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May 22, 1996

MEM0P.ANDUM TO: David L. Morrisun, Director
,

Office of Nuclear Regulatory Research

FROM: David L. Meyer, Chief id-Mby ---
Rules Review and Directives Branch
Division of Freedom of Information and

Publications Services
Office of Administration

SUBJECT: OFFICE CONCURRENCE ON FINAL RULE ENTITLED
"REACTGR SITE CRITERIA INCLUDING SEISMIC AND
EARTHQUAKE ENGINEERING CRITERIA FOR NUCLEAR P01ER
PLANTS" (10 CFR PARTS 50, 52, and 100)

The Office of Administration concurs, subject to the comments provided, on the
final rule that updates the criteria used for power reactor siting (including
geologic, seismic, and earthquake engineering considerations) for future
nuclear power plants. We have attac.hed a marked copy of the final rule and
accompanying documents that include our editorial and format corrections.'

In addition to the statement included in this rule, the Small Business
Regulatory Enforcement Fairness Act of 1996 requires agencies to submit a
report transmitting a copy of each final rule to each House of Congress and
the General Accounting Office before the rule takes effect. The report must
include a concise general statement concerning the final rule, indicate
whether the action is a " major" rule as defined by the legislation and
determined by the Office of Management and Budget, and state the anticipated
effective date of the final rule. We have attached a list of addresses for
the required communication and a sample draft letter for a non-major rule.
Your staff should contact Trip Rothschild, Dr.f, to coordinate with the Office
of Information and Regulatory Affairs (OIRN Jffice of Management and Budget
concerning whether the action is a " major rde as defined in Section 804 of
the Act. Also, the Act requires that the final regulatory guides associated
with this final rule be submitted to Congress when they are issued as final
NRC actions.

Please note that when the rule is submitted for publication in the Federal
'

Register, it must be presented as a single-sided copy. Also, please have a
member of your staff include a 3.5-inch diskette that contains a copy of the
final rule in Wordperfect 5.0 or 5.1 as part of the transmittal package. The
diskette will be forwarded to the Office of the Federal Register and the
Government Printing Office for their use in typesetting the document.

If you have any questions regarding our comments, please have a member of your
staff contact Michael T. Lesar on 415-7163 or Alzonia Shepard on 415-6864.

D$5 QAttac'.ments: As stated
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l BRAFT-REGULATORY GUIDE BG-MEI?f65
'

2 (Pr vi:=ly in=d jas Draft DG-104N)
i

I
3 IDENTIFICATION AND CHARACTER!IATION OF SEISMIC SOURCES AND DETERNINATION OF
4 SAFE SHC'.J0WN EARTHQUAKE GROUND MOTION

|
,

5 A. INTRODUCTION j

6 Th: ""C hn r==tly pr:pn:d .nndnat: t: $ 10 CFR Part 100, " Reactor Site |

7 Criteria," ir,th: F:1. .he:i:ter = Oct:t:r 17, 1000 (50 FR 52255). In th: pr: = d
'

8 Section 100.23, " Geologic and Seismic Siting Factors," paragraph (c), " Geological,

9 Seismological, and Engineering Caracteristics," .;nld requirej that the geological, j

10 seismological, and engineering characteristics of a site and its environs be
i 11 investigated in sufficient scope and detail to permit an adequate evaluation of tiie
a

j 12 proposed site, to provide sufficient information to support evaluations performed to
j 13 arrive at estimates of the Safe Shutdown Earthquake Ground Motion (SSE), and to permit

| 14 adequate engineering solutions 'to actual or potential geologic and seismic effects at
15 the proposed site. Data on the vibratory ground motion, tectonic surface deformation,

3

16 nontectonic deformation, earthquake recurrence rates, fault geometry and slip rates,
| 17 sito foundation material, and seismically induced floods, water waves, and other siting

18 factors wet:M dll be obtained by reviewing pertinent literature and carrying out field
19 investigations.
2r In the pr:pned E01CfR Section 100.23, paragraph (d), " Geologic and Seismic
21 Siting Factors," .;nid requirej that the geologic and seismic siting factors considered
22 for design include a determination of the SSE for the site, the potential for surface.

i
23 tectonic and nontectonic deformations, the design bases for seismically induced floods

4

24 and water waves, and other design conditions.
-

4
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.I h th: ;=; = :d LT 9Ytfij Section 100.23, paragraph (d)(1),

f 2 "DeterminationoftheSafeShutdownEarthquakeGroundMotion,"c::ldrequire[

i :3 that uncertainty inherent-in estimatet of the SSE be addressed through an

4 appropriate analysis, such as a probabilistic seismic hazard analysis or
5 suitable sensitivity analysis.
6 This guide @ 5:in; [ developed to provide general guidance on
7 procedures acceptable to the NRC staff M 4e-(l) conduct $ geological,

geophysical, seismological, and geotechnical investigations, (2) identifyg8

9 and characteriz g e seismic sources, (3) conduct [N prchabilistic seismic
10 hazard analyses, and (4) determinJ5e the SSE for satisfying the requirement

11 of %: ;=;n:d S:tbr@j 100.23.
12 This. guide contains several appendices that address the objectives

13 stated above. Appendix A contains a list of definitions of pertinent terms.

14' Appendix B describes the procedure used to determine the reference probability

15 for the SSE exceedance level Mtnaccep_ti)EEiliE"s'~tliJF . Appendix C

16 discusses the development of a seismic hazard information base and the

17 determination of the probabilistic ground motion level and controlling

18 earthquakes. Appendix D discusses site-specific geological, seismological,

19 and geophysical investigations. Appendix E describes a method to confirm the

20 adequacy of existing seismic sources and source parameters as the basis for

21 determining the SSE for a site. Appendix F describes procedures to determine

22 the SSE.

