. L. 96-5]1
applies: Not applicable.

9. Abstract:

Proposed Appendix B to 10 CFR Part 100 contains criteria
associated with the selection of the nuclear power plant site
and the establishment of the safe shutdown earthquake ground
motion. Proposed Appendix S to 10 CFR Part 50 contains
earthquake engineering criteria for nuclear power plants. In
combination, inese appendices will replace the criteria
containad in Appendix A to 10 CFR Part 100.

Copies of the submitta]l may be inspected or obtained for a fee from tne NRC
Public Document Room, 2120 L Street, NW (Lower Level), Washington, DC.

Comments and questions can be directed by mail to the OMB reviewer:
Ronald Minsk
Office of Information and Regulatory Affairs (3150-0014)
NEOB-3019
Office of Management and Budget
Washington, DC 20503
Comments can also be submitted by telephone at (202) 395-3084.

The NRC Clearance Officer is Brenda Jo Shelton, (301) 492-8132.
Dated at Bethesda, Maryland this day of 1981

For the Nuclear Regulatory Commission

Gerald F. Cranford, Designated Senior Official
for Information Resources Management

DISTRIBUTION: RESReading RKenneally NChokshi  AMurphy RBosnak LShao
RSmith GCranford
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OMB SUPPORTING STATEMENT FOR

PROPOSED REVISIONS TO 10 CFR PART 100, REACTOR SITING CRITERIA,
AND TO 10 CFR PART 50, DOMESTIC LICENSING OF PRODUCTION AND
UTILIZATION FACILITIES;

PROPOSED APPENDIX B, CRITERIA FOR THE SEISMIC AND GEOLOGIC SITING
?SONUCLEAR POWER PLANTS AFTER [EFFECTIVE DATE], TO 10 CFR PART

ANy

PROPOSED APPENDIX S, EARTHQUAKE ENGINEERING CRITERIA FOR NUCLEAR
POWER PLANTS, TO 10 CFR PART 50

(REVISION OF APPENDIX A TO 10 CFR PART 100)

Description of the Information Collection
Non—Seismic Siting Criteria: -

The proposed change to 10 CFR 50 simply relocates the requirements previously
contained in 10 CFR 100 for each applicant to calculate a whole body and a
thyroid dose at specified distances. Since these requirements would be used in
reactor design rather than siting, it is more appropriately located in 10 CFR 50,
thus leaving 10 CFR 100 with site criteria only. The source term and methodology
{85 performing the dose calculations remain unchanged from that stated in 10 CFR

These requirements apply to all future applicants for a power reactor. They are
intended to be interim requiremédts until such time as more specific requirements
for future applicants are developed governing containment performance and other
fission product cleanup systems.

Seismic Criteria:

Proposed Appendix B, “Criteria for the Seismic and Geologic Siting of Nuclear
Power Plants After [EFFECTIVE DATE OF THIS REGULATION],” (Criterion II, IV, and
V) to 10 CFR Part 100, “Reactor Site Criteria,” requires applicants to provide
the types of information that show evidence of the size and frequency of
occurrence of earthquakes, tectonic and non-tectonic curface deformation, and
seismically induced floods and water waves. Both deterministic and probabilistic
analyses of earthquake-related phenomena are required. From these seismic and
geologic hazard data, applicants determine earthquake ground motion for the
seismic design basis, design bases for seismically induced floods and water
waves, the need to design for surface deformation, and other design conditions
that may be affected by earthquake ground motion, such as soil and slope
stability.

Proposed Appendix S, “Earthquake Engineering Criteria for Nuclear Power Plants,”

(Criterion 11 and IV) to 10 CFR Part 50, “Domestic Licensing of Production and
Utilization Facilities,” require applicants to provide the design bases fr, 2
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nuclear power plant that will ensure that structures, systems, and components
important to safety will be able to withstand the natural phenomena specified in
General Design Criterion 2 of 10 CFR Part 50, Appendix A and Proposed 10 CFR Part
100, Appendix B without loss of capability to perform thoir safety functions.

Proposed Appendix B to 10 CFR Part 100 and Proposed Appendix S to 10 CFR Part 50,
in combination, are a revision of Appendix A, “Seismic and Geologic Siting
Criteria for Nuclear Power Plants,” to 10 CFR Part 100. The proposed appendices
apply to applicants who apply for an early site permit, design certification, or
combined license pursuant to 10 CFR Part 52, or a construction permit or
operating license pursuant to 10 CFR Part 50 on or after [EFFECTIVE DATE OF THIS
REGULATION]. However, if the construction permit was issued prior to [EFFECTIVE
DATE OF THIS 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. Appendix A to 10 CFR Part 100 will continue to serve as the
criteria for the seismic and genlogic siting and earthquake engineering for
plants licensed or having received their construction permit before [EFFECTIVE
DATE OF THIS REGULATION].

It is anticipated that new plant applications could be submitted within a few
years. This is based on the current and projected staff review of advanced
reactor seismic design criteria related to the design certification of two
evolutionary light water reactor designs (the Advanced Boiling Water Reactor
(ABWR) and the System B0+ Pressurized Water Reactor) and the Electric Power
Research Institute (EPR]) Advanced Light Water Reactor Requirements Document.
Based on NRC staff experience obtained from construction permit and operating
license applicatiors relative to Appendix A to 10 CFR Part 100, the review
process for a construction permit, operating license, early site permit, design
certification, or combined license, as it applies to Proposed Appendix B to 10
CFR Part 100 and Proposed Appendix S to 10 CFR Part 50, is expected to range from
one to several years. The NRC staff reviews the Safety Analysis Report for six
to twenty four months and, if necessary, generates a request for additional
information. The applicant usually responds within 1 to 6 months, depending on
the complexity of the issues. The average time is about 3 months. The responses
are reviewed and a draft Safety Evaluation Report is written by the NRC staff.
This document summarizes conclusions and highlights any outstanding issues. The
staff arranges for a meeting and site visit to resolve any open issues. When the
open issues have been resolved, the staff writes the final Safety Evaluation
Report, which is published and used as a basis for the remainder of the NRC
licensing process (the meeting with the Advisory Committee on Reactor Safeguards
(ACRS) and hearing, as necessary, befor¢ the Atomic Safety and Licensing Board)
which usually takes about 1% years.

A.  JUSTIFICATION
1.  Need for the Collection of Information

The information required will be needed by the NRC to assess the adequacy
of proposed seismic design bases (siting and engineering) and the design
bases for other geological hazards for nuclear power plants in support of
the agency’s mission regarding adequate protection of the health and
safety of the public from seismic events. It is submitted to the NRC as
part of the application and supporting documentation for a construction

OoMB - 2



permit, operating license, early site permit, design certification, or
combined license for a nuclear power plant.

Moreover, Proposed Appendix B to 10 CFR Part 100 and Proposed Appendix S
to Part 50, supplemented by the Standard Format, Regulatory Guides and the
Standard Review Plan, are used by applicants as general guidance in
planning investigations of nuclear power plant sites, and designing
nuclear power plant structures, systems, and components important to
safety to withstand the effects of natural phenomena, such as earthquakes.

Agency Use of Information

The NRC reviews the geological and seismological information to determine
the suitability of the proposed site for a nuclear power plant and the
suitability of the plant design bases established on the proposed site.
A construction permit, early site permit, standard design certification,
or combined license cannot be issued until these data have been reviewed
and approved by the NRC.

New geological and seismological information that becomes known during the
operating life of a plant is also evaluated on the basis of these
criteria. The criteria also serve as the basis for ongoing NRC research
in the earth sciences.

Reduction of Burden Through Information Technology

There are no legal obstacles to reducing the burden associated with this
collection through information technology. Moreover, NRC encourages the
use of such technology.

Effort to Identify Duplicati

This information does not duplicate other information being provided to
NRC.

Effort to Use Similar Information

A1l pertinent geological and seismological information concerning the
nuclear site and region around the site will be used in the analysis of
that site, whether it ic supplied by the applicant or not. Similarly, any
available engineering and design data will be used, as applicable, in the
design review of a proposed nuclear power plant whether it is a product of
the criteria requirements or not. The availability of geological
seismological or engineering data may reduce the applicants efforts
related to site investigation or design.

Effort to Reduce Small Business Burden

This information collection does not affect small businesses.
Consequences of Less Frequent Collection

Less frequent collection of information will result in serious delays in
the licensing processes of nuclear power plants or potential additional
risks to the health and safety of the public.
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Bt B et Bt et
WM = DWW U D WA -

10.

11.

i2.

(i : Mhich Justify Variation From OMB Guideli

There is no variation from the guidelines.

Consultations Outside the NRC

During the development of the proposed regulation the staff had three
public meetings with interested industry groups (principally, the Nuclear
Management and Resources Council (NUMARC) and the Electric Power Research
Institute (EPRI)) related to the seismic and earthquake engineering con-
siderations and six meetings with the same participants related to revi-
sion of the non—seismic siting criteria. With respect to the seismic and
geological proposed regulations, the NRC staff also obtained comments from
the U.S. Geological Survey (USGS) staff during the development of the pro-
posed regulations. As a proposed rule, the regulations will be released
for public comment to encourage participation from the public and other
organizations in the development of the regulations.

Confidentiality of Information

Proprietary information is protected in accordance with the provisions
specified in 10 CFR 2 of the NRC's regulations.

Justification for Sensitive Questions
These regulations do not require sensitive information.
. r n

Current NRC staff activities that ae applicabie to Proposed Appendix S to
10 CFR Part 50 relate to standard design certification. Specifically, the
NRC staff is reviewing the design certification of two evolutionary light
water reactor designs (the Advanced Boiling Water Reactor (ABWR) and the
System B0+ Pressurized Water Reactor) and the [ e¢ctric Power Research
Institute (EPRI) Advanced Light Water Reactor Requirements Document.
There are no site-specific construction permit, operating license, early
site permit, or combined license application evaluations that relate to
Proposed Appendix B to 10 CFR Part 100 or Proposed Appendix S to 10 CFR
Part 50 being performed by the NRC staff.

Since activities related to Proposed Appendix B to 10 CFR Part 100 and
Proposed Appendix S to 10 CFR Part 50 are Timited, the following estiimates
also include NRC staff experience obtained from construction permit or
operating license application evaluations relative to Appendix A to 10 CFR
rert 100.

a. Seismic and Geologic Evaluitions

Seismic and geolrgic staff evaluations required for a construction
permit, operating license, early site permit, or combined license
review can range from about 1,000 hours for a site with
uncomplicated geology in a region of low seismicity to as many as
6,000 hours for very complex sites. The estimated average annual
effort required to review the seismology and geology of an
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13.

application is about 2,000 hours or $230,000 ($115 x 2,000 hours).

tarthquake Engineering Evaluations

Staff evaluations of nuclear power plant structures, systems, and
components, to ensure that they will perform their safety function
without loss of capability, averaye 60,000 hours per plant. The
estimated annual staff burden is 12,000 hours per application. The
staff review consists of an evaluation of several loads, one of them
being the seismic event. Typical loadings that are considered in
the design and staff evaluation of the structures, systems, and
components include: dead load (equipment or building weight), live
load (moveable equipment load), earthquake, thermal effects, and
pressure. It is estimated that twenty five percent of the staff
evaluation is devoted to seismic-related issues. Therefore, the
annual seismic-related portion of the staff review is approximately
z,ooo)hours (25 percent of 12,000 hours) or $345,000 ($115 x 3,000
ours).

Consultants

Consultants and staff from the U.S. Geologic Survey and Department
of Energy Laboratories are employed by the NRC on a case-by-case
basis to provide advice in activities related to staff reviews
performed in accordance with Proposed Appendix B to 10 CFR Part 100
or Proposed Appendix S to 10 CFR Part 50. It is anticipated that an
average annual effort for these consultants would not exceed 500
hours or $57,500 ($115 x 500 hours). -

Total annual cost to the Federal Government for activities related to the
proposed regulation is estimated to be $632,500 ($115 x 5,500 hours).

Estimate of Indwstry Burden

The estimated seismic and geological revisions burdens are as follows.

Seismic and Geologic Evaluations

This estimate is based on the requirement for gathering, analyzing,
and synthesizing data. In order for applicents to provide the types
of information which show evidence of the size and frequency of
occurrence of earthguakes, the last time there was displacement
along faults at the site or in the region, or the potential for
fault offset during the 1ife of a nuclear power piant, extensive
research and analysis must be conducted. This effort involves the
analysis of voluminous amounts of drawings, logs, maps, seismic and
other geophysical records, and reports. It is estimated that the
industry burden will be on the average of 24,000 hours per
applicant. The estimated annual burden is 8,000 hours per pplicant
or $920,000 ($115 x 8,000 hours).

farthquake Engineering Evaluations
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15.

this estimate is based on the requirement that nuclear power plant
structures, systems and components important to safety are designed
to withstand the effects of earthquakes without loss of capability
to perform their safety functions. In order for applicants to
provide the information which show the functionality of structures,
systems and components to vibratory ground motion, suitable
analysis, testing or qualification methods are employed.

eferences 1 and 2 were used to obtain an estimate of seismic-
related costs in nuclear power plant design and construction. The
incremental cost estimate provided in Table 1 is based on Table ! of
Reference 1, modified as follows: (1) updated to January 1, 1992
costs, (2) increased the Safe Shutdown Earthguake Ground Motion
from 0.2¢g to 0.3g, and (3) increased distribution system and
engineering costs.

It is estimated that the industry burden associated with the seismic
engineering (staff related costs) of nuclear power plant structures,
systems, and components will average $88,850,000 per application.
The estimated annual burden per application will average $18,000,000
or approximately 156,500 hours ($115 x 156,500 hours approximately
equals $18,000,000). This cost estimate may be reduced due to
additional savings associated with standardized plant designs, and
reductions in analyses and design associated with the Operating
Basis Earthquake as stated in Proposed Appendix S to 10 CFR Part 50.

The total annua)l burden on industry for activities related to the proposed
regulations is estimated to be $18,940,500 ($115 x 164,700 hours).

Reasons for Change in Burden

The estimated burden on the NRC staff and industry remains the same. For
applicants of a construction permit, operating license, 2arly site permit,
design certification, or combined license no significant increases in
costs are envisioned to implement the revised regulations. In jeneral,
the proposed revisions reflect current staff practice. Specifically, in
the area of geologic and seismic siting, the required probabilisitic
analyses are new but should not have a significant cost impact. Some
probabilistic analyses have been used in recent Ticensing reviews to
determine the probability of exceeding the safe shutdown earthguake ground
motion at the plant site. With regard to earthguake engineering, the
proposed regulation refiects or possibly reduce current staff practice.
In addition, the proposed revisions to the regulations will reduce delays
in the licensing process because information needed for the staff review
can be incorporated in the safety analysis reports at the time of
docketing instead of later through staff questions and applicant
responses.

Publicaticrn for Statistical Use

This information is not collected for statistical purposes.
! QF p TH
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Appendix B of 10 CFR Part 100 allows for tre ~quisition of statistical
data and the use of statistical methods, F és not require them.

References

1. NUREG/CR-1508, “Evaluation of the Cost Effects on Nuclear Power
Plant Construction Resulting from the Increase in Seismic Design
Level,” April 198].

B4 Stevenson and Associates, “Differential Design and Construction Cost
of a Nuclear Power Plant Safety Related Piping Systems as a Function
of Seismic Intensity and Time Period of Construction for New and
Operating Plants and Current Simplified Seismic Design Initiatives,”
Draft, July 18%0.

Enclosures: i

Teble 1, Summary of Incremental Lost Estimate (Seismic vs No Seismic)
Table 2, OMB Supporting Statement
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2 TABLE 1
3 SUMMARY OF INCREMENTAL COST ESTIMATE
<
5 0.3G Safe Shutdown Earthquake Ground Motion vs
. No Seismic Design Reguirement
7
e
8 COST ESTIMATE °*
- Foundations $ 35,425,000
10 Structures 3,675,000
11 Auxiliary Components 16,375,000
12 NSSS Components & 425,000
13 Distribution Systems 114,875,000
14 Engineering 88,850,000
15 | Turbine Hall 525,000 _
16 | Total Cost Estimate § 264,150,000 ° l
17
18
19
20 .
s &
22 * Based on Table 1 in Reference 1, modified as follows:
23
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 1965, and 5.0 percent between ‘anuary 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 Ba 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 . -aft costs: $174,882,470 with seirmic design and restraints,
37 $67,177,570 without seismic design and restraints. Engineering
38 costs: $63,984,09N with seismic design and restraints, $6, 344,920
39 without seismic des‘r=~ and restraints.)
40
4]
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.




.\
"‘DN.—-

WS

TABLE 2
OMB SUPPORTING STATEMENT

10 CFR Part 100, Appendix B and 10 CFR Part 50, Appendix S
(Revision of 10 CFR Part 100, Appendix A)

TASK HOURS OR DOLLARS
ESTIMATED AVERAGE ANNUAL ' 164,500
BURDEN HOURS PER RESPONSE
l NUMBER OF RESPONDENTS ANNUALLY 1
ESTIMATED TOTAL ANNUAL BURDEN 164, 500
HOURS
ESTIMATED TOTAL ANNUAL COST TO $18,917,500
INDUSTRY
ESTIMATED TOTAL ANNUAL STAFF 5,000
HOURS
ESTIMATED NRC CONSULTANT HOURS 500
l ..
ESTIMATED ANNUAL COST TO THE
FEDERAL GOVERNMENT 5,500
(STAFF + CONSULTANT HOURS)
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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 facilitiee from the standpoint of public health and safety. ~evagraphe
10604 —and—ter—of-Title 10, CFR Part 100, "Reactor Site Criteria,” reguires
that the population density, use cof the site environs including proximity to
man-smade , and the physical characteristics of the site, including
seismnlogy, metecorology, geclogy, and hydrology, be taken into account in
determining the acceptability of a site for a nuclear power reactor. Seismic and
geoclogic eite criteria for nuclear power plants are provided in Appendix A and
Appendix B to 10 CFR Part 100. Appendi» A to 10 CFR Part 50 establishes the

minime regquirements for the principal c.seign criteris for water-cooled nuclear
power plants; a number of these criteris are directly related to site

characteristice as well as to events and conditions ocutside the nuclesr power
unit.

The National Environmental Policy Act of 1969 (NEPA) (B3 Stat. B852),
implemented by Executive Order 11514 Amended by Pxecutive Order 11991 and the
Council on Environmental Quality's Geiderines Regulations of Awgust—ir—iSid—3é
FRA—20660+ Noveaber 28, 1978 (42 PR §5952) found at 40 CFR Part 1500-1508,
regquires that all agencies of the Federal Government prepare detailed
environmental statemants on proposed major Federal actions which can
significantly affect the quality of the human environment. A principal cbjective
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, including slternative sites.

Part 51, °
Pt e e tuum m m for Domestic :.Lmunq and
Related Regulatory Punctions,” of Title 10, Code of Federal Regulations, sete
forth the Nuclear Regulatory Commission's peiriey-end-precedvres regulations for
the preparation and processing of environmental impact statements and related
documents pursuant to Section 102(2)(C) of the NEPA.

The limitations on the Commission's authority and responeibility pursuant
to the NEPA imposed by the Federal Water Pollution Control Act (B6 Stat. 916) are
addressed in am—interim Policy Statement jublished in the Federal Reginter on
danvery—28,—3533—36-FR-2659+ December 31, 1975 (40 ¥R £0113).

This guide discusses the major site characteristice related to public
heulth and safety and environmental issues which the NRC staff considers in
determining the suitadility of sitzs for i4qho-u.ooe—ooo&o‘—*bua+—ond—a*qh
LOMPOratero—3ae-000+0d(HIGR-nuclear power stations.' The guidelines may be
used by applicants in identifying suituble candidate sites for nuclear power
stations. The decision that & station may be built on a specific candidate site
is bused on a detailed evaluation of the proposed site-plant combination and a
cost~benefit analyeis comparing it with alternative site-plant combinations as
discussed in Regulatcry Guide 4.2. ‘Preparation of Environmental Reports for
Nuclear Power Stations.’

For the purposes of this guide, nuclear power station refers to the
nuclear reactor unit(s), nuclear steam supply, electric generating
unite, @asuxiliary systems, including the cooling eystem and
structures such as docks that are located on & given site, and any
new electrical transmission towers and lines erected in connect.on
with the feacilities.
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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
differ among applicants, Chapter § states that the applicant should present its
site-plant selection process as the conseguence of an analysis of alternatives
whose environmental costs and benefits were evaluated and compared and then
weighed against those of the proposed facility.

Tnis guide is intended to assist applicants in she—imitial-—stege—ef
selecting potential sites fur a nuclear power stetion. Each site that appears
to be compatible with the general criteria discussed in thie guide will have tc
be exarined in greater detail before it can be considered to be a *candidate’
site, i.e., one of the group of sites that are to be considered in selecting a
*proposed” or ‘preferred’ site.'

This guide ehouwidbe weed-oniy provides rmnl infcrmation for use in the
initial stages of site selection becowse up to identification of potential sites.
I+t does not provide detailed guidance on the various relevant factors and fermas
approaches for ranking the relative suitability or desirability of peesibie
candidate sites. This guide providee a general set of safety and environmenta)
criteria which the NRC staff has found to be valuable in assessing candidate

E.le8 raent1itest+On 1M BPettite 1 1OONS LN CaBes |

The information needed to evaluate potential eites 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 eite. Although in
some cases the applicants m)y have conducted on-the-spot investigations, it is
assumed here that these investigations would be limited to reconnaissance-type
survey® at this stage in the site selection process.

The safety 4esuees discussed include geclogic/seismic, hydrologic, and
atmospherie-meteorological characteristics of proposed sites: potential effectyw
on ¢he—a station from accidents associated with nearby industrial, transporta-
tion, anc m.litary facilities; and population éieeribution-eand-densities in the
site environe as they relateto protecting the general public from the potential
radiation hazarde of postulated serious accidents. The environmental issues
discussed concern potential impacts from the construction and operation of
nuclear power statiors on ecological systems, water use, land use, the
atmoephere, aesthetics, and socioeconomics.

This guide does not discusse details of the engineering designs reguired to
ensure the compatibility of the nuclear station and the site or the detailed
information required for the preparation of the safety analysis and envirormental
reports. In addition, nuclear power reactor site suitability as it may be
affected by the Commission's materisls safeguards and plant protection
requirements for nuclear power plants is not addressed in this guide.

Guidance concerning the siting of offshore nuclear stations, geiré-metad
feet—breeder-—resetore{+MFBR—test reactors, and advanced giting concepts such
&8 underground sites and mecieer-energy-centere sites which include fule cycle
facilities is not included in this guide.

’ Site selection methodologies that have been used by the nuclear
power industry are dascribed in °*Nuclcar Power Plant Siting, A
Generalized Process,” Atomic Industrial Forum, August 1974, National
Environmental Studies Project, R-1576.

. See Chapter 9 of Regulatory GCuide 4.2 for a discussion of site
selection procedures. The *proposed’ site submitted by an applicant
for a construction permit ie that site of a number of ®candidate’
sites which the applicant prefers and on which the applicant
proposes to construct a nuclear power station.
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A significant commitment of time and resources may be reguired to select
& suitable site for a nuclear power station, including safety and anvironmental
CONELOEI 8L L1ONBr—aRE— 46 —SBveireP—on —2660pteh ¢ B0o+en—for that—site. Site
selection involves consideracions of public health and safety, engineering and
design, economics, instituticnal regquirements, environmental impacts, smergency
planning, and other factore. The potential impacts of the construction and
operation of nuclear power stations on the physical and biological environment
and on social, cultural, and economic features' are usually similar to the
potential impacts of any major industrial facility, but nuclear power stations
are unigue in the degree to which potential impacts cf the envircnment on their
safety must be considered. The safety requirements are primary determinants o
f the suitability of a site for nuclear power stations, bews however consi-
derations of environmental impacts enéd—pebiie—ecoeptence and of emergency

planning around nuclear power stations ere alsc impertent—end need to be
evaluated.

In the site selection process, coordination between applicants for nuclear
power stations and various Federal, State, and loczl agencies will be useful i
n identifying potential problem areas.

Appendices A and B of this guide summarize the important safety-~related and
environmental considerations for assessing the site suitability of nuclear power
stations.

B. DISCUSSION
1. Geclogy/Seismclogy

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 gite are surface
faulting, potential ground motion and foundation conditione® (including
liquefaction, subsidence, and landslide potential), and seismically induced
floods. Criteria that describe the nature of the investigations reguired to
obtain the geclogic and seismic data necessary to determine site suitability are
provided bywmwumw
Appendix B, “Criteria for the Seisnic and Geological Siting of Nuclear Power
Plants after |[EFFECTIVE DATE]® tc 10 CFR Part 100. Safety-related site
characteristici are identified in Section 2.5 of Regulatory Guide 1.70, *Standard
Format and Content of Safety Analysis Reporte for Nuclear Power Plante," and
Regulatory Guide ..59, "Design Basis Floods _.or Nuclear Power Plants.’ In
addition to geologic and seismic evaluation for assessing seismically induced
flooding potentisl, Section 2.4 of Regulatory Guide 1.70 and Regulatory Guide
1.59 describe hydrologic criteria, including coincident flood events that should
be considered.

~a

4 Biolt ; ‘cal and physical environment includes geclogy, geomorphology,
surf "+ and groundwater hydrology, climatology, air quality,
limnology, water gquality, fisheries, wildlife, and vegetation.
Social and cultural features include scenic resources, recreation
resources, archeclogical/historical resources, 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 Explecration of
Solls, Intact Rock &nd In Situ Masses,” WASH-1301, March of 1974,
outlines some of the procedures used to evaluate site foundation
propesties.
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1. hemeospherie Snxtremesend-Drepersion Metecrology

The potential effect of setereietmosphorie-ontremes extreme metecrologi al
vonditions (e.g., tornadoes!, temperature extremes, high winds, and exceptional
icing conditions!) on the safaty-related etructures of a nuclear station must be
considered. However, the etmeopherie extremes that may occur at & -.te are not
normally critical in determining the suitability of a site because sai«ty-related

structures, systems, and components can be designed toc withsetand most stmeepherie
extremes.

The etmespherie meteorlogicel characteristics (including atmospheric
stability} st a site need to De are-on—imporsant considersdetien in evaluating
the dispersion of radicective effiuents both from postulated accidents and from
routine releases in gaseous effluents.: In addition to meeting the NRC
requirements for the dispereion of airborne radiocactive material, the station
must meet State and Federal reguirements of the Clean Air Amendmente—ef3570—BL
536044 Act, a0 anended (42 U.8.C. §7401 ot. seqg.). This is unlikely to be an
important consideration for nuclear power station siting unless (1) a site is in
an area where exieting air quality is near or exceeds the limite set under the
Clean Air Amendmente ACt, (2) there is & potential for interaction of the cooling
system plume with a plume containing noxiocus or toxic substances from a nearb
facility, or (3) the auxiliary generators are operating.

The atmospheric data necessary for adeguate assessment of the potential
dispersion of radicactive material from design basis accidents are described in
Regulatory Guide 1.23, "Onsite Meteorological Programs.” Models and assumptions
used for evaluating astmospheric transrort and dispersion are provided in
Regulatory Ouides 1.111, “Methods for Isstimating Atmospheric Transport and
Diepersion of Gaseous Effluents in Routine Releases from Ligh*-Water—Cooled
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Reactors,” and 1.145, "Atmospheric Dispersion Models for Potential Accident

Assesssents at Nuclear Power Plante.®” Tehe potential radiological
consequences of certain postulated accidents are provided in Regulatory Guides
1.3, *Assumptions Used for Evaluating the potential Rudxoloqicnl Conuoqu ‘ces cof
a Loss-of-Coolant Accident for Boiling Water Reactors+” and 1.4, *Assumptions
Used for Evaluating the Potential udialogu:nl Con: squences of a Loss-of-Coolant
Accident for Pressurized Water Reactorss,

In the evaluation of potential sites, onsite » _.mespherie—reconraissance
metecrological measurements can determine if the eemespherse meteorclogical
conditions at a site are adequately represented by the available
meteorological data for the ares f£from messuresent eystems of similar caliber.
Canyons or deep valleys fregquently have stmespherie—veriebiee mateorological
conditione that are substantially different from those wveriebies-mesoured—for
conditions in the general region. Oehesr-sfopographical features such as hillse,
mountain ranges, and lake or ocean shorelines can affect the local stmeepherie
metecrological conditions at a site and may cause the dispersion characteristice
at the site to be less favorable than those in the general area or region. More
stringent design or effluent gontrol objectives er—e—ierger—esneiveion—ares-may
be regquired in such cawves.

