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June 19, 1995 LR
MEMORANDUM TO:  The Chairman A
Commissioner Rogers R
Commissioner de P)anque Ry
Commissioner Jackson 6&\\" DRAﬂ‘
FROM : James M. Taylor -
Executive D1 for ations
SUBJECT : SUMMARY OF IC COMMENTS RECEIVED UM PROPOSED

REVISION OF PARTS 50, 52, AND 100

Attached is a brief history and sumsary of the public comments received on the
second proposed revision of 10 CFR Parts 50. 52. and 100. and a listing of the
~ommentors. As you recall, the first proposed revision was issued for
public comment in Oct 1992, and subsequently withdrawn. The second
proposed revision was issued for 1ic comment in the on
October 17, 1994 (59 FR 52255). av»ilability of dra Fri 3
for public comment was R:bHshod on Fe,ruary 28, 1995 (60 10810). The
comment period expired May 12, 1995 sixteen commentors responded to these
announcements.

In the nonseismic area, several felt that the second proposed revision was an
i since concerns regarding numerical values of population density
and exclusion ares distance in the rule had been satisfactorily addressed.

There was general agreement that the use of total effective dose eguivalent
(TEDE) is warranted. Differences of opinion were expressed on the numerical
dose valmprcpoadasmamptmcriuﬂmmdwmpmpuduuofthe
paximm dose received in any two-hour time period for evaluation purposes.

Most of the comments in the seismic area were ive of the staff
proposal . Many of the comments consisted primarily of editorial and technical
suggestions that would clarify the rule or supporting guidance documents. A
few of the comments are of a more substantive nature requiring a careful
assessment of their implications.

The staff sees no unresolvable points of contention. The staff will be
evaluating and resolving these comments, and plans to recosmend a final rule
to the Commission by the end of October 1995.
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cc: SECY OGC OCA OPA ACRS

Contact: Leonard Soffer. RES
415-6574

Or. Andrw J. Murphy, RES
415-6010

2606070203 960508

SUBJ

FACAS4-001 CF




SUMMARY OF PUBLIC COMMENTS
10 CFR Parts 50. 52 and 100

Reactor Site Criteria Including Seismic and Earthquake Engineering
Criteria for Nuclear Power Plants
and Proposed Denial of Petition from Free Environment, Inc. et al.

The first proposed revision to these lations was swlished for public
comment on October 20, 1992, (57 FR 47802). The availability of the draft
regulatory guides and standard review plan sections that were developed to
ide guidance on meeting the sed regulations was published on
ggovvder 25, 1992, (57 FR 55601). use of the substantive nature of the
changes to be made in response to public comments th2 proposed regulations and
draft guidance documents were withdrawn and replaced with the second 9roposed
revision of the regulations lished for public -omment on October 17, 1994,
(FR 59 52255). The availability of the draft guidance documents was published
:na Felgru:r 28, 7995, (FR 60 10810). The public comment period ended
y 12. ’

The proposed regulatory action would apply to applicants who apply for a
construction permit, operating license. »~eliminary design approval, final
design approval, manufacturing license, early site perwit, design
wrt{fi::ation. or combined license on or after the effective date of the final
regulations.

Because the revised criteria sented in the proposed lation would not be

lied to existing plants, the licensing bases for existing nuclear power
plants must remain part of the regulations. Therefore, the non-seisaic and
seismic reactor site criteria for current plants would be retained as Subpart
A and Appendix A to 10 CFR Part 100, NWI‘ The revised
reactor site criteria would be added as in 10 Part 100 and would
appl{ to site applications received on or after the effective date of the
final regulations. Non-seismic site criteria would be added as a new §100.¢1
to rt B in 10 CFR Part 100. The criteria on seiswic andorolog\c siting
would adided as & new $100.23 to Subpart B in 10 CFR Part 100.

Criteria not associsted with the sele tion of the site or establishment of the
Safe Shutdown Earthquake Ground Motic (SSE) have been placed into 10 CFR Part
50. This action is consistent with L e location of other design requirements
in 10 CFR Part 50. The dose calculati s and the earthquake engineering
criteria would be located in 10 CFR Part 50 (§50.34(2) and xS,
ively). Because ix S is not self executing, applicable sections

of Part 50 (§50.34 and 54) are revised to reference Appendix S. The
g:gtposed regulation would also make conforming amendments to 10 CFR Part 52.

jon 52.17(a)(1) would be amended to reflect changes in 50.34(a)(1) and 10
CFR Part 100.
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The following draft regulatory guides and standard review plan sections were
developed t2 provide prospective licensees with the necessary guidance for
implementing the proposed regulation:

1. DG-1032. “Identification and Charac .erization of Seismic Sources and
Determination of Shutdown Earthquake Ground Motions.” The draft $u1de
rovides general guidance and recommendations, describes acceptable
procedures and provides a list of references that present acceptable

metho-~logies to identify anc characterize capable tectonic sources and
se1smC .2N1C Sources.

2. DG-1033. Third Proposed Revision 2 to Regulatory Guide 1.12, “Nuclear
Power Plant Irstrumentation for Earthquakes.” The draft guice describes
ceismic instrumentation type and location. operability, characteristics.

1ns§:nation. actuation. and maintenance that are acceptable to the NRC
staff.

3. DG-1034, “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-1035. “Restart of a Nuclear Power Plant Shut Down by a Seismic

Event.” The draft guide provides guidelines that are acceptab’e to the
NRC staff for performing inspections and tests of nuclear ﬁer plant
equipment and structures prior to restart of a plant that has been shut
down because of a seismic event.

§. Draft Standard Review Plan section 2.5.1, Proposed Revision 3, *Basic
Geologic and Seismic Information.” The dra®t describes procedures to
assess the adequacy of the geologic and se :mic information cited in

‘ of the applicant’'s conclusions concerning the suitability of the
plant site.

6. Draft Standard Review Plan Section 2.5.2. Second Proposed Revision 3

“yibratory 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 SSE.

7. Draft Standard Review Plan Section 2.5.3, Proposed Revision 3,
Surface Faulting.” The draft describes procedures to 3ssess the
adequacy of the applicant’'s submittal related to the existence of 2
potential for surface faulting affecting the site.

8. DG-4003. Second ®roposed Revision 2 to latory Guide 4.7, “General
Site Suitability Criteria for Nuclear Power Plants. This guide
discusses the major site characteristics related to public health and
sarety and environmental issues that the NRC staff considers 1n

. determining the suitability of sites.

L]
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T TING CRITERIA

Eight organizations or individuals commented on the nonseismic aspects of the
proposed revisions. The first proposed revision issued for comment in October
1992 elicited “trong comments in regard to proposed numerical values of
population density and a minimum distance to the exclusion area boundar) (EAB)
in the rule. This second proposed revision would delete these from the rule by
providing aouidance on lation density in & Regulatory Guide and determining
the distanc: to the y the use of source term and dose calculations.
Several .ommentors representing the nuclear industry and international nuclear
organizations stated that this was a significant improvesert over the first
proposed revision, while the only public interest group commented Lhat the NRC
had retreated from decoupling siting and design in response to the comments of
foreign entities.

Most comments on the second sed revision centered on the use of total
effective drse equivalent (TEDE), the proposed single numerical dose
acceptance criterion of 25 rem TEDE. the evaluation of the maximum ~usc in any
two-hour period, and the question of whether an organ capping dose should he
adopted. Virtually all agreed that the concept of TEDE was appropriate and
should be used. However, there were differing views on the proposed numericil
dose ~f 25 rem and the proposed use of the maximum two-hour period to evaluite
the ouse. Virtually all incustr{ commentors felt that the proposed numericz(
value was too low and that a "sliding” two-hour window for dose evaluation was
confusing and inappropriate. All industry commentors opposed the use of an
organ cappirg dose. only public interest group that commented did not
object to the use of TEDE, and believed the proposed dose value of 25 rem to
be appropriate, but favored an organ capping dose. A sumsary of each
commentors remarks follows.

Atomi i

There is no need to have a rule based on a traditional requirement to keep
wclear power plants far from population centers. Remote siting criteria are
© longer necessary. The proposed rule has the potential for negative
economic, environmental, and safety impacts on the general public, reactor
suppliers and power plant operators.

The source ters should be based on a maximum credible accident instead of an
assumed “substantial meltdown of the core®.

io Citi f i r

The proposed rule is unacceptable with respect to the nonseismic criteria.
The NRC has retreated from decoupling siting and design as proposed in October
1992. in response to ccmments from foreign entities.

OCRE believes that the footnote in the proposed section 100.21(h) about
considering economic factors is improper under Atomic Energy Act. since NRC
mey not consider costs to licensees.

I\



OCRE has no objection to the use of TEDE: this is necessary if the new source
term is to be used. The appropriate acceptance value 1s 25 rem. The NRC should
also adopt an organ “capping” dose. No more than 35% of the total dose should
be from a single organ.

ili rvi

:copting dc-- criteria in terms of TEDE is consistent with recent guidance
(ICRP. EPA; TEDE captures the overall pr<ential health consequences. and is
the most practical approach for limiting the combined effect to all organs. 25
rem is appropriate and consistent with the value established in other guidance
documents. such as EPA 400, as an acceptable exposure to an individual.

An organ “capping” dose is not necessary since design basis accidents do not
involve only iodine.

The requirement to Getermine the maximum two-hour period (for dose
calculation) is not practical, nmor necessary. It unduly complicates the
radiological analysis. The concept also questions the resulting conclusion. If
an individual received less than 25 rem from an exposure from minutes to 2
Mur;dgm 30 minutes, what about the dose received before the 30 minute
period?

Expresses concern that a site approved under present Part 100 for a currently
operating reactor might not be approved for an advanced light water reactor
(ALWR) under the proposed Part 100. This presents a quandary since ALWR has
improved safety features.

ABB-CE fully supports the use of TEDE. The proposed dose limit was first
estimated at 27 rem. NRC staff adjusted this dowrward to 25 rem without
explanation. The value of 27 rem 1s more appropriate; however, the development
of a more tech..:;ally justifiable criterion should be pursued.

It is not clear that cancer risk is the best parameter for maintaining same
level of protection. Offsite dose 1imit does not represent an acceptable dose
to any mesber of the public, but is a "figure of merit”. The activity
corresponding to the current 300 res thyroid and 25 rem whole body should be
calculated for conservative weather conditions. ABB also strongly believes
that the dose acceptance criterion should also reflect consideration of any
contribution from the additional nuclides identified in NUREG- 1465

=
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Advan ight Water Reactor (ALWR) Program

The ALWR Program supports the use of TEDE. but not a dose acceptance criterion
of 25 rem. Based on organ weighting factors given in ICRP 26, 25 rem whole
body and 300 rem thyroid are equivalent to a value of 34 rem TEDE. Based on
organ weighting factors given in ICRP 60 (using a revised thyroid weighting
factor). the current dose criteria are equivalent to 40 rem TEDE.

There is nc ~eed for an organ capping dose. since iodine is unlikely to be
present by -~ self.

ALWR suggests as an alternate criterion that the dose at the exclusion area
boundary (EAB) should not exceed 40 rem TEDE over a 24 hour period. Also
proposes significant changes in the way that meteorology dispersion factors
(X/Q) are calculated. since the present approach in Reg. Guide 1.145 is overly
conservative.

17 2 hour dose calculation is retained, it should begin with the start of the
accident which should be defined as no later than the start of the gap release
to the containment. While this does not tie thv dose calculation to tﬂe
declaration of a General Emergency. it reflects that reality far better than a
sliding 2 hour window.

Nuclear Energy Institute (NEI)

NRC staff is to be congratulated for carefully considering and res ing to
complex public comments on the "irst proposed revision. Many t ling
aspects of the first proposed revision have been addressed in a forthright and
appropriate manner.

NE] supports the use of TEDE. This will support a unifore and consistent
implementation of realistic source terms. A value of 25 res is more
restrictive than the current dose criteria, and does not represent the total
stochastic risk. because the value of 300 rem thyroid is about 9 rem TEDE. NRC
should determine the appropriate numerical value utilizing the total
stochastic risk implied by the current criteria, and this should be
incorporated without additional conservatism or adjustment.

An organ capping dose 1imit is not practical nor necessary.

There is little justification for changing the 0 to 2 hour dose calculation,
at least partly because other aspects of the calculation (e.g.. meteorology)
are not yet clear as to how they would be calculated.

NEI supports NRC's proposed approach with regard to population density
criteria. as stated in draft Regulatory Guide DG-4004. NEI supports the
concept of environmer.al justice., but expresses concerns regarding subjective
phrases and potential implementation. Recommends that the envirormental
justice provision be deleted from this revision of the Guide until more
detailed guidance becomes available.

1%




Morgan, lewis and Bockius

The 1994 preoosed rule is a major improvement over the previous version.

Morgan. Lewis and Bockius expresses concerns in regard to 2 changes. The
proposed dose acceptance criterion uf 25 rem TEDE could make NRCs accident
dose |imits significantly more restiz(ive, without any showing that these are
necessary to protect public health and safety.

The prop - ciange from an immediate 2 hour period to a moving 2 hour period
will imposc another unidentified penalty. depending upon the design. Also. the
change is contrary to common sense, since it requires that during an accident
a member of the public will move toward the plant rather than away from t.

i lectric Corporation

The proposed “sliding dose window™ is not linked to any specific occurrence,
and ignores any dose accumulated during the time between accident initiation
and the two hour interval of highest dose. A more reasonable apg:oach would be
to replace it with a time interval of two hours starting with the onset of
core damage plus the time interval betweer accident initiation and the onset
of core damage. Westinghouse also proposes consideration of an additional
dose criterion that the 24 hour dose at the exclusion area boundary (EAB)
should not exceed twice the acceptable 2 hour dose at the sape loczition.

Endorses the use of TEDE. but believes that the risk associated with the
current dose limits would support a significantly higher numerical dose value
than the value of 25 rem proposed. There is no need for an organ "capping”
dose. which would result in an unnecessary complication without reducirg risk

to the public.
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Y RING CRITERIA

A total of eleven individuals or organizations commented on the proposed
revisions. A general assessment of the comments is that most are supportive
of the staff positions. Many of the commentors have provided editorial and
technical suggestions that woulc _larify the rulemaking. A few commentors
provided more substantive comments requiring a careful assessmeit of their
implications. The following is a summary O esch commentor's input with focus
principa n their recommendations.

i i ivil

The seismic design and engineering criteria of ASCE Standard 4, "Seismic
Asalysis of Safety-Related Nuclear Structures and Commentary on Standard for
Seismic Analysis of Safety-Related Nuclear Structures,® should be incorporated
by reference into the regulation.

1agi i

Comments are limited to pressure-retaining components to the American Society
of Mechanical Engineers (ASME) Boiler and Pressure Vessel Section 111 rules.
Questions the soundness of only the Safe Shutdown &rth?»ke Ground Motion
(SSE) being used for design, that is. the elimination o Operating Basis
Eaithquake Ground Motion (OBE) response analyses. Also, provided technical
comments on supplementary NRC staff positions on fatigue analysis (positions
esmtal;a;:he&irlioggr)'tificatton review of ALWRS) and post-earthquake inspections
(DG- . DG- f

Wais and Associates

Commends the NRC staff for adopting the probabilistic seismic hazard approach
versus the deterministic approach for ihe Central and Eastern United States.

Site investigations an‘crfomd at four levels with the amount of detail
based on distance from site. Recommends reducing the outer area of
geological and seismic investigations (DG-1032) and not restricting the
updating of the LLNL and EPRI probabilistic seismic hazard databases to only
situations that lead to higher hazard estimates (DG-1032). Questions the
logic used to define the reference probability for the SSE exceedance level

( ix B to DG-1032). Also questions the need for seisaic instrumentation
(DG-1033). and the need for piant shutdown if the OBE is exceeded and o
damage s apparent (DG-1034).

ABB-CE

Agrees with the NRC staff's proposal to not require 1icit design analysis
of the OBE if its peak acceleration 1s less than one-third of the SSE.

)
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Depa: f r 1fi f Civilian Radi ive ¥ Man nt)

Requests an explicit statemen' whether or not the proposed reg:utwns apply
to the Mined Geologic Disposal System (MGDS) and & Monitored trievable
Storage (MRS) facility. Site investigations are performed at four levels with
the amount of detail based on distance from the site. Recommends that the
stated outer area of investigations should be reduced and that the applicant
should juctify its rationale for the area of investigations considered (DG-
1032, Cec*ions 2.5.1 and 2.5.2).

Nuclear Energy Institute

Congratulates the NRC staff for carefully considering and re ing to the
vaoluminous and complex comments that were provided on the earlier proposed
rulemaking package and considers that the seismic portion of the proposed
rulemaking package is nearing maturity and with the inclusion of industry’'s
comments. has the potential to satisfy the objectives of predictable licensing
and stable regulations.

Supports the regulation format, that is, prescriptive guidance is located in
regulatory guides or standard reviex plan sections not the regulation.

s the removal of the requirement from the first proposed rulemaking
that both deterministic and probabilistic evaluations must be conducted to
determine site suitability and seismic design requiresents for the site.
However, does not agree with the NRC staff’s deterministic check of the
seismic sources and parweters used in the LLNL and EPRI ilistic seismic
hazard analyses (DG-1032). Also. does not the staff's
deterministic check of the applicants submittal (SRP Section 2.5.2).

The regulation and guidance document: should state that if an AR 1s to be
sited at an existing nuclear power plaat site, only confirmatory
investigations of foundation conditions are required (Regulatory Guide 1.132).
Also. state that for existing sites east of approximately 105° west longitude
a 0.3g standardized design level is acceptable.

For nuclear power plants founded on rock sites the licensee should have the
option to use the containment basemat data (instead of free-field data) to
determine OBE exceedance (DG-1034).

Provided over 60 specific technical or edito-ial comments on the seismic
portion of the rulesaking (regulation, reguiatory guides and standard review
plan sections).

r i i

Concerned with the emphasis on the probabilistic analysis to establish the
SSE. Although Section 100.23 states that a suitable sensitivity analysis can
be used to address uncertainties in the SSE. DG-1032 contains no discussion
for addressing uncertainties in the SSE except for perforwming 2 probabilistic

b
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seismic hazard analysis (PSHA). Also. there is no clear statement in DG-1032
that if a PSHA is performed no further analysis is necessary or if 2 suitable
sensitivity analysis is performed a PSHA is not necessary.

Y Atomic Electri n

At exist-~ Eastern United States sites (rock or soil) or at rock Eastern
United ‘- - sites mot located in areas of high seismicity (for example,
Charlest. ,outh Carolina, New Madrid, Yissouri, Attica. New York) a 0.3g
standardizec ALWR design is acceptable and only evaluations of foundation
conditions at the site are required (Regulatory Guide 1.132) but n~t
geologic/geophysical seismological investigations. For other sites : DG-1032
review is required.

Proposes an alternative to DG-1032 that incorporates soil lification into
the probabilistic analysis, does not allow scaling of the Section 2.5.2
site specific spectra to define the SSE. but allows the scaling of broad-
banded spectra to define the SSE.

i ri

In general, agrees with Draft Regulatory Guide DG-1033. However, cannot
comply with the battery capacity recommendations in the draft guide. Also.
recommends that Regulatory Position 4.3 of an earlier cdraft regulatory guide
(DG-1016) addressing the interconnection of instrumentation for common
starting and common timing be reinstated in the final guide.

TU Electric
The recommendation for fatigue analysis in Regulatory Position 1.2 of 0G-1035
should be limited to ASME Code Class 1 components and systems. Also, clarify
Re?untory Position 1.3 in DG-1035. the analysis recomsendation for non-safety
related systems and components.

-

i rati
Supports NRC staff decision to move ridmce material from the rul.e to
regulatory guides. s NRC staff decision to eliminate the “dual
deterministic and ilistic analyses from the proposed rule. Concerned

that retaining deterministic evaluations in SRP Section 2.5.2 will lead to
confusion as to whether future licensees will also need to perform a
deterministic analysis even though such an analysis is only recommended for
NRC staff to perform as a "sanity” check. Shares NEI's concern with respect
to the type of analyses needed to construct a new plant on an existing
approved site, using the proposed rule and associated regulatory guides.

M
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Number . Cosmentor ismic | wismic Both
1 Adams Atomic Engines, Inc. X
2 American Society of Civil Engineers (ASCE) A
3 Ohio Citizens for Responsible Energy (OCRE) X
4 G. C. Slagis Associates X
5 Northeast Utilities N
6 Wais and Associates X
7 Wais and Associates '
8 ABB Combustion Engineering Nuclear Systems i
9 Advanced Light Water Reactor Program (ALWR) X
10 U. S. Department of Energy ¥
11 Nuclear Energy Institute (NEI) X
11A Nuclear Energy Institute -- Supplementary X
12 Morgan. Lewis and Bockius X
13 Yankee Atomic Electric Company
14 Kinemetrics, Inc.
15 TU Electric
Electric

* Does not include requests for extension of the comment period.
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COMM-PPR.R6 /14/96

EOR: The Commissioners

FROM: James M. Taylor
Executive Director for Operations

SUBJECT: REVISIONS TO 10 CFR PART 100 AND 10 CFR PART 50, AND NEW
APPENDIX S TO 10 CFR PART 50

PURPOSE :

To obtain Commission i oroval to publish a final rule revising reguirements
for reacte. siting ir O CFR Part 100 and 10 CFR Part 50, including a new
Appendix S to 10 CFi. art 50, for use by future applicants.

SUMMARY :

This paper and accompanying enclosures present, for Commission approval, 2
draft final rule revising 10 CFR Part 100 and 10 CFR Part 50, and a final new
Appendix § to 10 CFR Part 50. These would amend the Commission’s regulations
regarding reactor siting for future nuclear power plant applicants by
describing basic reactor site criteria and to reflect advancements in the
earth sciences and earthquake engineering.

The revised Part 100 consists of two subparts. To preserve the licensing
basis for existing plants, Subpart A and Appendix A to Part 100 would be
identical to the present rule. Subpart B, applicable to future plants, would
contain basic nonseismic site criteria, without numerical values, in a new
proposed Section 100.21, "Nor ismic Siting Criteria.” Seismic criteria would
appear in a new Section 100.2., "Geologic and Seismic Siting Factors.”
Revisions to 10 CFR Part 50 would contain source term and dose criteria
(Section 50.34) and earthquake engineering criteria (new Appendix §).

The revision to 10 CFR 50.34 reflects the staff recommendation and rationale
for the revised dose criteria to be used to judge the applicability of plant
designs. " This paper also contains a differing view on this section provided
by the Office of Nuclear Regulatory Research.

Contact:
Leonard Soffer, EDO
415-1722

Dr. Andrew J. Murphy, RES
415-6010
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The Commissioners 2
BACKGROUND :

On April 12, 1962, the Atomic Energy Commission (AEC) issued 10 CFR Part 100,
"asactor Site Criteria™ (27 R 3509). On November 13, 1973, the AEC issued
Appendix A to 10 CFR Part 100, *Seismic and Geologic Siting Criteria for
Nuclear Power Plants,® (38 FR 31279;.

A proposed rule to revise Part 100, Appendix A to Part 100, and sections of
Part 50 was published for comment on October 20, 1992 (57 FR 47602). The
proposed rule change combined two separate initiatives dealing with non-
seismic and seismic issues, and included a minimum distance to the exclusion
area boundary of 0.4 miles, guideline limits for population density, and
required both probabilistic and deterministic seismic hazard avaluations. The
comment period, extended twice, expired on June 1, 1993. Extensive comments,
both domestic and international, were received.

The Commission was briefed on August 3, 1993, on the status of the proposed
ruie and the nature of the comments received. In an SRM dated August 12,
1993, the Commission raised several concerns regarding the prescriptive
aspects of the proposed revisions to Part 100 as well as its form and content.
In response, the staff prepared an options paper, SECY-94-017, dated January
26, 1994. In an SRM dated March 28, 1994, the Commission approved the staff
recommendations; however, due to the substantive nature of the changes to be
m>de to the rule the Commission stated that bo.! parts were to be resubmitted
for Commission review and reissued for public comment pr’-- to the final
rulemaking. Outlines of the draft regulatory guides ar - endard review plan
section were to be submitted to the Commission for review, to demonstrate how
the basic site criteria are to be impiemented. The draft regulatory guides
and standard review plan section were to be issued for public comment after
receiving Commission approval of the outlines.

The second proposed revision to these regulations was published for public
comment on October 17, 1994 (5% FR 52255). On February 8, 1995, the NRf
stated (60 FR 7467) that it intended to extend the comment period to a.low
interested persons adequ-te time to provide comments on staff guidance
documents. On February 28, 1995, the availability of the five draft
regulatory guides and three draft standard re:iew plan sections that were
developed to provide guidance on meeting the proposed regulations was
published (60 FR 10 80) and the comment period for the proposed rule was
extended to May 12, 1995 (60 FR 10810).

Included in this package are the Federal Register notic: for the final rule
(Attachment 1), the resolution of public comments on the reactor site criteria
and seismic and earthquake engineering criteria (~'tachmenis 2 and 3), the
ACRS letter on the rulemaking (Attachment 4), a draft public announcement
(Attachment 5), and the draft congressional letters (Attachment 6).

)



The Commissioners 3
DISCUSSION:

NON-SEISHMIC ASPECTS:

Proposed ryle

The proposed rule issued for com..nt on October 1., 1994 (FR 59 52255) would
retain the use of source term and dose calculations (relocating these tc Part
50) to determine the distance to the exclusion area boundary (EAB) and the
size of the outer radius of the low population zone (LPZ). The proposed dose
criteria would require that an individual located at any point on the boundary
of the exclusion area for any two-hour period following the onset of the
postulated fission product release not receive a dose in excess of 25 rem
total effective dose equivalent (TEDE). Similarly, an individual located at
the outer boundary of the LPZ for the entire period of the cloud passage
(taken to be 30 days) must not receive a dose in excess of 25 rem TEDE.

Section 100.21 proposed to contain basic site criteria without any numerical
values. With regard to population density, the proposed rule stated that:

Reaccor sites should be Tocated away from very densely populated
centers. Areas of low population d~nsity are, generally, preferred.
However, in determining the acceptau.lity of a particular site located
away from a very densely populated center but not in an area of low
density, consideration will be given to safety, environmental, economic,
or other factors, which may result in the site being found acceptable.

Revision 2 of Regulatory Guide 4.7 would contain guidance on preferred
population density as follows:

k reactor preferably should be located such that at the time of initial
site approval and within about 5 years thereafter, the population
density, including weighted transient population, averaged over any
radial distance out to 20 miles (cumulative population at a distance
divided by the circular area at that distancz) does not exceed 500
persons per square mile. A reactor should not be located at a site
whose popu'ation density is well ir z2xcess of the above value.

If the population density of the proposed site exceeds, but is not well
in ‘excess of the above preferred value, an analysis of alternative sites
should be conducted for the region of interest with particular attention
to alternative sites having lower populaiion density. However,
consideration will be g’ en to other factors, such as safety,
envirgnmentai, or economic considerations, which may result in the site
with the higher population density being found acceptable. Examples of
such factors include, but are not limited to, the higher population
density site having superior seismic characteristics, better access to
skilled labor for construction, better rail or highway access, shorter
transmission 1ine reguirements, or less environmental impact upon
undeveloy 1 areas, wetlands, or eicangered species.

1



The Commissioners 4
Public Comments:

tight organizations or individuals commented on the nonseismic aspects of “he
second proposed revision. A summary of the public comments received was
transmitted to the Commission in a memorandum dated June 19, 1995. The first
proposed revision issued for comment in October 1992 eiicited strong comments
in regard to proposed numerical values of population density and a minimum
distance to the exclusion area boundary (EAB) in the rule. The second proposed
revision would delete these from the rule by providing guidance on population
density in a Megulatory Guide and determining the distance to the EAB and LPZ
by use of source term and dose calculations. The rule would contain basic site
criteria, without any numerical values.

Several commentors representing the nuclear industry and internation-1 auclear
organizations stated that the second proposed revision was a significant
improvement over the first proposed revision, while the only public interest
group commented that the NRC had retreated from decoupling siting and design
in response to the comments of foreign entities.

Most comments on the second proposed revision centered on the use of total
effective dose equivalent (TEDE), the proposed single numerical dose
acceptance criterion of 25 rem TEDE, the evaluation of the maximum dose in any
two-hour period, and the question of whether an organ capping dose should be
adopted.

Virtually all commentors supported the concept of TEDE and its use. However,
there were differing views on the proposed numerical dose of 25 rem and the
proposed use of the maximum two-hour period to evaluate the dose. Virtually
all industry commenters felt that the proposed numerical value of 25 rem TEDE
was too low and that it represented a "ratchet" since the use of the current
dose criteria plus organ weighting factors would suggest a value of 34 rem
TEDE. In addition, all industry commenters believed the "sliding" two-hour
window for dose evaluation to be confusing, i1logical and inappropriate. They
favored a rule that was based upon a two hour period after the onset of
fission product release, similar in concept to the existing rule. Al
industry commenters opposed e use of an organ capping dose. The only public
interest group that commented did not object to the use of TEDE, favored the
proposed dose value of 25 rem, and supported an organ capping dose.

Final Rule:
10 CFR ' 734

No changes in the final rule are proposed as compared with the proposed rule.
The final rule would require, as in the proposed rule, that an individual
located at any point on the boundary of the exclusion area for any two hour
period following onset of the postulated fission product release, not receive
a radiation dose in excess of 25 rem total effective dose equivalent (TED;).
Similarly, an individual located at the outer boundary of the low population
zone (LPZ), who is exposed to the radioactive cloud resulting from the
postulated fission product release (during the entire period of its passage)
not receive a dose in excess of 25 rem TEDE. The staff recommends adoption of
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a dose acceptance¢ criterion of 25 rem TEDE based upon consideration of the
risk of latent cancer fatality, as noted in the Statement of Considerations
that accompanied the proposed rule. Since the TEDE concept accounts for the
contribution from all body organs, ‘he staff recommends that no additional
organ "capping” dose be required. With respect to the two hour evaluation
period, the Office of Nuclear Reactor Regulation (NRR) continues to support
the regulatory approach for the two hour dose evaluation period that was
articulated in the proposed revision published on October 17, 1994.

In licensing reactor designs, the Office of Nuclear Reactor Regulation (NRR)
assesses the performance of engineered safety features (ESFs) by calculating
(1) the 2-hour projected dose from a postulated Design Basis Accident (DBA) to
@ hypothetical individual at any location at or beyond the EAB and (2) the
projected dose over the course of the accident at the outer boundary of the
LPZ. These DBA assessments are surrogates for evalvating the accident
mitigation capability included in the design.

The current assessment of accident mitigation systems has been 1inked directly
to the instantanenus release to, and mixing of, fission products in
containment based on ‘& 1962 report, TID-14844, "Calculation of Distance
Factors for Power ana fest Reactor Sites.” Improved understanding of severe
accidents, published in 1995 as NUREG-1465, "Accident Source Terms for Light-
Water Nuclear Power Plants," indicates that fission product releases to
containment do not occur instantaneously and the bulk of the releases may not
take place for an hour or more. The updated insights reduce, but do not
eliminate, uncertainties in the timing, magnitude, and chemical form of severe
accident source terms. The staff supports the use of updated source term
insights and the use of updated radiobiological insights [i.e., the shift to a
total effective dose equivalent (TEDE) criterion] for the review of accident
mitigation capability (i.e., DBAs). Use of the updated insights will result
in more realistic analytical treatment of the delay, reduction, and removal of
fission products in containment from engineered and natural processes.

There are important licensing implications in the decision to consider one
dose evaluation period approach .ver another (any 2-hour period or first
2-hour period). The approach in the 1994 proposed revision, that the dose
criterion not be exceeded for “any 2 hour period,” considers the sorst 2 hours
of offsite exposure. Under the "current licensing framework" (Part 100 and
TID source term insights), the worst 2-hour evaluation period is the first
2-hour evaluation period because the fission products are assumed to be
released instantaneously into containment; consequently, the release to the
environment and the EAB dose rate decrease monotonically over time.

Therefore, arguments can be made that either the worst-2 hour or the first-2
hour approach, in conjunction with the "proposed licensing framework" (updated
source term and radiobiological insights), would be consistent with pr- r
practice. From the radiological perspective, independent of which 2-hou. dose
evaluation period is considered, the propoced licensing framework will result
in a relaxation of acc.agent mitigation systems design requirements when
co-pared to the current licensing fri-awork. This is primarily because of the
change in the dose criteria (from the 25 rem to the whole body or 300 rem to
the thyroid criteria to a single 25 rem TECI criterion) reflecting updated
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radiobiological insights. The thyroid dose exposure guideline at the EAB
geaerally has oeen the limiting standard for DBA siting analyses.

The timing, magnitude and chemical form of the source terms of NUREG-1465 used
in DBA calculations result in the gap release period lasting for about 30
minutes followed by the early in-vessel release period lasting for about one
and one half hours (1.3 hours for a PWR and 1.5 hours for a BWR). The buildup
of radioactive material into the l¢r¥e containment volume is gradual and peaks
at the end of the early in-vessel release period. The gap activity does not
si*nificant]y contribute to the TEDE dose when compared to the activity
released during the early in-vessel phase (i.e., typically less than 10% of
the integrated TEDE dose). With the first-2 hour approach, a high
concentration of radicactive naterial is present in containment for oniy the
last part of the 2-hour period and the dose evaluation period would end when
the release to the environment would be at or near its ~aak value. With the
worst-2 hour approach, the evaluation period bracket- .se two hours when the
containment concentration {and, therefore, the release (o the environment) is
at its peak.

The staff believes that it is important to selec’ that period of the DBA for
which accident mitigation features are most severely challenged to take
account of uncertainties in source terms and accident phenomenology. For
source term constructions other than NUREG-1465 (e.g., EPRI source ter:!, the
first-2 hour dose evaluation period could end as fission product releases are
continuing and containment concentrations have not yet peaked. The staff
believes that .he worst-2 hour approach provides a consistent regulatory
scheme to judge the performance of accident mitigation capability under its
greatest DBA challenge. The worst-2 hour assessment is not sensitive to the
calculation of initial delay times and accident s.enario progression, is easy
to perform and to reproduce, and it is an improvement over the current
approach that uses the instantaneous release to containment.