23 5;;ht:ry ;;id:: r: in;;d i: d=: rih: =d ::h: =:ihbh b the
24 ;;ili: :::h inh =:ti: :: =th;d: :=:pubh h th: M".C :t:ff f:r
25 i ;h =th; :p::ifk ;=u :f th: C: rb:i=': n;;hti:::, t::hni;;= :::d
26 by th: :uff 5 :=h:tb; :p=ifk path:: cr p=tcht:d n:id=u, =d
27 ;;id== t: ;;;1 k=u . .;;;htry ;;fdn r: =t = htitat:: fr"

28 =;;hti=:, =d :: ;l h = tith =;;ht=y ;;id= h =t =;;ind.
29 " ;;h try ;;id= r: S:=d h d=ft S= fu ;; ilk :: ::t u h=h: th:

30 ;;ili: in th: =rly u;n f da:h;S; th: =;;htry ;=ith=. 0=ft

31 =;;htry ;;id= hn: =t r:=h;d ::r;ht :uff rni : =dd:=t=pr==t

32 Offk hi M"O :u ff ;=it h =.

33 Any information collection activities mentioned in this regulatory guide
34 are contained as requirements b th: ;=;=cd :.:=d : u t: @ 10 CFR Part
35 1002 thi :=1d Q provide [ the regulatory basis for this guide. The
36 ; =; n:d = = S: u h n : b=: =h;it u d u t h $fo M [on OM@

MW3Q{TCfjR @30DMMiapprojT;6PM Office of Management37 i

2 .
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4 B. DISCUSSION
'.

: j

|
#

: 5 BACKGROUND
,

i
1 !

!

6 A probabilistic seismic hazard analysis (PSHA) has been identified in j

th: =;n:d S:ti=RTMt 100.23 as = Of th: [ means to 6 j
| 7

M uncertainties in ::t!= t= :f th; SSE E f8

MMJ@B1RKj~as. The peepesed rule further ;
j 9

10 recognizes that the nature of uncertainty and the appropriate approach to |
:

11 account for it depend on the tectonic regime and parameters such as the
i

I 12 knowledge of seismic sources, the existence of historical and recorded data, I

: 13 and the |M Mg understandingofth]etectonics. Therefore, methods other
. :

'

than probabilistic methods such as sensitivity analyses may be adequate for |
! 14

| 15 some sites to account for uncertainties.
$ 16 Appendix A, " Seismic and Geologic Siting Criteria for Nuclear Power 1

: 17 Plants," to 10 CFR Part 100 is primarily based on a deterministic methodology.

18 Past licensing experience in applying Appendix A has demonstrated the need to
formulate procedures that quantitatively incorporate uncertainty @Isl65

i 19

20 @ v7e3EDfiEIIngrfr~eTaifjjoJn in the evaluation of seismic hazards.
A [[ age deterministic representation of seismic sources and ground motions at; 21

a site does M not explicitly provide a quantitative representation of the22

1 23 uncertainties in ::i= tift: int:rpr:t:ti= Of geological, seismological, and
geophysical data @Jt~ersifWeTsE@{fgg[{rprTefiTIBEi.24

25 Probabilistic procedures were developed during the past 10-15 years4

specifically for nuclear power plant seismic hazard assessments in the Central26

; 27 and Eastern United States (CEUS) (the area east of the Rocky Mountains), also

28 referred to as the Stable Continent Region (SCR). These procedures provide a i

I
4

i 19 structured approach for decision making with respect to the SSE when performed

30 -- together with site-specific investigations. A PSHA provides a framework to

31 address the uncertainties associated with the identification and
32 characterization of seismic sources by incorporating multiple interpretations

33 of seismologieal parameters. $ M @ M M $s3nJWalsilifiK g M
MIS $EErecpvpacjeIgr1CQTj~ge-Q%TWRfM"~fMjRifg@H

Ip
34
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2 MiENithin the framework of a probabilistic analysis, uncertainties in '

3 the characterization of seismic sources and ground motions are identified and

4 incorporated in the procedure at each step of the process for estimating the

5 SSE. The role of :it: :p::ifk r ;;h::1 : d :it: geological, seismological,
6 and geophysical investigations is to develop geosciences infomation about the ,

7 site for use in the detailed design ga))fg of the facility, as well as to
8 ensure that the seismic hazard analysis is based on up-to-date information.

Experience in performing seismic hazard evaluations in active plate!9

10 margin regions in the Western United States (for example, the San Gregorio-
'

11 Hosgri fault zone and the Cascadia Subduction Zone) has also identified'

12 uncertaintjes associated with the characterization of seismic sources (Refs.
i

13 1, 2, and 3). Sources of uncertainty include fault geometry, rupture

14 segmentation, rupture extent, seismic-activity rate, @fmoK6n] and j

15 earthquake occurrence modeling. As is the ca!.e for sites in the CEUS, |

16 alternative hypotheses and parameters must be considered to account for these
;

17 uncertainties.
18 Uncertainties associated with the ident'<fication and characterization of
19 seismic sources in tectonic environments in both the CEUS and the Western

20 United States should be evaluated. Therefore, the same basic approach can be ;

21 applied to determine the SSE.

22 APPROACH

23 The jihiril trocess to determine the SSE at a site sheidjy@E
24 includes:

- ,

25

26 1. Site- and region-specific geological, seismological, geophysical [

27 and geotechnical investigations, and

28 2. A probabilistic seismic hazard assessment.