While it is the concentrstion of radioactivity in the atmosphere at any
distance from the point of release, x(Ci/m'), that must be co.' -olled, the ratio
x/Q, where Q(Ci/sec) is the rate of rolocuo of radicactivity from the source, has
become a commonly evaluated term because it depends only on atmeepherie the
.:t.erlegicll variables of wind speed and atmosphes ic .muu:’ and distance from
the source.

S i s i : T :

If under nsuncd
unfavorable stmeepherie meteoriogical conditions (see Regulstory Guides 1.3, ané
1.4, and 1.145) the dispersion of radic ctivity released following a design basis
ac..xdont 18 adpviirerent et 1! . €0 the boundary of the exclusion area
(see the following section, *Popul. n Considerstions®) and to the outer
boundary of the low population zone, the eite-plant design wovld not satisfy the
requirements of 1C CFR Part 30050.34(a){1). Thus, the design of the station
would be required to include a roprinto nnd ndo ate compensating engineered
safety features. In addition, meteoro conditions are to ba determined for
uee in the m&mu \ in mm Part 31 and fo~ comparison to
the n*wrom assured in the Probabilistic Risk Aeseesment (PRA)
for a cert plant du!r utm & Gesiga is to 13cated at ““= site) or usad
in the site mouu PEA for A custom plant at the site.

Local fogging and icing can result from plumes discharged into the
atmosphere from cocling towers, lakes, canals, or spray ponde, but can generally
be acceptably mitigated by station design and operational practices. However,
somv sites bive the potential for severe foyging or icing due to local
stmespherie netecrologeial conditions. For example, areas of unusually high
moisture content that are protected from large-scale airflow patterns are most
likely tc experience these condition~. The impacts are generally of greates®
potential importance relative to ‘i :i-3portation or electrical transmission
corridors in the vicinity of a site.

A cooling system designed with special considerstion for reducing drift may
be regquired due to the sensitivity of the natural vegetation or the cropse in the
vicinity of the site to damyge from airborne salt particles. The vulnerability
of existing industries or other facilities in the vicinity of the site to
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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
eystem important, but the nalt concentration above the natural background salt
deposition at the site is aleo important in assessing drift effecte. Ncne of
these considerations are critical in evaluating the suitability of a site, but
they could result in special cooling system design reguirements or in the need
for a larger site to confine the effects of drift within the site boundary. The
environmental effecte of salt drift are most severe vhere saline water or water
with high mineral content {e used for condenser cooling.

Cooling towers may produce cloudlike plumes which vary in size and altitude
depending on sme-stmespherie metel. .. ‘2al conditions of molsture content, wind

« atmospheric stability and direct on. The plum:e ere-eften can be a few
miles ir leng*h before bec aing dissipated, but the plumes “hemselves or their
shadows could .ave aestheti. impacts. Visible plumes emitted from cooling towers
in the vicinity of airporte could cause a hazard to aviation and in the vicinity
of elevated bridges could cause a hazard to vehicular traffic.

3. Populastion Considerations

A reactor licensee is required by 10 CFR Part 100 to designate an exclusion
dérea 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 exclueiocu area in which the
applicant has such authority. :

oo—end*vfdoo%o—.o—.ny—,ok\0fon—f.c—boond.c7—4o9—i—houeo—ennod+co.+y—fo%*ou+nq—5ho
vadvesv—Transportation corridors, such as highwaye, railroads, and waterways,
are permitted to traverse the exclusion area provided (1) these are not so close
to the facility as to interfere with normal operation of the facility anéd (2)

appropriate and effective arrangemente are made tr control traffic on the

highway, railrcad, or waterway in the case of emergency to protect the public
health and safety.

As set forth in 10 CFR Part 100, & nuclsar r station sites should be
located in areas with low population density. 1I1f the population density of a
proposed site a) exceeds 500 people per sgquare mile averaged over any radial
distance out to 30 miles or b) is projected to exceed 1000 people per sguare mile
sveraged over sny radial distance out to 30 miles 40 years after the time of
initial site approval or renewal, the applicant should give special attention to
alternate sites. muet heve o tow -popuiatron tone (iiii iMmeststely Surrounsing
EF NI B L ON BreE N W ER A NE - POPUL It LON 108+ Buf 1O IOt IV 1Mt eS 1A Fumbir
818 B B OEF I BUted 1A GuUEh B oY LRhEL LHEre +8 & FOREORIBIe Probabs i1ty Ehat
O PPrORE 18T MEBOUEC O 00w E bE EENON—tF Pt r—Bohotf
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4. Bydrology
4.1 Flooding
Criteria for evaluation of seismically induced floods are provided in
' ndix B to 10 CFR part 100. Regulatory Guide 1.59% describes an

acceptable method of determining the design basis floode for sites along streams
or rivers and discusses the phenomena producing comparable design basie floods
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for coastal, estuary, and Great Lakes sites. The effects of a probable maximun
flood (ae defined in Regulatory Guide 1.59), seiche, surge, or seismically
induced flood such &8s might be caused by dam failuses 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 Clesseification.’ For some river
valleys, flood plaine, or areas along cosstlines, 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 blockage, or diversion in the river system or distantly and
locally generated ses waves may be nesded tc determine the suitability cf a site.
In lieu of detailed irnvestigations, Regulatory Guide 1.59% and Section 2.4 of
Regulatory Guide 1.70 present acceptable analytical technigques for evaluating
seismically induced flooding.

4.2 viater Availability

Nuclear power stations reguire reliable sources of water for =team
condensation, service water, emergency core cooling system, and other functions.
In regions where wate: ies in short supply, the recirculstion of the hot cocling
water through cooling towere, 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 uitimate heat sink,’ and for fire protection. The limitations imposed by
existing laws or allocation policies govern the use and consumption of cooling
water at potentisl sites' for normal operation. Regulatory Guide 1.27 discusses
the safety regquirements. Consumptive use of water may necessitate an evaluation
of existing and future water uses in the area to ensure adeguate water supply
during droughts both for station cperation and other water users (i.e., nuclear
power stetion requirements versus public water supply). Regulatory agencies
should be consulted to avoid potential conflicts.

vy : - ol P : sndi «
RO PEGUEHE 1S —COREIBLENt w1 th EPPrOPrIAte HLEte NS —FEGIORE T —Programe e ©

e rowid-d bod o bt} 4 : " : 4
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The availability of essential water during periods of low flow or low water
level is an important initial considerstion for identifying potential sites on
rivere, small snellow lakes, or along coastlines. Both the fre~ ency 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.

6.3 Water Quslity

Thermal and chemical effluents discharged to raavigable streams are governed
by the Federal Water Pecllution Contro' Act (FWPCA, PL 92-500), 4L CFR Part 122,

» Regulatory Guide 1.27, *Ultimate Heat Sink for Nuclear Power
Plants,” provides guidsnce on water supply for the ultimate heat
sink.

’ 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.

A discussion of the establishment of state regulation of water
use is provided in *Industrial Developments and the Environment,
Legal Reforms to Improve the Decision-Making Procese in Industrial
Site Selection,” Special Committee on Environmental Law of the
American Bar Association, August 1973.
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40 CFR Part 423, and State water gquality standarde. The applicant should also
determine other regulations that are current at the time sites are under
consideration. Section 401(a)(l) of the FWPCA reguires, in part, that any
applicant for an NRC construction permit or combined license (combined
construction pmrmit and operat license) for a nuclear power station provide
to the NRC certification from the State that any discharge will comply with
applicable effluent limitations and other water pollution control reguirements.
In the absence of such certification, no construction permit or combined license
can be issued by NRC uniess t e reguirement is waived by the State or the State
fails to act within & reascnable period of time. A National Pollution Discharge
Elimination System (NPDES) permit to discharge effluents to navigable streams
pursuant to Settion 402 of the FWPCA may be required for a nuclear power station
to operate in compliance with the Act, but is not a prereguisite to an NRC
construttion permit or operating license.

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 reguired.
Potential radiclogical and nonradiological contaminants of ground water should
be evaluated. The suitability of sites for & fic plant design in areae with
a complex ground water hydrology or of sites located over aguifers that are or
may be used by large populations for domestic or industrial water supplies or for
irrigation water can only be determined after reliasble assessmen:s have been made
of the potential impacts of the reactor plants on the ground water. Accordingly,
10 CPR 100 Subpart 8 iree that site environmental characteristics, which
includes hydrological and metecorclogicel charscteristice, be characterized and
used in or compared to those characteristices used in the plant PRA and
environmental analysis.

Although management of the guality of surface waters is important, water
quality per se is not a determining factor in assessing the suitability of a site
since adequate design alternatives can generally be developed to meet the
requirements of the Federal Water Pollution Control Act and the Commission's
regulatione implementing NEPA. However, the environmental characteristics or the
complexity of the environment at a site and its vicinity may be such that it
would be difficult to obtain or develop sufficient information to establish, in
& timely manner, that the potential envircnmental impacts on water guality would
be acceptable. Examples of situations that could pose unusual impact assessment
or design prohlems are areas of existing marginal water gquality, small bays,
estuaries, stratified waters, and sites that would require intake from and
discharge to waters of markedly different quality, such as intake of marine water
and discharye 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 epecies, including plant-
induced rapid changes in environmental conditions; changes in normal current
direction or velocity of the cocling water source and receiving water; scouring
and siltation resulting from construction and cooling water intake and discharge;
alterations resulting from dredging and espoil disposal; and interference with
shoreline processes.

5. Ecological Systeas and Biota

Areas of great importance to the local aguatic 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 fseding, as well as areas where there may be
seascnally high concentrations of individuale of important species.' Where the

> A especies, 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



ecological sensitivity of a site under consideration cannot be established from
existing information, more detailed studies, as discussed in Regulatory Guide
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 itive to costs and benefits. In general, the important
considerations i ® balancing of costs and benefite are (&) the unigueness of
& habitat or ecol. 'al system within the region under consideration and (b) the
amount of habitat ecclogical system that would be destroyed or disrupted

relative to the total smount of the habitat or ecological system present in the
region or the vulnerability of the reproductive cajacity of important species
populaticns 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 & habitat unsuitable as a breeding or nursery area. In some cases,
organisms use identical breeding and nursery areas each year; if the charac-
teristice 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 shifte 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 becsuse of man'-
activities in the proximity to the area, even in the absence of physical
disturbance of the actual breeding area.

Of sepecial concern relative to site selection are those unigue or
especially rich feeding areas that might be destroyed, degraded, or made inacces-
sible to important species by station construction or operstion. Evaluation of
feeding areas in relati”n to potential construction or operation impacts includes
the following considerations: size of the feeding area onsite in relaticn to the
total feeding area offesite, food density, time of use, location in relation to
other habitate, topography relative to accese routes, and other factors
{including man's activities). Site modification may reduce the gquality of

feeding areas by destruction of a portion of the food base, destruction of cover,
or both.

Construction and operation of nuclear power stations can create barriers
to migration, occurring mainly in the aguatic environmert. Narrow zones of
passage for migratory animale in some rivers and estuaries may be restricted or

I1f the species in commercially or recreationally valuable,
If the species is endangered or threatened,

If the species affects the well-being ©f some important
species within criteria (1) or (2) or if it ie .itical to the
structure and function of a valuable ecological system or is
a biclogical indicator of radionuclides in the environment.

—— —
LR S
——

Endangered and threatened species are defined by PL 93-20%,
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 eignificant portion of its range
other than a especies of the Class Insecta determined by the
Secretary to constitute a pest 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 ie
likely to become an endangered species within the foreseeable future
throughout all or & significant portion of ite range.” Lists of
endangered and threatened species are published periodically in the

Federal Register by the Secretary of the Interior.

. A compilation of construction practices is provided in “General
Environmental Guidelines for Evaluating and Reporting the Effects cf
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
may result from the discharge cof heat or chemicals to receiving water bodies or
the construction and placement of power station structures in the water body.
Strong-swimming aguatic animale often avoid waters of adverse quality, but larval
and immature forms are usually moved and dispersed by water currents. It is

therefore important in site selection that the routes and times of movenent of
the immature stages be considered in relation to potential effects.

A detailed assessment of potential impact on the species population would
be requirea for siter where y .acement of intake or discharge structures would
markedly disrupt normal current patterns in migration paths of important species.
The potentials for impingement of organisms on cooling water intake structures
and entrainment of organisme through the cooling system are determined by a

number of variables including site characteristice, intake structure design, and
placement of the structures at the site.

Site characteristice should be considered relative to deeign 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
populations in areas where tiey would be adversely affected, either directly cor
indirectly, by limited food supply or adverse temperatures. Canals or areas
where cooling waters are discharged may induce fish to remain in an unnaturally
warmed habitat. The cessation of station operation during winter can be lethal
to these fish because of an abrupt drop in water temperature.

6. Land Use and Aeathetics

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 designe and practices. Aesthetic
impacte can be reduced by selecting sites where ex.sting topography and forests
can be utilized for screening station structures from nearby scenic, historical,
or recreational resources. Restoration of natural vegetation, creative

landecaping,’ and the integration of structures with the environment can mitigate
adverse visual impacte.

Preconstruction archeological excavations can usually reduce losset.
Short-term saivage archeclogy may not be sufficient if extensive or valuable
archeclogical sites are found on the potential site for a nuclear station. For
areas of archeclogical concern, the Chief Archeclogist cof the National Park
Service is an information source, as are the State Archeclogist and the State
Liaiscn Officer responsible for the National Historic Preservation Act activities
for a particular state.

Proposed alternative land use may rende: a site unsuitable for a nuclear
powar station. For example, lands specified by y community (1) as planaed for
other uses or (2) as restricted to compatible uses vis-a-vis other lands may be
unsuitable. Therefore, official land use plans developed by governments at any
level #nd 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 clase of impacts involves the preempting of existing land use at
the site iteelf. For example, nuclear power station siting in areas uniguely

. Staticn protection requirements for nuclear esafeguards may influence
landscape design and clearing of vegetation.

» See U.S. Council on Environmental Qullisy, Lo ret 16t ed

Bavt P Oment 81 P 0t S tALEMmERter —Cur@e 1t hesr  bh FhoeuhdS o fuaesr
33533 "National Environmental Pbltcx Act (NEPA) Implementation
Procedures; Appendixes I, II, and II)," 49

1984.

FR 49750, December 21,
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suited for growing e%ecialty crope may be considered a type of land conversion
involving unacceptable zconomic dislocation.

Sites adjacent to lands devoted to public use may be considered unsuitable.
In particular, the use of som’ sites or transemission linee or transpcrtation
corridors ciose to special areas administered by Federal, State, or local
agencies for scenic or recreational use may cause unacceptable impacte 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 archeclogical esites may alec fall into this category. The
acceptability of sites near special arese of public use should be determined by
consulting cvognizant government agencies.

The following Federal sgencies should be consulted for the special areas
listed:

a. National Park Service (U.S. Department of the Interior)

National Parke; International Parks; National Memorial Parke:
National Battlefields, Battlefield Parks and Battlefield Sites; National Military
Parke; Historic Areas and Ratiocnal Historic Sites; National Capital Parks;
National Mcnuments and Cemeteries; National Sesshores and Lakeshores; Naticnal
Rivers and Scenic Riverways; National Recreation Areas; National Scenic Traile
and Scientific Reserves; National Parkways

b. National Park Service Preservation Program

National Landmarks Program; Historic American Buildings Survey;
National Register of Historic Places; Naticnal Historical Lindmarks Program;
National Park Service Archeological Program

. Bureau of Sport Fisheries and Wildlife (U.S. Department of Interior)
Naticnal 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-.e &gencies such as State departments of natursal
resources. (See publications such as the ‘“Conservation Directory 1973: A
Listing cf Organizations, Agencies and Officials Concerresd with Natural Resource
Use and Management,” published by the National Wildlife Federation for stats-by-
state references.) The Advisory Council on Histeric Preservation or the
appropriate State histerivei-—seetesy historic preservetion officer should be
contacted for information on historic areas.

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 lana types such ag sand
dunes and wetlands are prime cendidates for such future cdesignation. 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, eand Trapsportation Pacilities
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Potential accidents at present or projected nearby industrial, military,
and transpcrtation facilities may affect the safety of a nuclear power station.'
A site should not be selected if, in the event of such an accident, it is not
poseible to safely shut down & plant at that site or if it ie not poesible to
have nearby facilities alter their mode of operation o. incorporate features to

reduce to an acceptable level the likelihood and severity of such potential
accidents.

In the event of an accident at a nearby industrial facility such as a
chemical plant, refinery, mining and quarrying operation, oil or gas well, or gas
and petroleum product storage installation, it is possible that missiles, shock
waves, flammable vapor clouds, toxic chemicals, or incendiary fragments may
result. These may affect the station itself or the station operators in a way
that jecpardizes the safety of the station.

Regulatory Guide 1.78, *Assumptions for Evaluating the Habitability of a
Nuclear Power Plant Control Roow During & Postulated Hazardous Chemical Re aase,"
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 bazardous chemicale and describes criteria that are generally acceptable to
the staff for the protection of the control room operators.

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
designed eso its safety will not be affected by an accident at the military
installation. Alternatively, an otherwise unacceptable site may become accept-
able if the cognizant military organization agrees to change the installation or
mode of operation to reduce the likelihood or severity of potential accidents
inveolving the nuclear station to an acceptable level.

An accident during the transport of hazardous materials (e.g., by air,
waterway, railroad, highway, or pipeline) near & nuclear power plant may generate
shock waves, missiles, and toxic or corrosive gases which can affect the safe
operation of the station. The consegquences of the accident will depend the
proximity of the transportation facility to the site, the nature and maximum
quantity of the hazardous material per shipment, and the layout of the nuclear
station. Unless ehe-a station can be designed to operate safely in the event of
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
proposed site may not be acceptable.

Airporte are transportation facilitiee that pose specialized hazards to
nearby nuclear power stations. Potential threats to stations from aircraft
result from the aircraft itself as a missile and from the secondary effects of
a4 crash, e.g., fire.

8. Socioeconomics

; : ., ho—i i . s " i
R S 1

The siting, construcxion, and operation of & nuclear power station may have
significant impacts on the sociceconomic structure of & community and may place
severe wtresses on the local labor supply, transportation facilities, and
community services in general. There may be changee 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 resclve such difficulties by proper coordination with

) Section 2.2 of Regulatory Guide 1.70 1lists these safety
considerations.
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impacted communities; however, some impacts may be locally unacceptable and too
costly to avoid by any resscnable program for thair mitigation. Evaluation of
the suitability of a site should therefore include consideration »f purpose and
probable adequacy of socioceconomic impact mitigation plans for such economic
impacts on any community 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., tow 3 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 communities.

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 ' avela during station operatiosn.

C. REGULATORY POSITION
1. Geclogy/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 & sufficiently high level
of confidence to ensure that the integrity of the safety-related featuree of the
plant will remain intact.

Sites within about § miles of a .wvrfaee capable fawis tectonic source
greater than 1000 feet in length are usually not suitable for & nuclear power
station. 1In any case, extensive /d detailed geclogic and seismic field stu.u.es
and analyses should be conducted for such a proposed site.

Sites located near geclogic structures for which an adeguate data base to
determine “capability® does not exist at the time of application are likely to
ba subject to a longer licensing procese in view of the need for extensive and
detailed geclogic and seismic investigations of the site and surrounding region
and for the rigorous analyses of the site-plant combinaticn.

Sites with competent bedrock for foundations gunerally have suitable
foundation conditions. In regions where there ar few or no such sites, it is
prudent to select .ites in areas with competent and stable solid soils, such as
dense sande and glacial tilles. Other materials may a.+¢~ provide satisfactory
foundation conditions, but in any case, a detailed geol )gic and gectechnical
investigation will be required to determine static and dynamic engineering
properties of the material underlying the site in accordance with Geetiens

B co 10 CFR Part 100.

2. Avesepherie Entrente—and Disporsres Meteorology

Aes noted in Section B.2 of this guide, site etmespherie meteorlocical
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 accident, P e S
boondoeyr—+ou—,o’u%o06on-ooao—h.oa‘oe9r—ond—d&o0onoo—o.—.—,opn%obéoq—oongofv
" rined | A e RSohe-04 : el i

ﬁ!llle.at“.i ini i lpgcov;; .1
Gonerderstions" hccordingly, for initisl site ; Tenswal,
or construction permit must collect metc wological information for at lemst one
the site

t
year that ie tive of ite cond.tions inc!ading wind speed, wind
direction, mcm. and atmospheric stability.
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Nonradiological atmospheric considerations such as local fogging snd icing,
cooling tower drift, cooling tower plume lengths and plume interactions between
cooling tower plumes, &nd plumes from nearby industrial facilities should be
considered in evaluating the suitability of potential sites.

3. Populaticn Consideration

Areas of low population density are preferred for nuclear power station
sites. High population densities projected for anytime cduring the lifetime of
& station are considered during both the NRC staff review and the public hearing
phesse of the licensing process. If the population density at the proposed site
is not acceptably low, then the applicant will be reguired to give special
attention to alternative sites with lower population densities.

It the offeite population density, including weighted transient population,

projected at the time of fnitlial site approval or renewal +eaisisi-eoperation—of

-svetion—axceeds S00 persons per equare mile averaged over any

radial distance irt to 30 miles, (cumulative population at a distance divided by

the area at thet distance), or the projected population density everthe—iifotine

for 40 vears u&tlmurm zr renewsl exceeds

1,000 persons per square mile averaged over any radial distance out to 30 miles,

special attention should be given to the consideration of alternative sites with
lower population densiiies.

Transient populatior should be included for those sites where a significant
number of people (other than those just passing through the area) work, reside
part-time, Or engage in recrvational activities and are not permanent residents
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 ares. .

Based on past experience, the NRC staff has found that & minimum exclusion
distance of 0.4 mile, even with unfavorable design basie atmospheric dispersion
characteristice, usually provides assurance that engineered safety features can
be designed to bring the calculated dose from a postulated accident within the
guidel.nee of 10 CFR Part 00 $0.34{a) (1) . F-she-minimemonoiviion—dictanoe 1o
: Ol . ‘ . ,

RO P RSO SPEC LS T —CONE 1 L+ OND O —LRE
: San rded . : A b " : :
Bl e GFR EEE vl GPE Meh e Lader BREEd 68 Prbl CRPEPIENee; the Shotl foe fousa

: y Briir : | . arrer A
vovsiiy-adeguater Subpart B of 10 CFR 100 specitiss the exclusion area distance.
é. Bydrology

4.1 Vicoding

To evaluste sites located in river valleys, on tlood plaine, or along
coastlines where there is & potential for flocding, the sits suitability studies
described in Regulstory 1.59, *Design Basis Floods for Nuclear Power Plants,®
should be made.

4.2 Water Availsbility

A highly dependable system of water supply sources must be shown to be
available undar postulated occurrences of natural and site-related accidental
phenomena or combinations of such phenomena as discussed in Regulatory Guide
1.59.

To evaluate the suitability of sites, there should be reascnable assurance
that permite for consumptive use of water in the gquantities needed for & 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
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The potential impacts of nuclear power stations on water guality are likely
to be acceptable if effluent limitations, water guality criteria for receiving
waters, and other requiremente promulgated pursuant to the Federal Water
Pollution Control Act are epplicable and satisfied.

The criteria provided in 10 CFR Parts 20 and * w.ll be used by the NRC
staff for determining permiseible concentrations { radiocactive materials
discharged to surface water or to ground water.®

4.4 Fission Product Betention and Trassport

To be able to assess fisslon sroduct retention and tracsportstion via
groundwater, the following information should be determined for the site:

. s0il, eediment, and rock charscteristices (e.¢.. volcanic ash,
fractured limestone, etc.),

. sbsorption and retention cosfficients for fission product materisle,
. ground water velocity, and
.  distance to nesrest body of surface water.

This information should be used in the anvironmental report reguired in 10 CFR
Part $1 and comparsd to the ical information used in the PRA for a
certified {if such & des is to be iocated at the site) or used in the
site specific PRA for a custom plent located at the site.

Aquifers that are or may be used by large populations for domestic,
municipal, industrial, or irrigation water supplies provide potential pathwaye
for the transport of radicactive material to man in the event of an accident.
Toe evaluate the suitability of proposed sites located over such aguifers,
datailed studies of factors identified in Section 2.4.13 of Regulatory Guide

1.70, *Standard Format and Content of Saefety Analysis Reports for Nuclear Power
Plants,” should be completed.

5. Bcological Systems and Biota

The ecclogical 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 unnecesaary deleterious
impacte on populations of important species or on ecological systems with which
they are associated from the construction or operation of a nuclear power station
&t the gite.

When early site inspections and evaluations indicate that critical or
exceptiona’ly complex ecological systems will have to be studied in detail to
determine the appropriate plant designs, proposals to use such sites should be
deferred unless sites with less complex characteristice are not available.

It should be determined whether any important species (as defined in
Section B.S5 of this guide) inhabit or use the proposed site or its environs; and
the relative abundance and distribution of their populations shoculd be
considered. Potential adverse impacte on important species should be identified
and assessed. The relative abundance of individuals of an important species
inhabiting a potential site should be compare to available information in the
literature concerning the total estimated local population. Any predicted
impacte on the species should be evaluasted relative to effects 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 reguirements for limiting
conditions of operation for light-water-cocled 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
encdangered species. If there are endangered or threatened species at a site, the
potential effects should be evaluated relative to the impact on the local
population and the total estimated population over the entire range of the
species as noted in the literature.

It should be determined whether there are any important ecological systems
at 2 site or in ite environs. 1f so, determination should be made as to whether
the ecological systems are especially vulnerable to change or if they contain
important specie# habitats, such as breeding areas (e.g., nesting and spawning
areas), nursery, feeding, resting, and wintering areas, or other areas of
seascnally high concentrations of individuals of important species.

The important considerations in the balancing of costs and benefits include
t! following: the unigqueness ©f a habitat or ecological system with'n the
r. jion under consideration, the amount of the habitat or ecclogical systenm
destroyed or disrupted relative to the total amount in the region, and the
vulnerability of the reproductive capacity of important species populations t¢
the effects of construction and operation of the staticn and ancillary
facilities.

If sites contain, are adjacent to, or may impact on important ecoclogical
systems or habitats that are unigue, limited in . rtent, or necessary to the
productivity of populations of important species (e.gy., wetlands and estuaries),
they cannot be evaluated as to suitability for a nuclear power station until
adeguate assessments for the reliable prediction of impacte have been completed
and the facility design characteristics that would satisfactorily mitigate the
potential ecological impacte have been defined. In areas where reliable and
sufficient data are not available, the collection and evaluation of appropriate
seascnal data may be reguired.

Migrations of important species and migration routes that pass through the
pite or its environs should be identified. Generally, the most critical
migratory routes relative to nuclear power station siting are those of aguatic
species in water bodies asscociated with the cooling systems. Site conditions
that should be identified and evaluated in asseasing potential impacts on impor-
tant aguatic migratory species include (1) narrow zones of passage, (2) migration
periods that are coincident with maximum ambient temperatures, (3) potential for
ma+~=~ modification of currents by station structures, (4) potential for increased
* 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 & nuclear power staticn and the
availability of alternative routes that would provide for maintenance of the
species' breeding population should be assessed.

1f justifiable relative to costs and benefits, potential impacts of plant
construction and operation on the biota and ecological systems can generally be
mitigated by adeguate 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.

A summary of environmental considerations, parameters, and regulatory
positions for use in evaluating the suitability of sites for nuclear power
stations is provided in Appendix B to this guide. A discussion of ecclogical
systems and habitats, the level of detail that should be addressed the site
selection process, and the survey, monitoring, and analytical technigues for
assessing impacts on important species and ecological systems will be summarized
in subseguent appendices to this guide.

6. Land Use and Aesthetics
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Land use plans adopted by Federal, State,-regional, or local governmental
entities should be examined, and any conflict bDetween these plans and uee of a
potential site should be rescived by ceonsultation with the appropriate
governmental entity.

For potential site on land devoted to specialty crop production where
changes in land use might result i1 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 aress is of particular concern, and
sevaluation of the suitavility of such sites is dependent on consideration of
specific station design layout. However, existing aesthetic impacte at potential
sites should be taken into account as mitigating any regquirements for further
special derign.

7. Industrial, Military, and Traosportstion Facilities

Potentially hazardous facilities and activities within 5 miles of a
prcposed site should be identified. 1If 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 tornade for the
region* or potential hazards such a flammable vapor clouds, toxic chemicals, or
incendiary fragments exist, the suitability of the site should be determined by
detailed evaluation of the degree of risk imposed by the potential hazard.