Sensitivity studies performed by the staff indicate that the first-2 hour
standard can be met without any accident mitigation system beyond contzinment
(depending on assumptions about the removal of fission products from natural
processes). Reliance solely on preventive systems for public protection is
inconsistent with the Commission’s traditional defense-in-depth philosophy and
guidance on ach‘eving the balance between accident prevention and mitigation.
For those reactor de 4ns with effective accident mitigation systems (e.g.,
evolutionary reactor designs), the worst-2 hour and first-2 hour evaluation
values converge.

The significant differences arise between the worst-2 hour and firsi-Z hour
approaches for those designs that would rely on reducing fission product
releases using passive features. Determinations need to be made regarding
which updated source term insights are directly transferrable for advanced
reactor design reviews. Differences in applicant and staff views on passive
fission product removal rates nced to be reconciled where e:.perience and
experimental data is limited. CEvolutionary and advanced LWR designs subject
to the 10 CFR Fart 52 approval process establish, by rule, a site dilution
parameter (x/Q) that reflects the performance of the design-specific accident
preventive and mitigative features to assure that the dose criteria are not
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exceeded. Under certain design/site combinations and a first-Z hour approach,
sliding the two hour evaluation period a short time into the accideat scenario
could result in an exceedance of the dose criterion. The worst-2 hour
approach should preclude such cliffs which are dependent upon accident
progression and removal rate assumptions.

A number of the positions discussed above were provided to the Commission as
the staff developed its implementation plans for use of the updated source
term insights in licens‘ig (see SECYs 94-302 and 95-172, and Memoranda dated
September 6, 1994 and 4iy 21, 1995). These positions include:

(1) The evaluation of accident mitigation cipability must assess the
effectiveness of the design and acconpanying £SFs to delay, reduce, and
remove radioactive material prior release to the public.

(2) Risk insights sho.1d be used with the proposed licensing framework to
reduce unnecessary tonservatisms to the extent that it complements the
NRC’s deterministic approach and defense-in-depth philosophy. Risk
assessments were at the foundation of the updated source term and
radiobiological insights.

(3) The EAB 2-hour dose standard, consistent with historical precedent,
should continue to be used as a surrogate to evaluate the performance of
accident mitigation capability for Design Basis Accidents.

The staff believes that (1) the proposed licensing framework would provide a
relaxation of ESF performa' e requirements commensurate with updated source
term and radiobiological insights, (2) the regulatory requirements for
determination of in-containment radioactiv material during the 2-hour dose
evaluation period should be consistent ar capable of handling designs
substantially different from those analy. d in NUREG-1465, (3) the analysis
should be easy to perform and reproducible with confidence, and (4) the
technical bases and analytical methods s*~uld be defensible. For these
reasons, the staff recommends the worst-2 hour approach for the dose
evaluation period.

The Office of Nuclear Regulatory Research (RES) has a differing view with
regard to the time period over which the dose is to be evaluated to an
individual at the exclusion area boundary and is providing it to the
Commission for consideration. RES recommends that the final rule be modified
from any two hour period after release of fission products (referred to as the
"worst® two hours) to a period of two hours commencing with fuel failure plus

e time period from accident initiation until fuel failure begins (referred
«w as the "first" two hours).

RES believes that the use of the worst two hour period in the dose calculation
is not justified by risk considerations (i.e., not consistent with the intent
of the Commission’s August 16, 1995, Policy Statement on the use of PRA
Methods in Nuclear Regulatory Activities or the Regulatory Analysis Guidelines
- NUREG/BR-0058, Rev. 2) and could lead to increased costs for future
Ticersees with no commensurate gain in safety. In addition, RES believes that
the two hour period should be tied to the early stages of the plant and
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engineered safety feature performance (thus providing a means of early public
prutection) and not arbitraril, to any period during the duration of the
accident which tends to duplicate the function of the 30-day LPZ dose
criteria. Use of the worst two-hour dose also tends to remove some of the
incentive for designers to develop designs which delay the onset of core
damage, since credit for this delay would be limited to radicactive decay. In
RES” view, this is not consisient with the Commicsion’s Policy Statement on
Advanced Reactors of July 8, 1986 which encouraged future designs to have,
among other attributes, longer time constants prior to reaching safety system
challenge. These items are discussed further below.

Since usz of the first twe hours results in an evaluation period having a
somewhat lower integrated concentration of fission products within containment
than the worst two hour period, as was proposed, it would result in a lower
calculated dose. The difference in calculated dose between the first two
hours vs. the worst two hours depends primarily upon the efficacy and rapidity
of any fission product cleanup systems incorporated in the plant design. For
current designs empioying active fission product cleanup systems, the
difference in calculated dose is escentially negligible; however, for designs
relying upor passive fission product removal, the difference in calculated
dose is expected to be about a factor of two. Hence, the impact of use cf the
first two hours for dose evaluation could be a design wiih a somewhat higher
ailowabie containment leak rate or slightly smaller distance to the exclusion
area boundary than cone where the dose was evaluated for the worst two hours.
From a risk standpoint, these factors are essentially negligible, and do not
justify increased costs associated with greater engineered safety feature
(ESF) performance or a larger distance to the exclusion area boundary. This
was demonstrated in information supporting the recent change to 10 CFR 50,
Appendix J (60 FR 49495) where the Conmission accepted ine potential for an
increase in containment leak rate on the basis of risk and benefit
considerations.

The use of the "first" two hours reflects recent research results on fission
product timing an? appearance within containment as reflected in "Accident
Source Terms for Light-Water Nuclear Power Plants," NUREG-1465, issued in
1995. This time period allows for the release into containment of the "gan"
and "early in-vessel® releass jhases «nd provides a substantial fission
product reiease for plant & . ;ite evaluation that is fully consistent with
the intent of the regulation, as noted in Footnote 1 of 10 CFR 100, that the
postulated accident “result in substantial meltdown of the core with
subsequent release of appreciable quantities of fission products.” RES
believes that the use of the "worst" two hours for the dose evaluation does
not give appropriate consideration to these research insights iegarding timing
and appearance of fission products. Use of the "first" two hours also provides
a clear incentive to a desianer to delay the release of fission products into
containment, thereby promoting designs with enhanced safety characteristics.

RES also believes that the use of the "first" two hours adds credibility and
enhances licensee and public understanding with regard to the actions of an
individual presumed to be located at the exclusion boundary. The focus of the
two hour dose should be to assess the degree of protection provided to the
public in the initial stages of an accident. The use of the "first” two hours
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keeps this focus. The use of the worst two hours does not and tends to
duplicate the purpose of the 29 day dose.

Although the revised dose evaluation in 10 CFR 50.34 is intended for future
plants, there is a staff concern that a current licensee might seek to use it
to remove or disable existing fission product cleanup svstems. This could
markedly chaige the risk profile of the plant from that which was licensed.
RES considers that any proposed changes in the plant configuration based upon
revised source terms and dose criteria must be exanined from an overal’
integrated risk perspective to provide assurance that ihe safety margin of the
desig: has not been unduly reduced. Appropriate language ran be developed and
included in the Statement of Considerations to provide such assurance.

10 CFR 100.2]

Ko comments were received that proposed changes to the regulation and no
changes are recommended by the staff in the final rule.

Reguiatory Guide 4.7

One comment, while supporting the concept of environmental justice, expressed
concern regarding subjective phrases and potential implementation, and
recommended that the environmental justice provision be deleted from this
version of the Guide until more detailed guidance becomes avaiiable. The
staff recognizes that detailed implementation guidance may not yet be
available in this area, but recommends that the eivironmental justice
provision be retained ‘n issuing this Guide in final form.

SEISMIC ASPECTS:
Proposed Rule:

Because no significant changes were made to the regulations published for
public commer.. this discussion will focus on the differences between the
current (“ppendix A to Part 100) and final regulations (Section 100.23 to Part
100 and Appendix S to Part 50) and staff resolution of the public comments.

Final Rule:

Because the criteria presented in the regulation will not be applied to
existing plants, the licensing bases for existing nuclear power plants must
remain part of the regulations. Therefore, the criteria on seismic and
geologic siting are designated as a new Section 100.23 to 10 CFR Part 100 and
added to the existing body of regulations. In addition, earthquake_
engineering criteria are located in 10 CFR Part 50, in a new Appendix S.
Since Appendix S is not self executing, applicable sections of Part 50 (§50.8
and §50.34) are revised to reference Appendix S. Conforming amendments to 10
CFR Part. 52 and 100 are also made. Sections 52.17(a)(1), 52.17(a)(1)(vi),
100.8, and 100.20(c)(1) and (3) are amended to note Section 100.23 to Part 100
or Appendix S to Part 50.

Geologic and Seismic Siting
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The regulations and guidance documents reflect new information and research
resuits, and comments from the public. In response to the August 12, 1993,
SRM pertaining to the prescriptive aspects of the first proposed revisions to
Part 100 as well as its form and content, the final regulation only contains
the basic requirements; the detailed guidance similar to that contained in
Appendix A to 10 (*" Part 100 has been removed to guidance documents. Thus,
the new regulatio .tion 100.23 to Part 100) contains: (a) required
definitions, (b) a re. irement to determine the geological, seismological, and
engineering characteristics of the proposed site, and (c) requirements to
determine the Safe Shutdown Earthquake Ground Motion (SSE), to determine the
potential for surface deformation, and to determine the design bases for
seismically induced floods and water waves. Detailed guidance, that is,
procedures acceptable to the NRC staff for meeting the requirements, is
contained in Regulatory Guide 1.165, "Identification and Characterization of
Seismic Sources and Determination of Safe Shutdown Earthquake Ground Motion,"
(Draft was DG-1032). NRC staff review guidelines is provided in Standard
Review Plan (SRP) Section 2.5.2, "Vibratory Ground Motion," Revision 3. Two
other SRP sections, 2.5.1, "Basic Geologic and Seismic Information," and
2.5.3, "Surface Faulting,” are also revised to assure consistency among the
rule, SRP Section 2.5.2, and Regulatory Guide 1.165.

The existing approach for determining a Safe Shutdown Earthquake Ground Motion
(SSE) for a nuclear reactor site, embodied in Appendix A to 10 CFR Part 100,
relies on a "deterministic" approach. Using this deterministic approach, an
applicant cevelops a single set of earthquake sources, develops for each
source a postulated earthquak. 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 5SEs for plants sited with this approach are judged to be
suitably conservative, the approach has not explicitly recognized
uncertainties in geosciences parameters. Because of the uncertainty about
earthquake phenomena (especially in the eastern United States), there have
often been differences of opinion and differing interpretations among experts
as to the largest earthquakes to be considered and ground-motion models to be
used, thus often making the licensing process relatively cumbersome.

Over the past decade, analysis methods for incorporating these different
interpretations have been developed and used. These "probabilistic” methods
have been designed to allow explicit incorporation of different models for
zonation, earthquake size, ground motion, and other parameters. The advantage
of using these probabilistic methods is their ability to not only incorporate
different models and different data sets, but also to weight them using judg-
ments as to the validity of the different models and data sets, and thereby
providing an explicit expression for the uncertainty in the ground motion
estimates and a means of assessing sensitivity to various input parameters.
Another advantage of the probabilistic method endorsed in Regulatory Guide
1.165 is the *target exceedance probability is set by examining the design
bases of more recently licensed nuclear power plants resulting in a more
uniform level of safety from site to site.
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The revision to the regulation now explicitly recognizes that t“ere are
inherent uncertainties in establishing the seismic and $eologiu design
parameters and allows for the option of using a probabilistic seismic hazard
methodology capable of propagating uncertainties as a means to address these
uncertainties. The rule further recognizes that the nature of uncertainty a. i
the appropriate approach to account for it depend greatly on the tectonic
regime and parameters, such as, the knowledge of seismic sources, the
existence of historical and recorded data, and the under anding of tectonics.
Therefore, methods other than the probabilistic methods, such as sensitivity
analyses, may be adequate to account for uncertainties for some sites.

The key elements of the approach exemplified in Regulatory Guide 1.165 and
Standard Review Plan Section 2.5.2 are:

a. - if i i investi i
These investigations are performed to determine specific
characteristics of the proposed site, such as, the presence or
absence of potential seismic sources, capable faults at or near
the site, characterization of the rock and soil strata, earthquake
history of the site and environs, etc. In addition to
charac’erizing the site, these data are needed to verify that
regiona’ characteristics used in the Lawrence Livermore National
Laboratory (LLNL) or the Electric Power Research Institute (EPRI)

probabilistic seismic hazard assessments (PSHA) are valid for the
. proposed site.

b. i in h

The target exceedance probability is the median annual probability
of exceeding the Safe Shutdown Eart! ~uake (SSE) for operating
nuclear power plant that were des.yi.ed to Regulatory Guide 1.60 or
to a similar spectrum. This value has been determired to be
1E-5/year.

c. Determine if information from geoscience investigations change

The applicant conducts an evaluation that demonstrates that the
data obtained from the site investigations (Step a. above) do not
provide information that would necessitate revision of the seismic
sources used in the existing seismic hazard studies and their
characteristics or attenuation models.

d. Conduct probabilistic seismic hazard analysis and determine ground motion
level corresponding to the target exceedance probe“ility.

The applicant conducts a LLMEL or EPRI PSHA for L. > proposed site

to obtain a seismic hazard curve, ground acceleration or spectral

amplitude vs. annual probability of exceedance. The hazard curve

median is deaggregated to determine a seismic event desc-ibed by

an average earthquake magnitude and distance (distance from

earthquake to the nuclear power plant site) which contributes most
. to the ground motion level corresponding to the target exceedance
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probability. This magnitude and distance is then used in
subsequent steps to determine site-specific spectral shape.

e. Dete  ne site-specific spectral shape and scale this shape to the ground

The applicant «i11 use the seismic event of magnitude and distance
determined in Step d to develop site-specific spectral shapes in
accordance with SRP 2.5.2 procedures and additional guidance
provided in the regulatory guide. The SRP procedures, in part,
are based on use of seismic recorded motions or ground motion
models appropriate for the event, region and site under
consideration.

f. NRC staff -eview of ground motion.
The NRC .caff will review the applicant’s proposed SSE ground
motion to assure that it takes into account all available data
including insights and information gained from previous licensing
experience.

g. g ili r

years.
To keep the regulatory guidance on the probabilistic methods and
their seismic hazard data base current, the NRC would reassess
them at least every ten years and update them as appropriate.

The res:".s of the regional and site-specific investigations must be
considered in the application of the probabilistic method. The current
probabilistic methods (the NRC sponsored study conducted by LLNL or the EPRI
seismic hazard study), are regional studies without detailed information on
any specific location. The specific applicant’s geosciences investigations
are used to update the database used v the probabilistic hazard methodology
to assure that all appropriate information is incorporated.

It is also necessary to incorporate local site geological factors such as
stratigraphy and to account for site-specific geotechnical properties in
establishing the design basis ground motion. In order to incorporate local
site factors and advances in ground motion attenuation models, ground motion
estimates are determined using the procedures that are outlined in Standard
Peview Plan Section 2.5.2.

The NRC staff’s approach to evaluating an application is described in SRP
Section 2.5.2. This review takes intc account the information base developed
in Ticensing more than 100 plants. Although the premise in establishing the
target exceedance probability is that the current design levels are adequate,
a staff review assures that there is consistency with previous licensing
decisions and that the scientific basic for decisions are clearly understood.
This review approach will also assist in assessing the fairly complex regional
probabilistic modeling which incorporates multiple hypotheses and a multitude
of parameters. Furthermcre, this process should provide a clear basis for the
staff’s decisions and facilitate communication with nonexperts.

farthquake Engineering
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Criteria not associated with the selection of the site or establishment of the
Safe Shutdown Earthquake Ground Motion (SSE) have been placed into Part 50.
This action it consistent with the location of other design requirements in

Part 50. The regulation is a new Appendix S, "Earthquake Engineering Criteria
for Nuclear Power Plants,” to Part S0.

In the current regulation, Appendix A to Part 100, the Operating Basis
Earthquake Ground Motion (OBE), the vil -atory ground motion that will assure
safe continued operation, is one-half the SSE. In Appendix S this requirement
has been deleted and replaced witn two options: (1) applicant selection of an
OBE that is either one-third of the SSE or less, or (2) a value greater than
one-third of the SSE. With the OBE level set at one-third or less of the SSE,
only the SSE is used for design; the OBE only serves the function of an
inspection and shutdown level. If the OBE is greater than one-third of the
SSE, the current practice of using both the OBE an’ SSE for design continues;
and in addition, the OBE serves the function of an inspection and shutdown
level. This change responds ‘o one of tae major criticisms with the existing
regulations, that the OBE controls the design of some parts of the plant.

For new applicationsthe regulation would treat plant shutdown associated wit
vibratery ground motion exceeding the OBE (or significant plant damage) as a
condition in every operating license. Section §7.54 is revised accordingly.
Related plant shutdown and OBE exceedance guidelines for operating plants are
being developed separately by NRR.

Procedires acceptable to the NRC staff for meeting the requirements in the new
regulation will be contained in three regulatory guides, (a) Regulatory Guide
1.12, "Nuclear Power Plant Instrumentation for Earthquakes," Revision 2 (Draft
was DG-1033), (b) Regulatory Guide 1.166, "Pre-Earthguake Planning and
Immediate Nuclear Power Plant Operator Postearthquake Actions" (Draft was
DG-1034), and (c) Regulatory Guide 1.167, "Restart of a Nuciear Power Plant
Shut Down by a Seismic Event" (Draft was DG-1035).

Public Comme .s

Seven letters were received addressing either the regulations or both the
regulations and the draft guidance documents. An additional five letters were
received addressing only the guidance documents, for a tctal of twelve comment
letters. <

10 CFR 100.23

No changes were made to the regulation as a result of the public comments. In
general, the commentors were supportive of the regulation, specifically, the
removal of prescriptive guidance from the -~egulation and locating it in
regulatory guides or standard review plan sections and the removal of the
requirement from the first proposed rulemaking (57 FR 47802) that both
deterministic and probabilistic evaluations must be conducted to determine
site suitability and seismic desion requirements for the site.

A suggestion that for existing sites east of approximately 105° west Tongitude
(the Rocky Mountain front), a 0.3g standardized design level be codified was
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not adopted. The NRC has determined that the use of a spectral shape anchored
to 0.3g peak ground acceleration as a ttandardized design level would be
appropriate for existing sites based on the current state of knowledge.
However, as new information bacomes available it may not be appropriate for
future licensing decisions. Pertinent information such as that described in
Regulatory Guide 1.165 (Praft was DG-1032) is needed to make that assessment.
Therefore, it is not appropriate to codify the request.

The suggestion to change the regulation to enable an applicant for an
operating license alread, holding a construction permit to apply the amended
methodology and criteria in Subpart B tu Port 100 was not incorporated. The
NRC will address this request on &« case-by-case basis rather than through a
generic change to the regulations. This situation pertains to a limited
number of facilities in varivus stages of -onstruction. Some of the issues
that must be addressed by the applicant and NRC during the operating license
review include differences between the design bases derived from the current
and amended regulations (Appendix A to Part 100 and Section 100.23,
respectively), and earthquake engineering criteria such as, OBE design
requirements and OBE shutdown requirements.

An explicit siatement whether or not Section 100.23 to Part 10" applies to the
Mined Geologic Disposal System (MGDS) zng a Monitored Retrievabie Storage
(MRS) facility was not ajdded to the regulation or Supplemental Information
Section of the rule. Presently, NUREG-1451, "Staff Technical Position on
Investigations to Identify Fault Displacement Hazards and Seismic Hazards at a
Geologic Repository,” notes that Appendix A to 10 CFR Part 100 does not apply
to a geologic repository. Section 72.102(b) requires that, for an MRS located
west of the Rocky Mountain front or in areas of known potential seismic
activity in the east, the seismicity be evaluated by the techniques of
Appendiz A to 10 CFR Part 100. The applicability of Section 100.23 to other
than power reactors, if considered appropriate by the NRC, would be a separate
rulemaking. That rulemaking would clearly state the applicability of Section
100.23 to an MRS or other facility. In addition, NUREG-145] will remain the
NRC staff technical position on seismic siting issues pertaining to a MGDS
until it is superseded through a rulemaking, revision of NUREG-1451, ur other
appropriate mechanism.

Appendix S to 10 CFR Part 50

Support for the NRC position pertaining to the elimination of the Operating
Basis Earthquake Ground Motion (OBE) response analyses has been documentec in
various NRC publications such as SECY-78-300, “""¥ 70-016, SECY-93-087, and
NUREG-1061. The final safety evaluation re; elated to the certification
of the System 80+ and the Advanced Boiling ¥ Reactor design (NU... 1462
*nd NUREG-1503, respectively) have already adnpted the single earthquake
design yhilosophy. In addition, similar activities are being donz in foreign
countries, such as, Germany. However, one conmentcr expressed concern about
the elimination of OBE resporse analyses cf pressure-retaining comprnents
designed to the ASME Boiler and Pressure Vessel Section IIl rules. Positions
pertaining to the elimination of the OBE were proposed in SECY-83-087.
Commission approval is documented in a memorandum from Samuel J. Chilk to
James M. Taylor, Subject: SECY-93-087 - Policy, Technical and Licensing Issues
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Pertaining to Evolutionary and Advanced Light-Water Reactor (ALWR) Designs,
dated July 21, 1993. Item V(B)(5), "Value of the Operating Basis Earthquake
Ground Motion (OBE) and Required OBE Analysis,” to the supplemental
information to the regulations was slightly modified to address the noted
concerns.

The regulation was not changed to incorporate by reference the American
Society of Civil Engineers (ASCE) Standard 4, “Seismic Analysis of Safety-
Related Nuclear Structures and Commentary on Standard for Seismic Analysis of
Safety-Related Nuciear Structures.” In response to the August 12, 1993, SRM
portainin? to the prescriptive aspects of the first proposed revisions to Part
100 as well as its form and content, the final regulation contains only the
basic requirements;the detailed guidance is prcvided in regulatory guides and
standard review plan sections. ASCE Standard 4 is cited in the 1989 revision
of Standard Review Plan Sections 3.7.1, 3.7.2, and 3.7.3.

The reference to aftershocks in Paragraph IV(b), Surface Deformation was
deleted. Paragraphs VI(a)(1l), "Safe Shutdown Earthquake," and VI(b)(3) of
Appendix A to Part 100 contain the phrase "including aftershocks.” In the
proposed regulution the “including aftershocks® phrase was only removed from
the Safe Shutdown Earthquake Ground Motion requirements (Paragraph IV(a)(l) of
Appendix S to Part 50).

Guidance Documents

Many of the commentors have provided editorial and technical suggestions that
wouid clarify the documents. A few commentors provided more substantive
comments requiriag a careful assessment of their implications. For example,
the Staff clarified the procedure in SRP Section 2.5.2 used to assess the
adequacy of an applicants submittal. Also, Regulatory Guide 1.165 (Draft was
DG-1032) discusses how uncertainties in the SSE can be addressed through a
suitabl» sensitivity analysis. In general, no technical changes were made to
the staff positions described in the draft guidance documents.

It is anticipated that the availability of the related regulatory guidance and
standard review plan sections will be published in the ister
coincident with the effective date of the final regulations.

RECOMMENDAT JONS :

That the Commission:

1. Approve publication of the Revisions to the Regulatory Requirements for
Reactor Siting (Seismic and Nonseismic) and Earthquake Engineering
Criteria in 10 CFR Parts 100 and 50 (Attachment 1) as a final rule

R- Certify that this rule will not have a significant economic effec! on a

substantial number of small entities pursuant to the Regulatory
Flexibility Act of 1980 (5 U.S.C. 605(b)).
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. The Commissioners 16

3. L. s

a. The final rule will be published in the Federal Register and
become effective 30 days after publication.

b. The reporting and recordkeeping requirements contained in this
regulation have been approved by the Office of Managemerit and
Budget, OMB approval Numbers 3150-G093 and 3150-0011.

e, A public announcement (Attachment 5) will be issued when the
notice of rulemaking is sent to the Office of the Federal
Register.

d. The appropriate Congressional committees wi'l be informed
(Attachment 6).

2 Copies of the Federal Register notice will be distributed to all
power reactor licenszes. The notices will be sent to other
interested parties upon request.

g. The Chief Counsel for Advocacy of the Small Business
Administration will be notified of the Commission’s determination,
pursuant to the Regulatory Flexibility Act of 1980 (5 U.S.C. 605
(b)), that this rule will not have a significant economic effect
. on a substantial number of small entities.

h. The availability of the final regulatory ouides and standard
review plan sections will be published in the Federal Register
subsequent to the effective date of the final rule.

i. A copy of "Resolution of Public Comments on the Proposed Seismic
and Earthquake Engineering Criteria for Nuclear Power Plants”
(Attachment 2), will be placad in the Public Document Room and
sent to interested parties upon request.

Attachments:

" Federal Register Notice of Rulemaking

Resolution of Public Comments on the Propesed Seismic and Earihquake
Engineering Criteria for Nuclear Power Plants

ACRS Letter

Draft Public Announcement

Draft Congressional Letters

Regulatory Analy:is

Environmental Assessment

1

2.
3.
4.
5.
6.
7.
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FRN-100.R3  3/6/96 [7590-01-P)

NUCLEAR REGULATORY COMMISSION
10 CFR Parts 50, 52 and 100

RIK 3150-ADS3

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

and Proposed Denial of Petition from Free Environment, Inc. et. al.

AGENCY : Nuclear Regulatory Commission.
ACTION: F1na: rule and denial of petition from Free Environment, Inc.
et.al.

SUMMARY: The Nuclear Regulatory Commission (NRC) is amending its regulations
to update the criteria used in decisions regarding power reactor siting,
including logic, seismic, and earthquake ineering considerations for
future nuclear power plants. The rule would allow NRC to benefit from
experience gained in the appiication of the procedures and methods set forth
in the current regulation and to imcorporate the rapid advancesonts in the
earth sciences and earthquake engineering. This rule primarily consists of
two separate changes, namely, the source term and dose considerations, and the
seismic and earthguake engineering considerations of reactor siting. The
Commission is also denying the remaining issue in petition (PRM-50-20) filed
by Free Environment, Inc. et. al.

EFFECTIVE PATE: (20 days after publication in the Federal Register).

FOR FURTHER INFORMATION CONTACT: Dr. Andrew J. Murphy, Office of Muclear

latory Research, U.S. Nuciear Regulatory Commission, Washington, UC 20555,
telephone (301) 415-6010, concerning the seismic and earthquake enyineering
aspects and Mr. Leonard Soffer, Office of the Executive Director for
Operations, U.S. Muclear Regulatory Commission, Washington DC 20555,
telephone (301) 415-1722, concerning other siting aspects.
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SUPPLEMERTARY INFORMATION:

I. Background .
I1. Objectives.
111. Genesis.

Iv. Alternatives.
v. Major Changes.

A. Reactor Siting Criteria (Nonseismic).
B. Seismic and Earthquake Engineering Criteria.

vI. Related Regulatory Guides and Standard Review Plan Sections.
VIil. “uture Regulatory Action.

VIII. «ferenced Documents.

IX. mmary of Comments on the Proposed Regulations.

A. Reactor Siting Criteria (Vonseismic).
B. Seismic and Earthquake Engineering Criteria.

B Ffinding of Mo Significant Environmental Impact: Availability.
XI1. Paperwork Reduction Act Statement.
XIil. Regulatory Analysis.
XIII. Regulatory Flexibility Certification.
XIv. Backfit Analysis.
1. Background

The present ulation regarding reactor site criteria (10 CFR Part 100)
was promulgated April 12, 1962 (27 FR 3509). NRC 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 for comment in Septeaber 1974. Revision 1 to this guide
was issued in November 1975. On Jure 1, 1976, the Public Interest Recearch
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 limits into the regulations. On April 28, 1977, Free
Environment, Inc. et. al., filed a petition for rulemaking (F™%-50-20). The
ressining issue of this petition requests that the central lowa nuclezr
project and other reactors be sited at least 40 miles from major population
centers. In August 1978, the Commission directed the NRC staff to develep 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
recomsendations regarding siting of future nuclear pcwer reactors. In the
1980 Authorization Act for the NRC, the Congress directed the NRC to decouple
siting from design and to specify demographic criteria for siting. On July
29, 1980 (45 FR 22350), the NRC issued an Advance Notice o° Proposed
Rulemaking (ANPRM) regarding revision of the reactor site .~ teria, which
discussed the recommendations of the Siting Policy Task For.e and sought
public comments. The proposed rulemaking was deferred by the Commission in
Docember 1981 to await development of a Safety Goal and improved research on
accident source terms. On August 4, 1986 {51 FR 23044), the NRC issued its
Pclicy Statement on Safety Goals that stated quantitative health objectives
with regard to both prompt and latent cancer fatality risks. On December 14,
1988 (53 FR 50232), the NRC denied PRM-100-2 on the basis that it would
unnecessarily restrict NRC’s regulatory siting policies and would not result
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in a substantial increase in the overall protection of | ublic health and
safety. Q"lnso of possible renewed interest in power reactor siting, the NRC
is proceec.sg with 2 rulemaking in this area. The Commission proposes to
address the remaining issue in PRM-50-20 as part of this rulemaking action.

Appendix A, "Seismic and Geologic Siting Criteria for Nuclear Power
Plants,” to 10 CFR Part 100 was originally issued as a proposed regulation on
November 25, 1971 (36 FR 22601), published as a final regulation on November
13, 1873 (38 FR 31279), and became effective on December 13, 1973. There have
Deed two amendments to 10 CFR Part 10C, Appendix A. The first amendment,
issued November 27, 1973 (38 FR 32575), corrected the final regulation by
adding t' - sgend under the diagram. The second amendment res '*2d from a
petitior ~ulemaking (PRM 100-1) requesting that an opinion oe issued that
would int.- -et and clarify Appendix & with respect to the determination of
the Safe Shutdown Earthquake. A notice of filing of the petition was
published on May 14, 1975 (40 FR 20983). The ..bstance of the petitioner’s
proposal was accepte® and published as an immediately effective final
regulation on January 10, 1977 (42 FR 2052).

The first proposed revision to these regulations was published for
public comment on October 20, 1992, (57 FR 47802). The availability of the
five draft regulatory guides and the standard review plan section that were
developed to provide guidance on meeting the proposed regulations was
published on November ¢5, 1992, (57 FR 55601). The commert period for the
proposed regulations was extendod two times. First, the NRC staff initiated
an extension (%8 FR ! 71) from February 17, 1993 to March 24, 1993, to be
consistent with the comment period ou the draft regulatory guid:s and standard
review plan section. Second, in response to a request from the public, the
comment period was extended to Jume 1, 1993 (58 FR 16377).

The second proposed revision to these ulation: was published for
public comment on Octobrv 17, 1994 (59 FR 52255). The NRC stated on February
8, 1995, (60 FR 7467) that it intended to extend the comment jeriod to allow
interested persons adequate time to provide comments on staff giidance
documents. On February 28, 1995, the availab:lity of = five draft
regulatory guides and three standard review piwn sect L were developed
to provide guidance on meeting the proposed regulatior. - ,ublished (60 FR
10880) and the comment period for t'ie proposed rule was . .ended to May 12,
1995 (60 FR 10810).

I11. Objectives

The objectives of this regulatory action are to --

1. State basic site criteria for future sites that, based upon ‘
experiernce and importance to risk, have been shown as key to protecting public
health and safety;

2. Provide a stable regulatory basis for seismic and geologic «iting
and applicable earthquake engineering design of future nuclear power plants
that will update and clarify regulatory requirements and provide a flexible
struclure to permit consideration of new technical understandings; and

3. Relocate source term and cose requirements that apply primarily to
plant Cesign into 10 CFR Part 50.

-
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111. Genesis

The regulatory action reflects changes that are intended to (1) benefit
from the experience gained in applying the existing regulation and from
research; (2) resolve interpretive questions; (3) provide needed regulatory
flexibility to incorporate state-of—the-art improvements in the geosciences
and earthguake engineering; and (4) simplify the language to a more *plain
English" text.

The regulatory action would apply to applicants who apply for a
construct’ -~ permit, operating license, preliminary design approval, final
design ap- 1, manufacturing license, early site permit, design
certifica or combined license on or after the effective date of the final
regulation. However, if the construction permit was issued prior to the
effective date of the final regulations the operating 1icense applicant shall
comply with the seismic and geologic siting criteria and the earthquake
engineering criteria in Appendix A to 10 CFR Part 100.

Criteria not associated with the selection of the site or establ ishment
of the Safe Shutdown Earthquake Ground Motion (SSE) have been placed into 10
CFR Part 50. This action is consistent with the location of other design
requirements in 10 CFR Part 50.

Because the revised criteria presented in the regulation would not be
applied to existing plants, the licensing bases for existing nuclear power
plants must remsain part of the regulations. Therefore, the non-seismic and
seismic reactor site criteria for current plants would be retaired as Subpart
A and Appendix A to 10 CFR Part 100, respectively. The revised reactor site
criteria would be added as Subpart B in 10 CFR Part 100 and would apply to
site applications received on or after the effective date of the final
regulations. Non-seismic site criteria woula be added as a new §100.2) to
Subpart B in 10 CFR Part 100. The criteria on seismic and geo'ogic siting
would be added as a new slin .23 to Subpart B in 10 CFR Part 100. The duse
calculations and the earthquake engineering criteria would be located in 10
CFR Part 50 ($50.34(a) and Aopendix S, respectively). Because Appendix § is
not self executing, applicable sections of Part 50 ($50.34 and §50.54) are
revised to reference Appendix S. The regulation would also make ~onforming
amendments to 10 CFR Part 52. Section 52.17(a)(1) would be amended to reflect
changes in 50.34(a)(1) and 10 CFR Part 100.

1¥. Alternatives

The first alternative considered by the Commission was to continue using
current regelations for site suitability determinations. This is not
considered an acceptable alternative. Accident source terms and dose
calculations currently prixarily influence plant design requirements rather
than siting. It is desiradis to state basic site criteria which, through
importance to risk, have been hown to be key to assuring puhlic health and
safety. Further, significant advences in understending severe accident
behavior, including fission product release and transport, as well as in the
earth sciences and in earthquake engineering have taken place since the
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promulgatio. of the present regulation and deserve to be reflected in the
regulations.