29 CENTRAL AND EASTERN UNITED STATES
i

30 The CEUS is cc ;idered to be that part of the United States east of the

31 Rocky Mountain front, or east of Longitude 105* West (Refs. 4 and 5). To .

32 determine the SSE in the CEUS, an accepted PSHA methodology with a range of

33 credible alternative input interpretations should be used. For sites in the

4

. .
_ _ _ - . -_ _ - - _-___-__ _ ___________ _ _ - _ _ _ _ _ -
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1 CEUS, the seismic hazard methods, the data developed, and seismic sources

2 identified by Lawrence 1.ivermore National Laboratory (LLNL) (Refs. 4, 5, and

3 6) and the Electric Power Research Institute (EPRI) (Ref. 7) have been
4 reviewed and accepted by the staff. -The LLNL and EPRI studies developed data

I

5 bases and scientific interpretations of available infomation and determined

6 seismic sources and source characterizations for the CEUS (e.g., earthquake

7 occurrence rates, estimates of maximum magnitude).

8" In the CEUS, characterization of seismic sources is more problematic

9 than in the active plate-margin region because there is generally no clear >

10 association between seismicity and known tectonic structures or near-surface

11 gcology. In general, the observed geologic structures were generated in

12 response to tectonic forces that no longer exist and h{@ little or no
13 correlation with current tectonic forces. Th::, ther: 1: gre:ter ::::rt:inty
14 in :: king jud;xnt; :b::t the CE"5 th:n-th:r: !; f:r ::ti; pl:t: ::qin
15 r ;i;;;, : d ISaIMfsiQ{t is important to account for this uncertainty by the
16 use of multiple alternative models.

17 The identification of seismic sources and reasonable alternatives in the
18 CEUS considers hypotheses presently advocated for the occurrence of

19 earthquakes in the CEUS (for example, the reactivation of favorably oriented

20 zones of weakness or the local amplification and release of stresses

21 concentrated arnund a geologic structure). In tectonically active areas of

22 the CEUS, such as the New Madrid Seismic Zone, where geological,

23 seismological, and geophysical evidence suggest the nature of the sources that

24 generate the earthquakes in th:t regien, it may be more appropriate to

25 evaluate those seismic sources by using procedures similar to those normally

26 :pplic:ble @Q in the Western United States.
,

27

28 WESTERN UNITED STATES

29 The Western United States is considered to be that part of the United'

30 States that lies west of the Rocky Mountain front, or west of approximately

31 105* West Longitude. For the Western United States, an information base of |

32 earth science data and scientific interpretations of seismic sources and i

,

33 source characterizations (e.g., geometry, seismicity parameters) comparable to

34 the CEUS as documented in the LLNL and EPRI studies does not exist. For this !

35 region, specific interpretations on a site-by-site basis should be applied |
)

36 (Ref. 1).1

5
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1 The active plate $ margin region includes [ gjKg7y H coastal I

2 California, Oregon, and Washington. Fortheactiveplate{earginregion,where
,

3 earthquakes-can often be correlated with known tectonic structures, those.

!' 4 structures should 'be assessed for their earthquake and surface deformation '

5 potential. In this region, at least three types of sources exist: (1) faults i

6 that are known to be at or near the surface, (2) buried (blind) sources that {I

7 may often be manifested as folds at the earth's surface, and (3) subduction
:

| 8 zone sources, such as those in the Pacific Northwest. The nature of surface !-

! 9 faults can be evaluated by conventional surface and near-surface investigation

10 techniques to assess :trii: M geometry, sense of displacements, ;
i

11 length of rupture, Quaternary history, etc. |
|

12 Buried (blind) faults are often :::x;:: icd by ::::h i: M
;

i 13 surficial deformation such as folding, uplift, or subsidence. The surface '

14 expression of blind taulting can be detected by map,ning the uplifted or down- ;'

15 dropped geomorphological features or str:tigraphy, survey leveling, and :

16 geodetic methods. The nature of the structure at depth can often be evaluated
17 by core borings and geophysical techniques.

18 $$sMi@Mi United States subduction zones are located in the Pacific
19 Northwest and Alaska. Seismic sources associated with subduction zones are ;

|

20 sourceswithintheoverridingplate,[[theinterfacebetweenthesubducting'

21 and overriding lithospheric plates, and intr::hb :=r::: in the interior of
22 the downgoing oceanic slab. The characterization of subduction zone seismic

i
23 sources includes consideration of the f 1hwing: three-dimensional geometry

24 of the subducting plate, rupture segmentation of subduction zones, geometry of I

25 historical ruptures, constraints on the up-dip and down-dip extent of rupture,
26 and comparisons with other subduction zones worldwide.