The identificatior 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 300 $50.34(8)(1) guidelines exceeds
approximately 107 per year. Because of the difficulty of assigning precise
numerical vrlues to the probability of occurrence of the types of potential
hazaids generslly considered in determining the acceptability of sites for
nuclear statiors, judgment must be used as to the acceptability of the overall
riek 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 iéO—lO,)th)li) exposure guidelines should be based on
sssumpt ions that are as realistic as .s practicable. In addition, because of the
low probability events under consideration, valid statistical data are often not
available to permit accurate guantitative calculation of probabilities. Accord-
ingly, a conservative calculation showing that the probability of occurrence of
potential exposures in excess of the 10 CFR Part +00-50.34({a)(1) guidelines is
spproximately 10* per year is acceptable if, when combined reasonable gqualitative
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 effects of those accidents on the safety-related features of ehe
& proposed nuclear station have been performed and appropriste measures (e.g.,
hardening fire protection) to mitigate the conseguences of such events have been
taken.

To evaluate the suitability of sites in detail for potential accidents
invelving 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.

#. Socioeconomics

. The design basie tornado is descridbed in Regulatory Guide 1.76,
‘Design Basie 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
construction and operation of the nuclear station, including transmission and
transportation corridors, and potential problems relating to community services,
such as schools, police and fire protection, water and sewage, and health
facilities, will not adversely affect the distinctive character of the community.
A preliminary investigation should be made to identify and analyze problems that
may arise due %o the proximity of a distinctive community to a proposed site.

§. Noise

Noise levels at proposed sites must comply with applicable Federal, State,
and local noise regulations.

10. Bmergency Planning

As a minimum, each applican: for site approval should provide a description
of the area within a 10 mile radius of the plume exposure EPZ, including:

o population distribution (current and projected for the next 40
years),

(<] residential, industrial, public, and commercial facilities and
structures,

© transportation routes, including any egress limitations, and

o topography.

In addition, the applicant shall provide a description of any contacts,
evaluations by and assessments with local, State, snd Pederal government agencies
with emergency planning responeibilities. An evaluation of the above information
with respect to its impact on the development of an emergency plant that can
assure adequate protective measures for the populace should be provided.

D. IMPLEMENTATION

BT, i i g ey AT, i P o sovE il s il ! . : : -

: i > . : ” . : :
' -84 : : : 4 34 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 nuclear power stations. Accordingly, it can be used 4 :

after [EFFECTIVE DATE OF TEIS RECULATION] ¢e—indieste a®¢ & general list of
considerations that should be addressed early in the tmitial-stege-of-the site
selection process to identify potential sites for nuclear power stat._ons.




APPENDIX A

SAFETY-RELATED SITE CONSIDERATIONS
PO ASSESSING SITE SUITABILITY
FOR NUCLEAR POWER STATIONS
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 wtations.
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Cons iderat ions

Relevant Regulations
and Regulatory Guides

Regulatory Exper ience
and Position

A 7 Geology Sewmology

Geologic and se:smic charectenstics of
8 site, such as surfece faulting, ground
motion, end foundstion conditions
(including liguefsction, subsidence, and
lendslide potental), may sfiect the
safety of & nuciesr power station.

10 CFR Pert 100, Appendix & 8.
“Cetens for the Seismic and Geologic
Siting Codene—donof Nuclear Power
Plants afier JEFFECTIVE DATE] -

Reguistory Guide 1.70, Cheptes—a
(identifies safety-relpted wsite
cheractenstcs).

Reguistory Guide 1.28 (discusses plant

sefety festures which should be
controlied by engineenng design).
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Sites thet inciude capsble faults ere not
suitable for @ nuciesr powser steuon

Sites within about S miles of & ewsdeos cars
bie Lewit tectonic spurce (greater then 1000
faet in length) are generslly not suitable ‘o
& nuclesr power stetion.

Sites should be selected in arees for whct
en adequete geologic date bese exis's 10
determine “capability.” Delay in hicensing
cen result from e need for extensive
geologic and seismic invesuge! cns
Conservetive design of safety-relsted siruc
tures will be reguired when geolog:c
seismic, and foundstion informetion s gues
tuonabie

Sites with competent bedrock generally have
suitabie foundstion conditions

if bedrock sites ere not available, it s
prudent 1o select sites in srees known 1o
heve & iow subsidence end hguefacton
potential. investigations will be required 1o
determine the statc end dynamic eng

neenng properties of the matenal under ying
the site as steted in JO CFR Part 100, See
D S V- SR B AP
Appendix B




Considerations

Relevant Regulations
and Regulatory Guides

Regulatory Experience
and Position

LI bsmmapiseslboagasscasibv b Driogy
The swmesphons meteoriogiosl

conditions &' & site should prowde
eviluent DoUOg dispereicn of radiosctive
metensls relessed durnng & postuleted
eccident 1o jeduce the radistion
exposurer of indivdusis et the
exclusion sres and 1o ¥ populstion Tone
boundsnes 10 the velues prescribed in
10 CFR Part 300 80354

10 CFR Pan 300, lossies—bue
Coinsen— 8O, “Domestic Uoansing of

Praduction snd Utilizeton Feoilives
Reguistory Guide 1.23, “Onsite
Meteorologicel Programs ©

Reguistory Guide 1.3 “Assumptions
Used for Eveluating the Potentsl
Rediological Conseguences of & Loss of
Coolant Accident for Boiling Waeter
Resctors.”

Reguistory Guwde 1.4, "Assumptions
Used for Evelusting the Fotentiel
Redivlogical Consequences of & Loss of
Coolent Accident for Pressurized Water
Resctors *

Regulstory Guide 1.5, “Assumptions
Used for Evelueting the Potentisl
Rediologicel Conseguences of & Steam
Line Bresk Acudent for Boiling Water
Resctors.*

Reguletory Guide 1.24, “Assumptions
Used for Evalusting the Fotenus!
Rediclogicel Coneegwences of @
Pressurized Weter Resctor Radiosctive
Ger Storage Tenk Failure ”

Regulstory Guide 1.25. “Assumptions
Used for Evelusting the Potential
Rediclogicsl Consequences of & Fuel
Hendiing Accident in the Fuel Hendiing
end Storage Facility for Boiling end
Pressurized Weter Resctors.”

Format and Conient ot Satety Ansiveis

Reguistory Guide 1111, “Methods for
Eetimsting Aumosphenc Trensport e’
Dispersion of Geseous Ffiuents in
Rovutine Reicases trom
Laght - Weter —Coolod Resotore

Reguistory Guide 1,168, “Awncspheric
Dispersion Wodels tor Petantisl
Aovident Conuequnos Assesements &
Nucies: Pows: Piame ©
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Unfevorable sefety-relsted design bess
stmosphernc dispersion charsctensnucs can
be compenseted for by ss—edeauels
SRS BLRNG —BRe- N ) NEET8T LB,




Considerat ions

Relevant Regulations
and Regulatory Guides

Regulatory Exper ience
and Position

A 3 Populstion Considerstions

in the svent of & senous sccident ot @
nucies’ powar station. effective sction
must be taken 10 minimize exposure of
ndivnduals outside the stetion 10 any
racdiosctive matensls which may be
relessed durning the escoident To
ensure thet exposure 10 populetions
will be minimized in the event of en
scowden’, the nuclesr power station
should not be loceted i & densely
populsted ares

10 CFR Pert 100, “Resctor Site
Criterie.” requires the following:

® An “exclusion sree” surrounding the
reactor in which the resctor licenses
het the suthority to determine il
sctivities, including exclusion or
removel of personnel end property;

® 10 CFR Pert 50, "Domestic
Licensing of Production end
Uilization Fsailities.”

If the offsite populstion density, includir,,
weighted transient populetion, projectied at
the tme of ININLE ePeBEi—Glad S e
Powbi—tohon-gils Bpprovel end rencw s
exceeds SO0 persons per sguare mie
averaged over sny radial gistence out 1o 3C
miles {cumuistive population at 8 distance
divided by the ares et that distaencel, or the
projected population densily sueiiie—tde-
Wne—olibhe-taoniy for 40 yesrs efter s e
Wppravel exceeds 1 000 persons per square
mile averaged over eny radial distance out 1o
30 miles, special artention should be g ver
to the considerstion of siternative sites with
the lower populstion densities

Trensient population should be inciuded for

Rt S T T Y those sites where 8 significant number of
B i e e peopie (other than those just pessing
B e s through the area) work, reside part-time, or
ik e b engage in recrestional ectivities. and are not
B e O permanent residents of the aree The
transient population should be teken 1o
R e s e e eccount by weighing the transent
e populstion sccording to the fra~tion of time
s e s ey the transients are in the area
- S S e v
B e = Besed on pest experience the NRC s1a!! has
B e PSR- found that ¢ mimimum exclusion distance of
et Bl s ik b i sk 0.4 mile,” even with the most unfavurable
R design basis atmospheric dispersion charac
tenstics, provides assurence thet engineered
5 lide i fempieseic cbbeie sefety festures con be added that will bring
B e SR SRS the caicuisted doses from & postulsted acc
Al maet oaesie ke Saah dent within the guidelines of 10 CFR Part
o b b PR = e e— 50 34, 10—t ane
Rl S SET TR T v AP SS VY VYN OSSP
T = RS AY Sarere v o it i o ey
Rl o A e e e R e
B e T T e ] L o S TVAVRI ST
B R o S S L L i = SO SNOD B
R D e e e o= Y SN PRUPNEP TP RIS
L e T UINENEE T S
Reguletory Guides 1.3, 1.4, 1.5, 1.24, e e
ongd 1.25, 1.70, 1111, and 1,148 give
colcuigtionsl methods (see A.2 of this
appendix |
"The puidelinseswmbess values for the excusion eres sns-LRl e is besed on histoncal siing expenence of hght water co - o2
TRBCIOTE —bdrt R et Gt o St b Attty Sors Bacgrbe st e e err ket
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Considerations

Relevant Regulations
and Regulatory Guides

Regulatory Experience
and Position

A 4 Hyo ology
£ 4.1 Fiocding

Precipitetion, wind, or seismicelly
induced fiooding (e.g.. resuiting from
dem feilure, from nver blockege o
diversion, o from distently and locelly
genergtad ses weves) cen stect the
sefaty of & nucies powe: station.

A 4.2 Wetrer Bupply

A sefery-relsted weter supply
reguired for normal of emergcncy
shutdown and cooldown.

£ 4.3 Weter Cuslity

Conteminstinn of ground weter and
surfece water by redioective matensis
discherged (rom nuciesr stetions couid
ceuse public hes!th hazerds

10 CFR Pant 100, Appendix A B
“Criteria for the Seismic and Geologic
Siing Casene—das o Nucieer Power
Piantyr giver JEFFECTIVE DA VE) ©

Reguistory Guide 1.58, “Design Basis
Fioode for Nucisst Power Plgnts

Reguistory Guide 1.70, “Standerd
Format end Content of Sefety Ansiysis
Reponts for Nuciesr Power Mants,”
(Section 2.4).

10 LFR Part 50, Appendix A, "General
D mgn Crtens for Nuciesr Power
"fents " Critenon 2, “Design Bases for
Protection Ageinst Naturel
Phenomens *

10 CFR Part 100, Appendix A B
“Criterss tor theSesmic and Geologc
Siung Cesene-des—of Nucies: Power
Plants sfter IEFFECTIVE DATE; -

Regulatory Guide 1.58 “Design Csans
Fioods for Nuciesr Power Plants *

Regulstory Guide 1.27, “Ultimate MHes!
Sink for Nuclear Power Plants .

10 CFY Patr 20, “Stenderds For
Protection Ag+ wt Redistion.”

10 CFF 7om S0, “Licensing of
Production end Utilizetion Fecilities.”
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To e sluste gites located in river veileys, on
flood gisins, or slong coestines where there
s 8 potentisl for flooding, the studies
described in Regulstory Guide 1 .58 should
be mads.

A highly dependeble systerm of water supo iy
sources shouid be shown to be eveisiie
under postuisted occurrences of neturel
phenomens and site-relsied sccidenial
phenomens of combinstions of such

phenomens as discussed in Reguistor
Guide 1.58.

Yo eveluste the suitability of & site, there
must be & ressonable sssurance thet permits
for water use end for weter consumplon in
the quentuties nesded for 8 nuciesr power
pient of the steted spproximate capacity enc
type of cooling system can be obteined by
the applicant from the epp opriste Siate,
locel, or regional bodies .

“he criternis prowvded in 10 CFR Pents 20 end
SO will be used by the NRC staff for
determirung permissible concentrations of
radicnuchides dischi ~ed to surfece woter
end ground water



Considerations

Relevant Regulations
and Regulatory Guides

Regulatory Experience
and Position

A S Industrisl, Military and
Transporistion Facilities Near the Site.

Accidents #t presemt or projected
nearby industnel. mulitery. end trans
portation ftecilities may atfect the sefety
of the nuciuer power stetion.

10 CFR Part 50, Appendix A, *Ganeral
Design Critenis for Nuclesr Power
Pients.” Criterion &, “Environemen sl and
Missile Denign Beses ~

Regulstory Guide 1.70, *“Standerd
Format and Content of Sefety Anslysis
R ane.” Section 2.2 (ists types of
fi  mes snd potential sccidents).

Reguisto v Guide 1.78, *Assumptions
for Evelusting the Hebitability of »
Nuclesr Power Plent Control Room
During e % swisted Hezerdous
Chamice! Release.”
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Potenuelly hazerdous feciinies end ectivities
within § miles of & proposed site must be
wentified.  if 8 preliminary evsiusnon of
potential  eccidents of these fsciltes
indicates that the potential hazerg~ from
shock weves snd mussiles approsch of
exceed those of the design besis 1ornado for
the region (the design basis tornado s
described in Regulstory Guide 1.78), or
potential hazerds such as flammable vapor
clouds, toxic chemicals, or incendiary
fragments exist, the sunability of the site
should be determined by detsiled evaluation
of the potentisl hazerd

The identificetion of design basis events
resulting from the presence of nearby haz
srdous matenals or activities in the vicimty
of @& nuciear power station s scceptabie f
the design basis events inciude each
postuisted type of sccident for which ¢
realistic estimate of the probabiiity of
occurrence of potential exposures in excess
of 10 CFR Pert 300-50.34 guidelnes
exceeds approximetely 10’ per year

To evaiuate the = “sbiity of sites in detail
for potenuai a nt situations involving
hazsrdous mete. s and ecuwvities from
nesrby industrial, military, and trensportaton
fociities. the studies described in Sectior
2.2 of Regulstory Guide 1.70 should be
made




APPENDIX B

ENVIRONMENTAL CONBIDERATIONS FOR ASSESBING
SITE FUITABILITY FOR FUCLEAR POWER STATIONS

This appendix summarizes environmental considerations related
to site characteristics that should be addressed in the early site
selection process. The relative importance of the different
factors 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. Althc 'eh simplistic
because important factors such as the distribution of important
species in the water body are not taken into account, such limits
can be useful in a screening process for site selection.

A discussion of performance characteristics of light-water-
cooled reactsr stations which may affect the environment is given
in WASH-1355, “Nuclear Power Facility Per "ornance Characteristics
for Making Environmental Impact Assessnments,” Dec .nber 1974.
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Cons iderat ions

Parareters

Regulatory Position

E .1 Preservetion of important Mabitets

Importent habitets are those that are
essential 10 manteiring the repro-
ductive capacity and witslity of
importen! species populstions® or the
hervesteble crop of economical'y of
recrestionally important species. Such
habitats include breeding srees (e.g.,
nEsling and spewWNINg arees), nursery,
feading, resting, and wintenng sreas or
other aress of seasonally high concen-
trations of individials of important
species.

The construction end operstion of
nuclesr power stations (including new
transmussion lines and access corndors
constructed in conjunction with the
stetion) cen result in the destruction or
alterstion of habtets of important
species lesding to changes in the
sbundence of & species or in the
species composiion of & community

*As defined for this guide in Section B.

The proportion of an important habitat
that wouid be destroyed or significantly
sltered in relauon to the tolel habitet
within the region in which the proposed
Site  to be loceted s ¢ useful
parameter for estmsting potential
impacts of the construction or opers-
ton of 8 nuciesr powar station. The
velue of the projortion venes smong
species and smong habitets.  The
region considered in determuning pro-
poruons is the normel geographic range
of the specific populetion in question.

It endmngered or threstened spec.es
occur et 8 site, the potential effects of
the construction end operstion o( @
nuclesr power stetion should be
eveiusied relative to the potental
mpact on the locs! populetion and the
totsl estmaeated population over the
entire range of species.

See siso Chapter 2 of Regulatory Guide

4.2, "Prepsretion of Enwvironmental
Reports for Nuclesr Power Stetions *
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in genaral, & deteiled justfication should be
provided when the destruction or signdicant
slterstion of more ther 8 few percent of
important habite! types s proposed

The reproductive capacity of populstions of
important species and the harvestable crop
of economicelly or recreationally important
populstions must be mantained uniess
jstification.  for proposed or probable
changes can be provided.



Considerations

Parareters

Regulatory Position

B.2 Migrstory Powies of Importent
Bpecies

Seosonsl or daily migretions ere
essential 10 mantaining the repro-
ductive capecity of some important
spacies populshions

Disruption of migretory petierns cen
result from pertiel or oo piete blockage
of mig-etory routes by structures,
discherge plumes, environmentsl
altergtions, or man's ectivities (e g.,
UANSPOrAton Of tTANSMUESION Corndor
cleanng and site preparstion).

‘Weter Quelity Criterig, 1972, Netionsl Acedemy cf Sciences - National Academy of
Engineering, Washington, D.C., 1872,

4

The width or crose-sections sree of @
water body &t & proposed site relstive
1o the general width or cross-sectionsl
eres in the portion of the weter used by
mugreting species shouid be estimaied.

memimum zones of pessage
renge from 1/3 1o 3/4 of the width or
cross-sectionsl prees of narrow water
bodies **

Some species ugrete in central, deeper
srens  while others use margnal,
vhallow sress. Rivers, strewms, and
srtUBNEs 86 sBlGOM homogeneous in
thet istersl dimension with respect to
depth, current welocity, and habite!
type. Thue, the use of width or croes-
sectionsl arse critens for determining
edeguste zones of pessege shouid be
combined with @ knowlsdge of
important species and therr migretory
reQuirements.

I; r T

Bond and C.P. Streub (Edi.ors), CRS Press, Cleveland, Ohio, 1873
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nt, R.G.

Nerrow reaaches of water bodies should be
svoided as sites for loceung inteke or
discharge structures.

A rone of pessege thet will permit normal
movement of important species populetions
and maintenance of the harvestable crop of
economucelly important populstions should
be prowded.




Considerat ions

Parareters

Regulatory Position

8.3 Envainment and
tmpingement of Agustic
Organmme

Plenkton, including egge, larves, and
venile fish, cen be killed or injured by
entrginment  through power sistion
coohing systems or in discharge plumes .

The reproductive capacity of importent
species pooulations may be impeired by
lethal siresses of by sublethsl stresses
that affect reproduction of individuale
or result .. increased predstion on the
sffected specius populeton.

Fish and other aquatic orgenisms cen
be killed or inured by impingement on
cooling watar inteke screens* or by
entrpnment in discherge plumes.

The depth of the weter body et the
point of inteke relative 10 the genersl
depth of the water body in the vicinity
of the site.

The proportion of watet withdrewn
relative 10 the net new sveilable weter
ot the site 1 an indirect measure of the
destruction of plenkion which in turn is
indicetive of possible effects on
populstions of important spocies. It
has been suggested the! the fraction of
aveilable new weter thet cen be
diverted is in the range of 10% 1o 20%
of flow **

The simplietic perameter (proportion of
water withdrawasl) is suteble for use in
& sOreenng Process or site selection
However, other fuctors such a8
dietribution of imporiunt speciss should
be conmdered and in el zases the
sdvice of experts on the incel fichern.
should be consulted to ensuls that
proposed withdrewslc. will not be
OXCOBBIVE.

The site should heve cherecterigtics the!
sliow plecement ¢: intake structures where
the reistive sbundence of impartent gpecies
s small and where low apprusch velocilies
cenbe sttained. (Deep regions ere generally
loss productive than shallow srees. it 15 not
imphed that benthic intekes sre necessary |

important habitets (see B 1) should be
svoided es locetions for intake structures

"Appros ch velocity and screen-face velocity sre design criterie thet mey sffect the impingeme * of larger orgerisms, principelly fish,
oninteke screens. Acceptabie spprosch end screen-face velocities are besed on fish swim s; ceds which will vary with the species,

site and sseson,

"The Weter's £4ge: Criticel Problems of the Copstel Zone. B.H. Ketchum {Editor), MIT Press, Cambridge. Mass., 1872,
“Engineening for Resalytion of the Energy Envirpnment Dilemima, Netionsl Acedemy of Enginesnng. Washington, D.C. 1872.

4.7-28
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B 4 Envapment of Aguatic Orgenieme

Cooling weter intake end discharge
system festures. such e¢ censls end
thermal plumes, cen ettrect and entrap
orgeniemns.  principelly  figh. The
resulting concentretion of importent
fish epecies nesr the stetion ity cen
result in hughe' mortshities from stetion-
related cavses, such es impingsment,
cold shock, or gas bubbie dissase, then
would otherwise 0CCuT.

Ertiapment cen siso interrupt normel
miyratory petterng.

£ 5 Water Guality

Effivents discharged from nuciesr
power plants ere governed under the
suthority of the Feders! Water Pollution
Control Act (FWPCA)--IPL 92-500) e
implemented in 40 CFR Parte 122-125
end 422

Site cherscteristics thet will
sccommodete demign festures thet
mitigate or prevent entrapment .

Applicable EPA-approved Stete weter
Quelity ster-‘ards.

e
@ SRS e Gty
L e S Ty

4.7-2%

Sites whare the construction of inteke or
discherge cansls would be neceseary should
be avoided uniegs ths site and important
species charactenstics sre such thet sntry of
Important species 1o the censl cen be
prevented or imiteG by screening.

Pursuent to Section 401(ei(1) of the
FWPCA, certfication from the State thet any
discharge will comply with applicabie
effiuent iimitetions ar~ other water poliution
control requiremer ' . scessary before the
NRC cen issue s o1 . "on permit uniess
the recuirement 18 we.ved by the Stete or
the State fails 10 sct within 8 ressonable
length of time

issuance of & permit pursuent to Section
402 of the Act is not a prerequisite 1o an
KRC license or permit.

Where station construction of operatior has
the potentisl 10 degrade weter guslity 10 the
possible detriment of other users, more de-
teiled snalyses end evelustion of water
Quality mey be necessary.
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B € Water Avsilability

The consumptive use of water for
cooling, potsble, end service weter mey
be restricted by stetute, may be
inconmistent with water use planning,
of may lesd to an unscceptlabie impact
10 the woter resource.

€ 7 Established Public
Amanity Aress

Aress ©OF propetiss dedicated by
Federal. State, or locel governments to
historie, scenic, recrestionsl, or cultural
purposes are generally prohibited sress
for siting power stetions.

Siting nuciesr power ststions in the
vicinity of sstablished public smenity
sresr could result in the loss or
detenoration of importent public
amenities.

B 8 Prospective Designeted Amenity
Aroes

Aress conteining important resources
for #istoric, scenic, recreationsl, or
culturel use may not currently be
designeted as such by public agencies
but may involve & net loss to the public
if converted 1o power generstion
These sress mey include locelly rere
land types, such es sand dunes, wel-
lands, or coastel cliffs

Applceble Federal, Stete, and local ste-
wiory reguirements .

Compatability with water use pian of
cognizent weter resource plenming
agency.

in the sbeence of » weter use plen, the
effect on other water users is evalustad
considenng ficw or volume reduction
and the repuitent ability of el usyre to
obtein sdegquete supply end to meet
epphicable weter quslity stenderds (see
8.5 Water Quality).

Proximity 1o higlor.o properties of public
emenity sres. Viewsbiiity (see B 10,
Visusl Amenities).

Compensnn of possible smenity srees
in number and extent with other similer
ereps evaiisble on s locel, regional, or
nstionsl besis, as appropriate.

4.7-30

Water use and consumpltion must comply

with  stetutory reguirements and be
compatible with weter use plans of
cognizent  weter resources planning
agencies

Consumptive use of surfece and ground
wate: should be tesincted such ther the
supply of other users is not impeired end
thet applicable surfece water quelity sten
darde could be met, assuming normal stetion
operstionsl discherges end extreme low flow
conditons defined by generally eccepted
engineering pracluces.

For multipurpose impounded lakes and
raservoirs, consumptive use should be
restricted such that the magnitude and
frequency of drewdown will not result in
unscceptabie demage to important habitets
(soe B.1, Preservetion of important Habitsts)
or be inconsistent with the management
goals for the weler body.

Siting in the vicinity of designsted public
emenity sress will generelly require exten
sive evaluation end justification.

The eveluation of the suitability of sites n
the vicinity of histonc properties or public
amenity aress i dependent on considerslion
of @ specific plent design and station layout
in relation to potential impects on the public
smenity eres. Po~s bl effects on histore
Propecting mus. be reviews sccording o 36
Part 80D, *Protestion of Hestonic

#,” whichimplements the Newre!
: Proservetion Act of 1868, &
smnended.

Public amenity eress thet are disunctive
unique, or rare in & region should be pvoiL. o
es sites for nuclesr power s18100s



Considerat ions

Parareters

Regulatory Position

£ 8 Public Pienning

Land use for 8 nuciesr power stetion
should be competible with sstasblished
lsnd wuse of zoning plens of
governmental entities

810 Vieusl Amenities

The presence of power sistion
structures mey introduce sdverse visusl
impects 1o remdential, recrestionsi,
higtoric, scenic, o culturel srees or
other sress with mgnificant dependence
on desirable viewing charsctenstcs

811 Local Fogging and loing

Water and water vapor released 1o the
stmosphere from recirculating cooling
systems can lesd to ground fog and ice
resulting in trensporistion hazerds and
demege 1o electnc  transmission
sysiems.

B.12 Cooling Tower Drif

Concentrations of chemicels, dissolved
solids, end suspended sohds in cooling
tower drift could effect terrestrial biote
and result in unecceptable damage to
vegetation and other resources.

B8.13 Cooling Tower Plume Lengthe

Neoturel draft cooling towers produce
cloud-like plumes which very in size
and sititude depending on the
stmosphenc conditions. The plumes
are usuelly 8 few miles in length before
becoming dismipeted, although plume
lengths of 20 1o 30 miles have been
reported from cooling towers. Visible
plumes emitted from cooling towers
could ceuse & hazerd to commercisl
snd militery avistion in the wicinity of
commerciel end mulitary mrports. The
plumes themselves or their shadows
cculd have sesthetic impects.

Otficielly sdopted lend use plens

The solid angle subtended by station
structures et cnucal viewing poinis.

Increase in number of hours of fogging
of icing ceused by operstion of the
station

The percent dritt loss from recirculating
condenser cooling water, particle size
distribution, seit dJeposition rete, locel
atmosphenc conditions, «nd loss of
sensitive terrestnal bio - effected Ly
salt yeposition from cooling tower drift

The number of hours per yeer ‘he
plume w wisible &8 # function of
direction and dictance from the cooling
towere.

4.7-31

Lend use plans adopted by Federsl, State
regional, or local government entities must
be examined, snd any conflict between
these plans end use of @ proposed site mus!

be resoived by consultation with
eppropriste governments! entity.

the

The visual intrusion of nuciesr power station

structures o8 wviewed from

nearby

residential, recrestionsl, scemic, or cultural
arees shouid be controliad by selecting siter
where existing topography snd forests can
be utiized for screening stetion structeres
from those sresr in which visusl /impects

would otherwise be unaccepiable

The hazerds on transportstion routes from
fog or ice that result from sistion operstion
should be eveiusted The oveluetion shouid
nclude estimeates of frequency of occur-
rance of stetion-induced fogging and icing
ond their impact on trensportstion, electrical

ransmussion,
functions.

end other

sctivities end

The potentsl loss of important terrestrial

species and othes
consigered.

resources should

be

The wisibility of cooling tower piumes ss o
function of direction end distence from cool
ing towers should be considered. The evalu
stion should include estimates of frequency
of occurrence for plumes es well es potential

hazerds to asvietion in the wicinity
commercial end mulitary sirports

of
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Regulatory Positicn

B 14 Plume interaction

Water vapor from couing tower plumes
may ntersct with industnel emussions
from nearby faciites to form noxious
or 1oxic subsiences which could ceuse
sdverse public hFesith impacts, or result
in unacceptsble levels of demege to
biote, structures, 8f other resources.

B 16 Noise

Undesirable noise levels at nuciesr
power stations could occur guring both
the construction end operstion phases
end heve unscceptable impeacts neer
the plant.