The second alternative considered was replacement of the existing
regulation with an entirely new regulation. This is not an acceptable
alternative because the provisions of the existing regulations form part of
the licensing bases for many of the operati~g nuclear power plants and others
that are in various stages of obtaining operating licenses. Therefore, these
provisions should remain in force and effect.

The approach of establishing the revised requirements in new sections to
10 CFR Part 100 and relocating plant design requirements to 10 CFR Part 50
while re*. 1? the existing regulation was chosen as the best alternative.
The publ benefit from a clearer, more uniform, and more consistent
licensing ;. .ess that 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 licensing delays caused by unclear regulatory
requirements.

Y. RAJOR CHANGES

A. Reactor Siting Criteria (Nonseismic).

Since promulgation of the reactor site criteria in 1962, the Commission has
approved more than 75 sites for nuclear power reactors and has had an
opportunity to review a nusber of others. In addition, light-water commercial
power reactors have accumul.ted about 1800 reactor-years of operating
experience in the United States. As a result of these site reviews and
operational experience, a great deal of insight has been gained regarding the
design and operatior of nuclear power plants as well as the site factors that
influence risk. In addition, an extensive research effort has been conducted
to understand accident phenomena, inciuding fission product release and
transport. This extensive operational experience together with the insights
gained from recent severe accident research as well as numerous risk studies
on radiocactive material releases to the environment under severe accident
conditions have all confirmed that present commercial power reactor design,
construction, operation and siting is expected to effectively limit risk to
the public to very low levels. These risk studies include the early "Reactor
Safety Study® (WASH-1400), published in 1975, many Probabilistic Risk
Assessmer.t (PRA) studies conducted on indivicual plants as well as several
specialized studies, and the recuat "Severe Accident Risks: An Assessment for
Five U.S. “wclear Power Plants,” (NUREG-1150), issued in 1990. Advanced
reactor desi, s currently under review are expected to result in even lower
risk and improved safety compared to existing plants. Hence, the substantial
base of knowledge regarding power reactor siting, design, comstruction and
operation reflects that the primary factors that deterwine public health and
safety are the reactor design, construction and operation.

Siting factors and criteria, however, are important in assuring that
radiological doses from normal operation and postulated accidents will be
acceptably low, that natural phenomena and potential man-made hazards will be
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appropriately accounted for in the design of the plant, and that site
characteristics are amenable to the development of adequite emergency plans to
protect the public and adequate security measures to provect the plant. The
Commission has also had a long standing policy of siting reactors away from
densely populated centers, and is continuing this policy in this rule.

The Commission is incorporating basic reactor site criteria in this rule
to accompliish the above purposes. The Commission is retaining source term and
dose calculations to verify the adequacy of a site for a specific plant, but
source term and dose calculations are relocated to Part 50, since experience
has shown that these calculations have tended to influence plant design
aspects <. - as containment leak rate or filter performance rather than
siting. - :cific source term is referenced in Part 50. Rather, the source
term is r~. -ed to be one that is ... assumed to result in substantial
meltdown or the core with subsequent release into the containment of
appreciable gquantities of fission products.® Hence, this guidance can be
ut'lized with the source term currently used for light-water reactors, or used
in conjunction with revised accident source terms.

The relocation of source term and dose calculations to Part 50 represent
2 partial decoupling of siting from accident source term and dose
calculations. The siting criteria are envisioned to be utilized together with
standardized plant designs whose features will be certified in a separate
design certification rulesaking procedure. Each of the standardized designs
will specify an atmospheric dilution factor that would be required to be met,
in order to reet the dose criteria at the exclusion area boundary. For 3
given standardized design, a site having relatively poor dispersion
characteristics would require a larger exclusion area distance ihan one having
good dispersion characteristics. Additional design features would be
discouraged in a standardized design to compensate for otherwise poor site
conditions.

Although individual plant tradeoffs will be discouraged for a given
standardized design, a different standardized design could require a different
atsospheric dilution factor. For custom plants that do not involve a
standardized design, the source term and dose criteria will continue to
provide assurance that the site is acceptable for the proposed design.

Rationale for Individual Criteria

A. Exclusion Area. An 2xclusion area surrounding the immediate vicinity
of *he plant has been a requirement for siting power reactors from the very
beginning. This area provides 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 Commission considers an
exclusion area tc be an essential feature of a reactor site and is retaining
this requirement, in Part 50, to verify that an applicant’s proposed exclusion
srea distance is adequate to assure that the radiolegical dose *r °n
individual will be acceptably low in the event of a postulated -cident.
However, as noted above, if source term and dose calculations are used in
conjunction with standardized designs, unlimiled plant tradeoffs to compensate
for poor site conditions will not be permitted. For plants that do not
involve standardized designs, the source terwm and dose calcuiations will
provide assurance that the site i< acceptable for the proposed design. :

The present regulation requires that the exclusion area be of such size
that an individual located at any point on its boundary for two hours
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fmmediately following onset of the pestulated fission product release we id
not receive a total radiation dose in excess »f 25 rem to the whole body or
300 rem to the thyroid gland. A footnote in the present regulation notes that
a whole body dose of 25 res has been stated to correspond numerically to the
once in a Vifetime accidental or emergency dose to radiation workers which
could be disregarded in the determination of their radiation exposure status
(NBS Handbook 69 dated June 5, 1959). However, the same footnote also clearly
states that the Commission’s use of this value does not imply that it
considers it to be an acceptable limit for an emergency dose to the public
under accident conditions, but only that it represents a reference value to be
used for -. 'uating plant features and site characteristics intended to
mitigate -adiological consequences of accidents in order to provide
assuranc. ow risk to the public under postulated accidents. The
Commission, oased upon extensive experience in applying this criterion, and n
recognition of the conservatism of the assumptions in its application (a large
fission product release within containment associated with major core damage,
maximum allowable containment leak rate, a postulated single failure of any of
the fission product cleanup systems, such as the containment sprays, adverse
site meteorological dispersion characteristics, an individual presumed to be
located at the boundary of the exclusion area at the centerline of the plume
for two hours without protective actions), believes that this criterion ha.
clearly resulted in an adequate level of protection. As an illustration of
the conservatism of this assessment, the maximum whole body dose received by
an actual individual during the Three Mile Island accident in March 1979,
which invelved major core damage, was estimated to be about 0.1 res.

The proposed rule considered two changes in this area.

First, the Commissior proposed that the use f different doses for the
whoie body and thyroid gland be replaced by a sing e value of 25 res, total
effective dose equivalent (TEDE).

The proposed use of the total effective doss equivalent, or TEDE, was
roted as being consistent with Part 20 of the Comaission’s regulations and
was also based upon two considerations. First, since it utilizes a risk
consistent methodology to assess the radiological impact of all relevant
nuclides upon all body organs, use of TEDE promotes a uniforwity and
consistency in assassing radiation risk that may not exist with the separate
whole body and thyroid organ dose values in the present reaulation. Second,
use of TEDE lends itself readily to the application of updated accicent source
terms, which can vary not only with plant design, but in which additional
nuc) ides besides the noble gases and iodine are predicted to be releised into
containmet.

The cammission considered the current dose criteria of 25 rem whole body
and 300 rem tny~-'d with the intent of selecting a TEDE numerical value
equivalent to the risk implied by the current dose criteria.

The Commission proposed to use the risk of latent cancer fatality as the
appropriate risk measure since quantitative health objectives (QMOs) for it
have been established in the Commission’s Safety Goal policy. Although the
supplementary information in the proposed rule noted that the current dose
criteria are equivalent in risk to 27 rem TEDE the Commission proposed to use
25 rem TEDE as the dose criterion for plant evaluation purposes, since this
value is essentially the same level of -isk as the current criteria.

However, the Commission specifically requested comments on whether the
current dose criteria should be modified to utilize the total effective dose
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equivalent, or TEDE, concept, on whether a TEDE value of 25 rem (consistent
with latent cancer fatality), or 34 rem (consistent with latent cancer
incidence), or some other value should be used, and whether the dose criterion
should also include a "capping® limitation, that is, an additional requirement
:h:t‘tm dose to any individual organ not be in excess of some fraction of the
otal.

Basea on the comments received, there was a general consensus that the
use of the TEDE concept was appropriate, and a nearly umanimous opinion that
no organ “"capping * dose was required, since the TEDE comcept itself provided
the approoriate risk weighting for all body organs.

Wi*- >gard to the value to be used as the dose criterion, a number of
comment s received that the proposed value of 25 rem TEDE represented a
more resi- . ve criterion than the current values of 25 rem whole body and
300 rem to .ne thyroid gland. These commenters noted that the use of organ
weighting factors of 1 for the whole body and 9.03 for the thyroid (as listed
in ICRP rt 26), would yield a value of 34 rem TEDE for a whele body anc
thyroid doses of 25 and 300 rem, respectively. As noted in the discussion
accompanying the proposed rule, the Commission was aware of this argument and
noted that this represented the use of risk of latent cancer incidence, rather
than the risk of latent cancer fatality, as for the proposed rule.

After careful consideration, the Commission has decided to adopt a value
of 25 rem TEDE as the dose acceptance criterion for the final rule. The bases
for this decision follows. First, the Commission has generally based its
regulations on the risk of latent cancer fatality, rather than latent cancer
incidence. A strict numerical calculation suggests a value of 27 rem TEDE, as
noted in the discussion that accompanied the proposed rule. The Commission
concludes that a vilue of 27 rem is sufficiently close to a value of 25 rem,
and that the use of 27 rather than 25 impiies an unwarranted numerical
precision. The argument that 25 re~ TEDE represents a undue tightening of the
dose criterion, while true in theory, is not true in practice. A review of
dose analyses for operating plants has shown that the thyroid dose limit of
300 rem has been the limiting dose criterion in licensing reviews, and that
all operating plants would be able to meet a dose criterion of 25 res TEDE.
Finally, the Commission notes that the value of 25 res TEDE is currently
recommended as an acceptable dose for emergency radiation workers. While the
Commission does not, as noted above, regard this dose value as one that is
acceptable for membe s of the public under accident conditions, the Commission
concludes that it provides a useful perspective with regard to doses that
ought not to be exceeded, even for radiation workers under emergency
conditions. In adopting this value, the Commission also rejects the view,
advanced by some, that the dose calculation is merely a "reference® value that
bears no relation to what might be experienced by an actual person in an
accident. Although the Commission considers it highly unlikely, because of the
conservative assumptions made, that an aciual person would receive such a
gose, under accident conditions, it is conceivable.

The second change proposed in this area was in regard to the time period
that a hypothetical individual is assumed to be at the exclusion area
houndary. While the duration of the time period remains at a value of two
hours, the proposed rule stated that this time period not be fixed in regard
to the appearance of fission products within containment, but that various
two-hour p.riods be examined with the objective that the dose to an individual
not be in excess of 25 rem TEDE for any two-hour period after the appearance

e

S



of fissfon products within containment. The Commission proposed this change to
reflect improved understanding of fission product release into the containment
under severe accident conditions. For an assumed instantaneous release of
fission products, as contemplated by the present rule, the two hour period
that commences with the onset of the fission product release clearly results
in the highest dose to a hypothetical individual offsite. Improved
understanding of severe accidents shows that fission product releases to the
containment do not occur instantaneously, and that the dulk of the releases
may not take place for about an hour or more. Hence, the two-hour period
commencing with the onset of fission product release may not represent the
highest . - that an individual could be exposed to over any two-hour period.
As a re. the Commission proposed that various two-hour periods be examined
to assur- .t the dose to a hypothetical individual at the exclusion area
boundary «...d not be in excess of 25 rem TEDE over any two-hour period after
the onset of fission product release.

A number of comments received in regard to this proposed criterion
stated that so-called "sliding" two-hour window for dose evaluation at the
exclusion area boundary was confusing, illogical and inappropriate. Several
commenters felt it was difficult to ascertain which two hour period
representev the maximum. Others expressed the view that the significance of
such a calculation was not clearly stated nor understood. For example, one
comment expressed the view that a dose evaluated for a "sliding" two-hour
period was logically inconsistent since it impliied either that an individual
was not at the exclusion area boundary prior to the accident, and approached
close to the plant after initiation of the accident, contrary to what might be
expected, or that the individual was, in fact, located at the exclusion area
boundary all along, in which case the dose contribution received prior to the
*maximum®” two hour value was being ignored.

Although the Commission recognizys that evaluation of the dose to a
hypothetical individual over any two-huur period may not be entirely
consistent with the actions of an actual individual in an accident, the intent
is to assure that the short-term dose to an individual will not be in excess
of the acceptable value, even where there is some variability in the time that
an individual wight be located at the exclusion area boundary. In addition,
the dose calculation should not be taken too literally with regard to the
actions of a real individual, but rather is intended primarily as a means to
evaluate the effectiveness of the plant design and site characteristics in
mitigating postulated accidents.

For these reasons, the Commission is retaining the requirement, in the
final rule, that the dose to an individual located at the nearest exclusion
area boundery over any two-hour period after the appearance of fission
products im containment, should not be in excess of 25 rem tatal effeltive
dose equivalent (TEDE).

B. Site Dispersion Factors Site dispersion factors have been utilized
to provide an assessment of dose to an individual as a result of a postciated
accident. Since the Commission is requiring that a verification be made that
the exclusion area distance is adequate to assure that the guideline dose ‘o
hypothetical individual will not be 2xceeced under postulated accident )
conditions, as well as to assure that radiological limits are met under noraai
operating conditions, the Commissio. ic requiring that the atmospheric '
dispersion characteristics of the site be evaluated, and that site dispersion
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factors based upon this evaluation be determined and used in assessing
radiological comsequences of normal operations as well as accidents.

C. Low Population Zone. The present regulation requires that a low
population zene (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 serious accident. |[n
addition, the nearest densely populated center containing more than about
25,000 residents must be located no closer than one and one-third times the
outer bourdary of the LPZ. Finally, the dose te a hypothetical individual
located - “e outer boundary of the LPZ over the entire course of the
accidem not be in excess of the dose values given in the regulation.

Wh., - he Commission considers that the siting functions intended for
the LPZ, namely, & low density of residents and the feasibility of taking
protective actions, have been accomplished by other regulations or can be
accomplished by cther avidance, the Commission continues to believe that a
requirement that 1ir = “he radiological consequences over the course of the
accident provides a userul evaluation of the plant’'s long-term capability ‘o
mitigate postulated accidents. For this reason, the Commission is retaining
the reguirement that the dose consequences be evaluated at the outer bourndary
of the LPZ over the course of the postulated accident and that these not be in
excess of 25 rem TEDE.

D. Physical Characteristics of the Site It has been rrquired that
physical characteristics of the site, such as the geology, seismology,
hydrology, meteorology characteristics be considered in the design and
construction of any plant proposed to be located there. The final rule
requires that tuese characteristics be evaluated and that site paramelers,
such as design basis flood conditions or tornado wind loadings be established
for use in evaluating any plant to be located on that site in order to ensure
that the occurrence of such physical phenomena would pose nc undue hazard.

t.wwmwmw As
for natural phenomena, it has been a long-standing NRC staff practice to

review man-related activities in the site vicinity tu provide assurance that
potential hazards associated with such facilities or transportation routes
will pose no undue risk to any plant proposed to be located at the site. The
final rule codifies this piractice.

F. Adeguacy of 3ecurity Plans The rule requires that the
characteristics of the site be such that adequate security plans and measures
for the plamt could be developed. The Commission envisions that this will
entail 2 small secure area considerably smaller than that envisioned for the
exclusion area.

6. Adeguacy of Emergency Plans The rule also requires that the site
characteristics be such that adequite plans to carry out protective measures
for members of the wblic in the event of emergency could be developed.

H. Siting Away From Densely Popylated Centers

P
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Population density considerations beyond the exclusion area have been
required since issuance of Part 100 in 1962. The current rule reguires a "low
population zone® (LPZ) beyono the immediate exclusion area. ' he L?Z boundary
must be of such a size that an individual ‘ocated at its outer boundary must
not receive a dose in excess of the values given in Pa. ¢ 100 over the course
of the accident. While numerical values of population or population Censity
are nct specified for this region, the regulation also requires that the
nearest boundary of a densely popuiatnd center of about 25,000 or more persons
b located no clos2r thar one and vne-third times the LPZ outer boundary.

Part .79 has no population criteria other than the size o the LPZ and the
proxim:. . the nearest population center, but notes that “wher  very large
cities & olved, ¢ greater distance may be necessary."

Whe the exclusion area size is based upon limitation of indi.idual
risk, popu..ifon density requ rements serve to set societal .isk lTiaftations
and reflect consideration of accidents beyond the design basis, or severe
accidents. Such accidents were clearly a consideration in the oriainal
issuince of Part 100, since the St. .ement of Considerations (27 FR 3509; April
12, 1°62) noted that:

*Further, since .ccidents of greater potential hazard than those
comaonly postulated as -epresenting an upper .imit are conceivable,
although highly imprubable, it was contidered desirable to provide for
protection aga‘nst excessive exposure doses to pecile in large centers,
where effective protective measures might not be feasible... Hence, the
popu ation centev distance was added as a site requirement.”

Limitation of population density beyond the exclusior area has *he following
benefits:

(a) it facilitates esergency preparedness and planning; and

(b) it reduces potential doses to large numbers of prople and red.ces
property damsce in the event of severe accidents.

Alth_egh the Co o’ . Safetly Goal policy rrovides guidance on
individual risk 1imit. . 'n the forw of the Quantitative Health Objectives
(W0), it provides . . ru¢ with regard to societal risk limitations and
therefore cannot be ¢ scertain whether a particular population density

weuld meet the Safety ' .1.

Fowever, re:. 1ts of severe accident risk studies, particularly those
obtained from MUREG-1150 car provide useful insights fo. considering
potential criteriz for population Jensity. Severe accicents having the
highest comsequinces are those whore core-melt to?other with early bypass of
or centainmest failure occurs. Such an event would Tikely lead to a “large
rele.se® (w' thout defirming this precisely). BSased upon NUREG-1150, the
probabiiity of a core-melt accident together with early containment fzilure or
bypass for some current generation LWRs is estimated to be between IU™ and
10 per reactor year. For future plants, this value is expected to be less
than 10 per reactor year.

If a reactor was located nearer tu a iarge city than current NRC
pructice perwitted, the 1ikelihood of exposing a large number of people t
significant releases of radinactive material would be about the same as the
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urg‘bcbﬂity of 2 core-melt and early containment failure, that is, less than
107 per reactor year for future reactor designs. It is worth noting that
events having the very low 1ikelihood of ubout 10™ per reactor year or lower
have been regarded in past licensing actions to be *incredible®, and as such,
have not been required to be incorporated into the design basis of the plant.
Hence, based solely upon accident likelihood, it might be argued that siting a
r:a:tor nearer to a large city than current NRC practice uo;?d pese no undue
risk.

If, however, a reactor were sited away from large cities, the 1ikelihood
of the ci*v being affected would be reduced because of two factors. First,
because - ind {s expected to blow in all directions with hly ‘he same
frequen: ¢ 1ikelihood that radicactive material would ac:mly be carried
towards ity is reduced significantly because it 1s 1'kely that the wind
will blow in a direction away from the city. Second, the radiological dose
consequences wou'd also be reduced with distance because the radioactive
material becomes increasingly diluted by the ztmosphere and the inventcry
becomes depleted due te the natural processes ¢f fallout and rainout before
reaching the city. Analyses indicate that if a reactor were located at
distances ranging from 10 to about 20 miles away from a city, depending upon
its size, the 1ikelihood of exposure of large numbers of people within the
city would bs reduced by factors of ten Lo one hundred or more compared with
locating a reactor very close to a city.

In summary next-generation reactors are expected to have risk
characteristics s “ficiently low that the safety of the public is reasonably
assured by the reac.or and plant design and operation itself, resulting in a
very low 1ikelihood of occurrence of a severe accident. Such a plant can
satisfy the QHOs of the Safety Goal with a very small exclusion area distance
(as Tow as 0.1 wiles). The conseguences of design basis accidents, amnalyzed
using revised source terms and with a realistic evaluation of engineered
safety features, are likely to be found acceptable at distances of 0.25 miles
or less. With r» rd to population density beyond the exclusion area, siting
a reactor closer to a densely populated city than is current NRC practice
would pose a very low risk to the populace.

Nevertheless, the Commissirn concludes that defense-in-depth
considerations and the additions.| enhancemest in safety to be gained by siting
reactors away from densely pordlated center. should be maintaired.

The Commission 1« incorporating a two-tier approach with regard to
population density and reactor sites. The rule requires that reactor sites be
located away from very densely populated centers, and that areas of low
population density zre, generally, preferred. The Commission believes that a
site not failing within these two categories, although not preferred, can be
found acceptable under certain conditions.

The Commission is not establishing specific numerical criteria for
evaluation of population density in siting future -eactor facilities because
the acceptability of a specific rite froa the standpoint of population density
musi be considered in the overall co~text of safety and environmental
considerations. The Commission’s intent is to assure that a site tha. has
significant safety, environmental or economic advantages is not rejected
solely because it has a higher population density than other available sites.
Population density is but one factor that must be balanced against the other
advantages and disadvantages of a particular site in determining the site’s
acceptability. Thus, it must be recognized that sites with higher population
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density, so long as they are located away from very densely populated centers,
can be approved by the Commission if they present advantages in terms of other
considerations applicable to the evaluation of proposed sites.

On April 28, 1977, Free Environment, inc. et. al., filed a petition for
rulemaking (PRM-50-20) reyuesting, among other things, that "the central lowa
nuclear project and other reaciors be sited at least 40 wiles from major
population centers.” The petitioner also stated that "locating reactors in
sparsely-populated areas ...has been endorsed in non-binding NRC guidelines
for reactor siting." The petitioner d'd not specify wiat constituted a major
population center. The only NRC guidelines concerning population density in
regard te  -ictor siting are in Regulatory Guide 4.7, issued in 1974, and

revised ‘S, prior to the date of the petition. This guide states
populati. sity values of 500 persons per square mile out to a distance of
30 miles . - « the reactor, not 40 miles.

Regulatory Guide 4.7 dces provide effective separation from population
centers of various sizes. Under this guide, a population center of about
25,000 or more residents should be no closer than & miles (6.4 km) from a
reactor because a density of 500 persons per scuare mile within this distance
would yield a total population of about 25,000 persons. Similarly, a city of
100,000 or more residents should be no closer than about 10 miles (16 km); a
city of 500,000 or more persons should be no cioser than about 20 miles (32
km), and a city of 1,000,000 or more persons should be no cleoser thia about 30
miles (50 km) from the reactor.

The Commission has examined these guidelines with regard to the Safety
Goal. The Safety Goal guantitative health objective in regard to latent
cancer fatality states that, within a distance of ten miles (16 ka) from the
reactor, the risk to the population of latent cancer fatality from nuclear
power plant operation, including accidern.s, should not exceed one-tenth of one
percent of the likelihood of latent cancer fatalities from all other causes.
In additior to the risks of latent cancer fatalities, the Commission has also
investigated the 1ikelihood and extent of land contamination arising from the
release of long—lived radicactive species, such as cesium-137, in the event of
a severe reactor accident.

The results of these analyses indicate that the latent cancer fatality
quantitative health objective noted above is met for current plant designs.
From analysis done in support of this proposed change in regulation, the
likelihood of permanent relocation of people located more than aboy” 20 miles
(32 km) from the reactor as a result of land contamination from a severe
accident is very low. A revision of Regulatory Guide 4.7 which incerporated
this finding that population density guidance beyond 20 miles was nct needed
in the evaluat.. ' of potential reactor sites was issued for comment at the
time of the proposed rule. No comments were received on this aspect of the

uide.
’ Therefore, the Commission concludes that the NRC staff guidance in
Regulatory Guide 4.7 provide a means of locating reactors away from population
centers, including *major® population centers, depending upon their size, taat
would 1imit societal consequences significantly, in the event of a severe
accident. The Commission finds that gramting of the petitioner’s request to
specify population crite-‘a out to 40 aii.s would not substantially reduce the
risks to the public. As noted, the Cuo ission also believes that a higher
population dersity site could be found iv be acceptable, compared to a lower
population density site, provided there were safety, environmental or econom:c
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advantages to the higher pupulation site. Granting o’ .he petitioner’s
request would no,loct this possibility and would make population density the
sole criterion of site acceptability. For these reasons, the Commission has
decided not to adopt the proposal by Free Environment, Incorperated.

The Commission also notcs that future population growth around a nuclear
power plant site, as in other areas of the region, is expected but cannot be
predicted with great accuracy, particularly in the long-term. Population
growth in the site vicinity will be periodically factored ints the emergency
plan for the site, but since higher population density sites are not
unacceptable, per se, the Commission does not intend to consider license
conditior. -~ restrictions upon an operating reactor solely upon the basis
that the ation dernsity around it may reach or exceed levels that were not
expected ‘e time of site approval. Finally, the Commission wishes to
emphasize . population considerations as well as other siting requirements
apply only for the initial siting for new plants and will not be used in
:valuating applications for the renewal of existing nuclear power plant

fcenses.

Change to 10 CFR Part 50

The change to 10 CFR Part 50 relocates from 10 CFR Part 100 the dose
re direments for each applicant at specified distances. Because these
recuirements affect rcactor design rather than siting, they are more
appropriately located in 10 CFR Part 50.

These requirements apply to future applicants for a construction permit,
design certification, or an operating Ticense. The Commission will consider
after further experience in the review of certified designs whether more
specific requirement - need to be developed regarding revised accident source
terms and severe accident insights.

B. Seismic and E:+ '“wake Engineering Criteria.

The following major changes to Appendix A, "Seismic and Geologic Siting
Criteria for Nuclear Power Plants to 10 CFR Part 100, are associated with
the seismic and earthquake engine ing criteria rule making. Thesc changes
reflect new information and research results, and incorporate the intentions
of this regulatory action as defined in Section III of this rule. Much of the
following discussion remains unchanged from that issued for public comment (59
FR 52255) because there were no comments which necessitated a major change to
the regulations and supporting documentation.

1. Separate Siting from Design.

Criteria not associated with site suitabilicy ov establishment of the
Safe Shutdows Earthquake Ground Motion (SSE) have been placed into 10 CFR Part
50. This action is consistent with the location of other design requirements
in 10 CFR Part 50. Because the revised criteria presented in the regulation
will not be applied to existing plants, the licensing basis for existing
nuclear power plants must remain part of the reguiations. The criteria on
seismic ind geologic siting would be designated as a new Section 100.23 to
Subpart B in 13 CFR Part 100. Criteria on earthquake engineering would be

wh
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designated as a new Appendix S, “Earthquake Engineering Criteria for Nucl
Power Plants,* to 10 CFR Part 50. = - "9 oF Wuciear

2. Bemove Detailed Guidance from the Regylation.

Appendix A to 10 CFR Part 100 contains both requirements and guidance on
how to satisfy the requirements. For example, Section IV, “Required
Investigations,® of Appendix A, states that investigations are required for
vibratory ground motion, surface faulting, and ssismically induced floods and
water wave-  Appendix A then provides detailed guidance on what constitutes
an accep* investigation. A similar situation exists in Section V¥,
*Seismic eologic Design Bases," uf Appendix A.

Gec ce assessments require considerable latitude in judgment. This
latitude in Judgment is needed 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 appears to have been recognized when the
existing regulation was developed. The existing regulation states that it is
based on limited geophysical and geclogical information and wi'l 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 latitude in judwent. Also, it has inhibited flexipility in
applying basic principles to new situations and the use of evolving methods of
analyses (for instance, probabiiistic) in the licensing process.

The final regulation is streamlined, becoming 2 new section in Subpart B
to 10 CFR Part 100 rather than a new appendix to Part 100. Also, the level of
detail presented in the final regulation is reduced considerably. Thus, the
final regulation contains: »' required definitions, b) a requirement to
determine the geological, seismological, and engineering characteristics of
the prrnosed site, and c) requirements to determine the Safe Shutdown
Earthquake Ground Motion (SSE), to determine the potential for surface
deformation, and to determine the design bases for seismically induced flor”s
and water waves. The guidance documents describe how to carry out these
required determinations. The key eiements of the approach to determine the
SSE are presented in the following section. The elements are the guidance
that is described in Regulatory Guidel.165, "ldeantification and
Characterization of Seismic Sources and Determination of Safe Shutdown
Earthquake Ground Motions.*

3. Umcertaipties and Probabilistic Methods

The existing approach for determining a Safe Shutdown Earthquake Ground
Motion (SSE) for a nuclear reactor site, embodied in Appendix A to 10 CFR Part
100, relies on a "deterministic® approach. Using this deterministic approach,
an applicant develops a single set of earthquake sources, develops for each
source » postulated earthquake to be used as the source of ground motion tpat
can affect the site, locates the postulated sarthquake 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
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to be suitably conservative, the approach has not explicitly recognized
uncertainties in geosciences parameters. Because of uncertainties about
earthguake phenomena (especially in the eastern United States), there have
often been differences of opinion and differing interpretztions among experts
as to the largest earthquakes to be considered and ground-motion models to be
used, thus often making the licensing process relatively unstable.

Over the past cecade, analysis methods for incorporating these different
interpretations have been developed and used. These "probabilistic® methods
have been designed to allow explicit incorporation of different models for
zonation, °:rthquake size, ground motion, and other parameters. The advantage
of using » probabilistic methods is their ability to not only incorporate
differen: Is and different data sets, but also to weight them using judg-
ments as - ‘¢ validity of the different models and data sets, and thereby
providing an explicit expression for the uncertainty in the ground mtion
estimates and a means of assessing sensitivity to various input parascters.
Another advantage of the probabilistic method is the target exceedance
probability is set by examining the design bases of more recently licensed
nuclear power plants.

The final regulation explicitly recognizes that there are inherent
uncertainties in establisting the seismic and geologic design parameters and
allows for the option of using a probabilistic seismic hazard methodology
capable of propagating uncertainties as 2 means to address these
uncertainties. The rule further recognizes that the nature of uncertainty and
the appropriate approach to account for it depend greatiy on the tectonic
regime and parameters, such as, the knowledge of seismic sources, the
existence of historical and recnrded dats, and the understanding of tectonics.
Therefor>, methods other than the probabilistic methods, such as sensitivity
analyses, may be adequate for some sites to account for uncertainties.

Met iods acceptable to the NRC staff for implementing the regulation are
describe? in Regulatory Guide 1.165, "ldentification and Characterization of
Seismic sources and Determination of Safe Shutdown Earthquake Ground Motion."
The ke, elements of this approach are:

- Conduct site-specific and regional geoscience investigations,

- Target exceedance probability is set by examining the design bases
of more recently licensed nuclear power plants,

- Conduct probabilistic seismic hazard analysis and determine ground
motion level corresponding to tne target exceedance probability

- Determine if information from the regional and site geoscience

~ investigations change probabilistic results,
- Determine site-specific spectral shape and scale this shape to the
motion leve: determined above,

- NRC staff review using all available data including insights and
information from previous licensing experience, and

- Update the data base and reassess probabilistic r-thods at least
every ten years.

Thus, the approach requires thorough regioral and site-specific geoscience
investigations. Results of the regional and site-specific investigations
must be considered in applications of the probabilistic method. The current
srobabilistic methods, the ARC sponsored stvdy conducted by Lawrence Livermore
National Laboratory (LLNL) or the Electric Power Research Institute (EPRI)
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seismic hazard study, are regional studies without detailed information on any
specific location. The regional and site-specific investigations provide
detailed information to update the database of the hazerd methodology as
necessary.

It is aisc necessary to incorporate local site geological factors such
as structural geology, stratigraphy, and topography and to account for site-
specific geotechnical properties in establishing the design basis ground
motion. In order to incorporate local site factors and advances in ground
motion attenuation models, ground motion characteristics are determined using
the proce~ -es outlined in Standard Review Plan Section 2.5.2, “"Vibratory
Ground M .* Revision 3.

T staff’'s review approach to evaluate ground motion estimates is
describe- SRP Section 2.5.2, Revision 3. This review takes into account
the informaii0a base developed in licensing more than 100 plants. Although
the basic premise in establishing the target exceedance probability is that
the current design levels are adequate, a staff reviexw further assures that
there is consistency with previous licensing decisions and that the scientific
bases for decisions are clearly understood. This review approach will also
assess the fairly complex ro?ional probabilistic modeling, which incorporates
multiple hypotheses and a multitude of parameters. Furthermore, the NRC
staff s Safety Evaluation Report should provide a clear basis for the staff’s
decisions and facilitate communication with nonexperts.

4. Safe Shytdown Earthouake.

The existing regulation (10 CFR Part 100, Appendix A, Section
V(a)(1)(iv)) states "The maximum vibratory accelerations of the Safe Shutdown
Earthquake at each of the various foundation locations of the nuclear power
plant structures at a giver ,ite shall be determined ..." (he location of the
seismic input motion control point as stated in the existing regulation has
led to confrontations with many applicants that believe this stipulation is
inconsistent with good engineering fundamentals.

The final regulation moves the location of the seismic input motion
control point from the four“ation-level to the free-field at the free ground
surface. The 1975 version of the Standard Review Plan placed the control
motion in the free-field. The final regulation is also consistent with the
rcolution of Unresolved Safety Issue (USI) A-40, *Seismic Design Criteria®
(August 1989), that resulted in the revision of Standard Review Plan Sections
2.5.2, 3.7.1, 3.7.2, and 3.7.3. The final regulation also requires that the
horizontal component of the Safe Shutdown Earthquake Ground Motion in the
free-field at the foundation level of the structures must be an appropriate
response spectrum considering the site geotechnical properties, with a peak
ground acceleration of at least 0.lg.