27 The Basin and Range region of the Western United States, and to a lesser

28 extent the Pacific Northwest and the Central United States, in:hd: M{{$
29 temporal clustering of earthquakes. Temporal clustering is best exemplified
30 by the rupture histories within the Wasatch fault zone in Utah and the Meers
31 fault in central Oklahoma, where several large late Holocene coseismic

32 faulting events occurred at relatively close intervals (hundreds to thousands
33 of years) that were preceded by long periods of quiescence that lasted
34 thousands to tens of thousand years. Temporal clustering should be considered

35 in these regions or wherever paleoseismic evidence indicates that it has
36 occurred.
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1 C. REGULATORY POSITION ;
;

L

2 1. GEOLOGICAL. GEOPHYSICAL. SEISM 0 LOGIC \L. AND GEOTECHNICAL INVESTIGATIONS
,

r

3 L1 Comprehensive geological, seismological, geophysical, and i

4 geotechnical investigations of the site and regions around the site should be
5 performed. 955R$QM]se@eperigual%34 i

6
'

7 JEW $iM
i8

. . i

9 }EMEM '
:

10 MM1@j@JMJfs53 iib 11gg_1eaWE5iREQM '

11 MRo"IiiaQisTiliiiWdiliisiiMjisalilesEviuf781F5WN13 :
12 M@TaTn aMfESnQe Hielicopelif3HiHlIfejH3RMjgittati$ -

13 These investigations {GFGilli}n thfsi@aitergyug are performed i

14 primarily to gather information needed to confirm the suitability of the site
15 and to gather data pertinent to the safe design and construction of the
16 .suelear power plant. Appropriate geological, seismological, and geophysical i

17 investigations are described'in Appendix D to this dean guide. Geotechnical f
18 investigations are described in Regulatory Guide 1.132, " Site Investigations !

19 for Foundations of Nuclear Power Plants" (Ref. 8). Another important purpose

20 for the site-specific investigations is to determine whether there are new
21 _ data or interpretations that are not adequately incorporated in the existing
22 PSHA databases. Appendix E describes a method [o[ rte evaluat[6je new

23 information derived from the site-specific investigations in the context of
!

24 the PSHA.

25 These investigations should be performed at four levels, with the degree
26 of their detail based on distance from the site, the nature of the Quaternary
27 tectonic regime, the geological complexity of the site and region, the
28 exister.ce of potential seismic sources, the potential for surface
29 defonnations, etc. $1merefdifiWe'd'3fscussioniofE(isefareas]yedileve]Q[
30 M'g3a posianjG )he3 T @Jfolit@j jepesente! M M IIf*f E M'

31 MftfffjiH@ The levels of investigation are+ Ma~ct"eiNiidKsIf311@

32- 1. Regional geological and seismological investigations :::h ::
33 g::1:gi::1 r::::::!::::::: : d 1 iter:ter: r:Ji:w: :h: 1d b: M |
34 5ti M tjB g &E M Q W Q B W h'f( M ll{ g [ Q 13
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)~Q{d3e ]M5{ufr@T&lfEe~3@jif[fajisIIsiifffi'm~oVEM1

$jQJ[@M@ssyyJfjpoundTrutpycggpfs,_agcgi conducted2

within a radius of 320 km (200 miles) of the site to identify3-

4 seismic sources (seismogenic and capable tectonic sources).

5 2. Geological, seismological, and geophysical investigations should

6 be carried out within a radius of 40 km (25 miles) in greater

7 detail than the regional investigations _ to identify and
characterize the seismic and surface deformation potential of any,8

9 capable tectonic sources and the seismic potential of seismogenic

10 sources, or to demonstrate that such structures are not present.

11 . Sites with capable tectonic or seismogenic sources within a radius

12' of 40 km (25 miles) may require more extensive geological and

13 seismological investigations and analyses (similar in detail to

14 investigations and analysis usually preferred within an 8-km (5-

15 mile) radius).

16 3. Detailed geological, seismological, geophysical, and geotechnical

17 investigations should be conducted within a radius of 8 km (5

18 miles) of the site, as appropriate, to evaluate the potential for
tectonic deformation at or near the ground surface and to assess19

20 the ground motion transmission characteristics of soils and rocks

21 in the site vicinity. Investigations should include monitoring by

22 a network of seismic stations.

23 4. Very detailed geological, geophysical, and geotechnical

24 engineering investigations should be conducted within the site

25 f[ radius of approximately I km [Q(jijigs)} to assess specific
26 soil and rock characteristics as described in Regulatory Guide

27 1.132 (Ref. 8).

, .S L1 The areas of investigations may be expanded beyond those specified*

29 above in regions that include capable tectonic sources, relatively high
seismicity, eco] complex geologyMiMfwh~KEvelexp[er]~e@ Bid 3iRlIr~ji30

31 geoleigipalg[f]ec n31Tr~j@ki.

8
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i 1 M It should be demonstrated that deformation featurer discovered |'
;

!
2 during construction, particularly faults, do not have the potantial to

$ 3 compromise the safety of the plant. The two-step licendng practic Ci f
:

j 4 requirgingapplicantstoacquireaConstructionPerW P),_and then during ,

! 5 construction apply for an Operating License (0L), ha ,<a empended M [
i

j 6 to allow for an alternative procedure. The requirements and procedures j

j _7 applicable to NRC's issuance of combined licenses for nuclear power facilities ;

) 8 are in 10 CFR 52.71. Applying the combined licensing procedure to a site |

9 could' result in the award of a license prior to CWhil construction. |
;

|
| 10 During the construction of nuclear power plants licensed in the past two

| 11 decades, previously unknown faults were often discovered in site excavations. f

12 Before Mb OLx:ld 5: i::::d, it was necessary to |

J 13- ~ demonstrate that the faults in the excavation posed no hazard to the facility. !
;

14 Under the combined license procedure, these kinds of features should be mapped )

f
: 15 and assessed as to their rupture and ground motion generating potential while

j 16 the excavations' walls and bases are exposed. Therefore, a commitment should
.

] 17 be made, in documents (Safety Analysis Reports) supporting the license
application, [a%MM{dTmMMyst'Wa@ to notify the NRC staff18;

j 19 when excavations are open for inspectior. =d t: ;;;1:;ic:lly n; :11

l. 20 emeeve44ene.