B 16 Economic impect of Freemplve
Land Use

Nuclesr power stetions cen preempi
leige eress, especislly when lerge
cooling iskes are constructed. The land
requirement is likely 10 be an importam
ssue when 8 proposed site 18 on pro-
ductive land (e.g., sgncuttural land) that
s locelly himited in availability and
impertent to the locel sconomy, or
which meay be needed to mest
toreseeable netionsl demends for agri-
culturel products

The degres to which impects mey
ocour will vary depending on the dis-
tance between the nuciesr end fossil-
. oled sites, the houre per yesr of
plume intersction, the type and
concentration of chemicel resction pro-
ducts, the arse of chemicel fsllout, end
the locel stmosphenc conditions.

Applicable Federal, Stete, end locel
notee reguiations.

The leve! of locel economic disiocetion,
euch as loss of income, jobs, end pro-
duction, csused by presmptive use of
productive lend end s effect on
meetng foreseesble nenonel demeands
for agnouiture products.

The hazerds 10 public hesith, structures. end
other resources from potentisl plume nter-
scuon betwesn cooling tower plumes end
plumes from fossil-fueled sites and industrial
emussions from neerby faciities should be
considered.

Noiwse levels 8t proposed sites must comply
with stetutory reguirements

if 8 preliminery evalustion of net locel
economic impect of the use of productive
land for & nuclesr power stetion indicetes &
potential for lsrge economic disiocation the
NRC sta? will require & detsiled eveiustion
of the potentisl impact and justificetion for
the use of the site based on » cost-
etfactiveness compernson of slternstive
stetion designs and site-station combine-
tions. To complete (s evaiuation, the siaf!
will siso need informetion on whether and 1o
what extent the land use sffects national re-
Quirements for agricultursl products.
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Appendix B to Part 100 -- CRITERIA FOR THE SEISMIC AND GEOLOGIC SITING
CRITERIA-FOR OF NUCLEAR POWER PLANTS AFTER [EFSICTIVE DATE)

GENERAL INFORMATION

This appendix applies to applicants who apply for an early site permit
or combined iicense pursuant to Part 52 of this " oter, or a construction
permit or operating license pursuant to Part 50 of «..  hapter on or after
JEFFECTIVE DATE OF THIS REGULATION]. However, if the construction permit was
issued prior to [EFFECTIVE DATE OF THIS REGULATION], the operating license

dicant shall comply with the seismic and geologic siting criteria in
Appendix A to Part 100 of this chapter.

This appendix and Appendix S to Part 50 of th.s chapter provide the
seismic, geologic, and earthquake engineering criteria for nuclear power
plants constructed pursuant to applications applied for on or after the
effective date of this regulation.

i. PURPOSE

General Design Criterion 2 of Appendix A to Ps-t 50 of this chapter
requires that nuclear power plant structures, systems, and components
important to safety be designed to withstand the effects of natural phenomena
such as earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches
without loss of capability to perform their sifety functions. It is the
purpose of these criteria to set forth the principal seismic and geologic
considerations which guide the Commission in its evaluation of the suitability
of propnsed sites for nuclear power plants and the suitability of the plant
design bases established in consideration of the seismic and geologic
characteristics of the proposed sites.’

These criteria are based on the }mited—current geophysical, end
geological, and seismological information avaideble—te—date concerning faults
and earthguake occurrences and effects. They will be revised as necessary

Considerations presented in this regulation are general. Acceptable
methods and additional discuss’en are provided in regulatory guides
and standard review plan sections.

App B - 1 Feb 11, 1992
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when more complete information becomes available.
11. SCOPE

These criteria, which apply to nuclear power plarts, describe the nature
of the investigations required to obtain the geologic and seismic data
necessary to determine site suitability and provide reasonable assurance that
a nuclear power plant can be constructed arnd operated at a proposed site
without undue risk to the health and safety of the public. ¥hey-deseribe
o ot edures for Selermining {he guantitetive vibralery €round helior B65ias
Basrs ol o SHte Gue Lo earthauekes and-deseribe nformetion peedee 1o
Gedermine whithor givd 10 whot txteft @ R Eor Phwed fepid Feed He Getioheds o
withstand-theeffects—of-surfacefauiting—Other—gleologic and seismic factors
required to be f~ken into account in the siting and design of nuclear power
plants are identified.

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

Each applicant for a construction permit, operating license, early site
permit, or combined license shall investigate all seismic and geologic factors
that may affect the design and operation of the proposed nuclear power plant
‘rrespective of whether such factors are explicitly included in these
criteria. Both deterministic and probabilistic evaluations shall be conducted
to determine site suitability and seismic design requirements for the site.
Additional investigations emdfor more conservalive determinations than those
included in these criteria may be required for sites located in areas hoving
with complex geology, recent tectonic deformation, or in areas of high
seismicity. If an applicant believes that the particular seismelegy-seismic
and geelegy-geologic characteristics of a site indirate that some of these
criteria, or portions thereof, need not be satisfied, the specific sections of
these criteria should be identified in the license application, and supporting
data to justify-clearly just ' such departures showlé-shall be presented.

The Director, Offize of Nuclear Reactor Regulation must approve such
deviations.

These €raterip 46 Aot FeaRess HAVvestIgat1ons of volcanie phenomeng
FeGuiFed 4o 4316t Joeated 1n arens 6f votearic vetivity dhvectaoat cane wi
the volcanicaspects of suchsites will-be determined o6r o<a5e by (ose basis

App B - 2 Feb 11, 1992
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ITI. DEFINITIONS

As uvsed in thess (riteria:

(a) The “mag:r t. ;2* 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.
“ragnitude” meanc the numerical value on a standardized scale su. as, but not
Timited to, Moment Magnitude, Surface Wave Magnitude, Body Wave Magnitude, or
Richter Magnitude scales.—

by —Fhe Lintensity of-an earthauake —5—a-measure—ef its—effects—e

{(b) A : is the largest earthquake
that can reasonably be expected to occur in a given seismic source in the
current tectonic regime, and is used in a del~ramiristic analysis. It is
generally based on the maximum historical earthguake associated with that
seismic source, unless recent geological evidence warrants a larger
earthquake, or where the rate of occurrence of earthquakes indicates the
likelihood of larger than the largest historical event.

(c) The *Safe Shutdown Earthquake Ground Motion (SSE)“'—35 is—that

" iderina—ti Ve . e :

el Leristi S Sasbat. A o o Atuihe
which-produces the-maximum vibratory ground motion for which certain
structures, systems, and components are-Shall be designed to remain

functional. Fhese-structures; Systoms—and-components—are—those necessary—to

BESUHE L e

H—Fhe—integrity—ef-thevreactor-cool I

3 Hty—to—shut—d 0 " 2 :

shutdown—condition—or

33— b3 tyt | e | : .

hied » i contiol—offsid b | ey
exposures of - thic pari-

2

App B - 3 Feb 11, 1992
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(ed) A =fault*® is a tectonic structure along which differential
slippage of the adjacent earth materials has occurred paraliel to the fracture
plane 4t 35 distanet from other types of @rovnd G1oruptions cuch as
landsiides —Fissures,—and-craters- A fault may have gouge or breccia between
its two walls and includes any associated monoclinal flexure or other similar
geologic structural feature.

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

(f) Surface deformation s distortion of soils or rocks at or near the
ground surface by the processes of folding, faulting, compression, or
extension as a result of various edrth forces. Tectonic surface deformation
is associated with carthquake processes.

(g) A seismic source is a general term referring to both seismogenic
sources and capable tectonic sources.

(h) A seismogeni: source is a portion of the earth that has uniform
earthquake potential (same deterministic source esrthquake and frequency of
recurrence) distinct from the surrounding area. A seismogenic source will not
cause surface displacements. Seismogenic sources cover a wide range of
possibilities from a well-defined tectonic structure to simply a large region
of diffuse séismicity (seismotectonic province) thought to be characterized by
the same earthquake recurrence model. A seismogenic source is also
characterized by its involvement in the current tectonic regime as reflected
in the Quaternary (approximately the last 2 million years) geologic history.

(gi) A “capable fawit tectonic sourge™ is @ tectonic structure that can

generate both earthquakes and tectonic surface deformation such as faulting or
folding at or near the surface in'the pﬁ?cat ‘sefsmotectonic regime. It is
characterized by at least one e—feult—which-has—exhibirted one—eor-moreof the
following characteristics:-

" ’ f L -
App B - 4 Feb 11, 1992
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5 sement—of- 3 recorrd g-mature within the past 500660
years

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

{#—Maere seismicily nstrumentally determined with records of
suffrcrent precision to demonstrate e-direct relationship with the fault

{2) A reasonable association with one or more large earthquakes or
sustained earthguake activity that are wsually accompanied by significant
surface deformation.-

{3—A strocturat relationshipto e copable favtt according 1o
eharacterictics (1) er {21 of thicpiragraph such that mevement on oRe €ould
be veosonably expod ted 1o be accompanied by Mmovement of the olbher

(3) A structural association with a capable tectonic source having
characteristics in (1) of this paragraph suc. = 't movement on one could be
reasonably ..pected to be accompanied by move: - . on the other.

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

Notwi‘..sionding the foregoing paragraphs III(gi) (1), (2) and (3),
structural association of a feudt structure with geologic structural features
which-that are geologically old (at least pre-Quaternary) such as many of
those found in the Eastern region of the United States shall, ir the absence
of conflicting evidence, demonstrate that the fawdt—Structure is not a capable
fault tectonic source within this definition.

h)—A—"tecton ineet . £ the—North-Ameni :

_ ) , : loos w

. I .

{1 —~"tectonic structure’ tsatarge s te Fislocation eraistortion
within-the earth’s crust s extent s Mmeasvred—a—miles

which-a—nuclearpower—resctor-mey—not-betecatedunless—adetatied
App B - 5 Feb 11, 1992
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(¥j) A *response spectrum® is a plot of the maximum responses
(acceleration, velocity, or displacement) of a family of idealized
single-degree-of-freedom damped-oscillators agatnst—as a function of the
natural frequencies {er—perieds)—of the oscillators for a given damping value.
The response spectrum is calculated for te-a specified vibratory motion input

yPx

at their pscillators supports.

(k) Combined license or early site permit, as defined in Part 52 of
this chapter.

IV. REQUIRED INVESTIGATIONS

The geological, seismie—seismological, and engineering characteristics
of a site and its environs shall be investigated in sufficient scope and
detal] te provige reasonsble assurancethetthey are seffircientdy weis
understood-to permit an adequate evaluation of the proposed site, amé-to
provide sufficient information to support the-both probabilistic and
deterministic determinations required by these criteria, and to permit
adequate engineering solutions to actual or potential geologic and seismic
effects at the proposed site. The size of the region to be investigated and
the type of data pertinent to the investigations shall be determined by the
nature of the region surrounding the proposed site. The iavestigations shall
be carried out by a review of the pertinent literature and field
investigations amd-shali—include—the-steps—outiined-as identified in
paragraphs (a) through (ee) of this section.

(2) Reguired-investigetionfor-Vibratory Ground Motion.

The purpose of these investigations requ+fed—by—&h+s—9a+ag¢aph—1s to
obtain information needed to deseribe-the-wvibratery

assess the Safe Shutdown Earthquake ground motion. The seismic sources

App B - 6 Feb 11, 1992
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(capable tectoni: irces and seismogenic sources) in the site region shall be
identified and evaluated. The deterministic swurce earthquakes shall be
evaluated for each seismic source. AH—ef—thesteps—inparagraphs—ars

: 1 8)—of—thi y ot rod - Safe5t

App B - 7 Feb 11, 1992
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Greater-than50-to-106 16
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Gesepler ihan 180 16 466 40
..................

I Mintmum length of fault (miles) which shall be contigered 1o astab)ishing Sefe Shutdown farthguste.

(b) Reauiredtnvestigation—for—Tectonic Sur€ace Deformationfaulting.

The purpose of these investigations required-by this—paragraph-is to
assess the potential for tectonic surface deformation near .%o site and, if
any, to what extent the nuclear power plant needs to be-designed for these
prcurrences . obisrn teformal 1oh Lo doetermipi whethor and 1o whal erient tho

App B - § Feb 11, 1992
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fautt-—traces—for10-mites ot ong s trend+hbothirections from the pornt of
s Rearest approach 1o the site:

(c) MWNon-Tectonic Deformation.

The purpose of these estigations is to assess the potential for
surface deformations not directly attributable to tectonics such as those
associated with subsidence or collapse as in karst terrane, glacially induced
offsets, and growth faulting. Paragraph IV(b) concerns investigations
required for tectonic surface deformation that can occur coseismically.
Nontectonic phenomena can represent significant surface displacement hazards
to a site, but can in many cases be monitored, controlled, or mitigated by
engineering, or it can be demonstrated that conditions that were the cause of
the displacements no longer exist. Geological and geophysical investigations
shall be carried out to identify and define nontectonic deformation features
and, where possible, distinguish thes from tectonic surface displacements. If
such distinction is not possible, the questionable features shall be treated
as tectonic deformation.

(ed) Reguiredinvestigation—for Seismically Induced Floods and Water
Waves .

The purpose of these investigations is to assess the potential for
nearby and distant tsunamis and other waves that could affect coastal sites.
Included in this assessment is the determination of the potential for slides
of earth material that could generate waves. Information regarding distant
and locally generated waves or tsunamis that have affected the site, and
available evidence of runup and drawdown associated with these events, shall
be analyzed. Local feature: of coastal or undersea topography which could
modify wave runup or drawdown must be Comsider 3. Ffor sites located near
lakes or rivers, analyses shall include the gotential for seismically induced
floods or water waves, as, for example, from the failure during an earthquake
of a dam upstream or from slides of earth or debris into a nearby lake.—33-
; -0t 0eer-the-1nvestiastions-uisli-dustele-the-d IS,

i —tnk . San e ctsad  tocald SEanely

o e 164 thoctod-the—site—Availabl
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@ peerby doke
Tcanic Activity.

pose of these investi,«tions is to assess the potential volcanic

would adverse the site.

V. SEISMIC AND GEO.OGIC DESIGN BASES

Structures—ortectonic provinces—nearestto—the site— The earthquake which

App B - 12
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(a) Determination of Deterministic Source Earthquakes.

For each seismogenic and capable tectonic source identified in Paragraph
IV(a), the deterministic source earthquake shall be evaluated. As a minimum,
the deterministic source earthquake shall be the largest historical earthquake
in each source. The uncertainty in determining the deterministic source
earthquakes shall be accounted for in the probabilistic analysis.
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{b) Determination of the Ground Rotion st the Site.

The ground motion &t the site shall be estimated from a1l earthquakes,
including the deterministic source earthquake associated with each source
which could potentially affect the site using both probabilistic and
deterministic approaches. In the deterministic approach, the deterministic
source earthquake associzted with each source shall be assumed to occur at the
part of the source which is closest to the site. Appropriate models,
including local site conditions, shall be used to account for uncertainty in
estimating the ground motion for the site. The uncertainty in the ground
motion shall be accounted for. The ground motion is dJefined by both
horizontal and vertical free-field ground motion response spectra at the free
ground surface or hypothetical rock outcrop, as appropriate.

(c) Determination of Safe Shutdown Earthquake Ground Motion.

The Safe Shutdown Earthguake Ground Motion is characterized by response
spectra. These spectra are developed from or compared to the ground motions
determined in Paragraph V(b). Deterministic and probabilistic seismic hazard
anzlyses shall be used to assess the adequacy of the Safe Shutdown farthquake
Ground Motion. The probability of exceeding the Safe Shutdown Earthquike
Ground Motion is considered acceptably low if ft 1s less than the median
probability computed from the current [EFFECTIVE DATE OF THE REGULATION)
population of nuclear power plants.

As a minimum, the horizontal Safe Shutdown Earthguake Ground Motion at
the foundation level of the structures shall be an appropriate response
spectrum with a peak ground acceleration of at least 0.lg.

(bd) Determination of Need To Design for Surface Tectonic and Non-
Tectonic Deformations—Fauiting.

Sufficient geological, seismological, and geophysical data shall be
provided to clearly establish that surface deformation need not be taken into
account in the desigr of » nuclear power plant. When surface deformation i3
likely, an assessment of the extent and nature of surface deformations must be
characterized.

App B - 15 Feb 11, 1992
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(ee) Determination of Design Ba. .2 for Seismirally Induced Floods and
Water Waves.

The size of seismically induced floods and water waves whieh-that could
affect a site from either locally or distantly generated seismic activity
shall be determined, taking into conside~2tion the results rf the
investigationr required by paragraph (eu; of section !V. tecal—tepegraphic

; i hich-miaht—tend—4 byt b3 .

App B - 17 Feb 11, 1992



)
2
3
4
]
6
7
8
9

PO PO AN PO N B rr et et e e et b B et e
B W e O OW DN DN W N e D

r~>

W W W W W W W W N NN
N Y W B W N = O W D

effecs—ofJocal (arthguakes shallbedetermined bya—procedure simitar 4o
paragraph—V¥{a)-

(éf) Determination of Other Design Conditions -

(1) Soil Stability. Vibratory ground metien— deted with the Loie
Shutdown—Earthquake-motions determined in Paragraph viu) can cause soil
‘nstability dee—te—from ground disruption such as fissuring, lateral spreads,
differential eensolidotion-settlement, and liquefaction, amd—eratering-—which
is not directly related to surface faulting. ¥he—follewingGeological features
whieh-that could affect the foundations of the proposed nuclear power plant
structures shall be evaluated, taking into account the information concerning
the physical preperties of materials underlying the site developed—pursuvant—te
paragraphs—(ar P43 —end{4)-efseetiont¥-and the effects of the Safe
Shutdown—tarthquake—vibratory ground motion determined in Paragraph V(b).

A £ oetal T " : ¢ bed ’

v )—Roed i s—that-miahid tbled £ thes , ] .
+ack ot consotigel on, —water content —erpotentiatly undesirable Fespanse 1o
S E B olher evenrts — LeIsmie FEsponse Eharacteristics 46 be (o1 red
haH—include—tiquefaction—thinet ik tiad didabion e
ahi £icoigring
(2) Slope stability. Stability of all slopes, both natiral and
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srtificial, the failure of which could adversely affect tne nuclear power
plant, shall be considered. An assessment shall be made of the potential
effects of erosion or deposition and of combinations of erosion or deposition
with seismic activity, taking intc account information concerning the physical
property-properties of the materials underlying the site Geveloped purtvant 1o
paragraph—{ar{i)—(3)—end—{4}-efsection—t¥-and the effects of the Sefe
Shutdown—Farthauake—vibratory ground motion determined in Paragraph V(b).

(3) Cooling water supply. Assurance of an adequate cooling water supply
for emergency and long-term shutdown decay heat removal shall be considered in
the design o' the nuclear power plant, taking #m-te—into account information
concerning the physical properties of the materials underlying the site,
doveloped—pursvant—te-paragraphs (a3 —end 4 H—ef sectiontvand-the
effects of the Safe Shutdown Earthquake Ground Motion, and the design basis
for tectonic and nuntectonic surface deformation—fauwltimg. Consideration of
river blockage or diversion or other failures whieh-that may block the flow of
cooling water, coastal uplift or subsidence, ex—tsunami runup and drawdown,
and failure of dams and intake structures shall be included in the evaluation,
where appropriate.

(4) Distant structures. Those structures whiech-that are not located in
the immediate vicinity of the site but whieh-are safety-related shall be
designed to withstand the effect of the Safe Shutdown Earthquake Ground
Motion. amd—the-The design basis for surface faulting shall be determined on
a basis comparable basis-to that of the nuclear power plant, taking into

account the material underlying the structures and the different location with
respect to that of the site.

VI. APPLICATION TO ENGINEERING DESIGN

Vil | )
{13 —Safe Shutdown Larthauake —The vibratery ground -mot 1on produced by
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Pursuant to the seismic and geologic design basis requirements of

paragraphs V(a) through (f), applications to engineering design are contained

in fppendix S to Part 50 of this chapter for the following areas:
(2) Vibrato-y ground motion,
{1) Safe Shutdown Earthquake Ground Motion.
(2) Operating Basis Earthquake.
(3) Reqguired Plant Shutdown.
{(4) Reguired Seismic Instrumemtation.
(b) Surface Tectonic Deformation.
{c) Seiysmically Induced Floods and Water Waves and Other Desion
Conditions.
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10 CFR PART 50, APPENDIX S

COMPARATIVE TEXT






11.  SCOPE

evaluations described in this appendix are within the scope of

fivestigations permitted by §50.30(c)(1) of this chapter.

111. DEFINITIONS

As used in these criteria:

App § - 1 Feb 12,

1992
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which-produces—the maximum-vibratory ground motion for which certain
structures, systems, and components are—shall be designed to remain
functional. Ihesestructures —systems.—and components—are—those necessary e
BESUHre:

(1)—The—int : - : . I v

PEIME biditv—to—shut—d Y : L atntshe ki ¢

32);;Yhe capab111ty to shut down the reactor and ma1nta1n !t in a safe
shutdown ~andition, or
":':{The capabllity to prevent or mitigate the consequences of accidents

(c) The -Ogeratlng Basis Earthguake Ground Motion {OBE)™ is that
earthguoke which €oncidering the regional and 1ocal Geotogy ohd seicmoloay
and—specific—<characteristics—eof Jocatlsubsurface material —could reasonobly—be
expected—to-affect the plent cite during the operatang dife of the-plant 1t
is—that—earthquake which-preduces—the vibratory ground motion for which those
features of the nuclear power plant necessary for continued operation witheut
undue risk to the health and safety of the public are-designed—te-will remain
functional. The value of the Operating sasis tarthquake Ground Motion is
lower than the Safe Shutdown Earthguake Ground Motion and is set by the

(d) A *response spectrum* is a plot of the maximum responses
(acceleration, velocity, or displacement) of a family of idealized

single-degree-of-freedom damped-osci'lators against—as a function of the
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natural frequencmes {ev—pe¢+eds+—of the osc111ators for 2 given damping va1ue

Jefc is distortion of soils or rocks at or near
3 e“”rocesses of folding, faulting, compression, or
result of various earth forces. Tectonic surface deformation
g;a spciated uith earthquake processes.

> or design certification, as defined in Part 52 of

th?schwter
IV. APPLICATION TO ENGINEERING DESIGN

Iﬁe fb!ibwiﬂg are pursuant to the seismic and geologic design basis

(a) V¥ibration Vibratory Ground Motion

(1) Safe Shutdown Earthquake Ground Motion. The wvibratory-greund
motion—produced-by-the-Safe Shutdown Earthquake Ground Metion shall be defined
characterized by derived—from—a—free-field ground motion response spectra at
the free ground surface or hypothetical rock outcrop, as appropriate.
corresponding 1o -the maximum-vib atory sccelerstions at-the elevationsof the
foundations ef the nuclear power plant Structures determne pursuant-—16
paragraph-(a}{1}-of-section V—The response spectrashotl relate the response
of the foundat ions of the nuclear power plant—ctructures 1o the yibratory
ground-motion,—considering—such foundations to-be single-degree of freedom
damped-oscittators and nealtedt ing sovd Structure dnteraction effects.  In view
of th. limited data available on vibratory ground motions of strong
earthquakes, it usually will be appropriate that the design response spectra
be smoothed design-spectra developed from z-series—an ensembie of response
spectra related to the vibratory motions caused by more than one earthquake.
As a minimum, the horizontal Safe Shutdown farthquake Ground Motion at the
fo ion level of the structures shall be an appropriate response spectrum
with a peak ground acceleration of at least 0.lg.

The nuczar power plant shall be designed so that, if the Safe Shutdown

Earthquake Ground Motion occurs, certain structures, systems, an components
will remain functional and within applicable stress and deformation 1imits.

s s =
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this—part—-1In addition to seismic loads,—including—aftershocks; applicable

concurrent normal operating, functional, and accident-induced loads shall be

taken into account in the design of these safety-related structures, systems,
¢ components. The design of the nuclear power plant shall alse take intc
account the possible effects of the Safe Shutdown Earthquake Ground Motion on
the facility foundations by ground disruption, such as fissuring, lateral
spreads, differential eenselidation-settlement, eratering: iquefaction, and
landsliding, as requi'ed in paragraph {é3—-of-SeetienV-—Paragraph V(f) of

and after the v1bratory ground motion associated with the Safe Shutdown
Earthquake Ground Motion through shall—invelve-the—use-of-either—a—suitable
dynamic—analysis—design, testing, or a—switeble—qualification test-methods. te
demonstrate that structures —systemsand-components can withstand-the-seismic
and-other—concurrent Joads —exceptwhere 1 —conbedemonstrated-thet the use
of-an—egquivatent static load method provides—adequate conservatism -

The analysis—er—test-evaluation shall take into account soil-structure
interaction effects and the expected duration of vibratory motion. It is
permissible to design for strain limits in excess of yield strain in some of
these safety-related structues, systems, and components during the Safe
Shutdoewn Earthquake Ground Motitn and under the postulated concurrent
conditions—10ads, provided that-the necessary safety functions are maintained.

(¢} Operating Basis Earthquake Ground Motion.

Kg}54&e—Gpera%4ag-8es+s-Ea«&hquake—sha%%—be—de#éﬂed—by—fesﬁonse—spee%rav—

o binat ”,?niib nornai operating loads, A44—311 structures, systems, and
compor. “its of the nuclear power plant necessary for continued operation
without undue risk tn the health and safety of the public shall be-designed-te
remain functional anu within applicable stress and deformation limits, when
subjected-to the effects o1 the vibratory motion of the Operatine Basis

3 b . 4l ] Siag-dodds -0 . ' thed
wsed—toinsure—that-these structures—systems—and-comporents—are capable-of
App S - 4 Feb 12, 1992
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withstanding-the—effects—ofthe Operating Busis—farthguake-shall—invelve—the
gse-of-either—a—suitable-dynamic—analysic—or—a—suitable—quald ficati n—test—to
demonstrate—that—the-structures—systems—and-—components—can—withstand—the
seismic—and-other—concurrentloads—except—whereit—can—be-demonstrated—that
the-use—ofan-equivalent—statictoad-methed provides—adequate—conservatism
Hheanalysis—ortest—shall takeintovccount—soil—structure interactien
effectsand-the expected -durat yon—of vibratory motion.

{i1) The Operating Basis Earthguake Ground Motion shall be characteri; .d
by response spectra. The value of the Operating Basis Earthquake Gro.nd
Motion shall be set to one of the following choices:

(A) One-third of the Safe Shutdown farthquake Ground Motion. The
requirements associated with this Operating Basis Earthquake Ground Motion in
{1) can be satisfied without the applicant performing explicit response or
design ana]yses, or
(B) A value greater than one-third of the Safe Shutdown Earthquake
Gronnd‘ﬂotinn Analysis and design shall be nerformed to demonstrate that the
requirements,associated with this Operating Basis Earthquake Ground Motion in
{i) are satisfied. The design shall take into account soil-structure
interaction effects and the expected duration of vibrotory ground molion.

(3) Required Plant Shutdown.? If vibratory ground motion exceeding
that of the Operating Basis Earthquake Ground Motion or significant plant
damage occurs, the licensee must shutdown ef—ihe nuclear power plant-will-—be
reguired. Prior to resuming operations, the licensee will-be required-teo
shall demonstrate to the Commission that no functional damage has occurred te

those features necessary for continued operation without undue risk to the
health and safety of the public.

(4) Required Seismic Instrumentation. Suitable instrumentation shall
be provided sc that the seismic resnonse of nuclear power plunt features
important to safety can be determined-evaluated promptly a’ter an earthquake.
to-permit-—comparisen—ef such-respense with-thal wsed as—the esign-basis—Such
acomparison—ss-reededtodecide whetherthe plont coh<€ony ~ne to be eperated
safely-and o 4 ormit cuch tamely G0lien ol say be afbropriate

Hhese<€rt riado-not address he-need fo  astrumentation that would

Guidance is buing developed in Draft Regulatory Guide DG-1017, "Pre-
Earthquake Planning and Immediate Nuclear Power Plant Dperator Post -
Earthquake Actions.”
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eonsideration
(b) Surfzce Faulting Deformation.

«eg+ena4—eﬂd—%oea4-geo4eg+e—aad—se+sm+e-eharae%er+s&4es—e#—+he—s+%e—sha44_be

des#gn—oﬁ-%he-a«e%ear—power—p4aa+——“here—+%—+s—de&erm ved that surface
fault ing-—heed pot-—be taken dnte account —suriicient data-te clearly Justify
the-determinat ton shall-be presented 1n the bicense applicat 1on.