5. Yalue of the Operating Basis fartnguake Ground Motion (OBE) and

The existing regulation (10 CFR Part 100, Apperdix A, Section ¥(a)(2))
states that the maximum vibratory ground motion of the OBE is at least one
half the maximum vibratory ground motion of the Safe Shutdown Earthquake
ground motion. Also, the existing regulation (10 CFR Part 100, Appendix A,
Section Vi(a)(2)) states that the engineering method used to insure that
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structures, systems, and components are capabie of withstanding the effects of
the OBE shall involve the use of =ither a suitible dynamic analysis or a
suitable qualification test. In some cases, for instance piping, these
multi-facets of the OBE in the existing regulation made it possible for the
OBE to have more design significance than the SSE. A decoupling of the OBE
and SSE has been suggested in several documents. For instance, the NRC staff,
SECY-79-300, suggested that a compromise is reguired between design for a
broad spectrum of unlikely events and optimum design for normal operation.
Derign for a single limitin- event (the SSE) and inspection and evaluation for
earthquakes in excess of ¢« . specified limit (the OBE), when and if they
occur, ®: 2 the most sou. - regulatory approach. NUREG-106]1, "Report of the
U.S. Nu Regulatory Commission Piping Review Committee,” Vol.5, April
1985, ( . 0.1) ranked a decoupling of the OBE and SSE as third out of six
high pric  / changes. In SECY-90-016, "Evolutionary Light Water Reactor
(LWR) Certification Issues and Their Relation: ip to Current Regulatory
Requirements,” the K°C staff states that it agrees that the OBE should noc
control the design of safety systems. Furthermore, the final safety
evaluation reports related to the certification of the System 80+ and the
Advanced Boiling Water Reactor design (NUREG-1462 and NUREG-1503,
respectively) have already adopted the single earthquake design philosophy.

Activities 2quivalent ‘o OBE-SSE decoupling are also 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 final regulation allows the value of the OBE to be set at (i)
one-third or less of the SSE, where OBE requirements are satisfied without an
explicit response or design analyses being performed, or (ii) a value greater
than one-third of the SSF, where analysis and design are required. There are
two issues the applicant should consider in selecting the value of the OBE:
first, plant shutdown is required if vibratory gro. d motion exceeding that of
the OBE occurs (discussed beiow in Item 6, Required Plant Shutdown), and
second, the amount of analyses associated with the OBE. An applicant may
determine that at one-third or the S$S% level, the probability of exceeding the
OBE vibratory ground motion is too high, and the cost associated with plant
shutdown for inspections and testing of equipment and structures prior to
restarting the plant is unacceptable. Therefore, the applicant may
voluntar??y select an OBE value at some higher fraction of the SSE to avoid
plant shutdowns. However, if an applicant selects an OBE value at 2 fraction
of the SSE higher than one-third, a suitable analysis shall be performed to
demonstrate that the requirements associated with the OBE 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 continued operation without undue risk to the health
and safety of the public shall remain functional and within applicable stress,
strain and deformation 1imits when subjected to the effects of the OBE in
combination with normal operating loads.

As stated above, it is determined that if an OBE of one-third or less of
the SSE is used, the requirements of the OBE can be satisfied without the
applicant performing any explicit response analyses. In this case, the OBE
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serves the function of an inspection and shutdown earthquake. Some minimal
design checks and the applicability of this position to seismic base isolation
of buildings are discussed below. There is high confidence that, at this
ground-motion Tevel with other postulated concurrent loads, most critical
structy ‘e, systems, and components will not exceed currently used design
limits. "5 is ensured, in part, because PRA insights will be used to
suppert a margins-type assessment of seismic events. A PRA-based seismic
margins analysis will consider sequence-level High Confidence, Low Probability
of Failures (MCLPFs) and fragilities for all sequences leading to core damage
or conta‘-=ent failures up (o approximately one and two-thirds the ground
motion a sration of the design basis SSE (Reference: Item II.N, Site-
Specific ibilistic Risk Assessment and Analysis of External Events,

REMOT ANG & Samuel J. Chilk to James M. Taylor, Subject: SECY-93-087 -
Policy, Te. nical, and Licensing Issues Pertaining to Evolutionary ind Advance
Light-Water Reactor (ALWR) Designs, dated July 21, 1993).

. There are situations associated with current analyses where only the OBE
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. Section VII of this final rule
identifies existing guides that would be revised technically to maintain the
existing design philosophy.

In SECY-93-087, "Policy, Technical, and Licensing Issues Pertaining to
Evolutionary and Advance Light-Hater Reactor (ALWR) Designs,” the NRC staff
requested Commission approval on 42 tachnical and pelicy issues pertaining to
either evolutionary LWRs, passive LWRs, or both. The issue pertaining to the
elimination of the OBE is designated I.N. The MRC staff identi’ied actions
necessary for the design of structures, systems, and components when the OBE
design requirement is eliminated. The staff clarified that guidelines should
be maintained to ensure the functionality of components, equipment, and their
supports. In addition, the staff clarified how certain design requiremen’s
are to be considered for b011din?s and structures that are currently designed
for the OBE, but not the SSE. Also, the NRC staff has evaluated the effect on
safety of eliminating the OBE from the design load combinations for selected
structures, systems, and components and has developed proposed criteria for an
analysis using only the SSE. Commission approval is documented in the Chilk
to Taylor memorandum dated July 21, 1993, cited above.

More than one earthquake response analysis for a seismic base isolated
nuclear power plant design may be necessary to ensure adequate performance at
all earthquake levels. isions pertaining to the response analyses
associated with base isclated facilities will be handled on a case by case
basis.

6. Reguired Plant Shytdown.

The current regulation (Section V(a)(2)) states that if vibratory ground
motion exceeding that of the OBE occurs, shutdown of the nuclear power plant
¥i11 be required. The supplementary information to the final regulation
(published November 13, 1973: 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 imposed under Section V(2) of Appendix A to 10 CFR Part 100. This
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limitation requires that if vibratory ground motion exceeding that of the OBE
occurs, shutdown of the ruciear 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 t) *hose features necessary
for continucd operation without undue risk to the health and safety of the
public.® At that time, it was the intention o the Commission to treat the
OBE as 2 limiting condition of operation. From the statement in the
Supplementary Information, the Commission directed applicants to specifically
review 10 CFR Part 100 to be aware of this intentivn in complying with the
requirese *s of 10 CFR 5C.36. Thus, the requirement to shut down if an OBE
occurs «°  ‘pected to be implemented by being included among the technical
specifi s submitted by appiicants afier the adoption of Appendix A. In
fact, a- .ats did not include OBE shutdown requirements in their technical
specifica. .ns.

The final regulation treats plant shutdown associated with vibratory
ground motion exceeding the OBE or significant plant damage as a condition in
ever; operating license. A new §50.54(ff' is added to the regulations to
require a process leading to plant shutdown for licensees of nuclear power
plants that comply with the earthquake engineering criteria in Paragraph
IV(a)(3) of Appendix S, "Earthquake Emgineering Criteria for Nuclear Power
Plants,® to 10 CFR Part 50. Immediate shutdown could be required untii it is
determined that stri.cures, systems, and components needed for safe shutdown
are still functional.

Pegulatory Guide 1.166, "Pre-t«rthquake Planning and Immediate Nuclear
Power Plant 7perator Post-Earthquake Actions,® provides guidance acceptable to
the NRC staff for determining whether or not vibratory ground motion exceeding
the OBE ground motion or significant plant damage h.d occurred and the timing
of nuclear power plant shutdown. The guidance is based on criteria developed
by the Electri- Power Research Institute (EPRI). The decision to shut down
the plant shoi .d be made by the licensee within eight hours after the
earthquake. 'he data from the seismic instrumentation, coupied with
information obtained from 2 plant walk down, are used to make the deterwina-
tion of when the plant should be shut down, if it has not already been shut
down by operational perturbations resulting from the seismic evens. The
guidance in Regulatory Guide 1.166 is based on two assumptions, first, 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, and second, that the operator walk down inspections can oe
performed in approximately four to eight hours depending on the number of
personnel conducting the inspection. The regulation also includes a provision
that requires the licensee to consult with the Commi:sion and to propose a
plan for the timely, safe shutdown of the nuclear power plant if systems,
structures, or components necessary for a safe shutdown or to waintain a safe
shutdown are not available. (This unavailability may be due to earthquake
related damage.)

Regulatory Guide 1.167, "Restart of 2 Nuclear Power Plant Shut Down by a
Seismic Event,® provides guidelines that are acceptable to the NRC staff for
performing inspections and tests of nuclear power plant equipment and
structures prior to plan. restart. This guidance is also based on EPRI
reports. Prior to resuming operations, the licensee must 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
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public. The results of post-shutdowr inspections, operability checks, and
surveillance tests must be documented in written reports and submitted to the
Director, Office of Nuclear Reactor Regulation. The licensee shall not resume

operation until authorized to do so by the Director, Office of Nuclear Reactor
Regulation.

7. Clarify interpretations.

Section 100.23 to 10 CFR Part 100 resolves questions of interpretation.
As an exz=~le, definitions and required investigations stated in the final
regulat’ » not contain the phrases in APpendix A to Part 100 that were more
applicac only the western part of the United States.

Te :itutional definition for "safety-related structures, systems,
and comp. - .3" is drawr from Appendiz A to Part 100 under IIl(c) and VI(a).
With the relocation of tae earthquake engineering criteria to Appendix S to
Part 50 and the relocation and modification to dose guidelines in
$50.34(a) (1), the definition of safety-related structures, systems, and
components is included in Part 50 definitions with references to both the Part
100 and Part 50 dose guidelines.

¥I. Related Regulatory Guides and Standard Review Plan Sections

Tha NRC is developing the following regulatory guides and standard
review plan sections to provide prospective 1icensees with the necessary
guidance for implementing the final regulation. The notice of availability
for these materials will be published in a later issue of the federal

1. Regulatory Guide 1.165, "Identification and Characterization of
Seismic Sources and Determination of Shutdown Earthquake Ground Motions.® The
guide provides general guidance and recommendations, describes acceptable
procedures and provides a l1ist of references that present acceptable
methodologies to identify and characterize capable tectonic sources and
seismogenic sources. Section V.B.3 of this rule describes the key elements.

2. Regulatory Guide 1.12, "Nuclear Power Plant Instrumentation for
Earthquakes,® Revision Z. The guide describes seismic instrumentation type
and location, operability, characteristics, installation, actuation, and
saintenance that are acceptable to the NRC staff.

3. Regulatory Guide 1.166, "Pre—Earthquake Planni and Immadiate
Nuclear Power Plant Operator Post—£farthquake Actions.® 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 reguired.

4. Regulatory Guide 1.167, "Restart of a Nuclear Power Plant Shut Down
by a Seismic Event.® The guide provides guidelines that are acceptable to the
NRC staff for performing inspections and tests of nuclear power plant
equipment and structures prior to restart of a plant that has been shut down
because of a seismic event.

§. Standard Review Plan Section 2.%.1, Revision 3, "Basic Geologic and
seismic Information.* This SRP Section describes procedures to assess the
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adequacy of the logic and seismic information cited in support of the
applicant's conclusions concerning the suitability of the plant site.

6. Standard Review Plan Section 2.5.2, Revision 3 *Vibratory Ground
Motion.* This SRF Section describes procedures to assess the ground motion
gg:enthl of seismic sources at the site and to assess the adequacy of the

7. Standard Revieu Plan Section 2.5.3, Revision 3, *Surface Faulting.*
This SRP Section describes procedures to assess the adequacy ~f the
applicant’'s submittal related to the existence of 2 potential for surface
faulting «+ “ecting the site.

8. Jatory Guide 4.7, "General Site Suitability Criteria for Nuclear
Power P * Revision 2. This guide discusses the major site
characte- cs relaied to public health and safety and environmental issues
that the nil staff considers in determining the suitability of sites.

VII. 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 as final guides without public ccament subsequent
to the publication of the final regulations.

The following regulatory guides will be revised to incorporate editorial
changes, for example to reference new sections to Part 100 or Appendix § to
Part 50. No technical changes will be made in these regulatory guides.

1. 1.57, "Design Limits and Loading Combinations for Metal Primary
Reactor Containment System Components.”®

1.59, "Design Basis Floods for Nuclear Power Plants.®

1iso. *Design Response Spectra for Seismic Design of Muclear Power
Plants.*

1.83, "Inservice Inspeciion of Pressurized Water Reactor Steam
Generator Tubes.®

1.92, "Combining Modal Responses and Spatial Compunents in Seismic
Response Aralysiz.*

1.102, "Flood Protection for Nuclear “ower Plants.”

1.121, "Bases for Plugging Degraded PWR Steam Gene:ator Tubes.®
1.122, "Nevelopment of Floor Design Response Spectra for Seismic
Desigr u¢ “loor-Supported Enuipment or Components.®

o~ o u -~ wrn
- . . - - - -

1 » following regulatory guides will be revised to update the design or
analysis philosophy, for example, to change OBE to a fraction of the SSE:

» 1.27, *Ultimats Heat Sink for Muclear Power Plants.®

2. 1.100, *Seismic Qualification of Electric and Mechanical Equipment
for Nuclear Power Plants.*

3. 1.124, *Service Limits and Loading Combinations for Class 1
LinearType Component Supports.®

4. 1.130, *Service Limits and Loading Combinations for Class 1 Plate-
and-Shel1-Type Componen! Supports.”
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:illi, *Site Investigations for Foundations of Nuclear Power

ants.*

6. 1.138, “"Laboratory Investigations of Soils for Engineering
Analysis and Design ~ Nuclear Power Plants.®

7. 1.142, "Safety-Relatea Concrete Structures for Nuclear Power
Plants (Other than Reactor Vessels and Containments).®

8. 1.143, "Design Guidance for Radiocactive Waste Management Systems,

Structures, and Components Installed in Light-WaterCooled Nuclear

Power Pl.onts.”
¥ nd conformirg changes tc other Regulatory Guides and standard
review actions as a result of changes in the nonseismic criteria are
also plea~. If substantive changes are made Juring the revisions, the

applicabie juides will be issued for public comment as draft guides.

VIII. Referenced Documsnts

An interesied person may examine or obtain copies of the documents
referenced in this rule as set out below.

Copie of NUREG-0625, NUREG-1061, NUREG-1150, NUREG-1451, WUREG-1462,
NUREG-1503, and NUREG/CR-2239 may be purchased from the Superintendent of
Documents, U.S. Government Printing Office, Mail Stop SSOP, Washington, DC
20402-9328. Copies are aiso available from the National Technical Information
Service, 5285 Fort Royal Road, Springfield, VA 22161. A copy is also
available for inspection and copying for a fee in the NRC Public Document
Room, 2120 L Street, W. (Lower Level), Washington, DC.

Copies of issued regulatory guides may be purchased from the Government
Printing Office (GPO) at the current GPO price. Information on current GPO
prices may be obtained by contacting the Superintendent of Documents, U.S.
Government Printing Office, Mail Stop SSOP, Washington, DC 20402-9328.

Issued guides may also be purchased from the National Technical Information
Service on a standing order basis. Details on this service may be obtained by
writing NTIS, 5826 Port Royal Road, Springfield, VA (216l.

SECY 76-300, SECY 90-016, SECY 93-087, and WASH-1400 are available for
inspectior and copying for a fee at the NRC Public D¢/ :ent Room, 2120 L
Street, NW. (Lower Level), Washington, DC.

IX. Sumsary of Comments on the Proposed Regulations.

A. Recactor Siting Criteria (Nonseismic).

Eight organizations or individuals commented on the nonseismic aspects of.the
secon. proposed revisfon. The first proposed revision {ssued for comment in
{ o_er 1992 elicited strong comments in regard to proposed numerical values
of population density and a minimum distance to the exclusion area boundary
(EAB) in the rule. The second proposed revision would delete these from the
rule by provicing guidance on population density in a Regulatory Guide and

.
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determining the distance to the EAB and LPZ by use of source term a«nd dose

calculaticns. The rule would contain basic site criteria, without any
numerical values.

Several commentors representing the nuclear industry and international nuclear
organizations stated that the second proposed revision was a significant
improvement over the first proposed revision, while the only public interest
group commented that the NRC had retreated from decoupling siting and design
in response to the commen.s of foreign entities.

Most comr~ on the second proposed revision centered on the use of total

effectiv equivalert (TEDE), the proposed single numerical dose

acceptar terion of &5 rem TEDE, the evaluation of the maximum dose in any

:o-:::r .- ad, and the question of whether an organ capping dose should be
opted.

Virtually all commentors supported the concent of TEDE and its use. However,
ther: were diffe-ing views on the proposed numerical dose of 25 rem and the
preposed use of the maximum two-hour period to evaluate the dose. Virtually
all industry comrenters feit that the proposed numerical value of 25 rem TEDE
was too low and that it represented a “"ratche.® since the use of the current
dose criteria plus organ weighting factors would suggest a value of 34 rem
TEDE. In addition, all industry commenters believed the “sliding” two-hour
window for dose evaluation to be confusing, 11logical and inappropriate. They
favored a rule that was based upon a twd hour period after the onset of
fission product release, similar in concept to the existing rule. All
industry commenters opposed the use of an organ capping dose. The only public
interest group that commented did not object to the use of TEDE, favored the
proposed dose value of 25 rem, and supported an organ capping dose.

B. Seismic and Earthquake Engineering Criteria.

Seven letters were received addressing either the regulations or both
the regulations and the draft guidance documents identified in Section VI
(except DG-4003). An additional five letters were received addressing only
the guidance d(cuments, for a total of tweive comment letters. A document,
*Resolution of Public Comments on the Proposed Seismic and Earthquake
Engincering Criteria for Muclear Power Plants,” is available explaining the
NRC's Cisposition of the comments received on the regulations. A copy of this
document has been placed in the NRC Public Document Ro'w, 2120 L Street N.
(Lower Level), Washington, DC. Single copies are avai.uble from Dr. Andrew J.
Murphy, Office of Nuclear Regulatory Research, U.3. Nuclear Regulatory
Commission, Washington, DC 20355, telephone (301) 415-6010. A second
document, "Resolution of Public Comments on Draft Regulatory Guides and
Standard Review Plan Sections Pertaining to the Proposed Seisaic and
Earthquake Engineering Criteria for Nuclear Power Plants,® will expiain the
NRC's disposition of the comments received on the guidance documents. The
Federal Register notice awnouncing the avaliability of the guidance documents
will also discuss how to obtair copies of the comment resolution document.

A summary of the major comments on the proposed regulations follows.

wnplen
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Suppiemental Information

Section I11, Genesis (Application)

The Department of Energy (0ffice of Civilian Radicactive Waste
Management ), requests an explicit statement whether or not Section 100.23 to
Part 100 applies to the Mined Geologic Disposal System (MGDS) and a Monitored
Retrievable Storage (MRS) facility. The NRC has noted in NUREG-1451, "Staff
Technical Position on Investigations to Identify Fault Displacem'nt Hazards
and Seis» Hazards at a Geologic Respository,” that Appendix A to 10 CFR Part
100 does apply to 2 geologic repository. NUREG-145]1 also notes that the
contemp ~evisions to Part 100 would also not be applicable to a geologic
reposite- section 72.102(b) requires that, for an MRS located west of the
Rocky Mou. - .n front or in areas of known potential seismic activity in the
;Mt. ::e seismicity be evaluated by the techniques of Appendix A to 10 CFR

art 100.

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 Waste Produced by the Extraction or
Concentration of Source Material from Ores Processed Primarily for Their
Source Material Content,® Section I, Criterion &(e), and (2) Part 72,
*Licensing Requirements for the Independent Storage of Spent Nucla2ar Fuel and
High-Level Radioactive Waste,” Paragraphs (a)(2), (b) and (f)(1) of §72.102.

The referenced applicability of Section 100.23 to other than power
reactors, if considered appropriate by the NRC, would be & separate
rulemaking. That rulemaking would clearly state the applicability of Section
100.23 to an MRS or other facility. In addition, NUREG-145] will remain the
NRC staff technical position on seismic siting issues pertaining to an MGDS
until it is superceded through a rulemaking, revision of NUREG-1451, or other
appropriate mechanisam.

Section V(B)(5), *Yalue of the Operating Basis Earthquake Ground Motion (OBE}
and Required OBE Analysis.”

One commentor, ABB Combustion Engineering Nuclear Systems, specifically
stated that they agree with the NRC's proposal to not require expiicit design
analysis of the OBE ‘f its peak acceleration is less than one-third of the
Safe Shutdown EarChquake Ground Motion (SSE). The only negative comments,
from C.C. Slagis Associates, stated that the proposed rule in the area of
required OBE analysis is not sound, not technically justified, and not
appropriate for the design of pressure-retaining components. The following
are specific comments (1imited to the design of pressure-retaining components
to the ASME Boiler and ~ essure Vesse! Section III rules) that pertain to the
supplemental information to the proposed regulations, item ¥(B)(5), "VYalue of
the Operating Basis Earthquake Ground Mction (OBE) and Required OBE Analysis.”

(1) Disagrees with the statement iy SECY-79-300 that cesign for a single
limiting event and inspection and evaluation for earthquakes in excess of some
specified 1imit may be the most sound regulatory approach. 't is not feasible
to inspect for cyclic damage to all the pressure-retaining components.

-
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Visually inspecting for permanent deformation, or leakage, or failed component
supports is certainly not adequate to determine cyclic damage.

The NRC agrees. Postearthquake inspection and evaluation guidance is
described in Regulatory Guide 1.167 (Draft was DG-1035), "Res*art of a Nuclear
Power Plant Shut Down by an Seismic Event.® The guidance is not limited to
visual inspections; it includes inspections, tests, and analyses including
fatigue analysis.

(2) Disagrees with the NRC statement in SECY-U90-016 that the OBE should
not control design. There is a problem with the present requirements.
Requiring - ign for five OBE events at & SSE is unrealistic for most (all?)

sites anc ires an excessive and unnecessary number of seismic supports.
The solu s to properly define the OBE magnitude and the number of events
erpected . g the 1ife of the plantand to require design for that loading.

OBE may or -.y not control the design. But you cannot assume, before you have
the seismicity defined and before you have a component design, that OBE will
not govern the design.

The NkC has concluded that design requirements based on an estimated OBE
maguitude at the piant site and the number of events expected during the plant
life will lead to low design values that will not control the design, thus
resulting in unnecessary analyses.

(3) It is not technically justified to assume that Section III
components will remain within applicable stress limits (Level B (imits) at
one-third the SSE. The Section II! acceptance criteria for Level D (feor an
SSE) is completely different than that for Level B (for an OBE). The Level D
criteria is based on surviving the extremely-low probability SSE load. Gross
stiuctural deformations ars -~ossible, and it is expected that the component
will have tu be r 7 azed. Cyciic z7fects are rot considered. The cyclic
affects of the repeated earthquakes have to be considered i the design of the
component to ensure pressure bcundary integrity throughout the 1ife,
especially if the SSE can occur after the lower level earthquakes.

In SECY-93-087, Issue I.M, "Elimination of Operating-Basis Earthquake,k”
the NRC recognizes that a designer of piping systess considers the effects of
primary and secondary stresses and evaluates fatligue caused by repeated cycles
of loading. Primary stresses are induced by the inerticl effects of vibratory
motion. The relative motioa of anchor points induces secondary stresses. The
repeating seism.c stress cycles induce cyclic effects (fatigue). However,
after revicwing these aspects, the NRC con.ludes that, for primary stresses,
if the OBE is estab'ished at one-third the SSE, the SSE load combimations
cortroi the piping design when the earthqui.ke contribution dominates the load
comhination. Therefore, the NRC concludzs that eliminating the OBE piping
stress 10ad combination for primary stresses in piping systems will not
significantly reduce existing safety margi:

Eliminating the OBE will, however, directly affect the current methods
usad to evaluate the adequacy of cvclic and sccondary stress effects in the
piping design. Eliminating the OBE from the load combination could cause
uncertainty in evaluating the cyclic (fatigue) effects uf earthguake-induced
motions in piping systems and the relative motion effects of piping anchored
to equipment and structures at various elevations because poth of these
effects are currently evaluated only for OBE loadings. Accordingly, to
account for earthquake ¢ cles in the fatigue analysis of piping systems, the
staff proposes to develop guidelines for selecting a number of S3E cycles at a
fraction of the peak amplitude of the SSE. These guidelines will provide a
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Tevel of fatigue design for the piping equivalent to that currently provided
in 3tandard Review ?lgn Section 3.9.2? v

Positions pertaining to the elimination of the OBE were proposed in
SECY-93-087. Commission approval is documented in a memorandum fr-a Samuel J.
Chilk ta Ja~ . . Taylor, Subject: SECY-93-087 - Policy, Technical and
Licensing . s Pertaining to Evolutionary and Advanced Light-Water Reactor
(ALWR) De. .. dated July 21, 1993.

(4) nere is one major flaw in the “SSE only" design approach. The
equipment designed for SSE is limited to the equipment necessary to assure the
integrity ~ the reactor coolant pressure boundary, te shutdown the reactor,
and to p- t or mitigate accident consequences. The equipment designed for
SSE is ¢ rt of the equipment "necessary for continued operation without
undue ™ the health and safety of the pubiic.” Hence, by this rule, .t
is possib. © .nat some equipment necessary for continued operation will not pe
designed for SSE or OBE effects.

The NRC does not agree that the desi. ch is flawed. It is not
possible that some equipment necessary for = «d safe operation will not
be designed for SSE or OBE effects. Genera " Criterion 2, "Design Bases
for Protection Against Natural Phenomena,” .. _.nuix A, "General Design
Criteria for Nuclear Power Plants,® to 10 CFR Part 50 requires that nuclear
powe: plant structures, systems, and components important to safety be
designed to withstand the effects of earthquakes without losc of capability to
perform their safety functions. The criteria in Appendix § to 10 CFR Part 50
implement Generi” Design Criterion 2 insofar as it requires s.ructures,
systems, and components important to safety to withstand the effects of
ear.hquakes. Regulatory Guide 1.29, "Seismic Design Classification,”
describes a method acceptable to the NRC for identifying and classifying those
features of 1ight-water-cooled nuclear pcwer plants that should be designed to
withstand the effects of the SSE. Currentl), components which are designed
for OBE only include components such as wast® holdup tanks. As noted in
Sactian VII, Future Regulatory Actions, reguiatory guidec related to these
components will te r.vised to provide alternative design requirements.

Section 100.23 to 10 CFR Part 100

The Nuclear Erergy Institute (NEI) conaratulated the NRC staff for
carefully considering and responding to the voluminous and comp'ex comments
that were provided on the earlier proposed rulemaking package (57 FR 47802)
and considered that tis seismic portion of the proposed rulemaking package is
nearing maturity and with the inclusion of indusiry’s comments (which were
principally on the guidance documents), has the potential to satisfy the
objectives of predictadle licensing and stable reguiations.

Both NEI and Westinghouse Electric Curporation supooit the regulation
format, that is, presc-iptive guidan:e is located in regulatory guides or
standard review plan secticas not the regulation.

NEl and " stinghouse Electric Corporat::n suppurt the reaoval of the
requirement | - the first proposed rulemaking (57 FR 47202) that both
deterministic and prchabilistic eviluations must e conducted to determine
site suitability and seismic design requirements fur the site. [Note: the
commentor: do not agree with the NRC staff's deterministic check of the
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seismic sources and parameters used in the LLNL and EPR] probabilistic seismic
hazard analyses (Regulatory Guide 1.165, draft was DG-1032). Also, they do
not support the NRC staff's deterministic check of the applicants submittal
(SRP Section 2.5.2). These items are addressed in the document pertainin~ to
co-t:nt r;solution of the draft regulatory guides and standard review plan
sections.

KEI, Yestinghouse Electric Corporation, and Yankee Atomic Electric
Corporation recommend that the regulation should state that for existing sites
east of t*: “ocky Mountain Front (east of approximately 105° west longitude),
a 0.3g st ‘dized design level is acceptable at these sites given
confirma . sundations evaluations [Regulatory Guide 1.132, but net the
¥o¥lg?1c, nysical, seismological investigations in Regulatory Guide

The NRC has determined that the use of a spectral shape anchored to 0.3g
peak ground acceleration as a2 standardized design level would be appropriate
for existing central and eastern U.S. sites based on the current state of
knowledge. However, as new information becomes available it may not be
appropriate for future licensing decisions. Pertinent information such as
that described in Regulatory Guide 1.165 (Draft was DG-1032) is needed to make
that assessaent. Therefore, it is not appropriate to codify the request.

NE] rocormended a rewovding of Paragraph (a), Applicability. A4lthough
anlikely, an applicant for an operating license already holding a construction
gerlitosny eiect to apply the amended methodology and criteria in Subpart B to

art 100.

The NRC will address this request on a case-by-case dasis ralher than
threugh a generic ~ha 0 the regulaticas. This situation pertains to a
limited number of facilities in various stages of conc®ruction. Some of the
issues that must be addressed by the applicant and KRC during the operzting
license review include differences between the desiyn bases derived from the
current and amended regulations (Appendix A o Part 100 and Section 100.23,
respectvely), and earthquake engineering criteria such as, OBE design
requirements and OBE shutdown requirements.

Appendix S to 10 CFR Part 50

Support for the NRC position pertaining to the eliwination of the
Operating Basis Earthquake Ground Motion (OBE) resgonse analyses has been
documented in various NRC publications such as SECY-79-300, SECY-90-016, SECY-
93-087, and NUREG-1061. The final scfety evaluation reports related t~ the
certification of the System 80+ and the Advanced Boiling Water Reactor design
(NUREG-14C2 and NUREG-1503, respectively) have already adopted the single
earthquake design philosophy. In addition, similar activities are being done
in foreign countries, for irstance Cermany. (Additional discussion is
provided in Section V(B)(5) of this rule).

The American Society of Civil Engineers (ASCE) recommended that the
seismic design and on?inocrinq criteria of ASCE Standard 4, "Seismic Analysis
of Safety-Related Nuclear Structures and Commentary on Standard fur Seismic
Analysis of Safety-Related Nuclear Structures,® be incorporated by reference
into Appendix § to 10 CFR Part 50.

iy
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The Commission has deterwined that new regulations will be more
streamlined containing only basic requirements with guidance being provided in
regulatory guides and, to some extent, in standard review plan sections. Both
the NRC and industry have expsiienced difficulties in applying prescriptive
regulations such as Appendix A to 10 CFR Part 100 because they inhibit the use
of needed latitude in judgement. Therefore, it is common NR( practice not to
reference publications such as ASCE Standard 4 (an analysis, not desicn
standard) in its regulations. Rather, publications such as ASCE Standard 4
are cited ‘n regulatory guides and standard review plan sections. ASCE
gt;mltlrg oo r'i.:og ;njthc 1989 revision of Standard Review Plan Sections

a1, a e

The irtment of Energy stated that the required considerac.ion of
aftershock. in Paragraph 1V(B), Surface Deformation, is confusing and
recommended that it be deleted.

The RRC agrees. The reference to aftershocks in Paragraph IV(b) has
been deleted. Paragraphs VI(a), Safe Shutdown Earthquike, and YI(B)(3) of
Appendix A to Part 100 contain the piarase “including aftershocks.® The
"including aftershocks” phrase was removed from the Safe Shutdown Earthgiake
Ground Motion requirements in the proposed regulation. The recommended change
will sake Paragraphs IV(a)(1), "Safe Shutdown Earthquake Ground Motion,* and
1¥(b), *“Surtace Deformation, of Appendix S to 10 CFR Part 50 consistent.

X. Finding of Mo Significant Envirommental Impact: Availability

The Commission has deterwined under the National Environmental Policy
Act of 1969, as amended, an1 the Commission’s regulations in Subpart A of 10
CFR Part 51, that this regulation is not a sajor Federal! action significantly
affecting the quality of the human environment and there”ore an environmental
impact statement is not required.

The revisions associated with the reactor siting c-iteria in 10 CFR Part
i00 and the relocation of the plant design requiremenis from 10 CFR Part 100
to 10 CFR Part 50 have been evaluated against the current requirements. The
Commission has concluded that relocating the requirement for z dose
calculacion to Part 50 and adding more specific site criteria tu Part 100 does
not decrease the protection of the publi: health and safety over the current
requlations. The axandments do not affect nonradiological plant effluenis and
have no other environments] impact.

The addition or ¢100.23 to 10 CFR ®~rt 100, and the )ddition of Appendix
S to 10 CFR Par® 50, will not change the radiological environmental impact
offsite.” Omsite occupational radiation exposure associated with inspecticn
and maintenance will not change. These activities are principally aszoc’'ed
with base 1ine inspections of structures, equipment, and piping, and with
maintenance of seismic 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 selscted for
these inspections are those routinely examinad by plant operators during
normal plant walkdowns and inspections. Routine maintenance of seismic
instrumentation ensures its operability during earthquakes. The location of
the seismic instrumentation is simi:ir to that in the existing nuclear power

.
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plants. The amendments do not affect nonradtological plant eff uents and have
no other enviromsental impact.

The environmental assessment and finding of no significart impact on
which this determination is based are available for inspection at the NRC
Public Document Room, 2120 L Street NW. (Lower Level), Washingion, DC. Single
copies of the environmental assessment and finding of no significant impact
are available from Mr. Leonard Soffer, Office of the Executive Director for
Operations, U.S. Nuclear Regulatory Commission, Washington, DC 20585,
telephone (301) 415-1722, or Dr. Andrew J. Murphy, Office of Nuclear
Ro?uhtov “esearch, U.S. Muclear Regulatory Commission, Washington, DC 20555,
telephon- 1) 415-6010.

XI. Paperwork Reduction Act Statement

This final rule amends ‘nformation collection requirements th-* are
subject to the Papework Reduction Act of 1995 (44 U.S.C. 3501 et seq.).
These requ’.rements were approved by the Office of Management and Budget,
approval numbers 3150-0011 and 3150-0093.

The public reporting burcen for this collection of information is
estimated to average 800,000 hours per resnonse, including the time for
reviewing instructions, searching existing data sources, gatherinc and
maintaining the data needed, and completing and reviewing the coillection of
information. Send comments on any aspect of this cellection of information,
including suggestiors for reducing the burden, to the Information and Records
Management Branch (T-6 F33), U.S. . iclear Regulatory Commission, Washington,
DC 20255-0001, d to2 te Desk Officer, Office of Information and Regulatory
Affairs, NEOB-1020Z, (3:50-0011 and 3150-0093), Office of Management and
Budget, Washington, DC 20503.

Pubiic Protection Notification

The NRC may not conduct or sponsor, and a person is not required to
respond to, a collection of information unless it displays a currently valid
OMB contrcl number.

XII. Regulatory Analysis

The Commission has prepared a regulatory amalysis on this regr .tion.
The analysis examines the costs and benefits of the alternatives cons(dered by
the Commission. Interested persons may examine a copy of the regulatory
analysis 4’ the NRC Public Document Room, 2120 i Street N¥. (Lower Level),
Washington, DC. Single copies of the analysis are available from Mr. Leonard
Soffer, Office of the Executive Director for Operations, U.S. Nuclear
Regulatory Commission, ¥ash'ngton, DC 20555, telephone (301) 415-1722, or Dr.
Andrew J. Murphy, Office of \uclear .egulatory Research, U.S. Nuclear
Regulatory Commission, Washingion, DC 20555, telephone (301) 415-6010.