21 M $Ja Giufficient-dete to clearly justify all conclusions should be
22 presented. Because engineering solutions cannot always be p[at3sFsifiiPUM

{
! 23 demonstrated for the effects of permanent ground displacement, it is prudent

! 24 to avoid a site that has a potential for surface or near-surface deformation.
' 25 Such sites normally . n require extensive additional investigations.
;

26 M For the site and @ the area surrounding the site, the

27 lithologic, stratigraphic, hydrologic, and structural geologic conditions
,

!
28 should be characterized. The investigations shoul.' include the measurement of

I 29 the static and dynamic engineering properties of the materials underlying the

I 30 site and an evaluation of physical evidence concerning the behavior during

i
31 prior earthquakes of the surficial materials and the substrata underlying the ,

I
| 32 site. The properties needed to assess the behavior of the underlying material

|I 33 during earthquakes, including the potential for liquefaction, and the

34 characteristics of tha underlying material in transmitting earthquake ground
j
i' 35' notions to the foundations of the plant (such as seismic wave velocities,
.

9
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1 density, water content,. porosity, elastic moduli, and strength) should be j

2 measured. |

3 2.. SEISMIC SOURCES SIGNIFICANT TO THE SITE SEISMIC HAZARD
,

4 3 f.'7MHgf0F'T45936 M ]|EN$fMfil f '

5 TO 3[;l:1$]fjl1U@illetgh @fTet~$M
6 TQ'E iE';QMM'#7gil5liig|p!ssiinggt AjgtamiluMsJ

' C:32 n d d Csf0;L M W 3EiiiffDW 6 W _7 ;

8 d f M N J2 2 J {9tseliMc34azpp[4t3EifaIAli 6 ;

9 ZEST 21%K1,Z[i :,C !.dTMIS4 M
10 + "n.+nm" "am" *w: s m" "_x'~"u-=""'3w|iin-AtWE_M" ' ^ ' * ' ~ "

- m

11 Annf71if"WdEMJR45iir1545jsIW6hdiFiggiji13ssiebatati$iajtHis :

12 MCTT@thjggeg51K$$7toi,6Tt@j]hefM319fitQlMIN1sradi
@_F_WE5. 5_EHil_lf.l.ii. l. iGIch.-.aMc_._Fe_ffist_iisiiTs_liiiilillb~eTttpditf7- 1 ~". 324I_li

~

13 -- m. ;

14 gggan Mc@$6iisii445iiFWijiMfoK(o'~siffoEQ3~~dX316i| oiMQFMJ |fn

15 E@M@iIsilEfe%3ffadditTsiE@7e'[sa}Ms6i$i i's3E(6R@ilifo3
16 )] Q g snW Tf M @ j jattg s2

17 1.,.12 Eth]e Q3ilfiiidIEgjjM@QEast]GRgggtjglp EJEb
l8 Kiiig$ga3)M'liifryMTEojijt[@Hil}i!3TsYoilil'@e3**s% E~"M

~

39 wwi~w-se~nmw==,m =#=anq,gggggammm-wazz a n armwa==nm=a.m____ --
20 @__~VFri_ t_%_iiFifTi_sisii.iE_TfisiEas!Ef_tsN__ined_EllifiiItWi.'_W_ristlii-- -- _

21 gggagratfon3Gi@igsoutpesfsh]E]{beladdifii[eidFadi@~@t~e] A i

22 seismic source is a general term referring to both seismogenic sources and

23 capable tectonic sources. The main distinction between these two types of
'

24 seismic sources is that a seismogenic source would not cause surface

25 displacement, but a capable tectonic source causes surface or near-surface i

26 displacement.

27 Identification and characterization of seismic sources should be based
28 on regional and site geological and geophysical data, historical and
29 instrumental seismicity data, the regional stress field, and geological
30 evidence of prehistoric earthquakes. Investigations to identify seismic
31 sources are described in Appendix D. The bases for the identification of
32 seismic sources should be documented. A general list of characteristics to be

33 evaluated for a seismic source is presented in Appendix D.
,
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1 L.i$ As part of the seismic source characterization, the seismic
2 potential (r;;itud: ::d ;;;;rr;::: :det for each source should be
3 d:t: min:'""3Eli$$}@@cill)J~tbTa 6_Q(Toii[WIWgselpip(ETM~.
4 MEh?l!iiE3RENEiiiiiERaiiUnsiiifsi
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'
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1
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3 2.33.2 For sites located within the Western United States,

4 -earthquakes can often be associated with known tectonic structures. For ,

5 faults, the - '- ::- .itud: earthquake TM is related to the i

6 characteristics of the estimat@ ruptur:, :::h = th: h ;th Or th: n :t Of |
;n;m ws" ;. m a 4 ~ ~ y4 m~ m > . 3 g ~j kv -- n_mau7 s...,.n..__,,.._.__-__.. my yyo 3,n t.. . . -- . .

8 :.; niD9CM;CMG~j67 The following empirical j

9 relations can be used to estimate the earthquake potV (al from fault behavior
'

10 data and also to estimate the amount of displacement tn . night be expected ,

>

11 for a given magnitude. It is pruder,t to use several of these different '

12 relations tio obtain an estimate of the earthquake magnitude.
!

13 1. Surface rupture length versus magnitude (Refs. 9-M M). [
~

s
;

i

t

14 2. Subsurface rupture length versus magnitude (Ref.1)3).

i

15 3. Rupture area versus magnitude (Ref. 154). .

- |

16 4. Maximum and average displacement versus magnitude (Ref. |
17 1[3). ,

I

!