{2)—Where—itds-determined that surface faulting must-—be taken—inte
account—the—applicant shall—3n-establishing-the design basisforsurface
fautting on o site take intoaccount-evidence concerning the regional—and
tocatl-—geelogic and ceismic characterisiies of the site and from any other
relevant-data-

{3}The designr-basispotential for surface fauiting-deformation shall be
taken into account in the design of the nuclear power plant by providing
reasonable assurance that in the event of such displacement—during—faulting
deformation certain structures, systems, and components will rema.n
func _ional. These structures,—systems, and components are 1hose necessary 1o
assure{H)—the trtegrity-eof-the reactor—coolant pressure-boundary —(i+i)—the
capabiiity-to-shut down-the res tor and maintatr 1t in a3 safe shutdown
condition,—or{+ii)-the capability-to-prevent or mtigete -the conseguences—of
seetdents—which-—could resuli—in potential- offsite exposures comparable to-the
guideline-exposures of- 4P s—part——In addition to surface deformation induced
Toads, the design of such safety features shall take into account seismic
loads, including aftershocks, and applicable concurrent functional and
accident-induced loads. shali-be-taken—intosccount—in—the desian—of—such
safety—features- The design provisions shall-be-based-on—an-assumption that
the-design-basis—for surface faulting-deformation can—oecur—shall be based on
its postulated occurrence in any direction and azimuth and under any part of
the nuclear power plant, unless evidence indicates this assumption is not
appropriate, and shal® take into account the estimated rate at which the
surface fauliing-deformation may occur.

(¢) Seismically Induced Floods and Water Waves and Other Design
Conditions. Fhe-design-basisfor—sSeismically induced floods and water waves

App S - 6 Feb 12, 1992




from either locally or distantly generated seismic activity and other design
cond1tions determined pursuant to paragraphs—{e)—and{d)—of sectionV;
aragraphs V{e) and (f) of Appendix B to Part 100 of this chapter shall be
taken into account in the design of the nuclear power plant so as to prevent
undue risk to the health and safety of the public.
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The proposed guide, DGI01S, 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
rula-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.
Bernreuter of LLNL to A. Murphy of WRC).

There are some divergent views on the role probabilistic seismic hazard analysis
should play in the Ticensing arena. Within the staff it appears that there is
a general consersus 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
using determi.,istic methods once the controlling earthquakes are determined.
With regards to the role of the probabilistic analysis, views range from an
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 sta‘f
would like to invite comments regarding the use of probabilistic seismic hazard
analysis and balance between the deterministic and probabilistic analyses. This
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
nuclear power ,lants? If both are used how should they be combined or
weighted, i.e., should one control over the other?

2. I1f the dual probabilistic/deterministic approach as proposed in this draft
guide is to be used, is the proposed procedure in Appendix ( adequ*te 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
of controlling earthquakes.)

4. Should the median target level of 1E-4 for LLNL or 3E-5 for EPR] be raised
or lowered, i.e:, should the next generation of NPPs have design levels



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.)

For the probabilistic analysis, should and how many controlling
earthquakes be generated to cever 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 S 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 1 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,
DETERMINISTIC SOURCE EARTHQUAKES AND GROUND MOTION

A. INTRODUCTION

Paragraph 1V (a, b and c) of proposed Appendix B, "Criteria for the Seismic and
Geologic Siting of Nuclear Power Plants after [Effective Date]," to 10 CFR Part
100, "Reactor Site Criteria,” requires investigations to assess the proposed site
for: (a) vibratory ground motion, (b) tectonic surface deformation and (c) non-
tectonic deformation. Paragraph V(a through d) of Proposed Appendix B to 10 CFR
Part 100 requires the determination of: (a) deterministic source earthquakes,
(b) site ground motions, (c) safe shutdown earthquake ground motion and (d) the
need to design for surface tectonic and non-tectonic deformations.

The purpose of this guide is to provide general guidance on acceptable procedures
to (1) identify and characterize seismic sources, (2) determine deterministic
source earthquakes (DSEs) and controlling earthquakes (CEs), and (3) compare the
seismic hazard level to that at operating plants. These procedures are required
by Appendix B tec 10 CFR Part 100.

Any information collection activities mentioned in this regulatory guide are
contained as requirements in the proposed amendments to 10 CFR Part 50 that would
provide the regulatory basis for this guide. The proposed amendments have been
submitted to the Office of Management ond Budget for clearance that may be
appropriate under the Paperwork Reduction Act. Such clearance, if obtained,
would also apply to any information collection activities mentioned in this
guide.

B. DISCUSSION

Appendix B requires consiu cation of both probabilistic and deterministic
approaches to obtain site geologic and seismoiogic characteristics. The approach
required by Appendix A to 10 CFR Part 100 for determining the safe shutdown
earthquake ground motion is deterministic and, thus, does not explicitly
incorporate uncertainties about the seismic hazard into the ground motion
determination. Current probabilistic seismic hazard analyses rely heavily on
expert opinion and their results are driven by the tails of the probability
distributions, and, thus, need to be benchmarked by simpler deterministic
analysis. Therefore the role of the probabilistic analysis is to ensure that the
uncertainties hbave been included in the assessment of the seismic hazard and the
role of the deterministic analysis is to ensure that the resultant design
provides protection against a scenario based on historical seismicity and recent
geological history.

Before providing specific guidance, the following synopsis of the develcment of
the Safe Shutdown Earthquake Ground Motion (SSE) is presented. The development
of the SSE follows two r~ .red, parallel paths. The first path is referred to
in Figurs 1 as Determin stic Analysis (DA) and the second path as Probabilistic

DG-1015-1
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Analysis (PA). The initial step in the process is to obtain the site and region
specific geological, seismological, and geophysical data. Branching from the
first step to DA, the seismic sources around the site are identified and the
detgrministic source earthquake (DSE) for each source is determined. Ground
motion is calculated using DSEs anad the ground motion guidance provided in
Standard Review Plan (SRP) Section 2.5.2. The controlling earthquakes for this
path are determined as illustrated in Figure 2. The initial step along PA is to
conduct an Electric Power Research Institute (EPRI) or a Lawrence Livermore
National Laboratory (LLNL) seismic hazard assessment of the site (EPRI-NP-63950
and NUREG/CR-5250) for eastern U.S. sites. The results of this assessment are
compared to the collected assessments of the currently operating plants as
described in Appendix B of this guide. The site seismic hazard asses.ments are
deaggregated as described in Appendix C of this guide to obtain the controlling
earthquakes for PA. Ground motion based on the controlling earthquakes from PA
are also calculated using the guidance in SRP 2.5.2. The ground motions from the
DA and PA controlling earthquakes are compared to the SSE ground motion Jur are
used to develop the SSE.

1. Identification and Charact:rization of Seismic Sources

"Seismic source" is a genera’ term referring to both seismogenic sources and
capable tectonic sources. A “"seismogenic source™ is a portion of the earth which
is considered to have uniform seismicity (same DSE and 7 "equency of recurrence).
A seismogenic source would not cause surface displacement. Seismogenic sources
cover a wide range of possibilities from a well-defined tectonic structure to
simply a large region of diffuse seismicity (seismotectonic province). A
"capable tectonic source" is a tectonic structure which can generate both
earthquakes and deformation such as faulting or folding at or near the surface
in the present tectonic regime. Appendix A contains definitions of these and
other terms used in this regulatory guide.

Investigations of the site and region around the site are necessary to identify
seismic sources and determine their potential for generating earthquakes and
causing surface deformation. Identification and characterization of seismic
scurces is based on regional and site geological and geophysical data, historical
and instrumental seismicity data, the regional stress field, and geologic
evidence for prehistoric earthquakes. The bases for the identification of the
seismic sources should be documented. Appendix D describes investigation
procedures that may be used in identifying and defining seismic sources.

The following is a general l1ist ot characteristics to be determined for a seismic
source:

a. Source zone geometry (location and extent, both surface and subsu'iace).

b. Description of Quaternarv (last 2 million years) displacements (sense of
slip on the fault, fault Tength and width, age of displacements, estimated
displacement per event, estimated magnitude per offset, rupture length and
area, and displacement history or uplift rates of seismogenic folds).

"~ Historical and instrumental seismicity associated with each source.

DG-1015~-2




4

5

€

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

29
30
31
32

T

J%
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

d. Evidence of paleoseismicity.

e. Relationship of the fault to cther potential seismic sources in the
region.

N Deterministic Source Earthquake. (Details for the determination of the
DSEs are provided in section 2.)

g. Recurrence model (frequency of earthquake occurrence versus magnitude).

h. Effects of human activities such as withdrawal of fluid from or addition

of fluid to the subsurface, extraction of minerals, or the effects of dams
or reservoirs.

¥ Volcanism. Volcanic hazard 1s not addressed in this reguiatory guide. It
will be considered on a case by case basis in regions where this hazard
exists.

[ Other factors that can contribute to characterization of seismic sources

such as strike and dip of tectonic structures, orientations of regional
a.s tectonic stresses, fault segmentation (both along strike and down-
dip), etc.

The level of detail for investigations around the site is governed by the
Quaternary tectoniz 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
ceismic sources. Geological, seismological, and geophysical investigations
should be carried out within a radius of 40 km (25 miles) to identify and
characterize the seismic and surface deformation potentiul of capable tectonic
sources and the seismic potential of seismogenic sources, or Jemonstrate that
such structures are not present. Detailed geological, geotechnical,
seismological, and geophysical investigations should be conducted vithin a radius
of 8 km (5 miles) of the site to determine the potential for tectoic deformation
at or near the ground surface in the site vicinity. Sites that ire located such
that there are capable and/or seismogenic structures within a radius of 40 km (25
miles) wil! require more extensive geologic and seismic investigations and
analyses (similar to those within a 8 km (5 mile) radius). The areas of
investigations may be asymmetrical and larger than specified above in areas near
capable tectonic sources, high seismicity, or complex geology.

For the site and the area surrounding the site, the lithologic, stratigraphic,
hydrologic and structural geologic conditions will need to be det:rmined. The
investigations should include the determination of the static and dynamic
engineering properties of the materials underlying the site and an evaluation of
physical evidence concerning the behavior during prior earthquakes of the
surficial materials and the substrata underlying the site. The properties needed
to uetermine the behavior of the underlying material during earthquakes and the
characteristics of the underlying material in transmitting earthguake ground
motions to the foundations of the plant (such as seismic wave velocities,
density, water content, porosity, elastic modulii, and strength) should be
determined. Geological, seismological and geophysical investigations are
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described in Appendix D to this guide and geotechnica) investigations are
described in Regulatory Guide 1.132.

Where it is determined that surface deformation need not be taken into account,
sufficient data to clearly justify the determination should be presented.
Because engineering solutions cannot always be demonstrated for the effects of
permanent ground displacement phenomena, it is prudent to avoid a site when there
is potential for surface defcrmation.

rn_uvn

The area east of the Recky Mountains within the North American Plate and well
away from the active plate mavgins is described as the “"stable continental
region” (SCR). In the SCR characterization of seismic sources is more
probiematic than in the active plaie margin region because there is generally no
clear association between seismicity and known tectonic structures. The observed
geologic structures were generated in response to tectonic forces that no longer
exist and bear little correlation with current tectonic forces. Thus, a greater
amount of judgment must be used than for active plate margin regions, and it is
important to account for this uncertainty by the use of alternative models.

Based on current knowledge, seismic sources in the SCR are generally relatively
large areas, or seismotectonic provinces. The identification of seismic sources
in the SCR should consider hypotheses presently accepted for the occurrence of
earthquakes in the SCR (for exar~le, the reactivation of favorably oriented zones
of weakness or the local ampiification and release of stresses concentrated
around a geologic structure).

Western United States

For the active plate margin region, where earthquakes can often be correlated
with tectonic structures, those structures should be assessed for their seismic
and surface deformation potential. In the western U.S., at least three types of
sources exist: (1) faults that are known at the surface, (2) buried (blind)
sources and, (3) subduction zone sources, such as exist in the Pacific Northwest.
The nature of surface faults can be determined by conventional surface and near
surface 1investigation techniques io deiermine strike, geometry, sense of
displacements, length of rupture, Quaternary history, etc.

Buried (blind) faults are often accompanied by coseismic surficial deformation
such as folding, uplift or subsidence. The surface expression of blind faulting
can be detected by the mapping of uplifted or down-dropped geomorphological
features or stratigraphy, survey leveling and geodetic methods. The nature of
the structure at depth can often be determined by core borings and geophysical
techniques.

Subduction zones are seismic sources in the Pacific Northwest and Alaska. The
seismic .ources associated with subduction zones are the interface between the
subducting and overriding lithospheric plates and intraslab sources in the
interior of the downgoing oceanic slab. The characterization of subduction zone
seismic sources should include consideration of the following: geometry of the
subducting plate, rupture segmentation of subduction zones, geometry of
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historical ruptures, constraints on the up-dip and down-dip extent of rupture,
and comparisons with other subduction zones worldwide.

NUREG-XXXX provides a list of references that may be useful in characterizing
seismic sources.

2. Deterministic Source Earthquakes (DSEs)

DSEs are the largest earthquakes that can reasonably be expected to occur in a
given seismic source in the current tectonic regime. Deterministic source
earthquakes are characterized by their magnitudes and, as a minimum, will be the
largest historical garthquake associated with each source. A larger earthquake
is warranted in cases where specific geological evidence is available, e.g.,
paleoliquefaction evidence of larger prehistoric earthquakes or where the rate
of occurrence of earthquakes indicates the 1ikelihood of larger than the largest
historical event.

fastern United States
In the SCR there is a short record of the historical seismicity and considerable
uncertzinty about the underlying causes of earthquakes. Because of this

uncertainty, it is necessary to use considerable judgment and a variety of
approaches to establish the DSEs. In addition to the maximum historical
earthquake, the determination of the DSE earthquake for each identified
seismogenic source is based on the pattern and rate of seismic activity, the
Quaternary (2-million years and younger) development and characteristics of the
source, the current stress regime and how it aligns with the known tectonic
structures in the source, and paleoseismic data.

rn_vni a

In the Western U.S., earthquakes can often be associated with tectonic
structures. For faults, the magnitude of an earthquake is related to the
characteristics of the estimated rupture such as the length or the amount of
fault displacement. The following empirical correlations can be used to estimate
DSE's from fault behavioral data and also to predict the amount of displacement
that might be expected for a given magnitude.

a. Surface rupture length versus magnitude (Slemmons, 1977, 1982; Bonilla and
others, 1984; and Wesnousky, 1988).

b. Subsurface rupture length versus magnitude (Wells and others, 198Y).

s Rupture area versus magnitude (Wyss, 1979).

d. Maximum and average displacement versus magnitude (Wells and Coppersmith,
in review).

In the Pacific Northwest and Alaska, DSE’'s must be assessed for subduction zone
seismic sources. Worldwide ubservations 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. OSEs for subduction zone

DG-1015~5



VWEJdomd W

sources can be based on estimates of the expected dimensions of rupture or
analogies to other subduction zones worldwide.

NUREG-XXXX contains & list of references, some of which may be useful in
developing maximum earthquakes using deterministic methodologies.

3. Probabilistic Seismic Hazard Analysis

A probabilistic seismic hazard analysis (PSHA) should be carried out for the
site. A PSHA allows the use of multi-valued models to estimate the likelihood
of earthquake ground motions occurring at a site. The PSHA systematically takes
into account uncertainties which exist in various parameters (such as seismic
sources, maximum earthguakes, and ground motion attenuation). Alternate
hypotheses are considered in a quantitative fashion. The PSHA can be used to
fetermine the effects of varying significant parameters, identify significant
sources in terms of mignitude and distance, and provide hazard estimates for use
in seismic probabilistic risk assessments.

The results of a PSKA o:e specifically used to derive controlling earthquakes as
discussed in Section 4 below and Appendix C. It can also be used to estimate the
probability of exceeding the SSE and demonstrate that the probability of
exc2eding the SSE design ground motion at the site compares favorably with that
for the currently operating nuclear power plants. (The procedure for this
demonstration is described in Appendix B.)

Either the Lawrence Livermore National Laboratory (LLNL) (NUREG/CR-5250) or
Electric Power Research Institute (EPRI) (EPRI-NP-6395-D) seismic hazard
analyses, including associated data bases, should be used for plant sites in the
SCR. However, alternative seismic hazard an:.lyses may be used with proper
justification. For the PSHA, the use of the seismic c_urces identified in the
LLN. and €PRI studies are considered acceptable except in regions of the SCR with
high activity rates, e.g., near New Madrid and Charleston. In these cases,
either describe additional site specific seismic sources or show that the
regional seismic sources in the LLNL and EPRI probabilistic studies adequately
model the tectonics in the vicinity of the site.

Probabilistic methodologies similar to the LLNL and EPR] seismic hazard studies
have not been performed for the western U.S. For western U.S. sites, a site
specific PSHA must be performed and documenied in such detail that a thorough
review can be carried out by the NRC staff (PGRE, 1988; NUREG-0675; WPPSS, 1988).

4. Centrolling Earthquakes

Controlling earthquakes are those earthquakes that have the greatest effect on

the ground motion at the nuclear power plant site. There may be several

controlling earthquakes for a site, e.g., a moderate, nea . <~~thquake may

control the high frequency portion of the ground motion spectrun. ind a large,

gistant earthquake may control the low frequency portion of the spectrum. See
igure 2.

In the Deterministic Analysis (Figur: 1.), the controlling earthquakes are
determined via the following procedure.
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source to the site. For the seismic source in which the site is Incated,

‘ a. For each seismic source, place the DSE at the closest approach of that

the DSE should be considered to occur at abou' 15 km from the site.

b. Determine the DSEs that produce the largest ground motions at the site.
Ground motions at the site from DSEs are estimated using the procedures
described in Standard Review Plan Section 2.5.2 (Vibratory Ground Motion).
The earthquakes producing the largest ground motions at the site are the
controlling earthquake. .

In the Probabilistic Analysi. (Figure 1), the controlling earthquakes are
determined via the following pr.-edure.

a. Perform a probabilistic seiswic hazard analysis for the site. The
analysis will develop uniform ha ard spectra at several probabilities of
exceedance.

b. Deaggregate the probabilistic seismic havard results to identify

controlling earthquakes; their description includes magnitude and distance
from the site (Appendix C). This deaggregation should be done at the
probability of exceedance level discussed in Appendix B.

The controlling earthquakes thus derived from the deterministic and probabilistic
analyses can be compared at this stage to determine if the controlling
earthquakes from these two approaches are similar and alsc 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
be identified, the ground motions are determined only for this identified
controlling earthquake(s). If the controlling earthquakes from the two
approaches are dissimilar, then ground motion estimates are made for various
controlling earthquakes and compared to derive the final ground motion estimates
for use in establishing the SSE ground motion or comparing it with the SSE ground
motion.
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C. REGULATORY POSITION

During the site selection phase, preferred sites are those where there is
a minimum likelihood of surface or near surface deformation or the
occurrence of earthguakes on faults in the site vicinity (within a radius
of 8 km (5 miles)). Because of the uncertainties and difficulties in
mitigating the effects of permanent ground displacement phenomena such &s
surface faulting or folding, fault creep, subsidence or collapse, the NRC
staff considers it prudent to select an alternate site when the potential
for permanent ground displacement exists at the site.

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, sei gical, and geophysical investigation should be carried
out within 2 ra . , of 40 km (25 miles) to identify and characterize the
seismic potential of cipable tectonic and seismogenic sources or
demonstrate that such structures are not present.

Detailed geological, geotechnical, seismological, and geophysical
investigations should be conducted within a radius of 8 km (5 miles) of
the site to determine the potential for tectonic deformation at or near
the ground surface in the site vicinity. Geological, seismological and
geophysical investigations are described in Appendix D and geotechnical
investigations are described in Regulatory Guide 1.132.

Sites that are located such that there are capable and/or seismogenic
faults within a radius of 40 km (25 miles) will require more extensive
geologic and seismic investigations and analyses (similar to those within
a 8 km (5 mile) radius). The area of investigation may be asymmetrical
and extend beyond 40 km (25 miles).

Seismic sources should be identified and characterized using the
information developed by the investigations. Alternative seismic sources
should be developed to incorporate a range of interpretations and the
bases for the identification of these sources should be documented.
Source zone geometry should be defined for each seismic source. For
faults, the type of slip, length of rupture, amount of disnlacement per
maximum event, and area of the rupture surface should be determined.

Deterministic Source Earthquakes, which are the best judgment of the
maximum earthquake thst can reasonably be expected to occur im a given
seismic source should be defined for each seismic source.

Perform a probabilistic seismic hazard analysis (PSHA) for the site to
estimate the probability of exceeding the SSE. Either the LLNL or EPRI
probabilistic seismic hazard analyses with associated data bases should be
used for plants in the eastern United States. For western plants, a site-
specific probabilistic seismic hazard study should be performed. Use the
PSHA to identify sources in terms of magnitude and distance that
contribute significantly to “he seismic hazard at the site.
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Ground motions at the site from CE's are estimated using the procedures
described in Section 4 of this guide and Standard Review Plan Section

2.5.2 (Vibratory Ground Motion).

0. IMPLEMENTATION

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

This draft guide has been released to encourage public participation in its
development. Except in those cases in which the applicant proposes an acceptable
alternative method for complying with the specified ~ortions of the Commission’s
regulations, the method to be described in the aciive guide reflecting public
comments will be used in the evaluation of applications for a construction
permit, operating license, early site permit, or combined license submitted after
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 license
submitted after the implementation date to be specified in the active guide if
the construction permit was issued prior to that date.
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Figure 2. Schematic representation of the determination of the controlling
earthquakes for the deterministic analysis path.
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Seismic Source

A "seismic source" is & general term referring to both seismogenic sources and
capable tectonic sources.

seismogenic Source

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

le 1 ni r

A "capable tectonic source”™ is 2 tectonic structure which can generate both
earthquakes and tectonic surface deformation such as faulting or folding at or
near the surface in the present seismotectonic regime. It is characterized by
at least one of the following characteristics:

a. Presence of surface or near surface deformation of landforms or geologic
deposits of a recurring natu:» within the last approximately 500,000 years
or at least once in the last approximately 50,000 years.

b. A reasonable association with one or - re large earthquakes or sustained
earthquake activity which are usually accompanied by significant surface
deformation.

c. A structural association with a capable tectonic source having

characteristics (a) of this paragraph such that movement on one could be
reasonably expected to be accompanied by movement on the other.

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

Notwithstanding the foregoing paragrzohs, structural association of a structure
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with geologic structural features which are geologically old (at leas: pre-
Quaternary) such as many of those found in the eastern region of the United
States shall, in the absence of conflicting evidence, demonstrate that the
str- ;ture is not a capable tectonic source within this definition.

Deterministic Scurce Earthguake (DSE)

A DSE ‘s the la.,vest earthquake that can reasonably be expected to occur in a
given seismic source in the current tectonic regime, and is wused in a
deterministic analysis. It is generally based on the maximum historical
earthquake associated with that .eismic source, unless recent gevlogical evidence
warrants a larger earthguake, or where the rate of occurrence of earthguakes
indicates the likelihood of larger than the largest historical event.

Controlling Earthguakes (CE)

Controlling Earthquakes are the earthquakes which produce the largest ground
motions estimated at the site. There may be several Ces for a site.

Stable Continental Region

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

Safe Shutdown tarthquake
The Safe Shutdown Earthquake Ground Motion is the vibratory ground motion for

which certain structures, systems, and components shall be designed to remain
functional.

ntensi

The intensity of an earthquake is a measure of its effects on humans, human-built
structures, and on the earth’s surface at a particular location. Intensity is
described by a numerical value on the Modified Mercalli scale.

Tectonic Structure

A tectonic structure is a larc~-scale dislocatior or distortion usually within
the earth’s crust. Its extent is on the order of miles.

Magnitude

An earthquake magnitude is a measure of the strength of an earthquake as
determined by seicnographic observations.
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Nontectonic Deformation

Nontectonic deformation is distortion of surfacc or near surface soils or rocks
that is not directly attributable (o tectonic activity.
includes features associated witn subsidence, karst *:
deglaciation, and growth faulting

Such deformation
~rane, glaciation cr
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B.1 Introduction

This appendix outlines a procedure to calculate the probability of exceeding the
Safe ShutZown Earthquake Ground Motion (SSE). This procedure can be used (1) to
compare the calculated probability of exceeding the SS5E to th se for the
currently operating plants as required by Appendix B to 10 CFR Part 00; and (2)
to establish controliing earthquakes in the probabilistic hazaru analysis as
discussed in Appendix © to this regulatory guide. Uniform hazard spectra
(spectra that have a univorm probability of exceedance over the frequency range
of interest) should be calculated to estimate the probability of exceeding the
SSE design response spectrum.

B.2 Procedure

The following procedure is one acceptable approach to assure that the probability
of exceeding the SSE compares favorably with that for the currently operating
nuclear power plants as of [date].

B.2.1 Eastern U.S. Sites.

There are two state-of-the-art approaches (EPRI NP-6395-D, 1989 and NUREG/CR-
5250, 1989) currently available to calculate the probabilistic seismic hazard for
sites e¢ast of the Rocky mountains (Eastern U.S.). These approaches, however,
produce d: ferent hazard estimates for a given si Therefore, the staff is
recommending the following interim proceduce until  .¢ differences between the
two hazard methods are resclved. This procedure relies on relative measures to
assure that the annual probability of exceeding the SSE is comparable to that of
operating plants. The procedure is based on studies conducted for the Easiern
Seismicity Issue and the IPEEE program (NUREG-1407, 1830). Either the LINL or
EPR] methodology can be used to carry out the following calculations, with the
appropriate set of limits associated with each method. If any analysis other
than the LLNL or EPRI methods is used in the eastern U.S., probabilities of
exceeding the SSE would need to be developed for all operating plant sites in
addition to the site under consideration in order to make the appropriate
comparison.

Step 1. Calculate Uniform Hazard Response Spectra (UHRS) with various return
periods. Figur~s B.] shows a sampi~ set of median UHRS for various
return periods. The UHRS should be developed at the same location
as the location of the SSE (i.e. either at the free ground surface
or at a hypothetical rock outcrop).

Step 2. Calculate composite annual probabilities of exceeding the SSE and
compare those probabilities with operating plants using median
hazard 2stimates. (Although the median estimates are used for the
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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
illustrated in Figure B.2.

(a)

(b)

(c)

Estimate the annual probabilities of exceeding the SSE
spectrum at two discrete frequencies (5 and 10 Hz) using the
UHRE .

Calculate the composite annua’ probability using the following
formula:

Composite Probability = 1/2(al) + 1/2(a2)

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

Example: From Figure B.2, for a median UHRS derived using the
LLNL methodology, at puints al and a2 corresponding to S and
10 Hz:

Composite Probability = 1/2(4E-5) + 1/2(BE-5)
= 6E-5.

Figure B.3 shows the dic<tribution of median probabilities of
exceeding SSEs for or .ing Eastern U.S. piants usingy LLNL
hazard estimates. 1..s figure also indicates a limit;
approximately 50% of the currently operating plants have a
probability of exceeding the SSE ground motion below this
Timit. (Limits ~ r both the current EPRI and LLNL seismic
hazard studies are listed in Table B.1.) The SSE is adequate
when the probability of exceeding the SSE compares favorably
to the limits shown in these figures.

Table B.1

Probability of Exceedance Limits
for Median Hazard Estimates

1E-4

3E-5

e —

For the hypothetical exampi. the calculated probability of
exceedance of 6E-", is less than the 1imit of 1E-4 and thus the
probability of exceeding the SSE compares favorably with that
of operating plants.

DG~1015-17
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Figures B.4 presents the same information resulting from the
use of the EPRI UHRS estimates. This limit should be used
when the EPR] method is used to calculate the probability of
exceeding the SSE.

B.2.2 Mestern U.S.Sites

For the Western U.S. (WUS) sites, a probabilistic data base, such as that
compiled in the LLNL and EPR] <tudies, is not available. To date no procedure
exists, similar to that described above, to compare the probability of exceeding
the SSE to other sites ir the WUS. In addition, the probabilistic hazard at a
site in the WJS may be governed by clearly identifiahle seismic sources, such as
faults (or folds) observed at the surface, which have 'etter defined seismicity
characteristics. Therefore, for WUS sites, a site-specific analysis should be
developed using suitable methodoloyies to estimate the probability of exceeding
the SSE and to identify significant contributors to the hazard (e.g., NUREG-0675,
1991).

REFERENCES

Electric Power Research Instituce Report NP-6395-D, "Probabilistic Seismic Hazard
Evaluations at Nuclear Power Plant Sites in the Central and Eastern United
States: Resolution of the Charleston Earthquake Issue," 1989.

NUREG/CR-5250, "Seismic Hazard Characterization of 69 Nuclear Plant Sites East
of the Rocky Mountains,™ 1989.

NUREG-1407, “"Procedural and Submittal Guidance for th~ Individual Plant
Examination of External Events (IPEEE) for Severe Accident Vulnerab:lities,”
1990.