XI11. Regulatory Flexibility Certification
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As required by the Regulatory Flexibility Act of 1980, § U.S.C. 605(b),
the Commission certifies that this regulation does not have a significant
economic impact on 2 substantial number of small entities. This ulation
affects only the licensing and operation of nuclear power plants. The
companies that own these plants do not fall within the definition of "small
entities® set forth in the Regulatory Flexibility Act or the size standards
established by the NRC (April 11, 1995; 60 FR 1P344).

XIV. Backfit Analysis

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

icenses.

List of Subjects

10 CFR Part 50 — Antitrust, Classified information, Criminal penalty,
Fire protection, 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, “ees,
Inspection, Limited work authorization, Nuc'ear power plants and reactors,
Probabilistic ~isk assessment, Prototype, . «ctor siting criteria, Redress of
site, Reporting and recordke2ping 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 authority of the
Atomic Energy Act of 1954, as amended, the Energy Reorganization Act of 1974,

as amended, and § U.S.C. 553, the NRC is proposing to adopt the following
amendments to 10 CFR Parts 50, 52 and 100.

PART 50 — DOMESTIC LICEMSING OF PRODUCTION AND UTILIZATION FACILITIES

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

i
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AUTHORITY: Secs. 102, 103, 104, 105, 161, 182, 183, 186, 189, 68 Stat.
936, 937, 938, 948, 953, 9i4, 955, 956, as amended, sec. 234, B3 Stat. 1244,
as amended (42 U.S.C. 2132, 2133, 2134, 2135, 2201, 2232, 2233, 2236, 2239,
2282); secs. 201, as amended, 202, 206, B8 Stat. 1242, as amended, 1244, 1246,
(42 U.S.C. 5841, 5842, 5846).

Section 50.7 also 1ssued under Pub. L. 95601, sec. 10, 92 Stat. 285] as
amended by Pub. L. 102-486, sec. 2902, 106 Stat. 3123, (42 U.S.C. 5851).
Section 50.10 also issued under secs. 101, 185, 68 Stat. 936, 955 as amended
(42 U.S.C. 2131, 2235), sec. 102, Pub. L. 91190, 83 Stat. 853 (42 U.S.C.
4332). f: " ons 50.13, 50.54(dd) and 50.103 also issued under sec. 108, 68

Stat. 93° amended (42 U.S.C. 2138). Sections 50.23, 50.35, 50.55, and
50.56 a° yed under sec. 185, 68 Stat. 955 (42 U.S.C. 2235). Sections
50.33a, . and Pppendix Q also issued under sec. 102, Pub. L. 91190, 83

Stat. 853 . 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, 50.9]1 and 50.92 also
issued under Pub. L. 97415, 96 Stat. 2073 (42 U.S.C. 2239). Section 50.78
also ssued under sec. 122, 68 Stat. 939 (42 U.S.C. 2152). Sections 50.80 —
50.8]1 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).

- *

F Section §50.2 is revised by adding in alphabetical order the
definitions for Committed dose equivalent, Committed effective dose
related ctryctyres, systems. and components

iy to read as follows:
§ 50.2 Definitions.
* . - v *
means the dose equivalent to organs or
tissues of reference that will be received from an intake of radicactive
material by an individual during the 50-year period following the intake.
W - * - L3

Commitied effective dose equivalent is the sum of the products of
the weighting factors ¢ 1licable to each of the body organs or tissues that
are irradiated and the comitted dose equivalent to these organs or tissues.

- * v ks *

Deep-dose eguivalent, which appiies to external whole-bod
exposure, is .he dose equivalent at a tissue depth of ! cm (1000mg/cx’).
L .

Exclusion ires means that area surrounding the reactor, in which
the reactor 'icensee has the authority to determine all activities including
exclusion or removal of personnel and property from the area. This area may
pe 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 ~~ntrol
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 in exclusion area under appropriate limitations,

.
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prov;:od that no significant hazards to the public health and safety will
result.

L L L - *

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 arcident.
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 ..ocific number of people can, for example, be evacuated from a

specific or instructed to take shelter, on a timely basis will depend on
many fac ich as location, number and size of highways, scope and extent
of advanc ming, and actual.oistrib'ution of residents within the area.
. * *
aafety-related Structyres Systems and Components means those
structures, S{Stlls. and components that are relied on to remain functional
during and following design basis (postulated) events to assure:

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

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

{(3) The capability to prevent or mitigate the consequences of
accidents which could result in potential offsite exposures comparalle to the
applicable guideline exposures set forth in ¢ 50.34(a)(1) or § 100.11 of this
chapter.

L . - * *

Total effective dose equivalent (TEDE) means the sum of the deep-
dose equivalent (for external exposures) and the committed effective dose
equivalent (for internal exposures).

. L - 5 *

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

* L3 - L *

(b) The approved information coilection requirements contained in this
part appear in $$50.20, 50.33, 50.33a, 50.34, 50.34a, 50.35, 50.36, 50.36a,
50.48, 50.49, 50.54, 50.55, 50.53a, 50.59, 50.60, 50.61, 50.63, 50.64, 50.65,
50.71, 50.72, 50.80, 50.82, 50.90, 50.91, and Appendices A, B, E, 6, H, I, J,
K, M, N, 0, Q, R, and S.

*® - * - *

‘. In §50.34, footnotes 6, 7, and 8 are redesignated as footnotes 8,
9 and 10 and paragraph (a)(1) is revised and paragraphs a)(12),
(b)(10), and (b)(11) are added to read as follows:



s 50.34 Contents of agplications; technical information.

* - .

a

(1) Statiomary power reactor ap, (cants for a construction perwit
pursuant to this part, or a design certification or combined 1icense pursuant
to Part 52 of this chapter who apply on or after [INSERT EFFECTIVE DATE OF THE
FINAL RULE], shall comply with paragraph (a)(1)(ii) of this section. All other
applicants for a construction permit pursuznt to this part or a design
certification or combined license pursuant to Part 52 of this chapter, shall
comply w* . oaragraph (a)(1)(1) of this section.

(1) A des ~iption and safety assessment of the site on which
the fac: s to be located, with appropriate attention to features
affecting . 111ty design. Special attentior should be directed to the site
evaluation ractors identified in Part 100 of this chapter. The assessment must
contain an analysis and evaluation of the major structures, systems and
components of the facility which bear significantly on the acceptability of
the site under the site evaluation factors identified in Part 100 of this
chapter, assuming that the facility will be operated at the ultimate power
level which is contemplated by tne applicant. With respect to operation at
the projected initial power level, the applicant iz required to sulait
information prescribed in paragraphs (a)(2) through (a)(8) of this section, as
well as the information required by this paragraph, in support of the
application for a construction perwit, or a design approval.

(11) A description and safety assessment of the site and 2
safety assessment of the facility. It is expected that reactors will reflect
through their design , construction and operation an extremely low probability
for accidents that could result in the release of significant quantities of
radivactive fission products. The following power reactor dasign
characteristics and proposed operation will be taken into consideration by the
Commission:

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

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

(C) The extent to which the reactor incorporates unigue, unusual or
enhanced sa‘ety features having a significant bearing on the probability or
consequences of accidental release of radioactive materials;

(D) The safety features that are to be engineered into the facility
and tiiose barriers that must be breached as a result of an accident before 2
release of radicactive material to the environment can occur. Special
attention must be directed to plant design features intended to mitigate the
radiological consequences of accidents. In verforming this assessment, an
applicant shall assume a fission product release’ from the core into the
containment assuming that the facility is operated at the ultimate por or level

* The fission product release assumed for this evalustion should be based upon a major sccident,
hypothes .zed for purposes of site anelysis or postulated from considerations of possible accigenta) events
Such accidents have gevwerslly been assumed to resylt in subytantia) meltdown of the core with subseguent
release into the contairment of appreciable guantities of fission products.
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contemplated. The applicant shall perform an evaluation and analysis of the
postulated fission product release, using the expected demonstrabls
containmert Teak rate and any fission product cleanup systems intended to
mitigate the consequences of the accidents, together with applicable site
characteristics, including site meteorology, to evaluate the offsite
radiological consequences. Site characteristics must comply with Part 100 of
this chapter. The evaluation must determine that:

(1) An individual Tocated at any point on the boundary of the
exclusion area for any 2 hour period following the onset of the postulated
fiss‘on  .ct release, would not receive a radiation dose in excess of 25
rea’ tot ective dose equivalent (TEDE).

) An individual located at any point on the outer boundary of
the Tow , tion zone, who is exposed to the radiocactive cloud resulting
from the ;.. :ulated fission product release (during the entire period of its
passage) would not receive a radiation dose in excess of 25 rem total
effective dose equivalent (TEDE).

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

* + - - *

(12) On or after [INSERT EFFECTIVE DATE OF THE FINAL RULE], stationary
power reactor applicants who apply for a construction permit pursuant to this
vart, 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 in
Appendix S of this part.

(b) - * .

(10) On or after [INSERT EFFECTIVE DATE OF THE FINAL RULE], statiomary
power reactor 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 [INSERT EFFECTIVE DATE OF THE FINAL RULE], the stationary power reactor
applicant shall comply with the earthquake engineering criteria in Section VI
of Appendix A to Part 100 of this chapter.

" A whole body dose of 25 rem has been stated to correspond numerically to the once in a 1ifetime
sccidenta) or emergency dose for redietion workers which, according to WCRP recommendations at the time
could be disregarded in the deterwination of their radiation exposure status (see NBS Handbook 69 deted June
5, 1950). However, its use is not intended to ‘mply thet this number constitutes an acceptable limit for an
srergency dove to the public under accident conditions. Rather, this dose va' . has been set forth in this
section as & reference value, which can be used in the evaluation of plant design features with respect to
postulated reactor accidents, ‘n 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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(11) On or after [INSERT EFFECTIVE DATE OF THE FINAL RULE], stationary
power reactor applicants who apply for an operating license pursuant to this
Part, or a combined Ticense pursuant to Part 52 of this chapter, shall previde
a description and safety assessment of the site and of the facility as in
§50.34(a)(1)(11) of this part.

-

* - * L

5. In §50.54, paragraph (ff) is added to read as follows:

$50.54 C ‘ons of licenses.
- o * - +

(f:  r licensees of nuclear power plants that have implemented the
earthquake engineering criteria in Appendix S of this part, plant shutdown is
required as provided in Paragraph I¥(a)(3) of Appendix S. Prior to resuming
operations, the licensee shall demonstrate to the Commission that no
functional damage has occurred to those features necessary for continued
operation without undue risk .o the hezith and safety of the public and the
licensing basis is maintained.

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

:t::#glx S TO PART 50 - EARTHQUAKE ENGINEERING CRITERIA FOR NUCLEAR POWER

General Information

This appendix applies to applicants for a design certification or
combined 1icense pursuant to Part 52 of this chap*er or a construction permit
or operating 1icense pursuant to Part 50 of this chapter on or after [INSERY
EFFECTIVE DATE OF THE FINAL RULEE. However, if the construction perwmit was
issued prior to [INSERT EFFECTIVE DATE OF THE FINAL RULE], the operating
license applicint shall comply with the earthquake engineering criteria in
Section ¥I of Appendix A to 10 CFR Part 100.

I. Introduction

Each applicant for a construction permit, operating license, design
certification, or combined license is required by $50.34(a)(12), (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 th»s
effects of natural phenomena, such as earthquake:, without loss of capability
to perform their safety functions. Also, as specified in § 50.54(ff), nuclear
power plants that have implemented the earthquake engineering criteria
described herein must shut down if the criteria in Paragraph IV(a)(3) of this
appendix are exceeded.

whars
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These criteria implement General Design Criterion 2 insofar as it

requires structures, systems, and components important to safety to withstand
the effects of earthquakes.

11. Scope

The evaluations described in this appendix are within the scope of
investigi® ~ns permitted by §50.10(c)(1).

111. Definitions
As used in these criteria:

Combined license means a combined construction permit and operating
license with cond.tions for a nuclear power facility issued pursuant to
Subpart C of Part 52 of this chapter.

Design Certification means a Commission approval, issued pursuant to
Subpart B of Part 52 of this chapter, of a standard design for a nuclear power
;:cllity. A design so approved may be referred to as a *certified standard

sign.*

The Qperating Basis Earthouake 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 the
public «i1) resain functional. The Operating Basis Earthquake Ground Motion
is only associated with plant shutdown and inspection unless specifically
selected by the applicant as a design input.

A is a plot of the saximum responses (acceleration,
velocity, or displacement) 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.

The wumm (SSE) is the vibratory ground
motion for which certain structures, systems, and components must be designed

to remain functional.
The iSI!EIHIli‘_iIl&lli._lnﬂ_£!l!9n!n1i_1‘ﬂﬂlrlﬂ_&ﬂ_lilhiilnd_th -

are those necessary to assvre:

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

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

(3) The capability to prevent or mitigate the consequences of accidents
that could result in potential offsite exposures comparable to the guideline
exposures of §50.34(a)(1)(11).

i
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is distortion of geologic strata at or near the
ground surface by the processes of folding or faulting as a result of various
earth forces. Tectonic curface deformation is associated with earthquake
processes.

I¥. Application To Engineering Design

The following are pursuant to the seismic and geologic design basis
requirese .- of ¢100.23 of this chapter:

(2 Sratory Ground Motion.

( ‘¢ Shutdown Earthguake Ground Motion. The Safe Shutdown
Earthque Jund Motion must be characterized by free-field ground motion
response . .ra at the free ground surfice. In view of the limited data
available on vibratory ground motions of strong earthquakes, it usually will
be appropriate that the design response spectra be smoothed spectra. The
horizontal component of the Safe Shutdown Farthquake Ground Motion in the
free-field at the foundation level of the structures must be an appropriate
response spectrum with a p2ak ground acceleration of at least 0.lg.

The nuclear power plant must be designed so that, if the Safe Shutdown
Earthquake Ground Motion occurs, certain structures, systems, and components
will remain functional and within applicable stress, strain, and deformation
limits. In addition to seismic loads, applicable concurrent normal operating,
functicnal, and accident-induced loads must be taken into account in the
design of these safety-related structures, systems, and components. The design
of the nuclear power plant must also take into account the pessible effects of
the Safe Shutdown Earthquake Ground Motion on the facility foundations by
ground disruption, such as fissnrin*. latera) spreads, differential
settiement, ligquefaction, and landsliding, as required in §100.23 to Part 100
of this chapter.

The required safety functions of structures, systems, and components
must 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 must take into account soil-structure interaction effects
and the expected duration of vibratory motion. It is permissible to design for
strain 1imits 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
safety functions are maintained.

(2) Operating Basis Earthquake Ground Motion.

(1) The Oporatingh:asis Earthquake Ground Motion must be characterized
by response spectra. value of the Operating Basis Earthquake Ground
Motion must be set to one of the following choices:

(A) One-third or less of the Safe Shuldown Earthquake Ground Motion
design response spectra. The requirements assv-‘ated with this Operating
Basis Earthquake Ground Motion in Paragraph (a)(2)1i}(B)(]) can be satisfied
without the applicant perforwing explicit response or design analyses, or

(B) A value greater than one-third of the Safe Shutdown Earthquake

Ground Motion design response spectra. Analysis and design must be performed

Bl
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to dewnstraie that the requirevents associaced sith this gperating Basis
carthyuake € wnd Motio~ in Paragraph (2)(2)(1)(B)(J) are satisiied. The
Jesign must take into «-count soil-structure interaction effects and the
curatior of vitvatory ground motion.

(I) When subjected to the effects of the Operating Basis Earthguake
«round Kotion in combinaiion with normal operating loads, all structures,
systems, and componsnts of the -wclear power plant necessary for continued
operation witnout undue risk to the health and s.fety of the public wust
;-lnln functiona® and within applicable stress, strain, and defrrmatinn

imits.

(2 auirdd Plant Shutdown. [f vibratory ground aotion exceeding that
of the ¢ ng Basis Earthquake Ground Motion or if significant plant damage
occurs, - censee must shut dowm the nuclear power plant. If systess,
structures - components necessary for the safe shutdown of th: nuclear power
plant are not available after the occurrence of the Operiting Basis Earthquake
Ground Motion, the licensee must consult with the Commission and must propouse
a plan for the timely, safe snutdown of the nuclear powes »'ant. Prior to
resuming opsrations, the licensee must demonstral" to the Commi<sion that no
functional dimage has occurred tn those features n ssary for .ontinued
operation withcut undue risk to the health and safet; of tae public.

(4) Requived Sersmi. Instrumentation. Suitable instrumentation must be
provided so v*«( the seismic response of nuclear power plant features
important to safety can be evaluated promptly avter an earthjuake.

() Surface Deformation. The potential for surface defcrwation must be
taken into account ir the Jesign of the nuclear power plant by providing
reasonable azsurance that in the e.ent of defurmation, certain structures,
sys.ems, a | component; »i11 remain functional. In addition to surface
deformation induced l1cads, the dvsign of safety features aust take irto
account seizwmic loads and applicable concurrent functional and
accident-ind.c*1 loads. The _esign provisiors for surface deformation i. . be
bas- on i1t: -ostulated occurrence ir any direction and azimuth and under any
part of the nuciear powes plant, unless evidence indicatcs this assumption is
not appropriate, and must take into account the estimated rate at which the
surface defo' satfon may occur.

(¢} wi*sically Induced Floous wry Water Waves and Nther ncsi?n
Cor !tiens. Seismicaliy induced flocus and water waves from either locally or
distantly ge.erated seismic activity and other design conditions determined
pursuant t: 51L0.23 of this ~hapter wust be taken into - rount in the design
of the nuc .ar power plant so «s to ) event undue risk L) the heaith and
safety of .ae public.

PART §2 — EARLY SITE PERMITS; STANDAL oc. GN CERTIFICATIONS; AMND COMEINED
LICENSES FOR MUCLEAR POWER PLANTS

‘ The authority citation for Part 52 continues to read as follows:
AUTHORITY: Secs. 103, 104, 167, 182, 183, 186, 189, 68 Stat. 936, 948,
953, 954, 955, 356, as amended, sec. 234, B3 Stet. 1244, as amended (42 U.5.C.

2133, 2201, 2432, 2233, 27236, 2239, 2282); secs. *Ol, 202, 206, 88 Stat. 1242,
1244 1246, as amended (42 U.S.C. 5841, 5842, 50i6).

ek
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8. In ¢52.)7, the introductory text of paragraph (a)‘l1) and paragraph
(a)(1)(vi) are revised to read as foliows: b e

$52.17 "ontents of applications.

(a)(1) T application must contain the information required by §
50.33(a)-«<', the information required by ¢ 50.34 {2){12) and (b)(10), and to
the exter .proval of emergency plans is sougit under paragraph (b)(2)(i1) of

this se« the information required by ¢ 50.33 (g) and (J), and ¢ 59.34
(b)(6)(: e application must also contain @ doscrigtion and safety
assessmen.  the site on which the facility is %o De located. The assessment

must contain an analysis and evaluation of tahe major structures, systems, and

compenents of the facility that bear sioriricantly on the acceptability of the

siie + jer the radislogical conseque~ e evaluation factors identified in §

50.34(at (1) of this chapter. Site characteristics must comply with Part 100

of this chapter. In addition, t.he applicatiun should describe the following:
* ®& « ¢

(vi) The seismic, meteorological, hydrologic, and geologic
characteristics of the proposed site;
- * -

PART 100 -- REACTOR SITE CRITERIA

* *

9. “he authority citation for Part 100 contiaucs t: read as fclliows:

AUTHORITY: Secs. 103, 104, 161, 182, 68 Stat. 936, 937, 948, 953, as
amended (42 1.S.C. 2133, 2134, 2291, 2232); sec. I01, as amunded, 202, 88
Stat. 1242, as amended, 1244 (42 U.S.C. 5841, 5842).

10. The table of contents for Part 100 is revised to read as follows:
PART 100 - REACTOR SITE CRITERIA

Sec.

100.1 Purpose.

100.2 Scope.

100.3 Definitions.

100.4 Cosmunications.

100.8 Information collection requirements: CMB approval.

Subpart A - Evaluation Factors fcr Statiomary Power Reactor Site Applications
Before [EFFECTIVE DATE OF THE FINAL RULE] and for Testing Reactors.

106. 0 Factors to be cons dered ~hen evaluating si.es.

100.11 Dete~ -atior of exclusion area, low population Zzone, and porwiation
center distanre,
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Subpsr t B — Evaluetion Factors for Staticnary Power Reactor Site Applications on
o~ after [EFFECTIVE DATE OF THE FIMAL RULE).

100.20 Factors to be considered when evaluating sites.
100.2] Non-seismic site criteria.
100.23 Geologic and seismic siting criteria.

HPPENDIX A — Seismic and Geologic Siting Criteria for Nuclear Power Plants.

11. Section 100.1 1s revised to read as follows:

s 100.1 Purpo.s.

(a) The purpose of this part is to establish . al requirements for
p: sposed sites for statiomary power and testing reac.. .ubject to Part 50 or
Part 52 of this chapter.

(b) There exists a substantial base of knowleuge regarding power reactor
siting, design, construction and operation. This hase reflects that the primary
factors that determine public health and safety are the reactor design,
construction and operation.

(c) siting factors and criteria are important in assuring that radiclogical
doses from normal operatiun and postulated accidents will be zcceptably low, that
natural phenomena and potential man-made hazards will be appropriately accounted
for in the design of the plant, and that the site characteristics are amenable
to the development of adequate mr%mcy plans to nrotect the public and adequate
security measures to protect the piant.

(d) This aporoach incorporates ti. . appropriate tandards and c<ri‘eria for
appro ral of stationary power and testing reactor sites. The Commission intends
to carry out a traditional defense-in-depth approach with regard to reactor
siting to ensure public safety. Siting away from densly populated centers has
been and will continue to be an important factor in evaluating appiications for
site approval.

12. Section 100.2 1s ~evised to read as follows:
s 100.2 Scope.
The siting requirements contained in this part apply to applications for site
approvz] for the purpose of constructing and cperating staticnary power and
testing reactors pursuant to the provisions of Parts 50 or 52 of this chapter.

13. Sectiom 100.3 1* revised to cead as follows:
s 109.3 Pef nitfons.

As used in this ‘'rt:

igense means a combined construction permit and oper ting licanse

with conditicns sor a nuclear puwer faciiity issued pursuan. to Subpart C of Par*
52 of this cha: ter.

wbum
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Elﬂﬁﬂ*l-htln. means a Commission approval, issued pursuant to subpart
A of Part of this chapter, for a site or sites for one or more nuclear power
facilities.

miumm_nm means that area surrounding the reactor, in which the
reactor licensee his the authority to determine all activities including
exclusion or removal of personnel and property from the area. This area may be
traversed by a highwzy, 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 rade to control traffic on
the highway, raiiroad, or waterway, in cas? 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 i» exclusion area under appropriate limitations, provided that no significant
hazards to the public health and safety will result.

Low popylation 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 , .rmissible population density or total population within this zone
because “he sit-ation may vary from case to case. Whether a specific nurber of
peopie can, for example, be evacuated from a specific area, or instructed to take
she'ter, on a timely basis will depend on many factors such as location, number
ind size of highways, scope and extent of advance planning, and actual
distribution of residents within the areu.

Population center distance means th. distance from the reactor to the
nearest bouadary of a denzely populated center contai '1»g more than about 25,000
residents.

Power reactor meins a nuciear reactor of a type described in §50.21(b) or
50.22 of this chapter designed to prrduce electricil or heat energy.

A Gesponse spectrum is a plot of the maximum responses (acceleration,
velocity, or displacement) of idealized single-degree-of-fr. © ~m oscillators as
2 ‘unction -7 the ratural freguencies of the oscillatc»s +. a given damping
value. T.e response spectrum is calculated for a specified vioratory motion
input at the oscillators’ supports.

The Safe Shutdown Earthcuake Ground Motion is the vilratory ground motion
for which certain struccurs , system: , and components sust be designed pursuant
to Appendix S to Part 50 this chapter to remain fuartienal.

radtior «s distortion of jeclogic strati at or near the ground
surface b¥ the processes of folaing or faulting as z result of various earth
forces. . Tectonic surface deformation is associated with earthquake processes.

Testing reactor means a fist'ng facility as defined in §50.2 of this
chapter.

14. Sectiion 100.4 is added to read .s iollows:

§100.4 comaunicecions.

Except where otherwise specif.2d in this part, a1’ co respiidence, reporis,
appiications, wid other w-itten communicztinng submitted pursuant to 10 CFT 100
shcald be addessed to the U.S. Nuclear Regulatory Commission, ATTN: Do umert
Cantrol Desk, Washingtun, DC 20555, and copies sen’ to the appropriate Regiona’

77



Office and Resident Inspector. Communications and reports may be delivered in
person at the Commission’s offices at 2120 L Street, NW., Washington, DC, or at
11555 Rockville Pike, Rockville, Maryland.

15. Sectioun 100.8 is revised to read as follows:
s 100.8 Information collection requirements: OMB approval.

(a) The MNuclear Regulatory Commission has submitted the information
collect’ n requirements contained in this part to the Office of Management 4
Budget (UMB) for approval as required by the Paperwork Redu tion Act of 1980 (44
U.S.C. 350] et 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 §100.23 and Appendix A.

s 16. A heading for Subpart A is added directly before §100.10 to read as
ollows:

Subp-rt A — Evaluation Factore for Stationary Power Reactor Site
::phcations befere [EFFECTIVE OATE OF THIS RECULATION] and for Testing
actors.

17. Section 100.10 is revised to read as follows:

§100.1C Factors to be considered when evaluating sites.

Factors considered in the 2valuation of sites include those relating both
to the proposed reactor design and the characteristics peculiar to the site. It
is eipected that reactors will reflect through their design, construction and
operation an extreme’y low probability for accidents that couid result in releace
of signi®icant quantities of radioactive fission products. In addition, the site
rocation and the engineered features included as safeguards against the hazardous
consequences of an accident, should one occur, should insure & low risk of public
exposure. In particular, the Commission will take the following factors into
consideration in deterwining the acceptability of a site for a power or testing
reactor:

(a). Characteristics of reac.or design and proposed operation including--

(1) Intended use of the reactor in-luding the proposed maximum power level
and the nature and invent- "y of ontainec radicactive materials;

(2) The extent to which yenerally 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 significan bearing on the probability or comsequences of accidental
releise of radioactive materials;

(4) rhe safety feitures that ace to be engineered into the facility and
thnse barriers that must be breached s a result of an accident before a release
of radicictive aaterizl to the environmert can occur
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(b) Populotion density and use characteristics of the site environms,
;l’bclnding the exclusion area, low population zone, and the population center

stance. :

(c) Physical cheracteristics of the site, including sefsmology,
meteorology, geology, and hydrology.

(1) Appendix A to Part 100, “Seismic and Genlogic Siting Criteria for
Nuclear Power Plants,” describes the nature of investigations required to obtain
the geologic and seismic dita necessary to determine site suitability and to
provide reasonable assurance that 2 nuclear power plant cun be constructed and
operated at a proposed site without undue risk to the health and safety of the
public. It describes procedures for deterxining the quantitative vibratory
ground motion design basis at a site due to earthquakes and describes information
needed to determine whether and to w «t extent a nuclear power plant need be
designed to withsiand 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 bearint on the consequences of an escape of radicactive material from the
facility. Special precautions should be planned if a reactor is to be lucated
at a site where a significant quantity of radicactive effluent might accidentally
flow into nearby streams cr rivers or might finJd ready access to underground
water ta“es.

(d, Where unfavorable physical character’stics of the site exist, the
proposed site may nevertheless be found to be acceptable {f the design of the
facility includes appropriate and adeguate compensating engineering safeguards.

13. ection 100.11 is revised to read as follows:

§100.1; Determination of exclusion ares, low population zone, and population
center distance.

(a) As an aid in evaluating a proposed site, an appiicant should assume a
fission prud:ct release’ from the cors the expected demonstvable leak rate from
the containment and Lhe seteorological conditions pertinent to his site te derive
an exclusion area, a low pepulation zone and population center distance. For the
purpose of this amalysir, which shall set 7orth the vasis for the numerical
values used, the applicant should determine the following:

(1) An exclusion area of such size thal an .ndividual located at avy point
on its boundary for two hours immediately following snset of the postulated
fission procuct release would not receive a total radiation dose to the whole

‘The fisrion product releasc sssumed for these calculations should be based upur & major accident,
hypothesized for purposus of site ane'ysis or postulsted from considerations of possible accidenti] events,
thet would result in potentis] hazards not <xceeded by those from any accident considersd credibie. Such
accidents ‘wve generally been assumed to result in substentie)l sel.down of the core with subseguent release
of apprecistie guantities of fiss‘on products
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body in excess of 25 res’ or a total radistion dose in excess of 300 rem to the
thyraid from 1odine exposure.

(2) A Tow population zone of such size that an individual located at any
point on its outer boundary who is exposed te the radiocactive cioud 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 ona-third times the
distance from the reactor to the cuter boundary of the low population zone. In
applying this guide, the boundary of the population center shall be determined
upon consideration of popu'ation distribution. Political boundaries are not
controlling in the application of this guide. Where very large cities are
involved, a greater distance may be necr<sary because of total integrated
po,ulation dose consideration.

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

(1) If the reactors are independe | Ly the extent that an accide ¢ ne
reactor would not initiate an «ccident in anocher, the size of the ex - ''n
area, low ponulaiion zone and population center distance shall be fulfillea m.en
respest to each reactor individually. The envelopes of the plan overiay of the
areas so calculated shall then be tazen as their respective boundaries.

(2) If the reactors are inte .onrected to the extent that am accident in
one reactor could affect the safety of operation of any other, the size of the
exclusion area, '*« population zon: and population center distance shall be based
upon the asswgtion that all interconnected reactors es:t their postulated
fission product releases simultanecusly. This requiredent may be reduced in
relation to the degree of coupling between reactors, the provability of
concomitant accidents and the probability that an individual would not be exposed
to the radiation effects from simulianeous releases. he applirant would be
expected to justify to the satisfaction of the Cocmission the basis for such a
reduction in the source term.

(3) The applicant s expectad to show that the simultaneous ope-ation of
multiple reactors at a sice will not result in tctal radiocactive effluent
releases beyond the allowable limits of applicable regulations.

NOTE: Fur furthe: guidance in developing the exclusion area, the Tos population
zone, and the population center distance, reference is made to Technical
Information Docusent 14£44, dated March 23, 1962, which contains a procedural
method and a saaple calcu’ation ihat result in distances roughly reflecting
current siting practices of the Commissicn. The calculations described in
Technical Information Document 14844 may be used as a point of duparture for

* The whole body dose of 25 rem referred to above corresponds numerically to the once in & 1ifetime
sccidental or smergency dose for radiation workers which, according te NCEP recoasendst ions ey be
disregarded in the detarmination of their radistion exposure status (~ee HBS Mendbook 69 dated June S,

1956) . However, neither its use nor that of the 300 rem vaive for thyroid exposure s set forth in these
site criteria guides are intended to luply thet these numbers constitute scceptable limits for smergency
dosss to the public under sccident conditions. Rather, this 25 res wole body value and the 300 rem thyroid
velue have * set forth in these guides as reference values, which con be used in the evalustic  of
reactor si th respect to potentia) resctor accidents of excesdingly low probatility of occurrence, and
low risk o ; «.ic exposure tr radistion
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consideration of particular site requirements which may result from evaluation
of the characteristics of a particular reactor, its purpose and method of
operation.

Copies of Technical Information Document 14844 may be ohtained from the
Commission’: Public Documert Koom, 2120 L Street NW.(Lower Level', Washington,
OC, or by writing the Director of Nuclear Reactor Regulation, U.S. Nuclear
Regulatory Commission, Washington, DC 20555.

19. Suboart B ($5100.20 - 100.23) is added to read as ¥ lows:

Subpar” B — Evaluatior Factors for Stationary Power Reactor Sits Ap,lications on
o After [EFFECTIVE DATE OF THE FINAL RULE).

$100.20 Factors to be considered when evaluating sites.

The Commission wil( take the following factors into consideration in
determining the acceptability o 2 site for a stationary power reactor:

(a) Population density se characteristics of the site environs,
including the exclusior area, the population distribution, and site-related
characteristics must be evaluated *o determine vhether individual as wel' as
societal risk of potential plant accidents is low, and that site-related
characteristics would not prevent the development of a plan to carry out suitable
protective actions for members of the public in the event of emergency.

(b) The nature and proximity of man—related hazards (e.g., airports,
dams, transportation routes, military and chemical facilities) must be evaluated
to establish site parameters for use in determining whether a plant design can
acco.\odate commony occurring hazards, and whether the risk of other hazards is
very low.

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

(1) $100.23, “"Geologic and seismic siting factors,” of this part
describes the criteria and nature of investigations required to obtain the
geologic and seismic data necessary to determine the suitability of the proposed
site and the plant design bases.

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

Factors important to hydrological radionuclide transport (such as
soil, sedimemt, and rock characteristics, adsorption and retention coefficients,
ground water velocity, and distances to the nearest surface body of water) must
be obtained from oi—site measurements. The maximum probable flood along with the
potential for seismically induced floods disc:ssed in §100.23 (d)(3) of this part
must be estimated using historical data.

s 100.21 Non-seismic siting criteria.