18 5. Sliprateversusmagnitude(Ref.1)S). 1

I

19 f=lt h=:rd =:ly::: in th: i'=t:rn "nited 't:t:: ::ing th::: =d Oth:r
20 :th:d: :h=1d ::=id:r the fr:;;=:y Of =:;rr: .= =d =huht:d : lip r:t : |
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25 NTs3hw.whittumetax csergir4Esmrdwas
E R V E R $ $ti s W l E 4|iB'!$ 951s s Qairjf[ W @ j ] h T g @ ses y I M M26 e

27 E M $ h E fisEsiE Q idf d % @ @ Jdit R E $el($ lt 3
28 g_gu_e_rs_t_a_si_m_i_ss_ge_s. t_sim_,s_wti_awrsy_a_si_rswt_h . _

<
_ _

_ _ -- _._'_ a_--- s. __ A. _-.n____99*

-
-

13

1
.!



1. .

- |

1 Ekspprik[pMMojaspfeEif@nKMilsfGlihlM[Q115t.liF[hsi({ ]
2 EiEEMEiiEsfhemdIG3FiiBiliEMiUMEDEH92:1CY~R |

3 hsJpWisiEHiGEMB19319iRMMIihedslii3Hi!!!M9iEElf |
4 | W @ lt Q rrencey

5 2.43.3 For sites @eassubWiEllopp@JdMEin the
6 Pacific Northwest and Alaska, the maximum magnitude must be assessed for

,

7 subduction zone seismic sources. Worldwide observations indicate that the
8 largest known earthquakes are associated with the plate interface, although
9 intraslab earthquakes @If also have large magnitudes. The assessment of plate

10 interface earthquakes can be based on estimates of the expected dimensions of

11 rupture or analogies to other subduction zones worldwide.

12 3. PROBABILISTIC SEISMIC HAZARD ANALYSIS f PSM9 PROCEDURES

13 A PSHA should be performed for the site as it allows the use of multiple
14 models to estimate the likelihood of earthquake ora-M motions occurring at a
15 site, and a PSHA systematically takes into accouw urartainties that exist in
16 various parameters (such as seismic sources, maximum earthquakes, and ground

17 motion attenuation). Alternative hypotheses are considered in a quantitative
18 fashion in a PSHA{. Th: PS9A[RA][dWig61))@tlidini can M^sa be M
19 used to evaluate the @ sensitivity [(f@]hMdPl@sij@l@[M@
20 @t: th: =ryir.g significant parameters and to identify relativea

21 contribution of each seismic source to the hazard. Rif M [e] [ @ [dB
22 j{{{f@}}f RE Q l D 13E@ @ {5}}jf!HA]
23 The following steps describe a-PSHA procedure that is acceptable to the

24 NRC staff EWJoTrml6933$. The details of the calculational aspects of
25 jfellMngicontIF511RIR@jiii@{fFo'E the PSHA are included in Appendix C.

'

26 1. Perform regional and site geological, seismological, and
27 geophysical investigations in accordance with Regulatory
28 Position 1 and Appendix D.

29 2. For CEUS sites, perform an evaluation of LLNL or EPRI

30 seismic sources in accordance with Appendix E to determine
L 31 whether they are consister t with the site-specific data

32 gathered in Step 1 or require updating.
|
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For CEUSliitiiH]R$erform the LLNL or EPRI probabilistic26 3.
seismic hazard analysis (f:r CE'.'S :ite: alm using original 127

ior updated sources as determined in Step 2Dr : it:28
t 2

_. f_o_nn_fa_tsi." (or sites in other parts of the coun ry
:p::ific PS".29

.t. The ground_
.

R'_r30 _

motion estimates shor'.d be made for rock conditions in the31
free-field or by assuming hypothetical rock conditions- for a |

32
nonrock site to develop the seismic ha?ard information base33-

34 discussed in Appendix C.

15 |

|
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1 4. Usingthereferenceprobability(IE-5perygr)describedin :

2 Appendix B,-4.ich i: :;;1i::51: t: :11 :it::, determine 5% !

!

3 of %] critically damped median spectral ground motion'

4 levels for the average of 5 and 10 Hz, S., .., and for the ,

5 average of 1 and 2.5 Hz, S.,3.... Appep6x B discusses |

situations in which an alternative reference probability may {
6

7 be more appropriate. The alternative reference probability [

8 is reviewed and accepted on-a case-by-case basis. Appendix
,

9 8 also describes * procedure that should be used when a

10 general revisica 1 the reference probability is needed. |
|

:

DeaggregatMI(heigliiBiaggeliBi@ dg the hazard - |11 5.

12 M iff in accordance with Ap 4; dix C to detemine
;

|
13 the controlling earthquakes (i.e., magnitades and

14 distances). Document the hazard information base as

15 discussed in Appendix C.

I

16 4. PROCEDURES FOR DETERMINING THE SSE

17 After completing the PSHA (See Regulatory Position 3) and determining

18 Ni controlling earthquakes, the following procedure should be used to !

19 determine the SSE. Appendix F contains an additional discussion of some of

20 the characteristics of the SSE.

'

21- 1. With the controlling earthquakes determined as described in

22 Regulatory Position 3 and by using the procedures in 9een

13 Standard Review Plan (SRP) Section 2.5.2 (which may include

24 the use of ground motion models not included in the ;

25 [@;rddili:ti: ::i =i: h:::rd :=1y:i: but that are more
26 appropriate for the source, region, and site under

27 consideration or that represent the latest scientific ,

28 development), develop 5% of critical damping responsc ,

29 spectral shaoes for the actual or assumed rock conditions. !