NUREG- 0675, Supplement No. 34, "Safety Evaluation Report related to the operation
of Diablo Canyon Nucleer Fower Plant, Units 1 and 2," 1991.
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Appendix C to Regulatory Guide DG-101%

Determination of Controlling Earthquake: from the
Prebabilistic Analysis

C.] Introduction

This appendix outlines a procedure to determine controlling earthquake(s) fronm
the probabilistic hazards analysis for a site. The ground motions from these
controliing earthquakes should be determined following the procedures outlined
in Section 2.5.2 of the Standard Review Plan. Controlling earthquakes should
be determined for the median seismic hazard 1imit used to satisfy the requirement
discussed in Section C.2 below and Appendix B of this Regulatory Guide to demon-
strate that the probability of exceeding the safe shutdown earthquake ground
motion (SSE) compares favorably with that of the currently operating nuclear
power plants.

C.2 Procedure

The 1lowing procedure is one acceptable approach to determine controlling
earthquakes from an probabilistic hazards analysis.

C.2.1 Eastern U. S. Sites

As discussed in Appendix B of this Regulatory Guide there are two approaches
(NUREG /CR-5250, 1989 and EPRI NP-6395-D, 1989) currently available to calculate
probabilistic seismic hazards for sites east of the Rocky mountains (Eastern
U.3.) fither of these methods can be used to carry out the following
calculations, with the appropriate set of limits associated with each method.

Step 1. Perform the site-specific hazard anmalysis using the LLNL or EPRI
method and associated data. From thic analysis, compute median
hazard curves for the average of th. 5 and 10 Hz spectral
velocities, S, ,,. That is a curve showing probability of exceeding
varicus levels of the average of the 5 and 10 Hz spectral velocity

Using the appropriate probebility of exceedance level, P, (e.g.,
for the median S,, ,, hazard curve derived from the LLNL method, P, is
1£-4 according to Figure B.3(c) and Table B.]1 of Appendix B), enter

the hazard curve of step 1 at F, to determine the corresponding
spectral velocity

Deaggregate the median of the average of the 5 and 10 Hz hazard
curves as a function of magnitude and distance by calculating the
contribution to the hazard for all of the earthquakes in a selected
set of magnitude and distance bins, to determine the relative
contribution to the hazard, H_, for each bin centered at Magnitude
m and Distance d@ H is the probability of exceeding S,(P.)

m
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; computed for a bin at magnitude m and distance d.
3 Step 4. Compute the magnitude of the controlling earthquake for the median ‘
4 estimate using the contributions H_ computed in Step 3.
5
3
7
8
18 =3 m,/53H,
11 md md
12
13
14 The distance of the controlling earthquake from the site
15 determined from
16
17
16 D-53 dH./ 53 H
20 md wd
21
22 Step S. Using the same P, and steps 1 through 4 as above, also deterrine
23 controiling earthquakes for median spectral response for the average
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 c¢round motion corresponding to the controlling earthquake is
29 determined as outlined in Section 2.5.2 of the Standard Review Plan.
30
31
32 W rn U. S. Si
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 less uncertainty about the significant contributors to the seismic hazard and
37 the controlling earthquakes can generally be defined deterministically. Ffor
38 regions of Tower, less active tectonics, an analysis similar to the one outlined
39 above in Steps 1-4 can be performed. Step 1 would be omitted and the S, 1z2vel
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/(R-5250.
47
48 Step 2
49
S0 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
3
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Table C.1

Average of 5 and 10 Hz S, Curves for the Site
Spectral Probability of Exceedance
Velocity (Median)
(S,-cm/s)

2 2.6E-3

$ 3.76-4

10 5.8(-5

Entering Table C.1 with the probability of exceedance (P,) values given in Table
B.1, and by interpolating, the corresponding value for S (P/) is as given in

Table C.2.

1
|

Median

L

S, (&)-cm/ $

Step 3

For this example, to deaggregate the hazard and d lernine the H_, it is first
necessary to compute the contribution to the average hazard for the 5 and 10 Hz
spertral velocities for the matrix of magnitudes and distance bins such as given

in Table C.3.
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Table C.3

Magnitudes and Distance Bins Used in Example

B
Distance Magnitude Range of Bin

Raqge of l _
Bin (km) 5. - 6 6 - 6.5 6.5 -7 7-17.% >7.5%
0-25
25-50
50-100
100-15v

150-200

w o NS WK

|
>200 MmmJ

For each bin a complete hazard analysis is performed to give the contribution to
the hazard from all earthquakes within the bin, e.g., all earthquakes with
magnitudes 6 to 6.5 and distance 25 to 50 km from the site. The results for this

bin are given in Table C.4.

Contribution to the Hazard From A1l Earthquakes in the Range of
6 =sM=<6.5 and distances 25 < d < 50 to the average of the 5
and 10 Hz spectral velocity

Spectral Median
Velocity, S, Probability of
Erceedance

1.4E-5
3.1E-6
1.1E-6

The value of H_ (Probability of exceeding S,(P,)) for this bin is obtained by
entering Table C.4 with the S (P,) values given in Table C.2 and computing H by
interpolation. The values for H_ for this bin are given in Table C.5.




Table C.5

Value for H_ for the bin 6 = m < 6.5 and
25 < d < 50 for the Example Site

Median

Hag S.OE:G

Table C.6 gives the compiete matrix of the H_ values for the example site.

Table C.6

H, Values for A1)l Bins Based on the Median Hazard
(Note: If H_ =< 1.E-10, it is listed as 0)

T T T

Magnitude Range of Bin

Distance
Range Bin

5.5 - 6

6 - 6.5

6.5 -7

7 -7.

5

0-25

1.1€-5

2.4E-6

0

25-50

8.9E-b

5.0E-6

6.5€-9

50-100

2.3E-6

6.8E-6

8.4E-7

100-150

1.6E-7

1.5E-6

2.8E-6

150-200

1.1E-9

2.1E-8

4.6E-7

0
0
0
0
0
0

2200 ek SO SR IR JCEOUR O L B S S T 8

Step 4

To compute M, D for the example site, the values of H_ given in Table C.6 are
used with m and d values corresponding to the midpoint of the magnitude of the
bin (5.25, £.75, 6.25, 6.75, 7.25, 7.75) and centroid of the ring area (16.7,
38.9, 77.8, 126, 176 ard somewhat arbitrarily 300km).

Thus for the example site, the controlling earthquakes, in M, U values are given
in Table C.7.
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Table C.7

Magnitude and Distance of Controlling Earthquake From the
LLNL Probabilistic Analysis

Based on Median
Hazard Estim>*

5.8

32

(.4 Examples for Western U. S. Sites

Since 31 general approach for the western U.S. sites is not available, twe
specific cases illustrating determination of controlling earthquakes are
discussed below.

C.4.] - Diablo Canyon

The Diablo Canyon site is located on the Califernia coast. A logic-tree approach
has been used to assign weights to variables associated with faults near the site
and determine maximum magnitude distributions (NUREG-0675, Supplement 34). The
logic tree approach was also part of the probabilistic seismic hazard analysis

The result was that the Hosgri fault zone was the most significant source. The
controlling earthquake for the Diablo Canyon site is a magnitude 7.2 event on the
Hosgri fault zone at the closest distance of this fault zone to the site (4.5
km). The controlling earthquzke magnitude is Targer than the maximum historical
earthquake (the 1927 magnitude 7.0 Lompoc earthquake) which may have occurred on

a structure related to the Hosgri.
C.4.2 - WNP-3

The WNP-3 site is located in western Washington and lies above the Cascadia
subduction zone. The staff considered four controlling earthquakes for the site
(January 4, 199] letter from Mendonca to Mazur):

a. The applicant proposed that a maximum random earthquake in the crust near
the site is magnitude 5-1/2 to 6. This earthquake is based on the largest
historical earthquakes in the Coastal Plain seismotectonic province (about
magnitude 5) and the resolution of geological studies in the site region.

~J O WM e N

The maximum earthquake associated with the Ulympia Lineament 35 km
northeast of the site is a magnitude 7.5 based on estimated max imum
rupture length.

0 b b b o
P

D O o

b

w
- C

The maximum magnitude earthquake for the intraslab subduction zone source
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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
Puget Sound earthquake) and comparisons with intraslab sources in other
subduction zones woridwide.

d. The interface subduction zome source is capable of great (larger than

magnitude 8) earthquakes. This maximum magnitude is still under review in
Tight of ongoing geological studies. At this time the staff considers the
maximum magnitude to be 8-1/4 based on arguments about the Jikely
dimensions of rupture and comparisons with other subduction zones with
slow convergence rates.

REFERENCES

Electric Power Research Institute Report NP-6395-D, "Probabilistic Seismic Hazard
Evaluations at Nuclear Power Plant Sites in the Central and fastern United
States: Resolution of the Charleston farthquake Issue," 1989.

NUREG/CR-5250, "Seismic Hazard Characterization of 69 Nuclear Plant Sites fast
of the Rocky Mountains,™ 1989.

Letter from Marvin Mendonca, NRC to D.W. Mazur, Washington Public Power Supply
System, "NRC Review of Seismic Report for WNP-3," January 4, 199].

NUREG-0675, Supplement No. 34, "Safety Evaluation Report related to the operation
of Diablo Canyon Nuclear Power Plant, Units 1 and 2," 1991.

DG-1015-29%9



LoD W e

D.1 n ion

Seismic sources define areas where future earthquakes are lTikely to occur.
Geological and seismological investigations provide the information needed to
characterize source parameters, inciuding the size and geometry of the seismic
sources, earthquake recurrence models, and deterministic source earthquakes
(DSE). The amount of data available about earthquakes and their causative
sources varies substantially between the western U.S. and the stable continental
region (SCR) and also from region to region within these broad areas. In active
tectonic regions the focus will be on the identification of both capable tectonic
sources and seismogenic sources and the methods described in sect.on D2 car be
applied. In the SCR east of the Rocky Mountains, seismogenic sources play a
significant role because of the difficulty in unequivocally correlating
earthquake activity with known tectonic structures.

In the SCR a number of significant tectonic structures exist which have been
suggested as potential seismogenic sources (i.g. New Madrid faul. zone, Nemaha
Ridge, Meers fault, Ramapo fault zone, Clarendon-lLinden fault). There is no
clear procedure to follow to characterize the DSE magnitude associaved with such
possible seismogenic sources; therefore, it is most Tikely that the determinatiun
of the seismogenic nature of the source will be inferred rather than demonst -ated
by strong correlations with seismicity and/or geologic data. Furthermore, it is
not known what relations exist between observed tectonic structures in a given
seismogenic source and the current earthquake activity loosely correlated with
that source. Generally, the observed tectonic structure resulted rom ancient
tectonic forces that are no longer present, and thus the structural extent may
not be a very meaningful indicator of the size of future earthguakes in the
source. Careful analysis of the historical record and Lhe results of regional
and site studies and judgment play key roles. If, on the other hand, such strong
correlations and/or data exist between seismicity and seismic sources, then
approaches used for active tectonic regions can be applied.

The following is a general list of characteristics to be determined fcr a seismic
source:

a. Source zone geometry (location and extent, “oth surfac. and subsurface).
b. Description of Quaternary (last 2 million years) displacements (sense of
slip on the fault, fault length and width, age of displacements, estimated
displacements per event, estimated wmagnitudes per offset, rupture length
and area., and displacement history or uplift rates of seismogenic folds).
L, Historical and instrumental seismicity associated with each source.

d. Paleoseismicity.
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Rel:tion;hip of the fault to other potential seismic sources in the
region.

f. Deterministic Source Earthquake.

g. Recurrence model (frequency of earthquake occurrence versus magnitude).

h. Effects of human activities sucn as w -awal of fluid from or addition
of fluid to the subsurface, extraction 1inerals, or the effects of dams
or reservoirs.

P Volcanism. Volcanic hazard is not addressed in this regulatory guide. It
will be considered on a case hy case basis in regions where this hazard
exists.

J. Other factors that can contribute to characterization of seismic sources

such as strike and dip of tectonic structures, orientations of regional
and tectonic stresses, fault segmentation (both along strike and downdip),

etc.
0.2 nv igations to Characteri ismi rces
a. General

Investigations of the site and region around the site are necessavy to identify
both seismogenic securces and capable tectonic sources and determine their
potential for generating earthquakes and for causing surface deformation. Where
it is determined thnat surface deformation need not be taken into account,
sufficient data to clearly justify the determination should be presented in the
license application or early site review.

In the sit.ng of nuclear power plants, engineering solutions are generally
available to mitigate the potential vibratory effect of earthquakes through
design. However, such solutions cannot always be demonstrated as being adequate
for mitigation of the effects of permanent ground displacement phenomena such as
surface faulting or folding, subsidence, grou ¢ rdllapse or fault creep. For
this reason, it is prudent to select an alterna. ive site when the potential for
permanent ground displacement exists at the sit: (JAEA,. 199]1). 1In most of the
eastern U.S. tectonic structures at seismogenic denths, as determined from
ea: thquake hypocenters, apparently bvar no relationship to geologic structures
exposed at the grounc surface. Young faults either do not extend to the ground
surface or there is iusufficient geologic material of the appropriate age
available tc date the faults. Seismogenic faults are not always exposed at ground
surrace in the western ' .S. as demonstrated by the buried (blind) reverse sources
of the 1983 Coalinga, 1988 Whittier Narrows and 1989 Lonra Prieta earthguakes.
1..-se factors emphasize the need to not only conduct thorough investigations at
th. ground surface but also to identify structures at seismogenic der*hs.

The level of cetail for investigations should be governed by the current and late
Quaternary tectonic regime and the jeological complexity of the site and region.
Whenever faults or other structures are encountered at a site (* uding in the
SCR) either in outcrop or excavations, it is necessary to per v of the
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investigations described below to demonstrate whether or not they are capable
tectonic sources.

Regional investigations should extend to a distance of 320 km (200 miles) from
the site and data presented at a scale of 1:500,000 or smaller. Investigations
of greater dztail should be conducted to a distance of 40 km (25 miles) from the
site and the data presented at a scale of 1:50,000 or smailer. Detailed
investigations should be carried out within a radius of 8 km (5 miles) from the
site and data presented at a scale of 1:5000 or smaller. Data from
investigations within the site area (approximately 1 km?) should be presented
at a scale of 1:500 or smaller. The areas of investigations may be asymmetrical
and larger than those described above in regiens of late Quaternary activity or
historical seismic activity (felt or instrumentally recorded data) or where 2
site is located near a capable tectonic source such as a fault zone.

Regional und site information needed to assess the integrity of the site with
respect to potential ground motions and surface deformation caused by capable
tectonic sources include determination of: (1) the 1ithologic, stratigraphic,
geomorphic, hydrologic, geotechnical and structural geologic characteristics of
the site and the area surrounding the site, including its geologic history; (2)
geologic evidence of fault offset or other distortion such as folding at or near
ground surface at or near the site; and (3) determination of whether or not any
faults or other tectonic structures any part of which are within a radius o B
km (5 miles) are capable tectonic sources. This information will be used to
evaluate tectonic structures underlying the site, whether buried or expressed at
the surface, with regard to their potential for generating earthquakes and for
causing surface deformation at or near the site. The evaluation should consider
the possible effects caused by human activities such as withdrawal of fluid from
or addition of fluid to the subsurface, extraction of minerals, or the loading
efiects of dams or reservoirs.

b. Reconnaissance Investigations, lLiterature Review and Other Sources of
Preliminary Information

Site and regional investigations can be planned based on field reconnaissances
data from previous investigations and reviews of available documernts. Possible
sources of information may include universities, consulting firms and governmenrt
agencies. A detailed list of possible sources of informaticn is given in
Regulatory Guide '.132.

s tail nv igations har ri mi our

The frllowing methods are suggested but they are not ali-inclusive and
investigations should not be limited to them. Some procedures will not be
appiicable to every site and situations will occur requiring investigations which
are not included in the following discussion. It is anticipated that new
technologies will be available in the future that will be applicable to these
investigations.

Surface exploration needed to assess neotectonic conditions of the geology of the
area around the site is dependent on the site location and may be carried out
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49
50

with the use of any appropriate combination of geological, geophysical,
seismological and geotechnical eng .neering techniques.

(1

(2)

(3)

(4)

(3)

(6)

(7)

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

Mapping of topographic, geologic, geomorphic and hydrologic features at
scales and contour intervals suitable for analysis, stratigrin®
(particularly Quaternary), surface tectonic structures such as fault
zones, and Quaternary geomorphic features. For offshore sites, coastal
sites, or sites located near lakes or rivers this includes topography,
geomorphology (particulariy mapping marine and fluvial terraces),
bathymetry, geophysics (such as seismic reflection), and hydrographic
surveys to the extent needed for evaluation.

Identification and evaluation of vertical crustal movements by:

(a) geodetic land surveying to identify and measure short term crustal
movements (Reilinger and others, 1984; Mark and others, 1981) and

(b) geological analyses such as analysis of regional dissection and
degradation patterns, marine and lacustrine terraces and shorelines,
fluvial adjustments such as changes in stream longitudinal profiles or
terraces and other long term changes such as elevation changes across lava
flous, etc. (Rockwell and others, 1984)

Analysis of offs.*, displaced or anomalous landforms such as displaced
stream channels or changes in stream profiles or the upstream migration of
knickpoints (Sieh, 1984; Sieh and Jahns, 1984; Sieh and others, 1989;
Weldon and Sieh, 1985; Swan and others, 1980; PG&E, 1988), abrupt changes
in fluvial deposits or terraces, changes in paleschannels across a fault
(Swan and others, 1980), or uplifted, downdropped or laterally displaced
marine terraces (PG&E, 1988).

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

Identification and analysis of deformation features caused by vibratory
ground motions including seismically induced liguefaction features (sand
boils, explosion craters, lateral spreads, settlement, soil flows), mud
volcanoes, landslides, rockfalls, deformed 1ake deposits or soil horizons,
shear zones, cracks or fissures (Obermeier and others, 1985; Amick and
others, 1990).

Estimation of the ages of fault displacements by analysis of the
morphology of topographic fault scarps associated with or produced by
surface rupture. Fault scarp morphology is useful in estimating age of
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last displacement, approximate size of the earthquake, recurrence
intervals, slip rate and the nature of the causative fault at deptn
(Wallace, 1977, 1980, 1981; Crone and Harding, 1984).

(8) Listing of all historically reported earthquakes which can reasonably be
associated with seismic sources any part of which is within a radius of
320 km (200 miles) of the site, including date of occurrence and the
following measured or estimated data: highest intensity, magnitude,
epicenter, depth, focal mechanism, stress drop, etc. Historical
seismicity includes both historically reported and instrumentally recorded
data. For nre-instrumentally recorded data, intensity should be converted
to magnitude, the procedure used to convert it to magnitude should be
clearly documented, and epicenters should be determined based on intensity
contours. Methods to convert intensity values to magnitudes in the
central and eastern U.S. are described in Nuttli (1979), Street and
Turcotte (1975), <nd Street and Lacroix (1979).

(9) Seismic monitoring in the site area should be established as soon as
possible after site selection.

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

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

(2) Core borings to map subsurface geology and obtain samples for testing
such as age daiing.

(3) Excavating and logging trenches across geological features as part of the
neotectonic investigation and to obtain samples for age dating those
features.

At some sites, deep soil, bodies of water, or other material may obscure geologic
evidence of past activity along a tectonic structure. Jn such cases the analysis
of evidence elsewhere along the structure can be used tc evaluate its
characteristics in the vicinity of the site (PGLE, 1988: NUREG-0675, 1991).

An important part of the geslogic investigations to identify and define potential
seismic sources is the age-dating of geologic materials. The following
techniques are useful in dating Quaternary deposits:

(1) Radiometric Dating Methods

(a) Carbon 14 for dating organic materials (upper limit ranges from
30,000 up to 100,000 years) (Callender, 1989).

(b) Potassium argon for dating volcanic rocks ranging in age from about
50,000 to 10 million years (Callender 1989).

(¢) Uranium series uses the relative properties of various decay
products of **U or “*. Ages range "~ om 10,000 to 350,000
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(Callender, 1989). **U;/*™U can yield between 40,000 and 1,000,000
ynars (Muhs and Szabo, 1982)

Fission track uses minerals such as zircon and apatite, with
fissionable uranium in velcanic rocks. Although some interpretation
is required in counting tracks, the technique has no inherent age
;;gg; Timitations if suitable materials are available (Callender,
Thermoluminescence (TZ) is best used for stratigraphic correlation
and determining relative ages rather than absolute ages. The
maximum age is 10 miilion years (Callender, 1778).

Electron spin resonsnce (ESR) is used to date quartz that formed in
fault gouge during the fault event (Ikeya and others, 1982).

Quantitative Numerical Methods

Paleomagnetic dating requires material containing magnetic-
susceptible minerals with sufficient stratigraphic and time ranges
tc provide several reversals. An independent time datum for
correlation with the polarity time scale is required (Callender,
1989).

Thicknesses of weathering rind development on the margins of clasts,
such as caused by obsidian hydration, can be used to estimate the
age of deposits (Coleman and Pierce, 1981).

Cation-ratio dating of desert varnish on rock surfaces by chemical
analysis (Dorn, 1983).

Tephrochronology, which is the identification and correlation of
undated and dated volcanic ashes by geochemical and petrographic
analyses (Sheets an Grayson, 1979; Self and Sparks, 1981).
Amino-acid racemizatic~ uses organic material anc is based on time-
dependert diagenetic con.2vsion of one form of amino-acid polymer
structure to another (Bada and Helfman, 1975; Bada and Protsch,
1973).

Lichenometry is used to estimate ages from sizes of lichens growing
on gravel or boulders (such as glacial deposits) (Locke and others,
1979).

Soi” profile development is used to determine age based on measured
amounts of accumulated pedogenic materials (Machette, 1978).
Dendrochronology is used to determine the ages of trees th t were
affected by a tectonic event or other phenomena such as landsliding
or flooding (Page, 1970; Sieh, 1978; Atwater and Yamaguchi, 1991).

Relative Age Dating Methods

(a)

Relative degree of sci! profile deveiopment of B and C horizons can
provide at least an order of magnitude esiimate of the ages of
buried soils or relict surface soils on surficial deposits
(Callender, 1989; Machette, 1982). tor 2 horizons the diagnostic
characteristics include: thickness, depth, amount,6 texture, type of
clay, soil structure and color, and amount of Fe oxides or Fe-Al-
organic accumulation (Callender, 1989). for C horizons the
important diagnostic characteristics are thickness, depth, stage of
development and amount of pedogenic carbonate and other soluble
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salts (Macfadden and Tinsley, 1982; Hardin, 1982). Other references
for this subject include Matti and others, 1982; Pearthree and
Ca'vo, 1982; Pearthree and others, 1983; Keller and others, 1984,
and Chadwick and others, 1984.

(b) Relative degree of weathering of surface and subsurface clasts in
sedimentary deposits such as glacial moraines is useful but requires
independent means of age calibration (Caliender, 1989).

In the SCR it may not be possible to demonstrate, in an absolute manner, the age
of last activity of a tectonic structure. In such cases the NRC staff will
accept association of such structures with geologic structural features or
tectonic processes which are geologically old (at least pre-Quaternary) as an age
indicator in the absence of conflicting evidence.

These investigative procedures should also be applied, where possible, to
characterize offshore structures (faults or fault zones, and also folds, uplift
or subsidence related to faulting at depth) for coastal sites or those sites
located adjacent to landlocked bodies of water. Investigations of offshore
structures will rely heavily on seismicity, ceophysics and bathymetry rather than
conventional geologic mapping methods which can be used effectively onshore.
However, it is often useful to investigate similar features onshore to iearn more
about the significant offshore features.

d. Distinction Between Tectonic and Nontect~nic Deformatiu.

Nontectonic deformation like tectonic deformation can pose a substantial hazard
to nuclear power plants but there are likely to be differences in the approaches
used to resolve the issues raised by the two types of phenomena. Therefore, non-
tectonic deformation should be distinguished from tectonic deformution at a site.
In past nuclear power plant licensing activities, surface displacements caused
by phenomena other than tectonic phenomena have been confused with tectonically
induced faulting. Such features include faults on which the Tast displacement was
induced by glaciation or degiaciation, collapse structures, such as found in
karst terrain, and growth faulting, such as occurs in the Gulf Coastal Plain or
in other deep soil regions subject to extensive subsurface fluid withdrawal.

Glacially induced fauits generally do not represent a deep seated seismic or
fault displacement hazard because the conditions that creited them are no longer
present. However, residual stresses from Pleistocene glaciation may still be
present in glaciated regions although they are of less concern than active
tectonically induced stresses. These features should be investigated with respect
to their relationship to current in-situ stresses.

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

Large, naturally occurring growth faults as found in the coastal plain of Ter:

and louisiana can pose a surface displacement hazard even though offset m .
likely occurs at a much les: rapid rate than that of tectonic faults. They are
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.
Some growth faults and antithetic faults related to growth faults are not easily
identified; therefore, investigations described above with respect to capable
tectonic faults and fault zones should be applied in regions where growth faults
are known to be present. Local human-induced growth faults can be monitored and
controlled or avoided.

1f questionable features cannot be demonstrated to be of non-tectonic origin they
should be treated as tectonic deformation.
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R ATORY ANALY

A separate regulatory analysis was not prepared for this reg.latory guide. The
draft regulatory analysis "Proposed Revision of 10 CFR Part 100 and 10 CFR Part
50," provides the regulatory basis for this guide and examines the costs anc
benefits of the rule as implemented by the guide. A copy of the draft regulatory
analysis is available for inspection and copying for a fee at the NRC Public
Document Room, 2120 L Street NW. (Lower Level), Washington, DC, as Erclosure 2
to Secy 92-???. £Single copies of the draft regulatory analysis are available
from Mr. Leonard Soffer, Office of Nuclear Regulatory Research, Mail Stop NL/S-
324, U.S. Nuclear Reoulatory Commission, Washington, DL 0555, telephone (301)
492-3916 or Dr. Andrew J. Murphy, Office of Nuclear Regulatory Researci, Mail
Stop NL/S-21/A, U.S. Nuclear Regulatory Commiscion, Washington, DC 20555,
telephone (301) 422-3860.
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STANDARD REVIEw ..AN 2.5.2
PROPOSED REVISION 3

2.5.2 VIBRATORY GROUND MOTICN

REVIEW RESPONSIBILITIES

Primary - Structural and Geosciences Branch (ESGB)
Secondary - None

AREAS OF REVIEW

The Structural and Geosciences Branch review covers the
seismological and geological investigations carried out to
establisl; evaluate the —aeceeleration—for the safe shutdown
earthquake (SSE) and-the-eperating basis-earthgueke (OBE)y for the
site. The-safe—shutdownearthgquake s —that —<ecarthguaeke that s

undue-risk—te-the heal’ —and safety of the-publie-are-designed to
remain-funetioenal: The SSE represents the potential for earthquake
ground motion at the site and is the vibratory ground motion for
which all safety related structures, systems and components are
designed to ensure public safety. The SSE is based upon a detailed
evaluation of the earthquake potential, taking into account
regional and local geology, seismicity, and specific
characteristics of local subsurface material. It is defined as the
free-field ground response spectra at the plant site and is
described by horizontal and v ‘tical response spectra corresponding
to the expected ground motior »t the free-field ground surface or
a hypothetical rock outcrop.

Seismological and geological investigations are described in
Regulatory Guide DG101S, “dentification and Characterization of
geismic Sources. These investigations describe the seismicity of
the site region anc correlation of earthquake activity with seismic
sources. Beismic sources are identified and characterized,
including the Deterministic Source Earthquake (DSE) associated with
each seismic source. All seismic sources, any part of which is
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within 320 km (200 miles) of the site, must be identified. Sources
at larger distances which are capable of . thguakes large enough
to affect the site must also be identified seismic sources can be
capable tectonic sources or seismogenic s« tes; a seismotectonic
province is a type of seismogenic source.

The principal regulation used by the staff in determlnlnq the scope
and adequacy of the submitted sexsmologxc and geologic information
and attendant orocedures and analyses is Apperdi— i;—lUfeismie—and
Appendix B,

“Criteria tor the Seismic and Geologic 8iting of Nuclear Power
Plants after [effective date]" to 10 CFR Part 100 (Ref. 1).
Additional guidance (regulations, regulatory guides, and reports)
is provided to the staff through Referesnces 2 through 8.

Specific areas of review include seismicity (Subsection 2.5.2. 1),
geologic and tectonic characteristics of the site and region
(Subsection 2.5.2.2), correlation of earthquake activity with
geologic structure or tectonic provinces (Subsection 2.5.2.3),
maximum earthquake potential (Subsection 2.5.2.4), seismic wave
transmission characteristics of the site (Subsection 2.5.2.5), and
safe shutdown earthquake {Subsection 2.5.2.6)—and eperating-basis
* Both deterministic and
probabilistic evaluations are usod to assess the SSE.

The geotecanical englneerlng aspects of the site and the models and
methods employed in the an~lysis of soil and foundation response to
the ground motion environment are reviewed under SRP Section 2.5.4.
The results of the geosciences review are used in SRP Sections
3.7.2 angd 3.7.2.