Applications for site appr~al for commercial power reactors shall
demonstrate that the proposed site n ets the following criteria:

e
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(2) Every site must have an exclusion area and a 1ow population z
defined in $100.3; pop one, as

(b) The poguiation center distance, as defined in §100.3, must be at least
on- nd one-third times the distance from the reacter to the outer boundary of
t! . w population zone. In applying this guide, the boundary of the population
center shall be determined upor conside-ation of population distribution.
Political boundaries are not controlling in the application of this guide;

(c) Site atmospheric _ .persion characteristics must be evaluated and
dispersion parameters eccablished such that:

(1) Miclo?ical effluent release 1imits associated with normal operation
from tae type of facility proposed to be located at the site can be met for any
indivioual located offsite; and

(2) Radiological dose consequences of postulated accidents shall .eet the
criteria set forth in ¢50.34(a)(1) of this chapter for the type of facility
proposed to be located at the site;

(d) The physical characteristics of the site, including meteorology,
qoolo?y. seismology, and hydrology must be evaluated and site parameters
established such that potential threats from such physical characteristice will
pose no undue r..« to the type of facility proposed to be located at the site;

(e) Potential hazards associated with nearby transportition routes,
industrial and military facilities must be evaluated and site parameters
established such that potential hazards from such routes and facilities will pose
no undue risk to the type of facility proposed to be located at the site;

(f) Site cheracteristics must be such that adequate secur:ty plans and
measures can be developed;

(g) Site characteristics must be such that adequate plans to take
protective actions for members of the public in the event of emergency can be
developed:

(h) Reactor sites should be located away from very densely populated
centers. Areas of low population density are, generally, preferred. However,
in determining the acceptability of a particular site located away from a very
densely populated center but nct in an area of low density, consideration will
be given to safety, environmental, economic, or other factors, which may resuit
in the site being found acceptable’.

s 100.23 Geologic and seismic siting factors.
This section sets forth the principal geologic and seismic considerations
that guide the Comission in its evaluation of the suitability of a proposed site

* Examples of these factors include, but are not limited to, such factors as the higher populstion
density site having superior seismic cheracteristics, better access to siilled Tabor for comstruction,
petter ~ai) and hictway acceas, shorter transmission )ine requirements, or less envirommentsl impact o
undeveloped areas, wetlands or endsngered species, etc. Some of these factors are included in, or impact,
the other criteria included in this section
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and adequacy of the design bases estiblished in consideration of the geologic »nd
seismic characteristics of the propused siic. such that, there is a reasonedle
assurance that a nu-lear power plant car be constructed and operated at the
proposed site without undue risk to the health and safety of the public.
A:pl:cations to engineering design are contained in Appendis S to Part 50 of this
chapter.

(a) Applicability. The requirements in paragraphs (c) and (d) of this
section apply to applicants for an early site permit or combine. " cense pursvant
to Part 52 of this chapter, or a construction permit or operatiwg license for a
nuclear power plant purcuant to Part 50 of this chapter on or after [INSERT
EFFECYIVE DATE OF THE FINAL RULE). However, if the construction permit was
issued prior to [INSERT EFFECTIVE DATE OF THE FINAL RULE], the operating license
applicant shall comply with the seismic and geologic siting criteria in Appendi
A to Part 100 of this chapter.

(b) Commencement of construction. The investigations required in paragraph
(c) of this section are within the scope of investigations permitted by s
50.10(c)(1) of this chapter.

(c) Geological, ~eismological, and engineering characteristics. Th
geclogical, seismologi ', and engineering characteristics of a site and its
environs must be investigated in sufficient srcope and detail to permit an
adequate evaluation of the proposed site, to provide sufficient information to
support valuations performed to arrive at estimates of the Safe Shutdewn
Earthquake Eround Motion, and lo perwmit adequate engineering solutions to actual
or potential geclogic and seismic effects at the proposed site. The size of the
region to be investigated and the type of data pertinent to the investigations
must be determined based on the nature of the region surrounding the proposed
site. Data on the vibratory ground motion, tectonic surface deformation,
nontectonic deformation, earthquake recurrence rates, fault geometry and slip
rates, site foundation material, and seismically induced floods and water waves
must be obtained by reviewing pertinent literature and carrying out field
investigations. However, each applicant shall investigate all geologic and
seismic factors (for exampie, volcanic activity) that may affect the design and
operation of the proposed nuclear power plant irrespective of whether such
factors are explicitly included in this section.

(d) Geologic and seismic siting factors. The geologic and seismic siting
factors considered for design must include a determination of the Safe Shutdown
Earthquake Ground Motion for the site, the potential for surface tectoric and
nontectonic deformations, the design bases for seismically irduced floods and
water waves, and other design conditions as stited in paragraph (d)(4) of this
sectioa.

(1) Determination of the Safe Shutdown Earthquake Ground Motion. The Safe
Shutdown Earthquake Ground Motion for the site is characterized by both
horizontal and vertical free-field ground motion response spectra at the free
ground surface. The Safe Shutdown Earthquake Ground Motion for the site is
deterwined considering the results of the investigations required by paragraph
(c) of this section. Uncertainties are inherent in Zuch estimates. These
uncertzinties must be addressed through an appropriate amalysis, such as a
probabilistic seismic hazard analysis or suitable sensitivity analyses.
Paragraph IV(a)(1) of Appendix S to Part 50 of this chapter defines the minimum
Safe Shutdown Earthquake Ground Motion for design.
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(2) Deterwination of the potential for surface tectonic and nontectonic
deformations. Sufficient geological, seismological, and geophysical data must
be provided to clearly establish whether there is a potential for surface
deformation.

(3) Determination of design bases for seismically induced floods and water
waves. The size o/ seismically induced floods and water waves that could affect
a site from either locally or distantly generated seismic activity must be
det - rmined.

(4) Determination of siting factors for other design conditifons. Siting
factors for other design conditions that must be evaluated include soil and rock
stability, liquefaction potential, natural and artificial ‘ope stability,
cooling water supply, and remote safety-relate. tructure siting. Each applirant
shall | aluate all siting factors and potential causes of failure, such as the
physical properties of the materials underiying the site, ground disruptioa, and
the effects of vibratory ground motion that may afiect the design and operation
of the proposed nuclear power plant.

Daced at Rockville, Maryland, this __  day of ;
For the Nuclear Regulatory Commission.

John C. Hoyle,
Acting Secretary of he Commission.
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COMMENT RESOLUTION

Section 100.22, Geologic and Seismic Siting Factors
to 10 CFR Part 100

and

Appendix S, Iirthquake Engineering Criteria for Nuclear Power Plants
to 10 CFR Part 50

T.e first proposec revision of the Reactor Site Criteria Including Seismic #~d
Earthyuake Engineering Criteria for Nuclear Power Plants (10 CFR Parts 50, 52
and 100) was published for public comment on Octaber 20, 1992, (57 FR 47802).
The availabi ‘ty of the draft regulatory guides and stand rd review plan
section that were developed to provide guidance on meeting the proposed
regulations was published on November 25, 1992, (57 FR 55601). Because of the
substantive nature of the changes to be made in response to public comments
the proposed regulations and draft guidance documents were vithdrawn and
replaced with the second proposed revision of the regulations published fer
public comment on October 17, 1994, (59 FR 52255). The availability of the
draft guidance documenis was publiskad on February 28, 1995, (60 FR 10810).

Forty lette-s (Ruferences | through 40) contain comments on the October 1992
publication of Proposed Appenaix B, "Criteria for the Seismic and Geclogic
Siting of Nuclea‘ Power Plants on or After [Effective Date ~f the Final
Rule],” to 10 CFR Part 100, “Reactor Site Criteria,” and/or the first Proposed
Appendix §, "Eazrthquake Engineering Criteria for Nuclear Power Plants,” to 10
CFR Part 50, “Domestic Licensing of Production and Utilization Facilities.®
The Federal Register Motice published on October 17, 1994 (59 FR 52555)
contain' ng Proposed Section 100.23, "Geclogic and Seismic Siting Factors,” to
10 CFR Part 100 * w'acement of Proposed Appendix B ta 10 CFR Part 100) and
the second P, _osed Apr-=~dix S, "farthquake Engineering Criteria for Nuclear
Powe~ Plants,® to 10 ° Part 50 reflect the only documentation pertaining to
NRC staff evaluation . .4 implemertation of all comments provided in References
1 to W.



The resolution of comments contained below relate to the October 17, 1994
publvcation.

Applicabil Ly

la. *The proposed regulatory action would apply to applicants who apply for
a construction permit, operating license, preliminary design approval,
final design approva) wsanufacturing license, early site permit, design
certification, or combined license ..." This statement does not
explicitly indicate whether or not the proposed revisions would apply to
the Mined Geclogic Disposal System (Wi ). (Reference 41)

Ib *The proposed regulatory action would appiy to applicants who apply for
a construction permit, operating license, preliminary design 4pnroval,
final design approval, manufacturing license, eariy site permit design
certification, of combined license ..." This stitement does not
explicitly indicate whether or not the proposed revizions would apply to
a tonitored Retrievable Storage (MRS) facility. (Reference £])

Response. Although Appendix A to 10 CFR Part 100 is titled "Seismic and
Geologic Siting Criteris for Nuclear Power Plants,® it is also
referenced in two other parts of the regulation. They are (1) Part 40,
*Domestic | icensing of Source Material,® Appendix A, "Criteria Relating
to the Opiration of Uranium Mills » «d the Disposition of Tailings or
Waste Produced by the Extraction or Concentra ion of Source Material
from Ores Processed Primarily for Their Source Materia: Content,*
Section I, Criterion 4(e), and (2) Part 72, "Licensing Requirements for
the Independent Storage of Spent Nuclear Fuel and High-Level Radioactive

Waste,® Paragraphs (a)(2), (b) and (f)(1) of ¢72.102.

The referenced applicability of Section 100.23 to other than power
reactors, 1f considered appropriate by the NRC, would be a separate
rulemaking. That rulemaking would clearly state the applicability of
Sectinn 100.23 to a MRS or other facility. In addition, NUREG-145]
will remain the NRC staff technical position on seismic siting issues
pertaining to a MGDS until it is superseded thrcugh a rulemaking,
revision of NUREG-145], or other approy-iate mechanism.
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s . : Yethods"

It 1s statod th=t "Because so litile is known about earthquake
phenomena..." Use of the expressic” “so (ittle is known" creates a
false impression of the current state of knowledge about earthquake
ohenomena. Although our uncerstanding of earthquake phenomena remains
wacertain, quantum advances in knowledge have been made during the past
25 years. With thes. very significant advances, geoscientists row have
muct, more conficdence than previ usly in expressions of uncertainty
regarding inrterpretaticons of inputs to a probabilistic seismic hazard
analyses; and these can be fully accounted for in the uncertainty in the
seismic hazsvd results. The language of the regulation chould reflect
these very |usitive developments. (Reference 41)

Response: The statement will be revised to put less emphasis on the
negativ: as follows: “"Because of uncertainties about earthquake

phenomena (especially in the eastern United States), there have often
been differences of opinion and differing.. .."

The key elements of tne NRC's proposed balanced approach are Tisted.

The wording of the fourth ¢lement should be revised to indicate that the
geoscience investigations refer to site-specific data, ¢ new regional
data, or a combination of the two. (Reference 41)

Response: It refers to both regional and site investigations. The
element will be revised to: "Determine if information from the regional

and site geoscience investigations..... .

Does not support the NRC staff’'s position to not require explicit design
analysis for the Operating Basis Earthquake Ground Motion (OBE). The
staff’'s position is not sound, not techniczlly justified, and not
appropriate for the design of Section III _ressure-retaining components.
It -is not pessible to inspect to verify that cyclic fatigue effects for
the OBE are insignificant. There is no technical basis to state that
0BE should not control the design of safety systems. It is mot
technically justified to assume that Section 111 components will remain
within applicable stress limits at one-third of the SSE. Equipment
necessary for continued operation, but not required for sife shutdown,
is not required to be designed for OBE nor SSE.

The following specific comments [1 through 7] pertain to the
supplemental information to the proposed regulationt, item ¥V{B)(5),
*Yalue of the Operating Basis Earthcuake Ground Motion (OBE) and
Required OBE Analysis.” Comments are limited to the design of pressure-
retaining components to the ASME Boiler and Pressure Vessel Section 11!
rules. (Reference 42)
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Regar“ing the soundness of SSE - ' design:

*For instance, the NRC stai/, SECY-79-300, suggested that design
for a single limiting esent and inspection and evaluation for
earthquakes in excess of some specified 1imit may be the most
sound regulatory approach.*

This 1s not a sound rt?ulatory approach if it 1s not fe sible to inspect
for cyclic damage to all the pressure-ref .ing components. It is mat
feasible “0 inspect. Man) components are not accessible. Even if
accessible, the compone.ts may be covered with irsulation. Even if
there it not insulation or the insulation is rewoved, il i3 not feasible
to inspect to de.: mine the amount of the fatigue l1ife used by the OBE
cyclic loads. it 15 nct feasible to inspect for crack initiation on the
inside of the component in all critical arew.. cven if it wore feasible
;0 inspect for cracks, it is possible to hiave an unacceptable amount of
fatigue 1ife used by the GBE without crack imitiation. Visually
inspacting for persans:t deformation, or leakage, or failed component
supports is certain y not adequate to determine cyclic damage.

Response. SECY-79-300, "Identi ication of Issues Pertaining to Seismic
and Geologic Siting Regulation, Policy, and Practice for Nuclear Power
Plants,* informed the Commission of the status of the staff’s
reassessment of Appendix A, “"Seismic snd Geologic Siting Criteria for
Nuclear Power Plants,” to 10 CFR Part 100, *Reactor Site Criteria.” The
cited statement appeared in an enclosure (Enclosure B, Section 2.4)
discussing issues arising from engineering requirements in Appendix A,
procedures tor providing an interface of these requirements with
geologic and seismic input, ard with matters involving scientific and
engineering conservatism. In 2 related area (Enclosure A, Section 2.4),
the NRT staff informed the Commission about problems in applying the
Appendix A requirement that the plant must be shut down and inspected if
ground motion in excess of that corresponding to the OBE occurs because
thére is no definitive shutdown guidance or inspection criteria.

The proposed regulations is similar to the statement in SECY-79-300 in
that it allowed plants to be designed for a single limiting event (the
SSE) and inspected and evaluated for earthquake in excess of some
specified limit (the OBE) when and if it occurred. Also, the proposed
regulation allowed for the plant to be designed at both the SSE and OBE
levels. Earlier concerns expressed in SECY-79-300 regarding "BE
exceedance and shutdown/restart guidelines have been resolved. A
criterion to determine OBE exceedance is described in Regulatory Suide
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1.166, "Pre-Earth~yake Planning and Immediate Nuclear Power Plant
Operator Postea: ..quake Actions,” (Draft was DG-103%). Postearthquake
inspection and evaluation guidance is described in Regulatory Guide
1.167, "Restart of a Nuclear Power Plant Shut Down by an Seismic Event,”
{(Draft w 36-1035). The guidance is not limited to visual inspections,
it includes inspections, tests, and analyses including fatigue analysis.

Regarding OBE coutrolling design:

“In SECY-90-01€, “"Evolutionary Light Water Reactor (LWR)
Certification Issues and Their Relationship to Current Regulatory
Requirements,” the NRC staff states that it agrees that the OBE
should not control the design of safety systems.-

There is no technical basis for stating that the OBE should not control
the design of safety cystems. Sased on my knowledge of current plant
designs, 1 rin state that if there are five OBE's of the magnitude of
one-half the SSE expected to occur in the life of the plant, then OBE
will control the design of the niping systems. And in this case, OBE
should control the design. The cyclic effects of the repeated
earthquakes have tu be considered in the desiga of the component to
ensure pressure boundary integrity throughout the life, especially if
the SSE can occur after the lower level earthquakes.

The appropriate action is to Gefine the magnitude of the OBE that is
expected to occur, and to require the component manufacturer to design
for the OBE. It appears that NRC is assuming the Tiability for the
proper design of a pressure-retaining component for a lower level
eartnquake. It should be the N certificate holder’s responsibility to
provide a component that is structurally and functionally adequate for
both the OBE and the SSE.

Re.gonse. The WRC staff agrees that the cyclic effecis of repeated

ear thquakes have to be considered in the design of the components to
ensure pressure boundary integrity. The NRC staff has identified
actioms necessary for the design of structures, systems, and components
when the OBE design requirement is eliminated (these actions include
fatigue analysis). A discussion percaining to thase actions (provided
in SECY-93-087, lssue 1.M), is included within supplemental information
item V(B)(5) of the proposed regulation. The guidelines in SECY-93-087
provide a level of fatigue design for the piping equivalent to that
currently provided in the Standard Review Plan Section 3.9.2.

Also, The NRC staff has concluded that design requirements based on an
estimated OBE magnitude at the plant site and the number of events
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expected during the plant 1ife will lead to low design values that will
not control the design thus resulting in unnecessary analyses.

Regarding explicit responsz or design analyses:

“The proposed requlation would allow the value of the OBE to be
set at (1) one-third or less of the SSE, where OBE r:quirements
are satisfied without an explicit response or design analysis.. *

The OBE requirements are -- *... components .... shall remain functional
and within applicable stress, strain and deformation limits when
.su:.;octod to the effects of the OBE in cmbinat.on ~ith normal operating
oads."”

It is not technically justified to assume that Section 11l components
will remain within applicable stress limits (Level B limits) at one-
third the SSE. The Section IIl acceptance criteria ror Level D (for an
SSE) is completely different than that for Level B (for an OBE). The
Level D criteria is based on surviving the extremely-low probability SSE
load. Gross structural deforwmetions are possible, and it is er-ected
that the component will have to be replaced. Cyclic effects are not
considered. For Level B, the component must be designed to withstand
the cyclic effects uf the earthquake load and 211 other cyclic Level A
and » Yoads without damage r2quiring repair.

In srder for the assumption t: be valid -- that at one-third SSE, the
Level B criteria is sati.fied for a component designed for the SSE --
the cyclic fatigue damage from the OBE must be insignificant. It is
highly improbable ths’ the fatigue damage from the OBE wili be
insignificant unless tne comoonent is designed for the OBE.

Response. The following is extracted from SECY-23-087, “"Policy,
Technical and Licensing Issues Pertaining Lo Evolutionary and Advanced
Light-Water Reactor (ALWR) Designs,® Issue I.M, "Elimination of
Operating-Basis Earthquake.*®

*A designer of piping systems considers the effects of
primary and secondary stresses and evaluates fatigue caused
by repeated cycles of loading. Primary stresses are irduced
by the inertial effects of vibratory motion. The relative
»-tion of anchor points induces secondary stresses. The
repesting seismic stress cycles induce cyclic effects
(fatigue).

After reviewing these aspects, the staff concludes that, for
primary stresses, if the OBE is established at one-third the



' SSE, the SSE load combinations control the piping design
when the earthquake contribution dominates the load
cos™in/siion. Therefore, the staff concludes tha:
eliminating the OBE piping stress load combination for
primary stresses in piping systems will not significantly
reduce existing safety margins.

Eliminating the OBE will, however, directly affect the
cu.rent methods used .o evaluate the ade - acy of cyclic and
secon’sry stross ~ “fects in the piping cesign. Eliminating
the ‘rom the ..4d combination could cause uncertainty in
evaluat. “he cyclic (fatigue) effects of earthquake-
induced motions in piping systems and the relative motion
effects of piping anchored to equipment and structures at
various elevations because both of these effects are
currently evaluated only for OBE loadings

‘ Accordingly, to account for earthquake cycles in the fatigue
analysis of piping s stems, the staff proposes to develop
guidelines for selecting a numbe: of SSE cycles at a
fraction of the peak amplitude of the SSE. These guidelines
will provide a level of fatigue design for the piping
equivalent to that cur--atly provided in the standard review
plan (SRP) (NUREG-0800)."

Positions pertaining to the elimination of the Operating Basis
Earthquake were proposed in SECY-93-087. Cosmission approval is
documented in . wemorandum from Samuel J. Chilk to James M. Taylor,
Subject: SECY-93-087 - Policy, Technical and Licensing Issues Pertaining
to Evolutionary and Advanced Light-Water Reactor (ALWR) Designs, datad
July 21, 1993.

L Regarding the OBE and PRA insig .s:

*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. This is ensured, in part, because PRA insights will be
used to support a margins-type assessment of seismic events.”
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This technical po.ition is not valid for Section III pressure-rctaining
components. As stated under comment 3, cyclic effects are not
considered for the SSE. There is no possible way to predetermine that
the cyciic effects at one-third SSE are insignificant without evaluating
specific configurations. To say that PRA insights from a margins-type
assessment will ensure that Level B design limits will be satisfied at
one-Lhird SSE is completely wrong.

Response. See iesponse to comment 3.

Regarding NRC proposed criteria:

*Also, the NRC staff has evaluated the effect on safuty of
eliminating the OBE from the design load combinations for selected
structures, systems, and components and has developed proposed
criteria for an analysis using only the SSE.*"

The proposed criteria referred to is the proof that "SSE only" is not a
prudent regulatory approach. In order to ensure that the OBE
requirements are sati.fied -t one-third SSE, the NRC staff is requiring
a2 fatigue evaluation for two SSE's for the ABWR. This may be more
restrictive than designing for five OBE's at ome-tlird SSE. Consider
what has happened. The NRC staff realized that it is not sufficient for
Section III components to be desi?nod oniy for the >.“. They are
requiring an explicit fatigue analysis so that the OBt . zquirements will
be satisfied. The bottom line is that the NRC staff, in implementing
*SSE only," have required an explicit for an equivalent OBE loading. A
better approach would be to design for the OBE.

Response. The proposed criteria is a prudent regulatory approach. On
the basis of analysis, tests, and engineering judgement, the NRC staff
has determined the design produced using SSE load combinations, in
general, envelop the load combinations produced using the OBE. For
specific situations such as piping, where eliminating the OBE wil)
directly affect the current methods used to evaluate the adequacy of
cyclic and secondary stress effects in the piping design procedures have
been developed (see response to comment 3).

Regarding required plant shutdown:

*Prior to resuming operations, the licensee will be required to
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.”

1f the applicant does not dc an ane ysis and design for one-third SSE,
the applicant is required to shutdown and inspect if the ome-third SSE
occurs. Obviously, the assumption is that the applicant can inspect to
determine if there is damage to the Section Ill components. I* is not
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possibie to inspect to determine if there is cyclic damage to the
Section III pressure-retaining components. The damage that has to be
assessed is the effect of the cyclic loads on the 1ife of the component.
You are not inspecting for permanent defr wmations, leaks, or bent or
failed supports. If these conditions occur at one-third SSE, then the
plant seismic design is obviously deficient. You need to determine that
the cyclic effects are not significant. This is impossible to determine
by inspection. The question that has to be answered it whether the

fati usage factor from the OBE is acceptable. The acceptability of
the fatigue usage factor for a specific component is dependant on the
severity of all the other cyclic loads on the component. The cyclic
effects from the OBE for a component with aigh fatigue dasage from
service conditions, a pressurizer surge line or a nozzle subject to flow
stratification effects for example, would have to be insignificant. The
fatigue "damage” from the OBE cannot be determined by inspection.
Analysis is the only method to verify that the OBE cyclic effects are
within acceptable Timits. The only reasonahle approach is to perfcrm
the OBE fatigue analyses as part ol th. component design process.

Response. Postearthquake inspection and evaluation guidance is
described in Draft Regulatory Guide DG-1035, "Restart of a Nuclear Powe:
Plant Shut Down by an Seismic Event.® The guidance is not limited to
visual inspections, it includes inspections, tests, and analyses
including fatigue analysis.

Regarding equipment seismic design:

*The Operating Basis Earthquake 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 the public will remain functional.®

*The Safe Shutdown Earthquake Ground Motion (SSE) is the vibratory
ground motion for which certain structures, systems, and
components must be designed to remain functional.® [Three types of
equipment are described.)

There is one sajor flaw in the "SSE only" design approach. The
equipment des’ , «d for SSE is limited to the equipment necessary to
assure the intey _ty of the reuctor coclant pressure boundary, to
shutdown the reactor, and to prevent or mitigate accident consequences.
The equipment designed for SSE is only part of the equipment “"necessary
for continued operation without undue risk to the health and safety of
the public.* Hence, by this rule, it is possibtle that some equipment
necessary for continued operation will not be designed for SSE or OBE
effects.

I am disappointed that a proposed rule would be published with flaws in
the technical logic. Perhaps the approach of designing for the SSE only
is adequate for building structures designed to AISC ruies, but this
approach is certainly not adequate for Section III pressure-retaining
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components. There appears to be a lack of understanding of the Section
I dlsm requirements and the significance of seismic loads. To
assume t the component stresses will be within the Section III Level
B code requirements at 1/3 the SSE if the component is designed for the
SSE 1s mot valid. To assume that an applicant can properly inspect the
safety related components .fter an CBE earthquake to determine that the
ability of the components to function for the remaining 1ife has not
been impaired is unreasonable. The potential problem is detrimental
impact on the fatigue 1ife from the cyclic OBE loading. There is no
feasible way to inspect for detrimental impact on fatigue life.

It is not prudent to design only for SSE, and to assume that there will
be no cyclic vamage from the OBE. | see no reason to compromise the
seismic design of the plant. It is inappropriate to assume that design
for OBE is not requir:§ withou: even knowing the componant
configuration.

We do have a problem in the industry with the present requirement:<.
Requiring design for five OBE events at & SSE is unrealistic for rost
(al17) sites and reguires an excessive and unnecessary number o  sismic
suppor -. The solution is to properly define the OBE magnitude | the
number of events expected during the 1ife of the plant. And to require
design for that loading. OBE may or may not control the design. But
you cannot assume, before you have the seismicity defined and before you
hav: a component design, that OBE will not govern the design.

The problem with not designing for OBE can be simply stateu. The
pressure-retaining component may be designed to the fatigue limit for
other Level A and B loads (for example, thermal transients). In this
situation, OBE stresses above the endurance limit reduce the operational
life of the component. It is highly improbable that OBE stresses will
be below the endurance limit. The only way to accept the OBE stress
cycles is to accept lower margins of safety. This is compromising the
design of the plant, and is unnecessary. Desi for UBE, if the OBE
magnitude 1s reasonably defined, will rot result in an excessive number
of seismic supports.

The rule refers to "new information and research results.® The newest
information and research results is the Northridge earthquake and the
Kobe earthquake. In the Northridge earthquake, steel building members
crackad and this behavior was unexpected. In the Kobe earthquake, 2
seismically designed elevated highway toppled over, and this behavior
was umexpected. What | have learned from these events and earlier
earthquakes, is that our understanding of seismic response is limited.
Conventional wisdom is that ductile steel piping systems will not fail
in a single earthquake event. But in a recent NRC/EPRI program on
dynamic reliability, undegraded piping components failed in a single
earthquake event. The loadings were extreme in most cases. but the
failure in a single event was not expected.

The intent of the rule making, to uncouple the OBE and the SSE, 1s a
necessary change in the seismic requirements.
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Response. It 1s not passible that some equipment necessary for
continued sife operation wil. not be designed for SSE or OBE effects.
General Design Criterion 2, "Design Bases for Protection Against Natura)
Phenomena,” of Appendix A, "General Design Criteria for Nuclear Power
Plants,” to 1 CFR Part 50 requires that nuclear power plant struciures,
systems, and components mportant to safety be designed to withstand the
effects of earthquakes without Toss of capability to perform their
safety functions. The criteria in Appendix S to 10 CFR Part 50
implement General Design Criterion 2 insofar as it requires structures,
systems, and components important to safety Lo withstand the effects of
earthquakes. Regulatory Guide 1.29, "Seismic Design Classification,"”
describes a method acceptable to the NRC staff for identifying and
classifying those features of linht-water-cooled nuclear power plants
that should be designed to wit'.stand tne effects of the SSE.

Currently, components which are designed for OBE only include components
such as raste holdup tanks. As ncted in the Supplemental Information,
Section VII, Future Regulatory Actions, regulatory guides related to
these components will be revised to provide alternative design
requirements.

See response to comments 3 and 5 for discussions on stress limits and
fat igne.

RESOLUTION OF COMMENTS ON SECTION 100.23
{a) Applicability.

¥ The language relevant to an applicant under Part 50 appears to be
intended to avoid "backfitting® the new criteria in lieu of that used to
obtain the construction perwit originally. Unfortunately, the words
shall comply unnecessarily imposes retention of the original Appendix A
criteria on such applicants. Although unlikely, an applicant already
holding a construction permit may elect to apply the new methodology and
criteria. Replace "shall comply® with "say elect to demonstrate
compliasce with the seismic and geologic siting criteria in Subpart A or
B to Part 100 of this Chapter." (Reference 43)

Response. The NRC will addres. this request on a case-by-case basis
rather than through a generic change to the regulations. This situation
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pertuies to a Timited number of facilities in various stages of
construction. Some of the issuec lat must be addressed by the
applicant and MRC ¢ .ring the operating license review include
differences between the design bases cderived from the current and
tmended regulations (Appendix A to Pz2-* 170 and Section 100.23,
respectively), and earthquake engincaring criteria such as, OBF design
requirements and OBE shutdown requirements.

(d)(1) Determinaty ) of the Safe Shutdown Earthguake Ground Mction.

1.

Determinatior of the SSE is “ased upon an evaluation that includes
investigation of geological and seismological infocrmation and the
results of & probabiliscic seismic hazard an?lys.-. Addressing
uncertainties is «n inherent part of the process.

Based upon prior licensing decisions and scientific ev: . ations
(Systematic tvaluation Program, Appendix A evaluatior. . LNL, and EPRI)
it seems reasonable to unly perform de*ailed confirmacury site
investiyations (Regulatory Guide ].132) at existing sites. Standardized
0.3g advanced plant designs wre sufficiently robust to bound the seismic
design attributes of all nuclear power plants at current sites.
Inclusion of these simplified recuirements for existiig sites represents
a significant step toward predictable and cost-effective licenzing.

Revise to read (substitution in italirs): “Deteruination of the Safe
Shutdown Earthquake Ground Motion. The Safe Shutdown farthquake orou'd
Mution for the site is cniracterizea by both horizontal spectra and
vertical free-field grouno motion response spectra at the free grounc
surface. The S v'e Shutdown Earthquaxe Ground Notion for the site is
besed woon the wvastigations requirec by prragrag. (c) of this section
and the results € a probililiscic seismic hazard analys' .
seisological ama geolegical uncertainties are inh>rent in these
determinations and are captured by the probabiiistic amaiysis. Suitable
sensitivity analyses may also be used to evaliate uncertainties.
Paragraph IV (a)(1) of Apnendix § to Part 50 of this Chapter defines the
sinisum Safe Shutdown Earthquake Ground Motion for design. Rased upo.
prior scieatific findings ard licensing dec. ‘ions at 2xisting nuclear
power plant sites east i the Rocky Nountain Front (east of
approxisately 105 west longitude), a 0.3 Standardized desig. level is
acceptable at these sites civei confirmato-y foundation evaluvations.”
(Reference 43)

Response. (1) Determinivion of the Sa‘2 Shutdown Zarth Ground Hotion.
Your recommended rewording is another way of sayir: the same thing, but
olace less emphasis on site-specific investio~tions relatirse to the
PSHA ' aan the currert worcing. We regard the currer. wording as better
reflecting the proper prio-ties. Site specific investigations
(regional and site geological, seismological, geophysical, ard



geotechnical) are of prime importance in deriving the basus for the SSE.
It must not be forgetten that if all of the data that is needed about a
site to determine the SSE could oe obtained through site-specific
investigations, a PSHA would not be necessary. However, because of
uncertainties, at the prosent cime, more relicnce must be placed on
PSHA's than may bYe necessary in the future when more information is
available.

Paragraph IV(a)(1) of Appendix S to Part Su. Inves. gations at most of
the existing sites will more then likely be ¢ ey if the initial
investigations were thorough, and there has o too much lag time
since the iritial investigations were accempli... | and the resulis
reviewed by the NRC. However, in many cases it w_y be necessary to
carry out more extensive investigations than are usvally considered as
*confirmatory" investigaticas because: (1) the state-of-the-science is
rapidly ch'nging as new information is derived from every earthquake
that occur’, ind from ongoing research; (2) applicants may elect not to
use the standard design plant and justi®y an SSE different than 0.3g;
and (3) it will often be necessary, even for stanlard design sites, to
determine a site-specific SSE 1s the design basis for other, non-
standard design, safety-related structures, systems or components such
as dams, reservoirs, intake and discharge facilities, etc.

The current wording in the proposed regulation most a.curately
represents the NRC staff’'s position on this issue.

Proposes that at existing eastern U.5. sites (rock or soil), or at
eastern U.S. rock sites not located in areas of high seismicity (for
example, Charleston, South Carclina, New Madrid, Missouri, Attica, New
York) a 0.3g standardized ALWR design is zcceptable and only evaluations
o fouvdation conditions at the site are required (Regulatory Guide
1.132), but not geologic/geophysical seismological investigations. For
other sites a DG-1037 review is required.

Proposes that 10 CFR Part 100 Section 100.23(d)(1) be modified to
reflect this consideration as follows:

*Determination of the Safe Shutdowr Earthguake Ground Motion. The Safe
Shutdown Earthquake Ground Motion for ths site is characterized by both
horizontal und vertical free-field ground motion response spectra at the
free ground surface. The Safe shutdown Earthquake Ground Motion for the
site is based upon the investigations required by paragraph (c) of this
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section and the results of a probabilistic seismic hazard analysis.
Seismological and geologic uncertainties are inherent in these
determinations and are captured by the probabilistic analysis. Suitable
sensitivity analyses may also be used to evaluate uncertainties.
Paragraph I¥(a) (1) of Appendix S to Part 50 of this Chapter defines the
miniwum Safe Shutdewn Earthquake Ground Motion for design. Based upon
priar scientific findings and licensing decisions at existing nuclear
power plant sites east of the Rocky Mounfain Front (east of
approximately 105 west longitude) a 0.3g Standardized design level is
acceptable at these sites given confirmatory foundation evaluations.

For rock sites not in areas of known seismic activity including but not
limited to the regions around New Madrid, MO, Charleston. SC, and
Attica, New York, a 0.3g Svandardized design level is acceptable gi'en
confirmatory foundation evaluations at the site.” (Reference 44)

Response. Although some of the suggested wording may  “ve the
readability o7 the text, the staff does not agree with the basic
philosophy of the recommended modification for the following reasons:

R, The suggested modification brings back a prescriptive element
which we have tried to eliminate in revising the siting documeni.
it is more appropriate to include such z wodification in
Regulatory Guide 1.165 (Uraft was DG-1032). The staff’s position
regarding the application of the 0.3g ALWR design is addressed in
the wain body of the draft guide, and in Appendix D.

2. A standard design of 0.3g does not preclude the need to conduct a
thorough regional and site area investigation. The standard plant
is designed for 0.3g, but other safety related components aren’t
part of the standard design plan. Such components include
emergency cooling ponds and associated dams levees, spillways,
etc., and they will have t~ be designed to the appropriate level
based on regional and site geological, -eismological, geophysical,
and geotechnical invistigations.