$3imeichiiir~611]57a~rM@ii[es71@i1I316'se"8IF6_ |
~

30

31 [iFG[alIGieTgiBnse3;spXes{fa@ |

;

i

!

16
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1 2. Use S.,.3, to scale the response spectrum shape corresponding |

2 to the controlling earthquake. If, as described in Appendix |

3 C, there is a controlling earthquake for S.. ...., determine ;

4 that the S,..... scaled response spectrum also envelopes the
i

,

5 ground motion spectrum for the controlling earthquake for

6 S. ,3.,, . . Otherwise, modify the shape to envelope the low--

7 frequency spectrum or use two spectra in the following !

! 8 steps. See additional discussion in Appendix F. For [ e e
9 rock site go to Step 4.

:
,!

10 3. For-%e nonrock sites, perform a site-specific soil

11 amplification analysis considering uncertainties in site- :

.

12 specific geotechnical properties and parameters to determine

13 response spectra at the free ground surface in the free-
i 14 field for the actual site conditions.
,

15 4. Compare the smooth SSE spectrum or spectra used in design ,

'|

16' (e.g., 0.39, broad-band spectra used in Qdvanced Qight

17 W{ater(eactordesigns)withthespectrumorspectra
18 determined in Step 2 for rock sites or determined in Step 3 |'

19 for the nonrock sites to assess the adequacy of the SSE'

20 spectrum or spectra.

21 EfjM7g3SliiiEYItelspecEQ@gnMggge'

ppec MapjjTeegd] T [o obtain an adequate design SSE based]22

23 on the site-specific response spectrum or spectra, develop a

24 smooth spectrum or spectra or use a standard broad band |

25 shape that envelopes the spectra of Step 2 or Step 3.

26 Additional discussion of this step is provided in j
;

27 Appendix F.

I

I

28 D. IMPLEMENTATION

1

29 The purpose of this section is to provide guidance to applicants and ;

30 licensees regarding the NRC staff's plans for using this regulatory guide. |
,

31 Thi: pr:p:::d r;;i:ica h:: b::: rek:::d t: ::: r:g: public'

32 p rticip:ti:n in it: d:::h;;:nt. Except in those cases in which the

33 applicant proposes an acceptable alternative method for complying with the

17

:
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I specified portions of the Commission's regulations, th: ::th:d i: b: d:::rit d
2 4*-th)~ge::tiv: guide r:fl:: ting public :: r :nt: rill be used in the

' ~

3 evaluation of applications for construction permits, operating licenses, early

4 site permits, or combined licenses submitted after th: i:pl;;;nt:ti:n d:t: t:
5 b; :enift:d in th: ::tiv: ;;id: EfMVEinhTCOiF THElM4till. This guide
6 ld M not be used in the evaluation of an application for an operating
7 license submitted after the i:pl;;=t:ti= d:t i: b; :e nift:d in th: ::tiv:

seid: M1VEISTE~LnQTJHE CIMME if the construction permit was issued8

9 prior to that date.

.

|

18

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

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _j



I,. .

l

.I

.

1 REFERENCES !
'
.

!

2 1. . Pacific Gas and Electric Company, " Final Report of the Diablo Canyon |

3 Long Ters Seismic Program; Diablo Canyon Power Plant," Docket Nos. 50-

4 275 and 50-323, 1988.*

5 2. H. Rood et al., " Safety Evaluation Report Related to the Operation of

6 Diablo Canyon Nuclear Power Plant, Units 1 and 2," NUREG-0675,

7 Supplement No. 34, USNRC, June 1991."

I

8 3. Letter from G. Sorensen, Washington Public Power Supply System, to
'

9 Document Control Branch, USNRC. Subject: Nuclear Project No. 3,

10 Resolution of Key Licensing Issues, Response; February 29, 1988.8
i

!

11 4. D.L. Bernreuter et al., " Seismic Hazard Characterization of 69 Nuclear ;

12 Plant Sites East of the Rocky Mountains," NUREG/CR-5250, Volumes 1-8, |
13 January 1989.*

I

14 5. P. Sobel, " Revised Liv'ermore Seismic Hazard Estimates for Sixty-Nine i

15 Nuclear Power Plant Sites East of the Rocky Mountains," NUREG-1488,

16 USNRC, April 1994.'
'

\

17 6. J.B. Savy et al., " Eastern Seismic Hazard Characterization Update,"
;

18 UCRL-ID-Il5111, Lawrence Livermore National Laboratory, June 1993.8

19 (Accession number 9310190318 in NRC's Public Document Room)
4

.i

:

1

20 * Copies are available for inspection or copying for a fee from the NRC
21 Public Document Room at 2120 L Street NW., Washington, DC; the PDR's mailing
22 address is Mail Stop LL-6, Washington, DC 20555; telephone (202)634-3273; fax

,

23 (202)634-3343.