I1. ACCEPTANCE CRITFRIA

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

1. 10 CFR Part 100, appead+*—%——J6e&snie—and—eee%egte—{at-eg
Gf&%er*a—fef—ﬂue&eae—?euar—F&entsvl—Appcndix B, "Criteria for
the Seismic and Geologic Siting of Nuclear Power Plants after
[effective date]. " These criteria describe the kinds of
geologic and seismic information needed to determine site
suitability and identify geolc ic and seismic factors reguired
to be taken into account in the siting and design of nuclear
power plants (Ref. 1).

2. 10 CFR Part 50, Appendix A, “General Design Criteria for
Nuclear Power Plants"; General Design Criterion 2, "Design
Bases for Protection Against Natural Phenomena." This

criterion requires that safety-related portions of the
structures, systems, and components important to safety shall
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be des@gned to withstand the effects of earthguakes, tsunami,
and seiche without lass of capability to perform their safety
functions (Ref. 2).

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

4. Regulatory Guide 1.132, "Site Investigations for Foundations
of Nuclear Power Plants." This guide describes programs of
site investigations related to geotechnical aspects that would
normally meet the needs fo. evaluating the safety of the site
from the standpoint of the performance of foundations under
anticipated loading conditions including earthquake. It
provides general guidance and recommendations for developing
site-specific investigation programs as well as specific
guidance for conducting subsurface investigations, including
the spac g and depth of berings as well as sampling intervals
(Ret. 4)

S. Regulatory Guide 4.7, "General Site Suitabilit. “riteria for
Nuclear Power Stations." This guide discusses ..e major site
characteristics related "o public health and safety which the
NRC staff considers in determining the suitability of sites

b for nuclear power stations (Ref. 5).
6.

Regulatory Guide 1.60, "Design Response Spectra for Seismic
Design of Nuclear Power Plants." : i 3

. For design purposes smoothed response
spectra are generally used - for example, a standard spectral
shape which has been used in the past is Regulatory Guide 1.60
(Ref. 6). These smoothed spectra are still acceptable when an
appropriate peak acceleration is used as the high frequency
asymptote and the smoothed spectra compare favorable with site
specific response spectra derived from the deterministic and
probabilistic procedures discussed in Subsection 2.5.2.6.

The primary reqguired investigations are described in 10 CFR Part
100, Section IV(a) of Appendix A B(Ref. 1) and regulatory guide
DG1015. The acceptable procedures for determining assessing the
seismic design bases are given in Section V(a), (b), and (c).—and

3 : The seismic design bases are
predicated on a reasonable, conservative determination of the SSE
and—the—-OBE. As defined in Sections #3% IV and V of 10 CFR Part
100, Appendix & B(Ref. 1), the SSE and—OBE—are is based on
consideration of the regional and local geology and seismology and
on the characteristics of the subsurface materials at the site and
are is described in terms of the vibratory ground motion that—they

February 10, 1992
2:5.2=3



L

would-preduee at the site. No comprehensive definitive rules can
be promulgated regarding the investigations needed to establish the
seismic design bases; the requirements vary from site to site.

2.5.2.1 Seism zity. In meeting the requirement of Reference
1, this subsection is acceptei when the complete historical record

of earthquakes in the region is listed and when all available
parameters are given for each earthguake in the historical record.
The listing should include all earthquakes having Modified Mercalli
Intensity (MMI) greater than or egual to IV or magnitude greater
than or equal to 3.0 that have been reported 4n—all—teetenie

for all seismic sources, any parts of which are within
320 km (200 miles) of the site. A reyional-scale map should be
presented showing all listed earthquake epicenters and should be
supplemented by a larger-scale map showing earthquake epicenters of
all known events within 80 km (50 miles) of the site. The
following information concerning each earthquake is required
whenever it is available: epicenter coordinates, depth of focus,
origin time, highest intensity, magnitude, seismic moment, source
mechanism, source dimensions, distance from the site, and any
strong-motion recordings (references from which the information was
obtained should be identified). All magnitude designations such as
m, M, M, M, etc., should be identified. In addition, an
reported earthquake-induced geologic failure, such as liquefaction,
landsliding, landspreading, and lurching should be described
completely, including the level of strong motion that induced
failure and the puysical properties of the materials. The
completeness of the earthquake history of the region is determined
by comparison to published sources of information (e.g., Refs. S
through 13). When conflicting descriptions of individual
earthquakes are found in the published references, the staff should
determine which is appropriate for licensing decisions.

" : eristics of ite and

Region. In meetxng the requirements of References 1, 2, and 3,
this subsection is accepted when all geo&egﬁcHQEfueeafesawt%h*ﬂ~ehe
r 2gion-—and-tectonieaetivity seismic sources that are sxgnxtxcant
in determining the earthquake potential of the region are
identified, or when an adequate investigation has been carried out
to provide reasonable assurance that all significant teetonie
struetures seismic sources have been identified. Infcrmation
presented in Section 2.5.1 of the applicant's safety analysis
report (SAR) and information from other sources (e.g., Refs. 9 and
14 through 18) dealing with the current tectonic regime should be
developed into a coherent, well-documented discussion to be used as
the basis characterizing the earthquake-generating potential of
soianogcnic sources and capable tectonic sources the —identified
Spec1f cally, each veetenie-province seismic

source, any part of which is within 320 km (200 miles) of the site,
must be identified. The staff interprets seismotectonic provinces

to be regions of uniform earthguake —potential —{(seismotectenie
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provinees) reismicity (same DSE and frequency of recurrence)
distinct from the seismicity of the surrounding area. The proposed
secismotectonic provinces may be based on seismicity studies,
differences in geologic history, differencec in the current
tectonic regime, etc. The staff considers that the most important
factors for the determination of seismotectonic provinces include
both (1) development and characteristics of the current tectonic
regime of the 1:_gion that is most 1likely reflected in—the
peotectonies — {Pest ~Miccene —er——about 5 in the (Quaternary
(approximately the last :z million years and younger geologic
history) and (2) the pattern and level of historical seismicity.
Those characteristics of geologic structure, tectonic history,
present and past stress regimes, and seismicity that distinguish
the various seisiotectonic provinces and the particular areas
within those provinces where Liistorir.al earthquakes have occurred
should be described. Alternative regional tectonic models derived
from availabl2 literature sourc>s, including previous SARs and NRC
staff Safety Evaluation Reports (SERs), should be discussed. The
model that best conforms to the observed data is accepted. In
addition, in those areas where there are capable faults tectoni~
sources, the results of *he additional investigative requiremenis
described in 316—<CFR-Part—100,-Appendix—hA, —Seetion3IV{ai{8)(Re ~
1)+ SRP Section 2.5.1 must be presented. The discussion should be
augmented by a regional-scale map showing the teet~nie-previnees
seismic sources, earthquake epicenters, locations of geologi

structures and other featires that characterize the seismotectonic
provinces, and the locaticns of any capable faults tectonic
sources.

2.5.2.3 Correlation of Earthguake Activity with Geelegie-Strueture
Seismogenic Sources, Capable Tectonic Sources or
SseismoTectonic Provirces. In meeting the requirements of Reference
1, acceptance of this subsection is based on the development of the
relationship betveen the history or earthquake activity and the
geelogie-structures—or-seismotectonie provinees seismic sources of
a region. The applicant's presentation is accepted when the
earthquakes discussed in Subsection 2.5.2.1 of the SAR are shown to
be associated with either geelegie-structure-eor—teetonie provinece
capable tectonic sources or seismogenic sources. Whenever an
earthquake hypocerter or concentration of earthquake hypoucenters
can be reasonably correlated with geologic structures, the
rationale for the association should be developed considering the
characteristics of the geologic structure (including geologic and
geophysical data, seismicity, and the tectonic history) and the
regional tectonic model. The discussion should Include
identification of the methods used to locate the earthguake
hypocenters, an estimate of their accuracy, and a detailed account
that compares and contrasts the geologic structure involved 1n the
earthquake activity with other areas within the seismotectonic
province. Particular attention should be given to determining the
capability of faults with which instrumentally located earthguake
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hypocenters are associated.

The presentation should bes augmentea by regional maps, all of the
same scale, showing the tectenie—previnees seismi: sources, the
earthquake epicenters, and the locations of geologic structures and
measurements used to define provinces. Acceptance of the proposed
i b seismic sources is based on the staff's
independent review of the geologic and seismic information.

2.5.2.4 Maximum Earthquake Potential and Controlling
Earthquake (CE). In meeting the requirements of Reference 1, this
subsection is accepted when the vibratory ground motion due to the
maximum—eredible—earthgua e DSE associated with each ygeelegie
ﬁt{ > - T ‘; 3-€ e T UC - RS "‘. - 3 ¥ — B e &
t cetonie—provinee seismic source has been assessed and vhen the
e arthquake(s) that would produce the maximum most severe vibratory
ground motion at the site has been determined. The maximum
eredible—earthgquake DSE is the largest earthquake that can
reasonably be expected to occur on a geolegie—strueture given
seismic source in the current tectonic regime. Considerable
judgement is involved in estimating the magnitude of the DSE.
Suggested procedures for estimating the DSE are given in Regulatory
Guide DG101S. Geelegie—er—seismelegical—evidence—may—warrant—sa

- el ) S r ) . Wi > ) )

Earthquakes associated with each i 3

seismic source must be identified. Where an earthguake is
associated with geologic structure, the maximum-erediblearchquake
DSE that could occur on that structure should be evaluated, taking
into account significant factors, for example, the type cf the
faulting, fault length, fault slip rate, rupture length, rupture
area, moment, and earthquake history (e.g., Refs. 19 through 22).

In order to determine the maximum—eredible—earthquahe DSE that
could occur on those faults that are shown or assumed to he capable
tectonic sources, the staff accepts conservative values based on
historic experience in the region and specific considerations of
the earthqguake history and geologic history of movement on the
faults. Where the earthquakes are associated with a seismotectonic
province, the largest historic earthguake within the province
chould be identified. Isoseismal maps should also be presented for
the most significant earthqguakes. The ground motion at the site
should be evaluated assuming appropriate seismic energy
transmission effects and assuming that the maximum-earthgquake DSE
associated with each : i '
previnee seiumic source occurs at the point cf closest approach of
the structuare or province to the site. (Further description is
provide” in Subsection 2.5.2.6.)

The eartihquake(s) that would produce the most severe vibratory
ground moticn at the site should be defined. If different
potential earthguakes would produce the most severe ground motion
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in @ifferent frequency bands, these earthquakes should be
§pec1fied. The description of the potential earthquake(s) is to
include the maximum intensity or magnitude and the distance from
the assumed location of the potential earthguake(s) to the site.
For the seismotectonic province surrounding the site, the DSE is
assumed to occur within 25 km of the site. The staff independently
evaluates the site ground motion produced by the largest-earthguake
DSE associated with each : ! i
seismic source. Controlling earthquakes (CE) are those earthquakes
that have the greatest effect on the ground motion at the nuclear
power plant site. Acceptance of the de:cription of the petential
controlling earthquake(s) that would produce the largest ground
motion at the site is based on the staff's independent analysis.

2.5.2.5 Seismic Wave Transmission Charactcristics of the Site.

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

The frze-field ground motion (alsco referred to as control motion)
should be defined to be on a ground surface and should be based on
data obtained in the free field. Two cases are identified
depending on the soil characteristics at the site and subject to
availability of approprizte recorded ground-motion data. When data
are available, for example, for relatively uniform sites of soil or
rock with smoo*h variation of properties with depth, the contrcl
point (location at which the control motion is applied) shouid be
specified on the soil surface at the top of the finished grade.
The free-field ground motion or control motion should be consiste:rt
with the properties of the soil profile. For sites composed of one
or more thin soil layers overlying a competent material, or in case
of insufficient recorded ground-motion data, the control point is
specified on an outcrop or a hypothetical outcrop at a location on
the top of the competent material. The control motion specified
should be consistent with the properties of the competent material.
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Where vertically propaz. Ling shear waves may produce the maximum
ground motion, a one-dimensional equivalent-linear analysis (e.g.,
Ref. 23 or 24) or nonlinear analysis (e.g., Refs. 25, 26, and 27)
may be appropriate and is reviewed in conjunction with geotechnical
and structural engineering. Where horizontally propagating shear
waves, compressional! waves, or surface waves may produce the
maximum ground motion, other methods of analysis (e.g., Refs. 28
and 29) may be more appropriate. However, since some of the
variables are not well defined and the techniques are still in the
developmental stage, no generally agreed-upon pr ~dures can be
promulgated at this time. Hence, the staff must use discretion in
reviewing any method of analysis. Tc¢ insure appropriateness, site
response characteri~tics determined from analytical procedures
should be compare:. with historical and instrumental earthquake
data, when available.

. afe u w ake. In meeting the
requirerents of Reference *, this subsection is accepted when the
vibratory ground motion specified for the SSE is described in terms
cf the free-field response spectrum and is at least as conservative
as “*hat which would result at the site from the maximum—earthquakc
CCs (determined in Subsection 2.5.2.4) considering the site
transmission effects (determined in Subsection 2.5.2.5). If
reveral different ma**man—pe%en%*a}—eaf%hquakee CEs produce the
lairgest ground mot.ons in different frequency bands (as noted in
Sub: ection 2.5.2.4), the vibratory ground motion specified for the
SSE .wst b as conservative in each frequency band as that for each
earthquake.

“he staff reviews the free-field response spectra of engineering
significance (at appropriate damping values). Ground motion may
vary for different foundation conditions at the site. When the
site effects are significant, this review is made in conjunction
with the review of the design response spectra in Section 3.7.1 to
ensure consistency with the free-field motion. The staff normally
evaluates response spectra on a case-by-case basis. The staff
considers compl ance with the following conditiuns acceptable in
the evaluation of the SSE. In ail these procedures, the proposed
free-field response spectra shall be considered acceptable if they
equal or exceed the estinated 84th percentile ground-motion spectra

from the maximum—or —econtroelling —earthquake CE aescribed in
Subsection 2.5.2.4.

The following steps summarize the - »ff review of the SSE.

Both horizontal and vertical component site-specific response
spectra should be developed statistically from response
spectra of recorded strong mo‘ ‘< n records that are selected to
have similar source, rpropags 'on path, and recording site
properties as the controlling earthquake(s). It must be
ensured that the recorded motions represent free-field

February 10, i992
2:5.2-8



4

5

6

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

28
29
30
31
32

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

conditicns and are free of or corrected fcr any soil-structure
interaction esfects that may be present because of locations
ard/or housing ©of recording instruments. Important source
properties include magnitude and, if possible, fault type, and
tecionic environment. Propagation path properties include
distance, depth, and attenuation. Relevant site properties
include shear velocity profile and other factors that affect
the amplitude of waves at different frequencies. 2
sufficiently large number of site-specific time histories
and/or response spectra should be used to obtain an adequately
broadband spectrum to encompass the uncertainties in these
parameters. An 84th percentile response spectrum for the
records should be presented for each damping value of interest
and compared to the SSE free-field and design response
spectrum (e.g., Refs. 30, 31, 32, and 33). The staff
considers direct estimates of spectral ordinates preferable to
scaling of spectra to peak accelerations. In the Eastern
United States, relatively little information is available -
magnitudes for the larger historic earthquakes; hence, it muy
be appropriate to rely on intensity observations (descriptions
of earthquake effects) to estimate magnitudes of historic
events (e.g., Refs. 34 and 35). If the data for site-specific
response spectra were not obtained under geoclogic conditions
similar to those at the site, corrections for site effects
should be included in the development of the site-specific
spectra.

Where a large enough ensemble of strong-motion records is not
available, response spectra may be approximated by scaling
that ensenble of strong-motion data that represent the best
estimate of source, propagation path, and site properties
(e.g., Ref. 36). Sensitivity studies should show the effects
of scaling.

If strong-motion records are not available, site-specific peak
ground acceleration, velocity, and displacement (if necessary)
should be determined for appropriate magnitude, distance, and
foundation ccnditions. Then response spectra may be
determined by scaling the acceleration, velocity, and
displacement values by appropriate amplification factors
(e.g., Ref. 37). Where only estimates of peak ground
acceleration are available, it is acceptable to select a peak
acceleration and use this peak acceleration as the high
frequency asymptote to standardized response spectra such as
described in Regulatory Guide 1.60 (Ref. 6) for both the
horizontal and verticai components of motion with the
appropriate amplification factors. For each controlling
earthquake, the peak ground motions should be determined using
current relations between acceleration, velocity, and, if
necessary, displacement, earthquake size (magnitude or
intensity), and source distance. Peak ground motion should be
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determined from state-of-the-art relationships. Relationships
betweaen magnitude and ground motion are found, for example, in
References 38, 39, 40, and 41 and relationships between ground
motion and intensity are found, for example, in References 41,
42, and 43. Due to the limited data for high intensities
greater than Modified Mercalli Intensity (MMI) VIII, the
available empirical relationships between intensity and peak
ground motion may not be suitable for determining the
appropriazte reference acceleration for seismic design.

4. Response spectra deve'oped by theoretical-empirical modeling
of ground motion ma, be used to supplement site-specific
spectra if the jnput parameters and the apprcpriateness of the
model are thoroughly documented (e.g., Refs. 19, 44, 45 and
46, and S53). Modeling is particularly useful for sites near
capable fauwvlts tectonic sources or for deeper structures that
may experience ground motion that is different in terms of
frequency content and wave type from ground motion caused by
more distant earthquakes.

S. Probabilistic estimates of seismic hazard should be calculated
(e.g., Refs. 41 and 47) and the underlying assumptions and
associated uncertainties should be documented to assist in the
staff's overall deterministic approach. The probabilistic
studies should highlight which seismic sources are significant
to the site. Uniferm—hazard speetra—(speetra—that—have =

P obabili ¢ : S p

3001 —and—0-00¢ AP brebak 5—e A :
site+- ‘he probability of exceeding the SSE response spectra
should also be estimated and comparison of results made with
other probabilistic studies. Suggested procedures are
contained in DG101S.

The time duration and number of cycles of strong ground motion is
required for analysis of site foundation liquefaction potential and
for design of many plant components. The adequacy of the time
history for structural analysis is reviewed under SRP Section
3.7.1. The time history is reviewed ir this SRP section to confirm
that it is compatible with the seismological and geological
conditions in the site vicinity and with the accepted SSE model.
At present, models for deterministically computing the time history
of strong ground motion from a given source-site configu.ation may
be limited. It is therefore acceptable to use an ensemble of
ground-motion time histories from earthquakes with similar size,
site-source characteristics, and spectral characteristics or
results of a statistical analysis of such an ensenmble. Totai
duration of the motion is acceptable when it is as corservative as
values determined using current studies such as References 48, 49,
50, and 51.
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ITII. REVIEW PROCEDURES

Upon receiving the applicant's SAR, an acceptance review is
conducted to determine compliance with the investigative
requirements of 10 CFR Part 100, Appendix A B (Ref. 1). The
reviewer also identifies any site-specific problems, the resolution
of which could result in extended delays in completing the review.

After SAR acceptance and docketing, those areas are identified
where additional information 1is required to determine the
earthquake hazard. These are transmitted to the applicant as draft
requests for additional information.

A site visit may be conducted during which the reviewer inspects
the geclogic conditions at the site and region around the site as
«hown in outcrops, borings, geophysical data, trenches, and those
geologic conditions exposed during constrv_.tion if the review is
for an operating license. The reviewer also discusses the
guestions with the applicant and his consultants sc that it 1is
clearly underctood what additional information is required by the
staff to continue the review. Following the site visit, a revised
set of requests for additional information, including any
additional questions that may have been developed during the site
visit, is formally transmitted to the applicant.

The reviewer evaluai~s the apnlicant's response to the guestions,
prepares requests for additional clarifying information, and
formulates positions tha. may agree or disagree with those of the
aprlicant. These are formcl]ly transmitted to the applicant.

The safety analysis report and amerdments responding tc the
reguests for additional inforraticn are reviewed to determine that
the iniformation presented by the applicant is acceptable according
te the criteria described in Section II (Acceptance Criteria)
above. Based on information supplied by the applicant, obtained
from site visits or from riaff consultants or literature sources,
the reviewer independentl; identifies and evaluates the relevant
seismotectenie provinees seismogenic sources and capable tectonic
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sources, evaluates the capability of faults in the region, and

determines the earthguake potentizl for each prevince-—and—each
capable—fault-er tectenie strueture seismogenic source or capable

tectonic source using procedures noted in Section I1 (Acceptance
Criteria) above. The reviewer evaluates the vibratory ground
motion that the petential-earthguakes controlling earthquakes could
produce at the site and defines compares that ground motion to the

safe shutdown earthquake-and-eperating-basis—earthguake.

1V. _VALUATION FINDINGS

I1f the evaluation by the staff, on completion of thc rev.~w of the
geologic and seismologic aspects of the plant site, contirms that
+' ¢ applicant has met the requirements or guidance of applicable
~jons of References 1 through 6, the conclusion in the SER
res that the information provided and investigations performed
support the applicant's conclusions regarding the seismic integrity
of the subject nuclear power plant site. In addition to the
conclusion, this section of the SER includes (1) definitiens an
evaluation of teetenie—provinees seismogenic sources and capable
tectonic sources; (2) evaluations of the capability of geologic
structures in the region; (3) determinatiens evaluat.ion of the &6F
earthguake{s) DSEs and free-field resovonse spectra based on
evaluation of the petential controlling earthquakes; and (4) time
history of strong ground mot ion—and—{51—determinations—ofthe OBE
free—field——respense —speetra

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

OL applications arc reviewed for any new information developed
subseqguent to the CP safety evaluation report (SER). The raview
will also determine whether the CP recommendations have been

implemented.

A typical OL-stage summary findinjy for this section of th:* SER
follows:

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

literature.

As a result of our recent review cf the seismologic
information, we have determined ihat cur earlier concl r
regarding the safety of the plant from a seismolog

Fepruary 10, 1992
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stzndpoint remains valid. These conclusions can be summarized
as follows:

Seismologic information provided by the applicant and
required by Appendix A B to 10 CFR Part 100 provides an
adequate basis to establish that no
seismic sources exist in the plant site area which would
cause earthguakes to be centered there.

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

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

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

The applicant has met the requirements of:

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

b. 10 CFR Part 100 (Reactor Site Criteria) with
respect to the identification of geologic and
seismic information wused in cdetermining the
suitability of the site.

c. 10 CFR Part 100, Appendix-A{feismie—and-Geologie
Siting-Criteria—for—NuelearPovwer—Plan’s} Appendix
B (Criteria for the Seismic and Geologic Siting of
Nuclear Power Plants zfter [effective Date]) with
respect to obtain.ng the geologic and seismic
information necessary to determine (1) site
suitability ard (2) the appropriate design of the
plant. Guidarce for complying with this regulation

ie contained in Regulatory Guide 1.132, "Site
Investigations for Foundations of Nuc lear Power
Plants," Regulatory Guide 4.7, “"Genaral Site
Suitability for Nuclear Power Stations," and

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

IMPLEMENTATION
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™e following is intended to provide guidance to applicants and
licensees regarding the NRC staff's plans for using this SRP
section.

Except in those cases in which the applicant/licensee proposes an
acceptable alternative method for complying with specific portions
of the Comrission's regulations, the methods described herein will
be used oy the staff in its evaluation of conformance with
Commission regulations.

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

The provisions of this SRP section apply to reviews of construction
permit (CP), cperating license (OL), preliminary design approval
(PDA), final design approval (FDA), and combined license (CP/OL)
applications docketed after the date of issuarce of this SRP
section.

VI. CES

) 10 CFR Part 100, Appendix—a,—lSeismie—and—Geologie—titing
Gf*%eria—éef—Nue4eaf—Peuef—P%an€svn Appendix B, *"Criteria for
the Seismic and Geologic Siting of Nuclear Power Plants After
[Effective Date]."™

2. 10 CFR Part 50, Appendix A, General Design Criterion 2,
"Design Bases for Protection Agairst Natural Phenomena."

3. 10 CFR Part 109, "Reactor Site Criteria."

4. Kegulatory Guicde 1.132, “"Site Investigations for Foundations

of Nuclear Power Plants."

S. Regulatory Guide 4.7, "“General Site Suitability Criteria for
Nuclear Power Stations.™

6. Regulatory Guide 1.60, “"Desigr Response Spectra f.r Seismic
Design of Nuclear Power Plants.“

Ve Regulatory Guide 1.70, "Standard ormat and Content of Safety
Analysis Reports for Nuclear Power Planis."
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K. Bridl, O. Nuttli, and P. Pomeroy (1981).
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DRAFT REGULATORY GUIDE DG-1016
SECOND PROPOSED REVISION 2 TO REGULATORY GUIDE 1.12
NUCLEAR POWER PLANT INSTRUMENTATION FOR EARTHQUAKES

A. INTR 1

In 10 CFR Part 20, "Standards for Protection Against Radiation." licensees are
required to make every reasonable effort to maintain radiation exposures as
low as is reasonably achievable. Paragraph (c) of §50.36, "Technical
Specifications,” to 10 CFR Part 50, "Domestic Licensing of Production and
Utilization Facilities," requires the technical specifications of a facility
to include surveillance requirements to ensure that the necessary quality of
systems and components is maintained, that facility operation will be within
safety limits, and that the limiting conditions of operation will be met.
Paragraph 1V(a)(4) of Proposed Appendix S, "Earthquake Engineering Criteria
for Nuclear Power Plants," to 10 CFR Part 50 would recuire that suitable
instrumentation be provided so that the seicmic response of nuclear power
plant features important to safety can be evaluated promptly. Paragraph
IV{a)(3) of Proposed Appendix S to 10 CFR Part 50 would require shutdown of
the nuclear power plant if vibratory ground motion exceeding that of the
Operating Basis Earthquake (OBE) ground no?ion occurs.’

This guide is being developed to describe seismic instrumentation acceptable
to the NRC staff for satisfying the requirements of Parts 20 and 50 and the
Proposed Appendix S Lo Part 50.

Any information collection activities mentioned in this draft regulatory guide
are contained as requirements in the proposed amendments to 10 CFR Part 50
that would provide the regulatory basis for this guide. The proposed
amendments have been submitted to the Office of Management and Budget for
clearance that may be appropriate under the Paperwork Reduction Act. Such

, ' Guidance is being developed in Draft Regulatory Guide DG-1217, "Pre-
3

36

Earthquake Planning and Immediate Nuclear Power Piant Operator Post-
Earthquake Actions," to provide plant shutdown criteria.

DG-10i6 - 1 Feb 10, 1992
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clearance, if obtained, would also apply to any information collection
activities mentioned in this guide.

B. DISCUSSION

When an earthquake occurs, it is important to assess immediately the effects
of the earthquake at the nuclear power plant. State-of-the-art solid-state
digital time-history accelerographs installed at appropriate locations will
provide data on the frequency, amplitude, and phase relationship of the
seismic response of the free-field, containment structure, and other Category
I structures. The instrumentation should be located so that a comparison and
evaluation of such response may be made with the design basis and so that
occupational radiation exposures are maintained as 'ow as reasonably
achievable (ALARA).

Free-field instrumentation data would be used to determine if the OBE ground
motion has been exceeded (see Draft Regulatory Guide DG-1017, "Pre-Earthquake
Planning and Immediate Nuclear Power ¥lant Operator Post-Earthquake Actions”).
foundation-level instrumentation would provide data on the actual seis

input to the containment and other buildings and would quantify differences
between the vibratory grcund motion at the free-field and foundation-level.
Instrumentation is not located on equipment, piping, or supports since
experience has shown that data obtained at these locations are obscured by
vibratory motion associated with normal plant operation.

The guidance being developed in Draft Regulatory Guide DG-1017 is based on the
assumption that the nuclear power plant has operable seismic instrumentation,
including the equipment and software required to process the data within four
hours after an earthquake. This is necessary because the decision to shut
down the nlant will be made in part, by comparing the recorded data against
OBE exceedance criteria. The decision to shut down the plant is also based on
the results of the operator walkdown inspections which take place within eight
hours of the avent.

It may not be necessary that identical nuclear power units on a given site

DG-1016 - 2 Feb 10, 1992
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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.

An evaluation of seismic instrumentation operational experience noted that
instruments have been out of service during plant shutdown and sometimes
during plant operation. The instrumentation system should be operable at all
times. If the seismic instrumentation is inoperable, the guidelines being
developed in Appendix B to Draft Regulator: ¢ -ide DG-1017 should be used to
determine if the Operating Basis Earthquake 4 vund motion has been exceeded.

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

Appendix A to this guide provides definitions to be used with this guidance.