3. The level of investigations for a standard ~esign plant or any
additional unit sited on a previously validated site depends on
when that site was previously validated, the complexity of the
geclogy and seismoloay of the region and site, the advent of new
information or hypotheses about regional tectonics, and the kinds
of methods used and the thoroughness applied in using those
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methods in the original investigations and analyses. The
fnvestigations can range anywhere between a literature review to a
very extensive investigation program.

The discovery of the Meers Fault and the palecseismic evidence for
a large prehistoric earthquake in the Wabash Valley are examples
in the central and eastern U.S. of the occurrences of events of
great significance to the seismic hazard to those regions that
were unknewn until regional investigations were performed. Thus,
we expect that evidence for similar, currently unknown tectonic
structures or events is present in the CEUS.

Based on the above factors, the level of investigations could vary
considerably, therefore, 1t would be inappropriate to make the
modifications recommended.

General Information

Mandate te retrofit of existing nuclear power plants in extremely
active seismic zones with the most recent ASCE seismic design and
engineering criteria. The reguirements should be phased in 2 manner to
take effect at individual reactors at the time of relicensing to ease
the financial impact on the licensees. (Reference 45)

Response. This regulation is applicable to applicants for a desigu
certification, ..mbined license, construction permit or operating
Ticense on or after the eflective date of the fina! rule. Because the
requested change pertains to existing (operating) nuclear power plants
it 1: “eyond the scope of this rulemaking. The regulations pertaining
to rei.censing are contained in 10 CFR Part 54, “"Requirements for
Renewal of Operating Licenses for Nuclear Power Plants.® Further, If
the NRC staff were to change the licensing bases for operating plants
e burden would be on the staff to ensure that the backfit requirements
stated i Section 50.109, "Backfitting,” to 10 CFR Part 50, "Doaes®ic
Licensing of Production and Ytilization Facilities," are met.
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2b.

There are several phrases that are used in the regulation that should be
modified t make the regulation more stable from a licensing point of
view. The following phrases and others that are similar in nature
should be modified: (Reference 46)

. certain structures, systems, and comporents ..." should read:
. certain structures, systems, and components as identified in
Reguiatory Guides XXX ..." By referencing the regulatory guides,
the vaguencss of the statement is eliminated from the rule and the
description of the structures, systems and components can be
changed, 1f necessary, via changes tc the regulatory guides.”

Response. Regulatory guides are issued to describe and make available
to the publi: such information as methods acceptable to the NRC staff
for implementing specific parts of the Commission’s regulations,
technigues used by staff in evaluating specific problems or postulated
accidents, and guidance to appiicants. The Introduction section of the
guide cites the applicable regulations pertaining to the guidance.
Regulatory guides are not cited in regulations. The regulation was not
changed.

* .. without loss of capability to perform their safety functions”
should read: "... without loss of capability to perform thcir
intended functions.® The components perform a function and not a
*safety” function -- compone.ts may be part of a safety system or
a non-safety system. There are other sentences which have a
similar phraseol -- for example, item ¢ below. These sentences
should be similarly modified.

Response. The term "safety function® is synonymous with terminology
codified in other regulations; for example, General Design Crite ‘on 2,
*Design Bases for Protection Against Xatural Phenomena,® of Appendix A,
*General Design Criteria for Nuclear Power Plants,® to 10 CFR Part 50.
The regulation was not changed.

*The required safety functi .. of structures, systems, and
components must be assured ...* should read: "The required
functions of structures, systems, and components must be assured
per the guidelines provided in Regulatory Guide XXX ...° The
(hange shows that the regulatory guide contains guidance as to how
a future license applicant can provide "assurance.®

Response. See response to comments 2(a) und 2(Db). The regulation was
not changei.

- /0]



® ...

1. The parenthetical phrase in the definition of response spectrum should
be changed to (acceleration, velocity, and displacement) [not “or*

displacement]. Displacement s also involved in a response spectrum.
(Reference 4])

Response. There are situations where it is only necessary for the
response spectrum plot to show one of the three parameters depicted; for
example, a plot of accelerations and frequencies. The definition was
not changed.

safe Shutdown Earthauake Ground Motion

W Incorporate the seisaic design and engineering criteria of ASCE Standard
4, "Seismic Analysis of Safety-Related Nuclear Structures and Commentary
on Standard for Seismic Analysis of Safety-Related Nuclear Structures,”

12to Part 1w0 to strengthen the basis for the requirements. (Reference
45)

Response. The supplemental information to the proposed regulations,
ftew VB(2), "Remove Detailed Guidance from the Reguiation,* cites that

. the current regulation (Appendix A to 10 CFR Part 100) is too detailed,
containing both requirements and guidance to satisfy the requirements.
It further notes that having detailed assessments cast in a regulation
has caused difficulty for applicants and the NRC staff in terms of
inhibiting the use of needed latitude in judgement. Also, it has
inhibited flexibility in applying basic principals to new situations and
the use of evolving methods of an-"ysis (for instance, probabilistic) in
the iicensing process. Therciore, the Commission has determined that
new regulations will be more streamlined containing only basic
reguirements with guidance being provided in regulatory guides and, to
some extent, in standard review plan sections. Therefore, it is common
NRC practice not to reference publications such as ASCE Standard 4 (an
analysis, not design standard) in its regulations. Rather, publications
such as ASCE Standard & are cited in regulatory guides and standard
review plan sections. ASCE Standard 4 is cited in the 1989 revision of
Standard Review Plan Sections 3.7.1, 3.7.2, and 3.7.3.

1
‘ 3a Supports the NRC staff's -asition to not require explicit design
ana’ sis for the Operating Basis Earthquake Ground Motion (OBE) if its
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peak acceleration is less than one-third of the Safe Shutdown Earthquake
Ground Motion (SSE). The OBE for ABB-CE’s System 80+™ is less than
one-third of the SSE. The supporting analysis has already been reviewed
and approved by the NRC staff in G-1462, "Final Safety Evaluation
Report Related to the Certification of the System 80+ Design.*
(Reference 47)

surface Reformation

There is no definite indication of the type of deformation that must be
considered. A clear distinction should be made between tectonic and
non-tectonic deformation; and the design actions appropriate for boih
provided. (Reference 41)

Response. The definition of surface deformation in Appendix S to 10 CFR
Part 50 azddresses tectonic surface deformation as a subset of surface
deformation. Therefore, it is no. necessary for the discussion in the
regulation (Paragraph IV(b)) to distinguish between surface tectonic and
nontectonic deformations. In addition, Section 100.23(d), "Geologic and
Seismic Siting Factors,” to 10 CFR Part 100 requires, in part, that the
geologic and seismic siting factors considered for design include the
potential for surface tectonic and nontectonic deformations.

With regard to inclucing a discussion on design actions appropriate for
both surface tectonic and nontectonic deformations, the Commission has
determined that new regulations will be more streamlined containing only
basic requirements; guidance will be provided in regulatory guides and,
to some extent, in standard review plan sections as appropriate.
Therefore, design actions will not be provided in the regulation. The
response to comment C] contains additional discussion on the removal of
detailed guidance from the regulation.

The required consideration of aftershocks is confusing and not needed.
It has been recognized from early in the NRC's implementation of seismic
design requirement: that design for the SSE is more than adequate to
account for any vibratory ground motion due to aftershocks.
Alternatively, clarifying language should be added indicating
aftershocks are fully considered in SSE design. (Reference 41)

Response. The reference to aftershocks will be deleted. One of the
changes to the Appendix A to Part 100, Safe Shutdown Earthquake
requirements was the deletion of the phrase *including aftershocks.”
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The recommended change will make the affershock requirements in
Paragraphs IV(b), *"Surface Deformation, and IV(a)(1), "Safe Shutdown
Earthquake Ground Motion," of Appendix S to 10 CFR Part 30 consistent.

When surface deformation is identified as a hazard at a site, the
determination of appropriate design parameters will specifically include
a determination of its spatial characteristics. The requirement to
postulate the occurrence of the load in any direction and azimuth and
under any part of the nuclear plant is inappropriate, and should be
removed. (Reference 4])

Response. The regulation specifically states if and how spatial
characteristics for surface deformation must be considered in design.
The same requirements are contained in Paragraph VI(b)(3) of Appendix A
to Part 100 (effective December 1973). A technical justification
stating why it is inappropriate to require the postulated occurrence of
the load in any direction and azimuth and under any part of the nuclear
plant was not provided. The regulation was not changed. ‘
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Revision 2

REGULATORY GUIDE 1.12
(Draft was DG-1033)

NUCLEAR POWER PLANT INSTRUMENTATION FOR EARTHQUAKES
A. INTRODUCTION

In 16 CFR Part 20, "Standards for Protection Against Radiation," licens-
ees are required to make every reasonable effort to maintain radiation
exposures as low as is reasonably achievable. Paragraph IV(a)(4) of Prepesed
Appendix S, "Earthquake Engineering Criteria for Nuclear Power Plants," to 10
CFR Part 50, "Domestic Licensing of Production and Utilization Facilities,"”
would-requires that suitable instrumentation wi$€ be provided so that the
seismic response of nudur pouer phnt features important to safety can be
evaluated promptly &"ter @ eartliike. Paragraph IV(a)(3) of Prepesed
Appendix S to 10 CFR Part so m“—requireg shutdown of the nuclear power
plant if vibratory ground motion exceeding that of the operating basis
earthquake ground motion (OBE) occurs.’

This guide +s—being-developed-to-—describes seismic instrumentation
acceptable to the NRC staff for satisfying the requirements of Parts 20 and
50-and-theFropesed-Appendix S to Part 50.

hegu cHORy GuiSes FRE 1SS uEE HE BEEPIDE RO IIRE v ttubre e the
D s S L T e i S ad
3 MG PO e Parts 6 e LM S S on L PG et Y ORG TR Gue s s ed
By—stafitn-evilvatingspeciiicproblems—orpostutat L " ceidents—end-guidonce
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‘Guidence—is—being-developed-in—Draft—Regulatory Guide BE—034-1.166,
*Pre- Earthquake Phnninq and Immediate Nuclear Power Plant Operator
Postearthquake Actions,* em—provides criteria for plant shutdown.




Any information collection activities mentioned in this émaft-reguiatory
guide are contained as requirements in the-prepesed-amendments—te-10 CFR

Part Sm M—n&%m—the reguhtory basis for this
reation collection

When an earthquake occurs, it is important to take prompt action to
assess the effects of the earthqguake at the nuclear power plant. This
assessment includes both an evaluation of the seismic instrumentation data and
a plant walkdown. Solid-state digital time-history accelerographs installed
at appropriate locations will provide time-history data on the seismic
response of the free-field, containment structure, and other S&fsa
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 associated with their location, installation,
and lanntenance are natntarned as lou as reasonably ach1evaole (ALARA)

data nld-mu used to ¢ coware u.sured response to the engineering
evaluations used to determine the design input motion to the structures and to
determine whether the OBE has been exceeded (see Braft-Regulatory Guide Be-

foundation—tevel—The instruments located at the foundation level and at
elevation in the structures measure responses that are the input to the
equipment or piping and wewlé—4¥3Y be used in long-term evaluations (see Braét
Regulatory Guide B&—3035-1 967, "Restart of 2 Nuclear Power Plant Shut Down by
a Seismic Event”). Foundation-level instrumentation !‘lﬂ prov “ﬁh on the
actual seismic input teo the containment and other Sefswmic Category |
structures and will be used to guantify diffm m th vth—atory
groand motion a3t the froe-Tield and at the foundation leével. Instrumentatior
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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—develeped-in Draft—Regulatory Guide Be—3034-1.166 is
based on the assumption that the nuclear power plant has operable seismic
instrusentation, including the equipment and software needed to process the
data within 4 hours after an earthquake. This is necessary to determine
whether plant shut down is required. This determination will be made by
comparing the recorded data against OBE exceedance criteria and the results of
the plant walkdown inspections that take place within 8 hours of the event

It may "ci be necessary for identical nuclear power units on a given
site to 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 noted that instruments have
been out of service during plant shutiown and sometimes during plant
operation. The instrumentation system should be operable and operated at all
times. If the seismic instrumentation or data processing hardware and
soitware necessary to determine whether the OBE has been exceeded is
inoperable, the guidelines in Appendix A to Beaft—Regulatory Guide Be—3634
1.166 wouie—should be used.

The characteristics, installation, activation, remote indication, and
maintenance of the instrumentation are described in this guide to help 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 OBE can be determined, and
(3) that the equipment will perfc

y =

15 or 20 sefonds into the event, 2 part of the record, albeit ¥

ts Tost. A 30 second value may be wore appropriate and fs within the
capabilities of current digital time-history accelerographs at no aditional
cost.
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. The appendix to this guide provides definitions to be used with this
guidance.
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9 C. REGULATORY POSITION

10 The type, locations, operability, characteristics, installation,

11 actuation, remote indication, and maintenance of seismic instrumentation

12 described below are acceptable to the NRC staff for satisfying the reguire-

13 ments in 10 CFR Part 20—30-6R-50-66¢b3{2)+ and Paragraph IV(a)(4) of

14 fropesed-Appendix S to 10 CFR Part 50 for ensuring the safety of nuclear power
15 plants.

w 1.  SEISMIC INSTRUMENTATION TYPE AND LOCATION

17 1.l Solid-state digital instrumentation that will enable the
18 processing of data at the plant site within 4 hours of the seismic event
19 should be used.

2V 1.2 A triaxial time-history accelerograph should be provided at each
21 of the following locations:

22 e 1 Free-field.

23 R+ Containment foundation.

24 Be Two elevations (excluding the foundation) on a structure
25 internal to the containment.

4. An independent Sefsmic Category I structure foundation where
’7 the response is different from that »f the containment
28 structure.

— //19
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$. An elevation (excluding the foundation) on the independent
SEREIE Category | structures selected in ¢ above.

6. If seismic isolators are . ed, instrumentation should be
placed on both the rigid and isolated portions of the same
or an adjacent structure, as appropriate, at approximately
the same elevations.

1.3 The specific Tocations for instrumentation should be determined by
the nuclear plant designer to erbtain the most pertinent information consistent
with maintaining occupational radiation exposures ALARA for the location,
installation, and maintenance of seismic instrumentation. In general:

1.3.]1 The free-field sensors should be located and installed so
that Ehets ot : " Ahe i sw #d the effects that
are associltod vith mntuns buﬂdings, and cowonents i

L3.2 The ines

P8 instrumentation should be placed at
locations that have been modeled as mass points in the building dynamic
analysis so that the measured motion can be directly compared with the design
spectra. The instrumentation should not be located on a secondary structural
frame member that is not modeled as a mass point in the building dynamic
mode] .

1.3.3 A design review of the location, installation, and
maintenance of propesed 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 Stations Will Be As Low As Is Reasonably
Achievable."”

1.3.4 Instrumentation should be placed in a location with as Jow 2
dose rate as is practical, consistent with other requirements.

-!‘//7//
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1.3.5 Instruments shou'd be selected to require minima)
maintenance and in-service inspection, as well as minimal time and numbers of
personnel to conduct installation and maintenance.

2. INSTRUMENTATION AT MULTI-UNIT SITES

Instrumentation in addition to that installed for a single unit will not
be required if essentially the same seismic response is expected at the other
units based on the seismic analysis used in the s2ismic design of the plant.
However, if there are separate control rooms, annunciation should be provided
to both control rooms as specified in Regulatory Position 7.1

3. SEISMIC INSTRUMENTATION OPERABILITY

The seismic instrumentation should operate during al)l modes of plant
operation, including periods of plant shutdown. The maintenance and repair
procedures should provide for keeping the maximum number of instruments in
service during plant operation and shutdown.

4. INSTRUMENTATION CHARACTERISTICS

4.1 The design should include provisions for in-service testing. The
instruments should be capable of periodic channel checks during normal plant
operation.

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

4.3 Instrumentation that has sensors located in inaccessible areas
should contair provisions for data recording in an accessible location, and
the instrumentat on should provide an external remote alarm to indicate
actuation.

4.4 Afteractuation—the-The instrumentation should record, at a
winime, the-3 seconds of low amplitude motion prior to seismic trigger
actuation, continue to record the motion during the period in which the
earthquake motion exceeds the seismic trigger threshold, and continue to

L
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record low amplitude motion for a minimum of 5 seconds beyond the last
exceedance of the seismic trigger threshold.

4.5 The instrumentation should be capable of recording 25 minutes of
sensed motion.

4.6 The battery should be of sufficient capacity to power the
instrumentation and-tlsense and record (see Regulatory Position &.5) 25
minutes of motion—with-ne—battery-eharger; over 2 period of not less than the
channel check test interval (Regulatory Position 8.2). THISTEHE B

4.7 Acceleration Sensors

4.7.]1 The dynamic range should be 1000:1 zero to peak, or greater;
for example, 0.001g to 1.0g.

4.7.2 The frequency range should be 0.20 Hz to 50 Hz or an
equivalent demonstrated to be adequate by computational techniques applied to
the resultant accelerogram.

4.8 Recorder

4.8.]1 The sample rate should be at least 200 samples per second in
each of the three directions.

§.8.2 The bandwidth should be at least from 0.20 Hz to 50 Hz.

4.8.3 The dynamic range should be 1000:1 or greater and be able to
record at least 1.0g &-xere to peak.

- %
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4.9 Seiswmic Trigger. The actuating level should be adjustable and
within the range of 0.001g to 0.02g.

5. INSTRUMENTATION INSTALLATION

5.1 The instrumentation should be designed and installed so that the
mounting is rigid.

5.2 The instrumentation should be oriented so that the horizontai axes
are paralle]l to the orthogonal horizontal axes assumed in the seismic
analysis.

§.3 Protection against accidertal impacts should be provided.
6.  INSTRUMENTATION ACTUATION
6.1 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 triggering should be avoided.

6.3 The seismic trigger mechanisms of the time-history accelerograph
should be set for a threshold ground acceleration of not more than 0.02g.

7.  REMOTE INDICATION

Mf the free-field or any foundation-level time-

history accelerograph shoula be annunciated in the control room. If there is
more than one control room at the site, annunciation should be provided to
each control room.

8. MAINTENANCE

8.1 The purpose of the maintenance program is to ensure that the
equipment will perform as required. As stated in Regulatory Position 3, the

-rl/‘/
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maintenance and repair procedures should provide for keeping the maximum
number of instruments in service during plant operation and shutdown.

§.2 Systems are to be given channel checks every 2 weeks for the first
3 months of service after startup. Failures of devices normally occur during
initial operation. After the initial 3-month period and 3 consecutive
successful checks, monthly channel checks are sufficient. The monthly channel
check is to include checking the batteries. The channel furctional test
should be perfo'ned every 6 months. Channel calibration should be performed

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.
Th I adae 3 . : bl

participation—in—its—development——Except in those cases in which the
applicant proposes an acceptable alternative method for complying with the

specified portions of the Commission’s regulations, the-methed-te-be-described
+h-theattrve-this Quide reflecting pobtic comwents wi]] be used in the
evaluation of applications for construction permits, operating licenses,
combined 11censes, or design certification submitted after the—implementation

This guide Mnot be used in the eva]uahon of an apphcahon for an
operatmg license sub-itted after HMW&—M

twpYements fiiiht S cmmmm' W1 be
evaluated by the NRC staff or a cese-by-case basis.
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APPENDIX
DEFINITIONS

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

Accessible Instruments. Instruments or sensors whose locations permit ready
access during plant operation without violation of applicable safety
regulations, such as Occupational Safety and Health Administration (OSHA), or
regulations dealing with plant security or radiation protection safety.

Channel Calibration (Primary Calibration). The determination and, if
required, adjustment of an instrument, sensor, or system such that it responds
within a specific range and accuracy te an acceleration, velocity, or
displacement input, as applicable, or responds to an acceptable physical
constant.

Channel Check. The gqualitative 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 deterwination without
adjustment that an instrument, sensor, or system responds toc a known input 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.

Nonaccessible Instruments. Instruments or sensors in a location that does not
permit ready access during plant operation because of a risk of violating

applicable plant operating safety regulations, such as OSHA, or regulations
dealing with plant security or radiation protection safety.

Operating Basis farthquake Ground Motion (OBE). The vibratory ground motion

for which those features of the nuclear power plant necessary for continuec
operation without undue risk to the health and safety of the public will
remain functional. The value of the OBE is set by the applicant.

w |k
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specified portions of the Commission’s regulations, the method te—be-described
in the—setive R ouide reftecting publiccomentswill be used in the

evaluation of applications for construction permits, operating licenses,
combined 1icenses, or design certification submitted after the—impiementatieon

SESLTAVE . UL

This guide wewld—#fTlinot be used in the evaluation of an application for an
operating license submitted after the—impiementetion—doteto-be—specified—in

g 1f the construction permit
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2. Plan views and vertical sections showing the location of each
seismic instrument and the orientation of the instrument axis with respect to
a plant reference axis.

3. A complete service history of each seismic instrument. The
service history should include information such as dates of servicing,
descr1ptlon of coqpleted work, and calvbratwon records and data (where

4. A suitable earthquake time-history (e.g., the October 1987
Whittier, California, earthquake) or manufacture's calibration standard and
the corresponding response spectrum and cumulative absclute velocity (CAV)
(see Regulatory Positions 4.% and €.2) Theresponse spectrum—and LAV—shovid
be—eat\ datedafterAEF the initial installation and each servicing of the
free-field instrumentation the response spectrum and CAV should be calculated

and #114d (ses Regulatory Position 4.3).

1.2 Planning for Postearthguake Inspections

The pre~sarthguake actions, that 1s, the selection of equipment and
structures for inspectionsy and the content of the baseline inspections as
described in Sections 5.3.]1 emnd-6-3-2-3-of EPRI NP-6695, "Guidelines for
Nuclear Plant Response to an Earthquake," are acceptable to the NRC staff for
satisfying the prepesed-requirements in Paragraph IV(a)(3) of Prepesed
Appendix S to 10 CFR Part 50 for ensuring the safety of nuclear power plants.

2.  IMMEDIATE POSTEARTHQUAKE ACTIONS

The guidelines for immediate postearthquake actions specified in
Sections 4.3.] (with the exception specified below) and 4.3.2 ineluding
Section—b-3-21-anditens—Iand-8-of JableS543-of EPR] NP-6695 are acceptable
to the NRC staff for satisfying the requirements prepesed-in Paragraph

IV(a)(3) of Prepesed-Appendix S to 10 CFR Part 50.
In Section 4.3.1, a check of the neutron flux monitoring sensors for

changes should be added to the specific control room board checks.
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3.1  Data Identification

A record collection log should be maintained at the plant, and all data
should be identifiable and traceable with respect to:

1. The cdate and time of collection,

2. The make, model, serial number, location, and orientation of the
instrument (sensor) from which the record was collected.

3.2 Data Collection

3.2.1 Only personnel trained in the operation of the instrument should
collect the data.

3.2.2 The steps for removing and storing records from each seismic
instrument should be planned and performed in accordance with established
procedures.

3.2.3 Extreme caution should be exercised to prevent accidental damage
to the recording medis and instruments during data collection and subsequent
handling.

3.2.4 As data are collected and the instrumentation is inspected, notes
should be made regarding the condition of the instrument and its installation,
for example, instrument flooded, mounting surface tilted, fallen objects that
struck the instrument or the instrument mounting surface.

3.2.5 For validation of the collected data, the information described
in Regulatory Position 1.1(4) should be PHBEE ti Lhe Pecemd wrthovt-eifert one

3.2.6 If the instrument’s operation appears to have been normal, the
instrument should remain in service without readjustment or change that would
defeat attempts to obtain postevent calibration.
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3.3 Record Evaluation

Records should Le anilyzed according to the manufacturer’'s specifica-
tions and the results of the analysis should be evaluated. Any record
anomalies, invalid data, and nonpertinent signals should be rnoted, along with
any known causes.

4. DETERMINING OBE EXCEEDANCE

The evaluation to determine whether the OBE was exceeded should be
performed using data obtained from the three components of the free-field
ground motion (i.e., two horizontal and one vertical). The evaluation may be
performed on uncorrected earthquake records. It was found in a study of
uncorrected versus corrected earthguake records (see EPRI NP-5930) that the
use of uncorrected records is conservative. The evaluation should consist of

a check of the response spectrum—&B CAV—34mit, and the operability of the
instrumentation. This evaluation should take place within 4 hours of the
earthquake.

4.1 Response Spectrum Check
1.1
The OBE response spectrum check is performed using ;he lower of:
1. The spectrum used in the certified standard design, or

2. A spectrum other than (1) used in the design of any Seismic
Category | structure.

1.2

The OBE response spectrum is exceeded if any one of the three components
(two horizontal and one vertical) of the 5 percent damped free-field ground
motion response spectra is larger than:

- /20
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1. The corresponding design respanse spectral acceleration (OBE
spectrum if used, otherwise 1/3 of the safe shutdown earthquake
(SSE) spectrum) or 0.2g, whichever is greater, for frequencies
between 2 to 10 Kz, or

2. The corresponding design response spectral velocity (ORE spectrum
if used, otherwise 1/3 of the SSE spectrum) or a spectral velocity
of 6 inches per second (15.24 centimelers per second), whichever
is greater, for freguencies between ] and 2 Hz.

4.2 Cumylative Absolyte Velocity (CAV) Lémi+ CHEER

For each component of the free-field ground motion, the CAV should be
calculated as follows: (1) the absolute acceleration (g units) time-history
is d‘vided into l-second intervals, (2) each l-second interval that has at
least 1 exceedan © of 0.025g is integrated over time, (3) all the integrated
values are summed together to arrive at the CAV. The CAV mit—ghoekdis
exceeded if any CAV calculation is greater than 0.16 g-second. Additional
information on how to determine the CAV is provided in EPRI TR-100082.

4.3 Instryment Operability Check

After ar earthquake at the p'lant site, the response spectrum and CAY
should be calculated using £he : :

stonders+seefegulatory Position 1. l(4)<) m
Wit R iR to demonstrate that the tiu-history annyns

hard\un and software were functioning properly

4.4 Inoperable Instrumentation or Data Processing Hirdware or Software

1f the response spectrum and the CAV (Regulatory Positions 4.1 and 4.2)
can not be obtained because the seismic instrumentation is inoperable, data
from the instrumentation are destroyed, or the data processing hardware or
software is inoperable, the criteria in Appendix A to this guide shouid be
used to determine whether the OBE has been exceeded.

- (2]
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If the OBE is exceeded or significant plant damage occurs, the plant
must be shut down unless a plan for the timely, safe shutdown of the nuclear
power plan’ fas been proposed by the licensee and accepted by the NRC staff.

5.1 QBE Exceedance

If the response spectrum check gnd the CAV Himit—EHRER (performed or
calculated in accordance with Regulatory Positions 4.1 and 4.2) were exceeded,
the OBE was exceeded and plant shutdown is required. If either Hmi+—EReck
does not axceed the criterion, the earthquake motion did not exceed the OBE.
If only one +imit—CHEER can be M the other H.H—-_is
assumed to be exceededl’ s {the e perfo 2 ¥ ;
PosItIEEE. The determination of uhethor or not the OBE has been exceeded
should be performed even if the plant automatically trips off-line as a result
of the earthquake.

5.2 Damage

The plant should be shut down if the walkdown inspections performed in
accordance with Regulatory Position 2 discover damage. This evaluation should
take place within 8 hours of the earthquake occurrence.

§.3 Continued Operation

If the OBE was not exceeded 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 because of the earthquake).

6.  PRE-SHUTDOWN INSPECTIONS

The pre-shutdown inspections described in Section 4.3.4 D e s an s S
subsections)—of EPRI NP-6695, "Guidelines for Nuclear Plant Response to an
farthquake,” with the exceptions specified below are acceptable to the NRC
staff for satisfying the requirements prepesed-in Paragraph IV(a)(3) of

- (UL



Preposed-Appendix S to 10 CFR Part 50 for ensuring the safety of nuclear power
plants.

6.1 Shytdown Timing

Delete the last sentence in the first paragraph of Section 4.3.4.

6.2 3afe Shytdown Equipment

In Section 4.3.4.]1, a check of the containment isolation system should
be added to the minimum 1ist of equipment to be inspected.

6.3 QOrderly Plant Shutdown

The following paragraph in Section 4.3.4 of EPRI NP-6695 is printed here
to emphasize that the plant should shut down in an orderly manner.

*Prior to initiating plant shutdown following an earthquake,
visual inspections and control board checks of safe shutdown
systems should be performed by plant operations personnel, and the
availability of off-site and emergency power sources should be
determined. The purpose of these inspections is to determine the
ef ect of the earthquake on essential safe shutdown equipment
which is not normally in use during power operation so that any
resets or repairs required as a result of the earthquake can be
performed, or alternate equipment can be readied, prior to
initiating shutdown activities. In order to ascertain possible
fuél and reactor internal damage, the following checks should be
made, 1f possible, before plant shutdown is initiated . . . . *

D. IMPLEMENTATION

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

Thi : tatan e s ] » pé
participation—in—its-development—Except in those casas in which the
applicant proposes an acceptable alternative method for complying with the

# 123
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Priswy Containment. The principal structure of a unit that acts as the

barriar, after the fuel clidding ana reactar preicure beundary, to control the
release of radivactive material. The primary containment includes (1) the
containment structure axd its access openings, penetrations, and appurte-
nances, 27 the va'ves, pipes, closed systems, and other components used to
isolate the containsent atm sphere from the environment, and (3) those systems
or portions of systems tchat, by their syst ttions, extet he containment
structure boundary (e.g., the connerting steam and feedwater p...no) and
provide e“fective isolation.

Recorder. ~n instrument capable of simultaneously recording the data ve, us
time frow an acceleration sensor or sensors.

Secundary Contsinment. T.e structure suirounding the primary contaiiasnt that
acts 2s a further barrier to ~ontrol the release of radfoactive material.

ismi lator. * device ““or instance, laminated elastomer and steel)
installed ba2tweer the structure 2. its foundation to reduce the acceleration

of the isolated structure, as well as the attachcd equipment and componernts

Seismic Trigger. A device that starts the time-history acceierograpi.

Time-History Accelerograph. Am instrument capable of sensing and permanently

re ruing the absolute acceleration versus time. The components of the time-
history accelerograph (acceleration sensor, recorder, seismic trigger) may be
assenvled in a z2)f-containec unit or may be tcparately located.

Triaxigl. Describes the function of an instrument or group of instruments in
three mutually orthoginal directions, one of which is vertical.
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REGULATGRY ANALYSIS

A separate regulatury analysis was not prepared for this regulatory
guide. The éraft-regulatory analysis, "Peepesed-Revision of .J TFR Part 100
and 10 CFR Part 50," was prepared for the prepesed-amendments, and it provides
the regulatory basis for this guide and examines the costs and benefits of the
rule as iwmplemonted by the guide. A copy of the dwaft—regulatory analysis is
available for inspectinn and copying for a fee at the NRC Public Document
Room, 2120 L Street NW. (Lower Level), Washington, DC, as Emedr vre-2-to—

Seey B4 154 LATER
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APPENDIX A
INTERIM OPE.ATING BASIS EARTHQUAKE EXCEEDANCE GUIDELINES

This regulatory guide is based on the assumption that the nuclear power
plant has operable seismic instrumentation and equi~=ent (hardware and
software) to process the data. If the seismic instrumentation or data
proce: ;ing equipaent is inoperable, the following should be used to determine
whether the operating basis earthguake ground motion (OBE) has been exceeded:

1. For plants at which instrusentally determined data are available only
from an instrument instailed on a foundation, the cumulative absolute
velocity (CAY) Hmi+—EREEE" (see Regulatory Position 4.2 of this guice)
is not applicable. In this case, the determination of OBE exceedance is
based on a response spectrum check similar to that described in
Regulatory Position 4.1 of this regulatory guide. A comparison is made
between the foundation-level design response spectra i.d data obtained"
from the foundation-level instruments. [f the response speci.um check
at any foundation is exceeded, the OBE is exceeded and the plant must be
shut down. At this instrument location it is inappropriate to use the
0.cy spectral acceleration limit or the 6 inches per second (15.24
centineters per second) spectral velocity limit stated in Regulatory
Position 4.1.2.

e For plants at which no free-field or foundation-level instrumental data
are available, gr the data processing equipment is inoperable and the
response spectrus check and the CAV Heit S8 can not be determined
(Regulatory Positions 4.1 and 4.2), the OBE will we considered to have
been exceedec and the plant must be shut down if one of the folloming
applies:

1. The earthquake resulted in Modified Mercalli Intensity (MMI) VI or
greater within § km of the plant,

B The earthquake was felt within the plant and was of magnitude 6.0
or greater, or

i 246



3. The earthquake was of magnitude 5.0 or greater and occurred within
200 km of the plant.

A postearthquake plant walkdown should be conducted (see Regulatory
Position 2 of .his guide).

If plant shutdown is warranted under the above guidelines, the plant
should be shut down in an orderly manner (see Regulatory Position 6 of this
guide).

Note: The determinations of epicentral location, magnitude, and
intensity by the U.S. Geological Survey, National Earthquake
Information Center, will usually take precedence over other estimates;
however, regional and local determinations will be used if they are
considered to be more accurate. Also, higher guality damage reports or
a lack of damage reports from the nuclear power plant site or its
immediace vicinity will take precedence over more distant reports.
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APPENDIX B
DEF INITIONS

Certified Standard Design. A Commission approval, issued pursuant to Subpart
B of 10 CFR Part 52, of a standard cesign for a nuclear power facility.

Design Response Spectra. Response spectra used to design Seismic Category I
structures, systems, and components.

Operating Basis Earthguake Ground Motion (OBE). The vibratory ground motion

for which those features of the nuclear power plant necessary for continued
operation without undue risk to the health and safety of the public will
remain functional. The value of the OBE is set by the applicant.