C. REGULATORY POSITION

The type, locaiions, operability, characteristics, installation, actuation,
remote indication, and maintenance of seismic instrumentation described below
are acceptable to the NRC staff for satisfying the requirements in 10 CFR
20.1(c), 10 CFR 50.36(c), and Paragraph IV(a)(4) of Proposed Appendix S to 10
CFR 50 for ensuring the safety of nuclear power plants.

s Seismic Instrumentation Type and Location

1.1 State-of-the-art solid-state digital instrumentation that wili
enable the quick processing of data at the plant site should be
usea.

1.2 A triaxial time-history accelerograph should be provided at each
of the following locations:

DG-1016 - 3 Feb 10, 1992




W 00 SN Y i B W N e

W W W W W W W W NN NN RN N TN N RN R e e e e el e e et et e
SO N B D N s DWW DN WD S W N s DWW DN O SN e D

1.3

3 Free-field.
5 Containment foundation.

3. Two elevations (excluding the foundation) on a structure
internal to the containment.

4. Two independent Category | structure foundations (for
instance, the diesel generator building and the auxiliary
building) where the response is different from that of the
coniainment structure.

9 An elevation (excluding the foundation) on each of the
independent Category I structures selected in 4 above.

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

The specific locations for instrumentation should be determined by
the nuclear plant designer to obtain the most pertinent
information consistent with maintaining occupational radiation
exposures ALARA for the location, installation, and maintenance of
seismic instrumentation. In general:

s A design review of location, installation, and maintenance
of proposed instrumentation for maintaining exposures ALARA
should be performed by the facility in the planning stage in
accordance with Regulatory Guide 8.8, "Information Relevant
to Ensuring that Occupational Radiation Exposures at Nuclear
Power Station: Will Be As low As Is Reasonably Achievable.”

2. Instrumentation should be placed in a location with as low a
dose rate as is practical, consistent with other
requirements.

3. Instruments should be selected to require minimal

DG-1016 - 4 Feb 10, 19¢2
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operation, including periods of plant shutdown The maintenance
repair procedures shoula provide "~ keeping the maximum numoer
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4.5

4.6

seismic trigger threshold and for 2 minimum of [ seconds beyond
the last seismic trigger signal. The instrumentation should be
capable of a minimum of 25 minutes of continuous recording

.celeration Sensor(s).

s The dynamic range should be 1000:1 zero to peak, for
example, 0.00lg to 1.0g.

2. The frequency range should be 0.0 Hz to 33.0 Hz, or an
equivalent demonstrated to be adequate by cr »Hutational
techniques applied 1o the resultant accelerogram.

Recorder.

1. The sample rate snould be at least 200 samples per second.

2. The t..dwidth should be at ieast from 0.20 Hz to 50 Hz.

3. The dynamic range should be 1000:1.

4.7 Seismic Trigger.

The actuating level should be adjustabie 7or 2 minimum of 0.00%
to 0.02g.

Instrumentation Installation

5.1

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

Tae insirumentation should be orievted so that the horizontal axes

are parailel to the orthogonal hori  tal axes 2<sumed in the
sei-mic analysis.

DG-.216 - 6 Feb 10, 1992
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5.3 Protectior against accidental impacts should be provided.

Instrumentation Actuation

€ 1 Both vertical and horizontal input vibratory ground motion should
actuate the same time-history accelerograph. One or more seismic
triggers may be used to accomplish this.

6.2 Spurious trio«.ring should be avoided.

6.3 The seismic trigjer mechanisms of the time-history acceleroyraph
should be set for a threshold ground acceleration of not more than
0.02g.

Remote Indication

Activation of the free-field or any foundation-level time-uistory
accelerograph should be annunciat.d in tbh trol room. If the-¢ are
two or more control rooms at the site, annunciation should be provided
to each control room.

Maintenance

8.1 The purpose of the maintenance program is to ensure that the
equipment will perform as required As state Regulatory
Position 3, the maintenance and 1 pair procedw © should provide
for keeping the maximum number of instrumen. in service during
plant operat on and shutdown.

8.2 Systems are t. be riven channel checks every two weeks for the
first three months of service after startup. Failures of devices
normally occur during initial operation. After the initial three-
month period and three consecutive success‘ul checks, monthly
cha~nel check are -ufficient. Tne monthly channel check is ‘¢
include checking the batteries. The channel furctional test
should ve performed every 6 months. “hannel calilration should be
per vrmed during refueling.

DG-1916 -~ 7 Fec 10, 1992
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0. IMPLEMEN.ATION

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

This proposed revision has been relea ed to encourage public participation in
its development. Except in those cases in which the applicant proposes an
acceptable alternative method tor complying with the specified portions of the
Commission’s regulations, the method to be described in the active guide
reflecting public comments will be used in the evaluation of applications for
a construction permit, operating license, combined license, or design
certification submitted after the implemeatation date to be specified in the
active guide. This guide would not be used in the evaluation of an
application for an operating license submitted after the implementation date
to be specified in the active guide if the construction permit was issued
prior to that date.

DG-1016 - 8 Feb 10, 1992
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AFPENDIX A
DEFINITIONS

leration or. An instrument capable of sensing absolute acceleration
and transmitting the data to a recorder.

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

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

Channel Functional Test (Secondary Calibration). The determination without
adjustment that an instrument, sensor, or system responds to a known input,
not necessarily traced to the National Institute of Standards and Technology
(NIST), of such character that it will verify the instrument, sensor, or
system is functioning in a manner that can be calibrated.

Containment - See Primary Containment and Secondary Containment.

Uperating Basis rarthquake Ground Motion (OBE). The vibratory ground motion
“or which those features of the nuclear power rlant necessary for continued

operation without undue risx to the hea"th and safety of the public will
remain funuctional. The value of the Operating Basis Earthquake Ground Motion
is set by the applicant.

Primary fContainment. The principal structure of a unit that acts as the
barrier, after tne fue! cladding and reactor pressure boundary, to control the
release of radicactive material. It includes (1) tne containment structure
and its acces: open: 3s, penc¢t-ations, and appurtenances, (2) the .alves,
pipes, cl_se¢ -vstems, and other components used to i ‘late of the containment
atmosphere from the environment, and (3) those systems or portions of system:
that, by their system functitns, extend the containment structure biundary

DG-1016 - 9 Feb 10, 1992
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(e.g., the connecting steam and feedwater piping) and provide efrfective
isolation.

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

Secondary Containment. The structure surround.ang the primary containment that

acts as a further barrier to control the release of radioactive material.

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

Seismic Trigger. A device that starts the time-history accelerograph.

Time-History Accelerograph. An instrument capable of measuring and
permanertly recording the absolute accele ation versus time. The components

of the time-history accelerograph (acceleration sensor, recorder, seismic
trigger) may be assembled in a self-contained unit or be separatciy located.

Triaxial. Describes the function of an instrument or group of instruments in
three mutually orthogonal directinns, one of which is vertical.

DG-1016 - 10 Feb 10, 1992
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REGULATORY ANALYSIS

. ! separate regulatory analysis was not prepared for this regulatory guide.

O o N O s
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12
13
14
15

The draft regulatory analysis, "Proposed Revision of 10 CFR Part 100 and 10
CFR Part 50," provides the regulatory basis for this guide and examines the
costs and benefits of the rule as implemented by the guide. A copy of the
draft regulatory analysis is available for inspection and copying for a fee at
the NRC Public Document Room, 2120 L Street NW. (Lower Level), Washir jton, DC,
as Enclosure 2 to Secy 92-7?7. Single copies of the draft regulatory analysis
are available from Mr. Leonard Soffe., Office of Nuclear Regulatory Research,
Mail Stop NL/S-324, U.S. Nuclear Regulatory Commission, Washington, DC 20555,
telephone (301) 492-3916 or Dr. Andrew J. Murphy, Office of Nuclear Kegulatory
Res~zarch, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission, Washington,
DC 20555, telephone (301) 492-3860.

DG-1016 - 11 Feb 10, 1992
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ORAFT REGULATORY GUIDE DG-:i017
PRE-EARTHQUAKE PLANNING AND IMV(DIATE NUCLEAR POWER
PLANT OPERA™IDR POST-EARTHQUAKE ACTIONS

A. L1 TION

Paragraph 1V(a)(4) of Proposed Appendix S, "Earthquake Engineering Criteria
for Nuclear Power Plants," to 10 CFR Part 50, "Domestic Licensing of
Production and Utilization Facilities," wou'd reguire that suitable
instrumentation’ be provided so that the seismic response of nuclear power
plant features important to safety can be evaluated prumptly. Paragraph
IV(a)(3) of Proposed Appendix S to 10 CFR Part 50 would require shutdown of
the nuclear power plant if vibratory ground motion exceeding that of the
Operating Basis Earthquake Ground Motion or significant plant damage occurs.
Proposed Paragraph 50.54(ee) to 10 CFR 50 would require licensees of nuclear
power plants hat have adcnied the earthquake engineering criteria in Proposed
Appendix S to 10 CFR 50 to shut down the plent if the criteria in Paragraph
IV(a)(3) of Proposed Apsendix S are exceeded.

This guide is being developed to provide guidance acceptable to the NRC staff
for a timely evaluation after an earthquake of the recorded instrumentaticon
data and for determining whether plant shutdown would be required by the
proposed amendments to 10 CFR Part 50.

Any information collectic activities mentioned in this draft regulatory guide
are contained as requirements in the propesed amendments to 10 CFR Part S0
that would provide the regulatory basis for this guide. The proposed
amendments have been submitted to the Office of Management and Budget for
clearance that may b~ appropriate under the Paperwork Reduction Act. Such
clearance, if obtained, would also apply to any information collection

Proposed Revision 2 to Regulatory Guide 1.12, "Nuclear Power Plant

, ' Guidance is being developed in Draft Regulatory Guide DG-1016, Second
3

Instrumentation for Earthquakes," to describe seismic instrumentation
acceptable to the NRC staff.

DG-1017 - 1 Feb 7, 1992
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activities mentioned in this guide.

B. DISCUSSION

When an earthquake occurs, grourd motion data are recorded by the seismic
instrumentation.' These data are used to make an early determination of the
degree of severity of the seismic event. The data from the seismic
instru.entation, coupled with information obtained from a plant walkdown, are
used to make the initial determination of whether the plant should be shut
down, if it has not already been shut down by operational perturbations
resulting from the seismic event. If on the basis of these initial
evaluations (instrumentation data and walkdown) ¢ is conclud~d that the plant
shutdown criteria have not been exceeded, it is presumed that the plant will
not be shut down. Guidance is being developed on post shutdown inspections
and plant restart; see Draft Ragulatory Guide DG-1018, “"Restart of a Nuclear

Power Plant Shut Down by a Sei.mic Event.” .

The Electric Power Research Institute has developed guidelires that wiil
enable licenser- to quickly identify and »c ‘ss earthquike effects on nuclear
power plants. inese guidelines are in '’ ‘930, "A friterion for
Determining Exceedance of the Operating Basis £ . ke " July 1988, EPRI NP-
6695, "Guidelines for Nuclear Plant Response to /+ tarv.quake," December 1989,
and EPRI TR-100082, “Standardization of Cumuiative Absolute Velocity,"
December 1991.°

This guide is bas:. on the assumption that the nuclear power plant has
operable seismic instrumenta.ion. If the seismic instrumentation is
inoperable, the guidelines being developed in Appendix A to this guide would
be used to determine whether the Operating Basis Earthquake Ground Motion h--
been exceeded.

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

DG-1017 - 2 Feb 7, 1992
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Shutdown of the nuclear power plant would be required if the vibratory ground
motion experienced exceeds that of the Operating Basis Earthquake (OBE) ground
motion. Two criteria for determining exreedance of the OBE are provided in
EPRI NP-5930: a threshold re_punse spectrum ordinate criterion and a
cumuiative absolute velocity criterion (CAV). A procedure to standardize the
calculation of the CAV is provided in EPR] R-100082. In addition, a spectral
velocity threshold has also been recommended by EPRI since some structures
have fundamental frequencies below the range specified in EPRI NP-5930. The
staff now recommends 1.0 to 2.0 Hz for the range of the spectral .elocity
limit since some structures have fundamenta! frequencies below 1 = Hz. The
‘ormer range was 1.5 to 2.0 Hz.

Decisions on continued operation will be made by the staff in conjunction with
the licensee on a case-by-case basis cunsistent with applicable reqgulations.
[herefore, the staff does not endorse the philosophy discussed in EPR] NP-
6695, Section 4.3.4 (first paragraph, lest sentence), pertaining to plant
shutdown considerations following an earthquake based on the reed for
continued power generation in the region.

Appendix B to this qguide provides definitions to be used with this guidance.

C. REGULATORY rUSITION

Baso-line Data

1.4 Information Related to Seismic Instrumentation

A file containing information on all the se¢ismic instrumentation
should be kept at the plant. The file should include:

1. Information on each instrument tvpe such as make, model, and
serial number; manufacturers’ data sheet; list of special
features or options; performance characteristics; examples
of typical instrumentation readings and interpretations;
operations and maintenance manuals; repair procedures

DG-1017 - 3 Feb 7, 1992
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(manufacturers’ recommendations for repairing common
problems); and a list of any special requirements, e.g.,
maintenance, operational, installation.

. Plan views and vertical sections showing the locations of
cach seismic instrument and the orientation of the instru-
ment axis with respect to a plant reference axis.

3. A complete _ervice history of each .eismic instrument. The
service history should include information such as dates of
servicing, description of completed work, and calibration
records and data (where applicable).

4. The response spectrum and cumulative absolute velocity (see
Regulatory Position 4). These data should be obtained after
the initial installation and each servicing of the free-
field instrumentation using 2 suitable earthquake time
history (e.g., the Octuber 1987 Whittier, California
earthquake) or manufacture’s calibration standard.

1.2 Planning for Post Earthguake Inspections

The selection of equipment and structures for inspections and the
content of the base line inspections as described in Sections
5.3.1 and 5.3.2.1 of EPRI NP-6695, "Guidelines for Nuclear Plant
Response to an Earthquake," are acceptable to the NRC staff for
satisfying the requirements in Paragraph IV(a)(3) of Proposed
Appendix S to 10 CFR Part 50 for ensuring the safety of nuclear
power plants.

Imr ~4iate Pustearthquake Actions

The guidelines vor immediate postearthquake actions specified in
Sections 4.3.1 and 4.3.2 (including Section 5.3.2.1 and items 7 &nd 8 of
Table 5-1) of EPRI NP-6695 are acceptable to the NRC staff for
satisfying the requirements indicated in Paragriph _(a)(3) of Proposed
Appendix S to 10 CFR Part 50.

DG-1017 - 4 Feb 7, 1992
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Evaluation of Ground Motion Recor

ln

Data ldentification

A record collect on log should be maintained at the plant, and a!

data should be i‘dentifiable and traceible with respact to

ks The date and time .F collection,
g, The make. model, serial number, location, and orientation

1lected

the instrument (sensor) from which the record was cc

Data Collection

]. Oniy personrel trained in Lhc operation of the instrument

should cclilect the data.

- B Procedures for removing and storing records fr.m each
~ i r

seismic instrument should be preplanned and performed

accordance with estabiished procedures.

3. Ext -eme caution should be exercised to preveri accidental
damagz tc the recording media and ‘nstruments during dala

collection and subsequent handling.

4 As data are collected and the instrumentation 15 inspected,

notes should be made regarding the condition of the

instrument and its installation, for example, instrument
floo“ed, mounting surface tilted, whether fallen object
might have struck the instrument or the instrument mounting
surface.

5 For validation of the collected data, a reterence signa
(see Regulatory Position 1.1(4)) should be added to Lh
record without affecting the previously recorded data

6. I1f the instrument operation appears to have been norma t
instrument should remain in service without readjustment

r 101
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change that would defeat attempts Lo obtain postevent

calibration. '

3.3 Record tvaluation

Records should be analyzed according tc¢ the wanufacturer’s
specifications and the results of the anal);is should be
evaluated. Any record anomalies, invalid data, and nonpertinent
signals should be noted, with any known causes.

Determining OBE Exceedance

The evaluation to determine if the OBE was exceeded should be performed
using data obtained from the three components of the free-field ground
motion (i.e., two horizonta and one vertical). The evaluation mav be
performed oa uncorrected ear _hquake racords. It was found in a stugy of
uncarrected versus correct-. earthquake records (EPRI NP-5930) that the
use of uncorrected records is conservative. The evaluation should

consist of a check of the response spectrum, curlative absclute
velecity limit, and the operability of the instrumentation

4.1 Response Spectrum Check

The OBE :sponse spectrum is exceeded if any one of the three
components (two horizontal and one vertical) of the § percent
damped free-field ground motion response spectra is larger than:

B The corresponding design response spectral acceleration (OBE
spectra if used, otherwise 1/3 of the Safe Shutdown
Earthquake (SSE) spectra) or 0.2g, whichever is greater, for
frequencies between 2 to 10 Hz, or

Z. The corresponding design response spectral veSocity (OBE
spectra if used, otherwise 1/3 of the SSE spectra) or a
spectral velocity of 6 inches per second, whichever is
greater, for frequencies between 1 to 2 Hz.

0G-1017 - € reb 7, 1992
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4.2

4.3

Cumulative Absolute Velocity (CAV) Limit

The CAV should be calculated as follows: For each component of
the free-field ground motion, {1) the absolute acreleration (g
units) tiwe-history is cagmented into l-second intervals, (2)
each l-second interval that has at least 1 exceedance of 0.025g is
integrated over time, (3) a'l the integrated values are summed
together » arrive at the CAV. Additional guidance on how to
determine the (/¥ < pr:ovided in EPRI TR-100082.

The CAV Limit is exceeded if any CAV calculation is greater than
0.lo g-secend

Instrument Operability Check

After an earthquake at the plant site, the response spectrum and
CAV should be obtained using the calibration standard (see
Regulatory Position 1.1(4)) to demonstrate that the system was
functioning properly.

Criteria for Flant Shutdown

1f the OBE vibratory ground motion is exceeded or significant plant
damage ocsurs, the plant must be shut down.

5.1

5.2

OBE Exceedance. Ir the response spectrum check and the CAV limit,
performed in accordance with Regulatory Position 4.1 and 4.2, were
exceeded, the OBE was exceeded and plant shutdown is required. If
either 1imit does not exceed the criterion, the earthquake motion
did not exceed the OBE. The determination of whelher or not the
ORE has been exceeded should be performed even if the plant
automatically trips off-,ine as a result of the earthquake, or

Damage. The plant should shutdown if the walkdown inspections,

performed in accordance with Regulatory Position 2 (Section 4.3.2
of EPRI NP-6695), discover damage.

D6-1017 - 7
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Pre-Shutdown In_pections

The pre-shutdown inspections described in Section 4.3.4 of EPRI NP-6695,
“Guidelires for Nuclear Plant Response to an Earthquake," are acceptable
to the NRC <taff for satisfying the requirements indicated in Paragraph
IV(a)(3) of Froposed Appendix S to 10 CFR 50 for ensuring the safety of
nuclear power plants < .ject to the follcwing:

6.1 Delete the list seatence in the first paragraph of Section 4.3 4.

6.2 The following paragraph in “ection 4 3.4 is repeated to emphasize
that the plant should shut down ir a. o, derly manner.

"Prior to initiating piant shutcown following an earthquake,
visual inspections and control hcard checks of safe shutdown
systems should be performed by plant operations personnel,
and the availability of oif-site and emergency power sources
should be determined. The ~urpose of these inspections is
to determine the eifect of the earthquake on essential safe
shutdown equipment which is not normally in use during power
operat.on so that any resets or repairs required as a result
of the earthquake can be performed, or alternate equipwent
can be readied, prior to initiating shutdown activities. In
order to ascertain possible fuel and reactor internal
damage, the following checks should be made, if possible,

before plant shutdown is initiated ..

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

D. IMPLEMENTATION

The purpose of this section is to provide guidance to applicants and licensees

DG-1017 - 8 Feb 7, 1992
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regarding the NRC staff’'s plans (-~ wusing ii.is regulatory guide.

This draft guide has been released to encourage public participation in its
development. Except in thosz cases in «nich the applicant proposes an
acceptable alternative method for comolying with the specified portions of the
Commission’s regulations, the method to be described in the act ve guide
reflecting public comments will be used in the evalua.ion of applications for
a constructir ,ermit, operating license, combined license, or design
certification submitted after the implementation date to be specified in the
active guide. This guide would rot be used in the evaluation of an

applic- on for an operating license submitted after the implementation date
to be specified in the active guide if the construction permit was issueu
prior to that date.

DG-1017 - 9 Feb 7, 199¢



APPENDIX A ‘

INTERIM OPERATINC BASIS EARTHQUAKE EXCEEM"MCF GUILELINES

Draft Regulatory Guide DG-1017 is based on the assumption that the nuclear
power plant has operable seismi- instrumentation. If the seismic instrumenta-
tion is inoperable, the following should be used to determine whether the

W O N N B WO e

Operating Basis Earthquake Ground Motion (OBE) has beer exceeded:

10

11 1 For plants at which instrumentally determined data are available only .
12 the foundation level, the Cumulitive epsolute “alocity (CAV) Limit (see
13 Regulatory Position 4.2 of this guide) is not applicable, and a

14 determination of OBE exceedance is based on the response spectru. check
15 described in Regulatory Positicn 4.1 of this reguiatory 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

H exceeded and shu”down is warranted.

20

21 2 For plants at which no inttruwental data are available, the OBE will be
22 considered to have been exceeded and shutdown to be warrantec if one of
23 the following applies:

24

25 1. The earthquake resulted in Modified Mercall: Intensity (MMI) VI or
25 grea‘~r within 5 km of the plant,

27

28 2 The earthquake was felt within the plant and was of magnitude €.0
2% or greater, or

30

31 3. The earthquake was of mag..itude 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

37 4, If plant shutdown is warranted under the above guidelines, the plant

DG-1017 - 10 Feb 7, 1992
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Note:

saculd be shut down in an orderly manner (se: Regulatory Pusition 6 of
this guide).

The U.S. Geological Survey, National Earthquake Information Center,
determinations of epicentral location, magnitude, and intensity will
vsually take precedence over other estimates; however, regional and
local determinations will be used if they are considered to be more
accirate. Also, higher qu- .y damage repurts or a lack of damage
reports from the nuclear power plant site or its immediate vicinity will
take precedence over more distant reports.

DG-1017 - 11 Feb 7, 1992



K3

W O N O AW e

PO PO s bt bt e bt el et et e e
— 0 D 0 N O S W N =D

APPENDIX B
DEFINITIONS

igr. Response Spectra. Response spectra used to design Seis . ic Category |
structures, systems, and components.

Operating Basis Earthquake Ground Motion (GBE). The vibratory ground motior
for which those features of the nuclear power plant necessary for continued
operation without undue risk to the health and safety of the public will
remain functional. The value of the Operating Basis Earthquake Ground Motion
is set by the applicant.

Spectral Ac. eleration. The acceleration response of a linear oscillator with

prescribed frequency and demping.

Spectral Velocity. The velocity response of a linear nscillator with pre-
scribed frequency and damping.

DG-1017 - 12 Feb 7, 1992
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REGULATORY ANALYSIS

A separa*e regulatory analysis was not prepared for this regulatory guide.

The draft regilatory analysis, "Proposed Revision of 10 CFR Part 100 and 10
CFR Part 50," provides the regulatory basis for this guide and examines the
costs and benefits of the rule as implemented by the guide. A copy of the
draft regulatory analysis is available for inspection and copying for a fee at
the NRC Public Document Room, 2120 L Street NW. (Lower Level), Washington, DC,
as Enclosure 2 to Secy 92-77?. Single copies of the draft regulatory analysis
are available from Mr. Leonard Soffer, Lffice of Nuclear Regulatory Research,
Mail Stop NL/S-32# U.S. Nuclear Regulatory Commission, Washington, DC 20555,
telephone (301) 492-3916 or Dr. Andrew J. Murphy, Office of Nuclear Regulatory
Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission, Washington,
DC 20555, telephone (301) 492-3860.
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DRAF | RLGULATORY GUIDE DC-l0l8
RESTART UF A NUCLEAR POWER FANT SHUT DOWN
BY A SEISMIC EVENT

A. INIR TION

Paragraph 1V(a)(3) of Proposed Appendix S, “"Earthquake Engineering C: iteria
for Nuclear Power Plants,® to 10 cFR Part 50, "Dumectic Licensing of
Production and Utilizat.on Facilities,” would require shutdown of the nuclear
swer plant if vibratory ground motion excee¢’ . that of the Operating Basis
Earthquake Ground Motion occurs.’ Prior to resuming operatious, the licensee
wust demonstrate to the Commission that no functional damage has occurred to
those features necessary vYor continued operation without undue ris: to the
health and safety of the public

This guide is being deveioped to provide guidelines that are acceptable to the
NRC staff for performing inspections and tests of nuclear power plant
equipment and structures prior to restart of a plant that hus ber shut down

by a seismic event

Any information collection a~tivities mentioned in this draft rzgulatory ¢.ide
are contained as requirements in the proposed amendmonts to 10 CFR Part 50
that wou)ld provide the regulatory basis for this guide. The propused
amendments have been submitted to the Office of Management and Budget for
c'eararce that may be appropriate under the Paperwork Reductic. Act. Such
clearance, if obtained, weuld also apply to any information collection
activities mentionad in this guide.

| Guidance is being developed in Draft Reguiatory Guide De-101/, "Pre-
farthquake Flanning and Immediate Nuclear Power Plant Operater Post-
Ear thquake Actions,” to providz plant shutdnwn criteria.

DG-10i3 - 1 Feb 7, 1992
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31
32

34
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36

B. DISCUSSION

Data from seismic irstrumentstion” and a walkdown of the nuclear power plant
are used to make the initial determination of whether *he plant should be shut
down after an earthquake, if the plant has not already shut down from
operational perturbation: resuiting from the seismic event.'

The Electric Power Pesearch Institute has doveloped guidelinec that will
enable lic-+nsees to quickly identify and assess earthquake effects on nuclear
power plants, EPRI NP-6695, "Guidelines for Nuclear Plant Response to an
Earthquake, "’ December 1989. This reguiatory guide addresses sections of
EPRI NP-6695 that relate to post-shutdown inspection and tests, inspection
criterivo, incpection personnel, documen ation, and long-term evaluations.

C. REGULATORY POSITION

After a plant has been shut down by an earthquake, t(he ., reiines for
inspections ind tests of nuclear power plant equipment and structures that are
specifi* in Sections £.3.2 (wncluding Tables 2-1, 2-2, and 5-1), 5.3.3
(inclu.~ Table 5-1), 5.3.4, 5.3.5, &nd the long-term evaluations that are
specified in Section 5.3 {211 sections and subsections) of EPRI NP-6695 would
be acceptable to the 4. staff for satisfying che requirements in Paragraph
IV(a)(3) of Proposed Appendix S to 10 CFR 50.

Coincideat with the long-term evaluations, the plant should be rostored to its
current licensing basis. Exceptions to this must be approved by the Director,
Office of Nuclear Reactor Regulation.

? Guidance is being developed in Draft R-gqulatory Guide DG-1016, Second

Proposed Revision 2 to Regulatory Guide 1.12, “"Nuclear Power Plant
Instrumentation for Earthquakes," that will describe seismic
instrumentation acceptable to the NRC staff.

' Copies may be cbtained from the Research Reports Center (RRC), Box 50480,
Palo Alte, California 94303.
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D. IMPLEMENTATION

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

This draft guidc has been released to encourage public participation in its
development. Except in those cases in which the applicant proposes an
acceptable alternative method for complving wit) the specified purtions of the
Commission’s regulations, the method to be described in ‘he active guide
reflecting public comments will be used in the evaluation of applications for
a construction permit, operating license, combined license, or design
certification submitted after the implementation date to be sovecified in the
active guide. Ihis guide would not be used in the rvaluatio an
application for an operating license submitted after the implementation date
to be specified in the active guide if the construction permit was issued
pric:” to thau date.
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REGULATORY ANALYSIS

A separate regulatory analvsis was not prepared for this regulatory guide.

The draft regulatory analysis, "Proposed Revision of 10 CFR Part 100 and 10
CFR Part 50," provides the regulatory basis for this guide and examines the
costs and benefits of the rule as implemented by the guide. A copy of the
draft regulatory analysis is available for inspection and copying for a fee at
the NRC Public Document Room, 2120 L Street NW. (Lower level), Washington, DC,
as Enclosure 2 to Secy 92-77?. Single copies of the draft regulatory analysis
are available from Mr. Leonard Soffer, Office of Nuclear Regulatory Research,
Mail Stop NL/S-324, UL.S. Niclear Regulatory Commission, Washington, DC 20555,
telephone (301) 492-3916 or Dr. Andiew J. Murphy, Office of Nuclear Regulatory
Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission, Washington,
DC 20555, telephone (301) 492-3860.
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