Spectral Acceleration. The acceleration response of a linear oscillator with
prescribed frequency and damping. -

Spectral Yelocity. The velocity respor.: of a linear ascillator with pre-
scribed frequency and damping.
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REGULATORY ANALYSIS

A separate regulatory analysis was not prepared fur this regulatory
guide. The dmaft-regulatory analysis, "Peepesed-—Revisions of 10 CFR Part 100
and 10 CFR Part 50," was prepared for the prepesed-amendments, and it 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 éraft-regulatory analysis is
available for inspection and copying for a fee at the NRC Public Document
Rosw, 2120 L Street NW. (Lower Level), Washington, DC, as Emelosere—2-te-
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REGULATORY GUIDE 1.166
(Draft was DG-1034)

PRE-EARTHQUAKE PLANNING AND IMMEDIATE NUCLEAR POMER
PLANT OPERATOR POSTEARTHQUAKE ACTIONS

A.  INTRODUC) [ON

Paragraph IV(a)(4) of Prepesed-Appendix S, "Earthquake Engineering
Criteria for Nuclear Power Plants,® to 10 CFR Part 50, "Domestic Licensing of
Production and Utilization Facilities,” wewld-require§ that suitable instru-
mentation’ be provided so that thc seismic response of nuclear power plant
features important to safet” -~n oe evaluated promptly. Paragraph IV(a)(3) of

Preposed-Appendix £ to 17 . i ¢ 50 wewld-require§ shutdown of the nuiiear
power plant if vibrator <~ =4 w. ion exceeding that of the operating basis
earthquake ground moti- .7 ur vificant plant damage occurs. If
systems, structures, W “ v ssary for the safe shutdown ~f the
nuclear power plant . « ¢ ¢ % .ailable after occurrence of the OBE,
the licensee weed” oe ¢ consult with the NRC and ilEEpropose a
glan for the timely, sat. '+, -~ the nuclear power plant. Prepesed

Paragraph 50.54(ff) to 10 v... rart 50 wewdd-requires licensees of nuclear
power plants that have adopted the earthquake engineering criteria in Preposed
Appendix § te 10 CFR Part 50 to shut down the plant if the criteria in Para-
graph I¥(a)(3) of Prepesed-Appendix S are exceeded.

This guide +s—being—developed—teprovided guidance acceptable to the
NRC staff for a timely evaluation after an earthquake of the recorded
instrumentation data and for determining whether plant shutdown wewid-be-is

required by the-preposed-amendments—te-]0 CFR Part 50.

Proposed-Revision2-te-Regulatory Guide 1.12, "Nuclear Power Plant 'lnstru-_
mentaiion for Earthquakes,® Revisios 2, te-describes seismic instrumentation
acceptable to the NRC staff. \3 c
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stages—of developingthe regutitory postirons—Droft reguistory gurdes have
not PEEOIvEt - COMPHEte Statd reviow ahd Ge Mot mepresent offierat MR ctafd
pot-rt oM

Any information collection activities mentioned in this émaft—regulatory

guide are contained as requirements in the-prepesed-amendments—te-10 (FR Part

SWtM reguhtory basis for th'ls gmde

When an earthguake occurs, ground motion data are recorded by the
seismic instrumentation.’ These data are used to make a rapid determination
of the degree of severity of the seismic event. The data from the NEETeEF

Gwer BIERE"S Free 18l seismic instrumentation, coupled with information
obtained fron o phnt walkdown, are used to make the initial determination of
whether the plant must 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) it is
concluded that the plant shutdown criteria have not been exceeded, it is
prcst-ed thlt the phnt will not be shut down W &

Gmdance Wu postshutdo\m inspections and phnt restartf is
contESE s ce Oroft—Regulatory Guide Be—3036—ETBI "Restart of a Ruclear
Power Plamt Shut Down by a Seismic Event.® The Electric Power Research
Institute has developed guidelines that will enable licensees to quickly
identify and assess earthquake effects on nuclear power plants. These
guidelines are in EPRI NP-5930, “A Criterion for Determining Exceedance of the
Operating Basis Earthquake,* July 1988%; EPRI NP-6695, “Guidelines for

Nuclear Plant Response to an Earthguake,® December 1989%; and EPR] TR-100082,
*Standardization of Cumulative Absolute Velocity,® December 1991.°

EPRI reports may be obtained from the Electric Power Research Institute,
Research Reports Center, P.0. Box 50490, Palo Alto, CA 94303

- |3
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This regulatory guide is based on the assumption that the nuclear power
plant has operable seismic instrumentation, including the §
and software required to process the data within & hours after an earthquake.
This is necessary because the decision to shut down the plant 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 plant
wialkdown inspections that take place within 8 hours of the event. If the
seismic instrumentation or data processing equipment is inoperable, the

guidelines in Appendix A to this guide would be used to determine whether the
OBE has been exceeded.

Because earthcuake-induced vibration of the reactor vessel could lead to
changes in neutron fluxes, a prompt check of the neutron flux monitoring
sensors would provide an indication that the reactor is stable.

Shutdown of the nuclear power plant wewld-be—Jiirequired if the
vibratory ground motion experienc2d exceeds that of the OBE. leptr o ierra R
GEENENN for deterwining exceedance of the OBE (based on data recorded in the
free-field) eve JJiiprovided in EPRI NP-5930: a threshold response spectrum
ordinate emtterion-JllEREand 2 cumulative absolute velocity (CAV) eriterien
-. Seismic Category | structures at the nuclear power plant site may be
designed using different ground motion response spectra; for example, one used
for the certified standard design and another for site-specific applications.
The spectrum ordinate criterion is based on the lowest spectrum used in the
design of the Seismic Category I structures. A procedure to standardize the
calculation of the CAY is provided in EPRI TR-100082. A spectral velocity
threshold has also been recommended by EPR! since some structures have
fundamenta] frequencies below the range specified in EPRI NP-5330. The NRC

)32
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staff now recommends 1.0 to 2.0 Hz for the range of the spectral velocity
limit since some structures have fundamental frequencies belou l 5 Hz Jhe

Since the containment isolation valves may have -alfunctioned dur:ng an
earthquake, inspection of the containment isolation system is necessary to
ensure continued containment integrity.

The NRC staff does not endorse the philosophy discussed in EPRI NP-6695,
Section 4.3.4 (first paragraph, last sentence), pertaining to plant shutdown
considerations following an earthquake based on the need for continued power
generation in the region. If the licensee deterwmines that pla.* shutdown is
required by the NRC's regulations, but the licensee does not consider it
prudent to do so, the licensee would be required to consult with the NRC and
propose a plan for the timely, safe shutdown of the nuclear power plant.

Appendix B to this guide provides definitions to be used with this
guidance.

A file containing information on all the seismic instrumentation should
be kept at the plant. The file should include:

s Information on each instrument type such as make, model, and
serial number; manufacturers’ data sheet: list of special features or opt.ons;
performance characteristics; examples of typical instrumentation readings and
interpretations; operations and maintenance manuals; repair procedures (manu-
facturers’ recommendations for repairing common problems); and a list of any
special reguirements, €.g., maintenance, operational, installation.

st b 7
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REGULATORY GUIDE 1.167
(Draft was DG-1035)

RESTART OF A NUCLEAR POMER PLANT
SHUT DOWN BY A SEISMIC EVENT

A. INTRODUCTION

Paragraph 1¥(a)(3) of Prepesed-Appendix S, "Earthquake Engineering
Criteria for Nuclear Power Plants," to 10 CFR Part 50, "Domestic Licensing of
Production and Utilization Facilities,” wewld-require§ shutdown of the nuciear
power plant if vibratory ground motion exceeding that of the operating basis
earthquake ground motion (OBE) occurs or if significant plant damage occurs.’
Prior to resuming operations, the licensee must demonstrate to the NRC that no
functional damage has occurred to those features necessary for continued
operation without undue risk to the health and safety of the public.

This guide is—being-developed—teo—provide§ guidance 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 by a
seismic event.

Any information collection activities mentioned in this draft-regulatory
guide are contained as requirements in the proposed—umendments—to—10 (FR Part
50-that-woutd-provide- THIRIER PPONIONS the re  tory basis for this guide.

The

: . Fei 2 8 *TY

od by he Office of Management

Guidance—is—being—developed—inDraft—Regulatory Guide De—1034-1.166,
*Pre-Earthquake Planning and Immediate Nuclear Power Plant Operator
Postearthquake Actions,* te—provides criteria for plant shutdown.
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Data from seismic instrumentation’ and a walkdown of the nuclear power
plant are used to make the initial determination of whether the plant must be
shut down after an earthquake, if the plant has not already shut down from
operational perturbations resulting from the seismic event.’

The Electric Power Research Institute has developed guidelines that will
enable licensees 1o quickly identify and assess earthquake effects on nuclear
power plants in EPRI NP-6695, "Guidelines for Nuclear Plant Response to an
Earthquake,"’ December 1589. This regulatory guide addresses sections of
EPR]I NP-6695 that relate to postshutdown i. ;pection and lests, inspection
criteria, inspection personnel, documentation, and long-term evaluations.

EPRI KP-6695 has been supplemented to add inspections and tests as a
basis for acceptance of stresses in excess of Service Level C and to recommend
that engineering evaluations of components with calculated stresses in excess
of service Level D focus on areas of high stress and include fatigue analyses.

After a plant has been shut down by an earthquake, the guidelines for
inspections and tests of nuclear power plant equipment and structures that are

W—#ﬁw—hﬂl atory Guide ot

oy *Nuclear Power P ant
Instrumentation for Earthguakes,” : & mt-w-%—describei seismic
instrumentation acceptable to the NRC staff.

EPR] reports may be obtained from the Electric Power Research Institute,
Research Reports Center, P.0. Box 50490, Palo Alto, CA 94303.

13



depicted in EPRI WP-6695 in Figure 3-2 and specified in Sections 5.3.2
tinetudingFabies 2332 and 5 4} £ 3 3timetvees Table 545 and § 3 ¢,
the documentation to be submit' od to the NRC specified in Section in 5.3.5;
and the Tong-term evaluations t are specified in Section 6.3—a¥lsections
and-subsections), with the exce lions specified below, wewld-be-ar@ acceptable
to the NRC staff for satisfying the requirements prepesed-in Paragraph
IV(a)(3) of the-Prepesed-Appendix S to 10 CFR Part 50.

Item (1) should read:

If the calculated stresses from the actual seismic loading conditions
are less than the allowables for emergency conditions (e.g., ASME Code
Level C Service Limits or equivalent) or original design bases, the item

is considered acceptable, provided the results of inspections ard tests
(Section 5.3.2) show no damage.

1.2 The second dashed statement of Itea (3) should read:

-- An engineering evaluation of the effects of the calculated stresses
on the functionality of the item. This evaluation should address all
locations where stresses exceed faulted a

fatigue analysis TSP ASME Cide Cliss } Compones
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Coincident with the long-term evaluations, the plant should be restored
to its curreat licensing basis. Exceptions to this must be approved by the
Director, Office of Nuclear Reactor Regulation.

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.

s Grabl Qe res s BEIR PEEesed 18 -EREOVTIEE Pubite Partrespeiion 8
Fts-development—Except in those cases in which the applicant proposes an
acceptable alternative method for complying with the specified portions of the
Commission’s regulations, the method $e-he-described in thesetive-this guide
refiecting-public-comments—will be used in the evaluation of applications for
construction permits, operating licenses, combined licenses, or design
certification submitted after Lhe g ementet cth Gete 16 P Specatieo oa the

' OETHE FINRCRE.  Tnis guide wouwte#TEnot be

ur d in the evﬂuation of an application for an operating license submitted

CFLET the dmpiemEnt ot en dete 1o b Shecifieg wh 1he sets e suise EFFECTIVE

date.

- |%7)
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REGULATORY ANALYSIS

A separate regulatory analysis was not prepared for this regulatory
guide. The éraft-regulatory analysis, "Peepesed—Revision of 10 CFR Part 100
and 10 CFR Part 50," was prepared for the prepesed-amendments, and it 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 éraft—regulatory analysis is
available for inspection and copying for a fee at the NRC Puhl‘c Document
Room, 2120 L Street NW. (Lower Level), Washington, DC, as Se —94—154-EAFER.
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BRAFI-REGULATORY GUIDE Be-30321.165
(Reeviousty—issued-was Draft DG-103832)

IDENTIFICATION AND CHARACTERIZATION OF SEISMIC SOURCES AND DETERMINATION OF
SAFE SHUTDCWN EARTHQUAKE GROUND MOTION

A. INT CTION
The-NRC—has—recently proposed—amendments—to-10 CFR Part 100, "Rezctor Site

Criteria," 3
Section 100.23, "Geologic and Seismic Siting Factors,” paragraph (c), "Geological,
Seismolegical, and Engineering Characteristics,” wewld-requires that the geological,
seismological, and engineering characteristics of a site and its environs be
investigated in sufficient scope and detail to permit an adequate evaluation of the
proposed site, to provide sufficient information to support evaluations performed to
arrive at estimates of the Safe Shutdown Earthguake Ground Motion [SSE), and to permit
sdequate engineering solutions to actual or potential geologic and seismic effects at
the proposed site. Data on the vibratory ground motion, tectonic surface deformation,
nontectonic deformation, earthquake recurvence rates, fault geometry and slip rates,
site foundation material, and seismically induced floods, water waves, and other siting
factors would will be obtained by reviewing pertinent literature and carrying out field

investigations.

in-the-proposed-Section 100.23, paragraph (d), "Geologic and Seismic Siting
Factors," wewld-requires that the geologic and seismic siting factors considered for
design include a determination of the SSE for the site, the potential for surface
tectonic and montectonic deformations, the design bases for seismically induced floods
and water waves, and other design conditions.
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+-the-proposed-Section 100.23, paragraph (d)(1), "Determination of the
Safe Shutdown Earthquake Ground Motion," wewld-requires that uncertainty
inherent in estimates of the SSE be addressed through an appropriate analysis,
such as a probabilistic seismic hazard analysis or suitable sensitivity
analysis.

This guide 3s-has being-been developed to provide general guidance on
procedures acceptable to the NRC staff to (1) conduct geological, geophysical,
seismological, and geotechnical investigations, (2) identify and characterize
seismic sources, (3) conduct probabilistic seismic hazard analyses, and (4)
determine the SSE for satisfying the requirements of the-propesed-Section
100.23.

This guide contains several appendices that address the objectives
stated above. Appendix A contains a list of definitions of pertinent terms.
Appendix B describes the procedure used to determine the reference probability
for the SSE exceedance level that is acceptable to Lhe staff. Appendix C
discusses the development of a seismic hazard information base and the
determination of the probabilistic ground motion level and controlling
earthquakes. Appendix D discusses site-specific geclogical, seismological,
and geophysical investigations. Appendix E describes a2 method to confirm the
adequacy of existing seismic sources and source parameters as the basis for
determining the SSE for a site. Appendix F describes procedures to determine
the SSE.

L T e o T

Any information collection activities mentioned in this regulatury guide
are contained as requirements in-the-propesed—amendments—te in 10 CFR Part 100
that—weuld-which provides the regulatory basis for this guide. The prepesed
amendments—have—been—submitied—te-the-information collection reguirements in
10 CFR Part 100 have beer approved by the Office of Management and Budget-fer

|
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ctesranceL "ot Mey—beappropriste uhder the i erwerk Reduction et Such
] (obbsined 1d.al 1 inf . Shiais
Fctivities mentioned—ththis guiae . Approval No. 3150-0093.

B. DISCUSSION

CKG!

A probabilistic seismic hazard analysis (PSHA) has been identified in
the-propesed Section 100.23 as eme—ef-the—a means to address—determine the SSE
and account for uncertainties 1n estimetes—ef—the-S5i-the seismolegical and
geological cvaluations. The prepesed rule further recognizes that the nature
of uncertainty and the appropriate approach to account for it depend on the
tectonic regime and parameters such as the knowledge of seismic sources, the
existence of historical and recorded data, and the lewel of understanding of
the tectonics. Therefore, methods other than precbabilistic methods such as
sensitivity analyses may be adequate for some sites to account for
uncertainties.

Appendix A, "Seismic and Geologic Siting Criteria for Nuclear Power
Plants,” to 10 CFR Part 100 is primarily based on a deterministic methodology.
Past licensing experience in applying Appendix A has demonstrated the need to
formulate procedures that quantitatively incorporate uncertainty {(including
alternative scientific interpretations) in the evaluation of seismic hazards.
A single deterministic represeniation of seismic sources and ground motions at
a site dees may not explicitly provide a quantitative representation of the

uncertainties in sc4cni##+¢-4a%onpae&a&+oa&—o£—geo1og1ca1, seismological, and

Probabilistic procedures were developed during the past 10-15 years
specifically for nuclear power plant seismic hazard assessments in the Central
and Eastern United States (CEUS) (the area east of the Rocky Mountains), also
referred to as the Stable Continent Region (SCR). These procedures provide a
structured approach for decision 1 king with respect to the SSE when performed
together with site-specific investigations. A PSHA provides a framework to
address the uncertainties associated with the identification and
characterization of seismic sources by incorporating multiple interpretations
of seismological parameters. A PSHA also provides an evaluation of the
Tikelihood of SSE recurrence during the design life time of a given facility,

= Y| A
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the pce interval and recurremce pattern of pertimest seismic
m. »Hithin the framework of a probabilistic analysis, uncertainties in
the characterization of seismic sources and ground motions are identified and
incorporated in the procedure at each step of the process for estimating the
SSE. The role of site-specificregional-and-site geological, seismological,
and geophysical investigations is to develop geosciences information about the
site for use in the detailed design amalysts of the facility, as well as to
ensure that the seismic hazard analysis is based on up-to-date information.

Experience in performing seismic hazard evaluations in active plate
margin regions in the Western United States (for example, the San Gregorio-
Hosgri fault zone and the Cascadia Subduction Zone) has also identified
uncertainties associated with the characterization of seismic sources (Refs.
1, 2, and 3). Sources of uncertainty include fault geometry, rupture
segmentation, rupture extent, seismic-activity rate, grosnd motion and
earthguake occurrence modeling. As is the case for sites in the CEUS,
alternative hypotheses and parameters must be considered to account for these
uncertainties.

Uncertainties associated with the identification and characterization of
seismic sources in tectonic environments in both the CEUS and the Western
United States should be evaluated. Therefore, the same basic approach can be
applied to determine the SSE.

APPROACH
The process to determine the SSE at a site shesldis gemeral includes:

1. Site- and region-specific geological, seismological, geophysical
and geotechnical investigations, and
B A probabilistic seismic hazard assessment.

CENTRA TERN UNITED STAT

The CEUS is considered to be that part of the United States east of the
Rocky Mountain front, or east of Longitude 105° West (Refs. 4 and 5). To
determine the SSE in the CEUS, an accepted PSHA methodology with a range of
credible alternative input interpretations should be used. For sites in the
CEUS, the seismic hazard methods, (he data developed, and seismic sources

-~ 1472
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identified by Lawrence Livermore National Laboratory (LLNL) (Refs. 4, 5, and
6) and the Electric Power Research Institute (EPRI) (Ref. 7) have been
reviewed and accepted by the staff. The LLNL and EPR] studies developed data
bases and scientific interpretations of available information and determined
seismic sources and source characterizations for the CEUS (e.g., earthquake
occu ‘rence rates, estimates of maximum magnitude).

In the CEUS, characterization of seismic sources is more problematic
than in the active plate-margin region because there is generally no clear
association between seismicity and known tectonic structures or near-surface
geology. In general, the observed geologic structures were generated in
response to tectonic forces that no longer exist and bear little or no
correlation with current tectonic forces. Fhus—thereis-greateruncertainty
‘ " od bout—the—CEUS—than—ti ‘ol 4 lad .

regions—and-Therefore, 1t is important to account for this uncertainty by the
use of muitiple alternative models.

The identification of seismic sources and reasonable alternatives in the
CEUS considers hypotheses presently advocated for the occurrence of
earthquakes in the CEUS (for example, the reactivation of favorably oriented
zones of weakness or the local amplification and release of stresses
concentrated around a geologic structure). In tectonically active areas of
the CEUS, such as the New Madrid Seismic Zone, where geological,
seismological, and geophy:ical evidence suggest the nature of the sources that
generate the earthquakes +a-that-—regien, it may be more appropriate to
evaluate those seismic sources by using procedures similar to these normally
eppicable applied in the Western United States.

WESTERN UNITED STATES

The Western United States is considered to be that part of the United
States that lies west of the Rocky Mountain front, or west of approximately
105° West Longitude. For the Western United States, an information base of
earth science data and scientific interpretations of seismic sources and
source characterizations (e.g., geometry, seismicity parameters) comparable to
the CEUS as documented in the LLNL and EPRI studies does not exist. For this
region, specific interpretations on a site-by-site basis should be applied
(Ref. 1).

e
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The active plate margin region includes for example, coastal California,
Oregon, and Washington. For the active plate margin region, where earthquakes
can often be correlated with known tectonic structures, those structures
should be assessed for their earthquake and surface deformation potential. In
this region, at least three types of sources exist: (1) faults that are known
to be at or near the si face, (2) buried (blind) sources that may often be
manifested as folds at the earth’s surface, and (3) subduction zone sources,
such as those in the Pacific Northwest. The nature of surface faults can be
evaluated by conventional surface and near-surface investigation techniques to
assess strike orientation geometry, sense of displacements, length of rupture,
Quaternary history, etc.

Buried (blind) faults are often accompanied-by<ceoseismic associaled with
surficial deformation such as folding, uplift, or subsidence. The surface
expression of blind faulting can be detected by mapping the uplifted or down-
dropped geomerphological features or stratigraphy, survey leveling, and
geodetic methods. The nature of the structure at depth can often be evaluated
by core borings and geophysical techniques.

Continental 'nited States subduction zones are located in the Pacific
Northwest and Alaska. Seismic sources associated with subduction zones are
sources within the overriding plate, on the interface between the subducting
and overriding lithospheric plates, and intraslab-sewrces in the interior of
the downgoing oceanic slab. The characterization of subduction zone seismic
sources includes consideration of the following: three-dimensional geometry
of the subducting plate, rupture segmentation of subduction zones, geometry of
historical ruptures, constraints on the up-dip and down-dip extent of rupture,
and comparisons with other subduction zones worldwide.

The Basin and Range region of the Western United States, and to a lesser
extent the Pacific Northwest and the Central United States, inelude exhibit
temporal clustering of earthquakes. Temporal clustering is best exemplified
by the rupture histories within the Wasatch fault zone in Utah and the Meers
fault in central Oklahoma, where several large late Holocene coseismic
faulting events occurred at relatively close intervals (hundreds to thousands
of years) that were preceded by long periods of quiescence that lasted
thousands to tens of thousand years. Temporal clustering should be considered
in these regions or wherever paleoseismic evidence indicates that it has
occurred.
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C. REGULATORY POSITION

ks GEOLOGICAL, GEOPHYSICAL, SEISMOLOGICAL. AND GEOTECHNICAL INVESTIGATIONS

1.1 Comprehensive geological, seismological, geophysical, and
geotechnicai investigations of the site and regions around the site should be
performed. For existing nuclear power plant sites where additional units are
planned, the geosciences technical information used originally to validate
those sites may be inadeguate, mnmmmuwzmz
information has become available since the imitial imves and analyses
were performed, the quality of the maammamu-.
the complexity of the site and regional geology and seismology. This
technical information should be wtilized alomg with all other available
information to plan and determine the scope of additional investigatioms.
These investigations described in this regulatery guide are performed
primarily to gather information needed to confirm the suitability of the site
and to gather data pertinent to the safe design and construction of the
ruclear power plant. Appropriate geological, seismological, and geophysical
investigations are described in Appendix D to this draft guide. Geotechnical
investigations are described in Regulatory Guide 1.132, "Site Investigations
for Foundations of Nuclear Power Plants" (Ref. 8). Another important purpose
for the site-specific investigations is to determine whether there are new
data or interpretations that are not adequately incorporated in the existing
PSHA databases. Appendix E describes a method to evaluate new information
derived from the site-specific investigations in the context of the PSHA.

These investigations should be performed at four levels, with the degree
of their detail based on distance from the site, the nature of the Quaternary
tectonic regime, the geological! complexity of the site and region, the
existence of potential seismic sources, the potential for surface
deformations, etc. A more detailed discussion of the areas and levels of
investigations and the bases for them is prasented in Appendix I to this
regulatory guide. The levels of investigation are:

1. Regional geological and seismological investigations sueh—as
leaical y L Jiterat . hoyld
are not expected to be extensive mor in great detail, but
should include literature reviews, the study of maps and
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LSS conducted within a radius of 320 km (200
liles) of the site to identify seismic sources (seismogenic
and capable tectonic sources).

Geological, seismological, and geophysical investigations
should be carried out within a radius of 40 km (25 miles) in
greater detail than the regional investigations to identify
and characterize the seismic and surface deformation
potential of any capable tectonic sources and the seismic
potential of seismogenic sources, or to demonstrate that
such structures are not present. Sites with capable
tectonic or seismogenic sources within a radius of 40 km (25
miles) may require more extensive geological and
seismological investigations and analyses (similar in detail
to investigations and analysis usually preferred within an
8-km (5-mile) radius).

Detailed geological, seismolegical, geophysical, and
geotechnical investigations should be conducted within a
radius of 8 km (5 miles) of the site, as appropriate, to
evaluate the potential for tectonic deformation at or near
the ground surface and tr assess the ground motion
transmission charartcistics of soils and rocks in the site
vicinity. Investigations should include monitoring by a
network of seismic stations.

Yery detailed geological, geophysical, and geotechnical
engineering investigations should be conducted within the
site {fradius of approximately 1 km (0.5 wiles)] to assess
specific soil and rock characteristics as described in
Regulatory Guide 1.132 (Ref. 8).

1.2 The areas of investigations may be expanded beyond those specified
above ‘n regions that include capable tectonic sources, relatively high
seismicity, er complex geology, or which have experienced a large geologically
recent earthguake.
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1.3 It should be demonstrated that deformation features discovered
during construction, particularly faults, do not have the potential to
compromise the safety of the plant. The two-step licensing practice of
requiring applicants to acquire a Construction Permit (CP), and then during
construction apply for an Operating License (OL), has been expanded modified
to allow for an alternative procedure. The requirements and procedures
applicable to NRC's issuance of combined licenses for nuclear power facilities
are in ]0 CFR 52.71. Applying the combined licensing procedure to a site
could result in the award of a license prior to the start of construction.
During the construction of nuclear power plants licensed in the past two
decades, previously unknown faults were often discovered in site excavations.
Before issuing an Ol wewld-be—isswed, it was necessary to demonstrate that the
faults in the excavation posed nc hazard to the facility. Under the combined
Ticense procedure, these kinds of features should be mapped and assessed as to
their rupture and ground motion generating potential while the excavations’
walls and bases are exposed. Therefore, a comm’tment should be made, in
documents (Safety Analysis Reports) supporting \he license :pplication, te
geologically map all excavations amd to notify the NRC staff when excavations
are open for TNSpPect)on-ahe-16-GEetoG ey MeP- o SREavatIons

1.4 Sufficient data to clearly justify all conclusions should be
presented. Because engineering solutions cannot always be satisfactorally
demonstrated for the effects of permanent ground displacement, it is prudent
to avoid a site that has a potential for surface or near-surface deformation.
Such sites normally will require extensive additional investigations.

1.5  For the site and for the area surrounding the site, the
lithologic, stratigraphic, hydrologic, and structural geologic conditions
should be characterized. The investigations should include the measurement 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 underiying the
site. The properties needed to assess the behavior of the underlying material
during earthquakes, including the potential for liquefaction, and the
characteristics of the underlying material in transmitting earthquake ground
motions to the foundations of the plant (such as seismic wave velocities,
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density, water content, porosity, elastic moduli, and strength) should be
measured.

2. SEISMIC SOURCES SIGNIFICANT TO THE SITE SEISMIC HAZARD

2.1 For sites located in the CEUS, when the EPRI and LINL PSHA
methodologies are used to determine the SSE, it still may be mecessary to
investigate and characterize potential seismic sources that were previously
unknown or uncharacterized, and perform sensitivily amalyses to assess their

wmmmmd mmm
discussed in Regulatory Position 1 are to be used, in accordance with Appendix
£, ummm&nwwu,-.wmm”awr
characterization is needed. The guidance in Subsactions 2.2 and 2.3 below and
Appendix D of this guide way be used if additional seismic sowrces are to be
developed as a result of investigations.

2.32 When the LLNL and EPRI methods are mot used or anplicable, this and
the following Subsection 2.3 provide general guidance for idestification and
characterization of seismic sources. The uncertainties in the
characterization of seismic sources should be addressed as appropriate. A
seismic source is a general term referring to both seismogenic sources and
capable tectonic sources. The main distinction between these two types of
seismic sources is that a seismogenic source would not cause surface
displacement, but a capable tectonic source causes surface or near-surface
displacement.

Identification and characterization of seismic sources should be based
on regional and site geological and geophysical data, histerical and
instrumental seismicity data, the regional stress field, and geological
evidence of prehistoric earthquakes. Investigations to identify seismic
sources are described in Appendix D. The bases for the identificat:.on of
seismic sources should be documented. A general list of characteristics to be
evaluated for a seismic source is presented in Appendix D.

2.23 As part of the seismic source characterization, the seismic

potential {magnitude—andrecurrence—ratel for each source should be
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determinedoniiiBilod. Tyiically, chovacterization of the sei wic potentis)
consicts of JEr equally important elements:

~

3 1) Seection of a model for the spatial distribution uf
4 ear thquakes in a source.

Z)  Sclection of a model fur the temporal distribution of
6 earthguakes in a source.

) Selec.ion of a moce! for relative freguenc, of earthquakes
of various magnitudes including an estimate for the largest
earthouake that could occur in the source under the current

10 tectonic regime.

li 4) A complete description of tiae uncertainty.

12 For example, in the LLKL studv a truncited expomential model was used
‘ for the distributior of magnitudes given that an earthquake has vccurred in a

14 source. A stationary Poisson process is used to model the spatial and
15 teaporal occurrences of earthguakes in a swurce.

16 ror & general discussion of evaluxting the zarthg ske potemtial ame
17 characterizing the uncertainty refer to e Senior Seismic Hazard Amalysis
18 Committee Report (1990} (Ref. 9V.

19 2.3.1 Fer sites in the CEUS, when the LLNL cr EPRI method is not used
20 wMMMuhmmm&hﬂcm etc.), thenm it is
jsate the seiswic potertial for each source. The seismic

22 sources ““WMWﬂbymnumt lecensing decision
23 may be =sed along with the data gathered as the result of the imvestigation
24 carried our as described inm Section 1.

25 Grnerally, the seismic sources for the CEUS are area sources because
therz is uncertainty about the underlying ciuses of earthquakes due . lack
Q/ of «tive surface faulting, a low rate of seismic activity and a short
<72 historical record. The assessment of earthqake recurrence ~ - CEUS area
29 sources commoaly relies heavily on catslugs of observed + - ty. Because
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these catal@iifare tuo short and incomplete it is diffi-.it to obtain reliable
estimates oFfIR rate of activity. Consderable care must be taken to correct
for incomplefiiness and to model the uncertainty in the rate of earthquake
recurrence. To completely characterize the seismic potential for a source it
is also necessary to estimate the largest earthquake magnitude that a seismic
source is capabie of generating under the currest tectomic regime. This
estimated magnitude defines the upper-bound of the earthquake recurrence
relationship.

The assessment of earthguak potential for ares sowrces is particularly
difficult because the ‘hysical r. straint most fmportan. ‘o the assessmeat -
the dimensions of fault rupture - is not known. As a result, the primary
methods for assessing maximum earthguakes for area sources wsually include a
consideration of the histeorical seismicity ro-=~<, the pattern and rate of
seismic activity, the Quaternary (2 willion years and younger),
characteristics of the source, the current stress regime (and how it aiigns
with known tectomic structures), paleoseismic data and amalogies to sther
sources in regions comsidered tectomically similar to the CEUS. Because of
the shortaess of the historical catalog and low rate of seismic activity
considerable judgement is meeded. It is important to chwracterize the larce
uncertzintics in toe assessment of the earthguake potential.

e e e SR S TV TS S AR Y TR ¥ o R STV R PR S S
At—applicable)the e Iomic Sources ahd datethat have Seer sccepted by the
bl ot ad i Past I HCERLIRG GEC IS IORE MayBE HEEE S £6 e SeIemIc
potentiat— I +5-RECesSIry 1o woeo-variety of approsches—to—estimate the
Mok - Bagni-budefor 3 Seismic—Ssovrce i -the TRt bacavse there is
oheErta ity —dbout—the uhaer iy i g arses of arthauahes becruseofdue—to—the
Leek-of s Hivesurfece faulting—Also —there1oa-shorthistorical-record—and
oW e sty Fate - Thi-Geterminel 165k 4 1he Mo M -Reghitedefor coch
FOURGEr T ChIFIEI EF L0 0F Lhe Souree Hhe Current S1ress 16 3o +aRo how o1
FOEGuRcY B SEISMIC SOUrCEs SREParamelers used a-the N0 ERR]I-RSHA
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2.43.2 For sites located within the Western United States,
earthquakes can often be associated with known tectonic structures. For
‘aults, the maximum-magnitude earthquake potemtial is related to the
characteristics of the estimated—rupture —such—as—the lengith—or—the ameunt—of
fautt-displacement for the future rupture, such as the * . rupture area, or
the length, or the amount of fault displacement. The rollowing empirical
relations can be used to estimate the earthquake potential from fault behavior
data and also to estimate the amount of displ«cement that might be expected
for a given magnitude. It is prudent to use several of these different
relations to obtain an estimate of the earthquake magnitude.

1. Surface rupture length versus magnitude (Refs. 8-32 30-13).

2. Subsurface rupture length versus magnitude (Ref. 143).

3. Rupture area versus magnitude (Ref. 154).

4. Maximum and average displacement versus magnitude (Ref.
143).

5. Slip rate versus magnitude (Ref. 166).

issue is cﬁﬁmmﬁwwuuwtzmuum fhis
is a judgemental process based on geological data for the fawlt in guestion
and the behavior of other regional fault systems of the same type.

The other elements of the recurrence model are gemerally obtaimed using
catalogs of seismicity, fault slip rate and other data. In seme cases , it
may be appuopriate to use recurrence models with memory, All the sources of
uncertainty must be appropriately modeled. Additionally, the phenomenon of
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should be considered when thrre is geological evidence of

-

2.23.3 For sites near subduction zomes,such as in the Pacific
Northwest and Alaska, the maximum magn:tude must be assessed for subduction
zone seismic sources. Worldwide observations indicate that the largest known
earthquakes are associated with the plate interface, although intraslab
earthquakes may also have large magnitudes. The assessment of plate interface
earthquakes can be based on estirates of the expected dimensions of rypture or
an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>