24 ' Copies are available for inspection or copying for a fee from the NRC
25 Public Document Room at 2120 L Street NW., Washington, DC; the PDR's mailing
26 address is Mail Stop LL-6, Washington, DC 20555; telephone (202)634-3273; fax .

t

27 (202)634-3343. Copies may be purchased at current rates from the U.S.
28 . Government Printing Office, P.O. Box 37082, Washington, DC 20402-9328 1

29 (telephone (202)512-2249); or from the National Technical Information Service
30 by writing NTIS at 5285 Port Royal Road, Springfield, VA 22161. ;

,

19

,

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



e . 1

i

!

l 7. Electric Power Research Institute, "Probabilistic Seismic Hazard

2 Evaluations at Nuclear Power Plant Sites in the Central and Eastern
3 United States," NP-4726, All Volumes, 1989-1991.

4 8. USNRC, " Site Investigations for Foundations of Nuclear Power Plants,"

5 Regulatory Guide 1.132.'8
.

EU$ilenQssidIBifjijd @ysEtag{(t,]ee ($$i(C7]E@ipp~SRR
~

6

7 MTIBEW@Ma,~ddifiYsTilhiil3~nfaWn@iWMa

8 hsdMf/Ml(27ffudsE{$5]
9 [09. D.B..Slemmons, " Faults and Earthquake Magnitude," U.S. Army Corps of

10 Engineers, Waterways Experiment Station, Misc. Papers S-73-1, Report 6,

11 1977. !
,

12 1[0. D.B. Slemmons, " Determination of Design Earthquake Magnitudes for ;
,

13 Microzonation," Proceedinas of the Third International Microzonation

14 Conference, University of Washington, Seattle, Volume 1, pp. 119-130,

15 1982.8

16 l$. M.G. Bonilla, H.A. Villablobos, and R.E. Wallace, " Exploratory Trench ;

17 Across the Pleasant Valley Fault, Nevada," Professional Paper 1274-B,
'

18 U.S. Geological Survey, pp. 81-B14,1984.'

19 1[B. S.G. Wesnousky, " Relationship Between Total Affect, Degree of Fault

20 Trace Complexity, and Earthquake Size on Ma.jor Strike-Slip Faults in

21 California" (Abs), Seismolooical Research Letters, Volume 59, No. I,

22 p. 3, 1988.

23 1[3. D.L. Wells, and K.J. Coppersmith, "New Empirical Relationships Among

24 Magnitude, Rupture Length, Rupture Width, Rupture Area, and Surface

25 Displacement," Bulletin of the Seismolooical Society of America, Volume

26 84, August 1994. |

27 4ffl@lliEWIisT66 Die 7eijGWt~6r~y7siil3Ei,$b6fFaTfiEaddTdi~aYiWW~SI^
iiRiYsedifrsetof ctiair yleritingithe10fficefoffAdministfationNAttni-
Distettssiontind(seH@ ices ?seet t os;f''USNRCy^~)lakhiHs~ ton $^DCl20555ibQbjffa]' x28

f29 ' ~ ~ ~ ~ ~ ~ ~ ^ ~~^ ~~~ ~~ ~ ^~ '' ~~~

30 [302}95J-260f~
20

;

. _ - - - - _ . _ - . - - _ - - - -



_ - _ .

>. .

-
,

1 154. M. Wyss, " Estimating Maximum Expectable Magnitude of Earthquakes from

2 Fault Dimensions," Geoloov, Volume 7 (7), pp. 336-340,1979.
.

!

3 ige. D.P. Schwartz and K.J. Coppersmith, " Seismic Hazards: New Trends in - >

4 Analysis Using Geologic Data," Active Tectoniga, National Academy Press,

5 Washington DC, pp. 215-230, 1986. .

,

l'

|

i

.

1

I

I

|

;

4

.

21

1



. .

* #

APPENDIX A

1 DEFINITIONS

2 Controllino Earthauakes -- @~~t~r61T(CeartHiE3kesga' TWET'95p
BF4fmWITNEWRMTsttireWFiiWFmVistatfiKRE3

4 $gslamygdliiiiPERenatinifT@FWiEEEgaldt]e h-AsniemiblM
5 the probabilistic seismic hazard analysis (PSHA),-the controlling earthquakes
6 are characterized as mean magnitudes and distances derived from a

7 deaggregation analysis of the $iilhaberstlaatMefff5ii(PSHA. Th: :::tr:lling
8 ::rth;=h:: :r: th: ::rth;;;h:: ;;;d t: [ g p y g ;t 9f"7 3 t ] g g
9 ::ti :t: gr;;;d =ti:n: :t th: :ite. Th;r: =y b; ::=r:1 ::ntr:lling

10 ::rth;= k= for : :ite.

I1 hf%EiMh5kelecurrenc3ISd~ ^$t- nJ@Rii5f6E
hIof5FiiicgyjeZncelifTeTrWqTayiihaifinglgrionstaisiiffiiliiVTp[;mrlrence12 _

13 @ IEI6iiIsh]pg e g @ Xvigdivjj@@iea@sliiily"sourceLag@'

"ifMt]fhj[{dt@ijy3f[@{r@cil(usuajyj~ejiffeIf@Rin3iiniiW|6siliH{l4 g

15 ERiU3AsEthlije [maximus]35WdiEWii(@&enceirtii[tE

16 Intensity -- The intensity of an earthquake is a measure of vibratory ground

17 motion effects on humans, human-built structures, and on the earth's surface

18 at a particular location. Intensity is described by a numerical value on the

19 Modified Mercalli scale.
1

20 Maanitude -- An earthquake's magnitude is a measure of the strength of the
i

21 earthquake as determined from seismographic observations. l

l
|

22 NiiiiiiiiiiiWi5WiYlidiEEi[m[aMiEmag~n~it~ugifqtle3pg@GE3!ty@Eif(@nce, |c

23 E@H |

!

24 Nontectonic Deformation -- Nontectonic deformation is distortion of surface or j
i

25 near-sorface soils or rocks that is not directly attributable to tectonic
26 activity. Such deformation includes features associated with subsidence,

27 karst terrane, glaciation or deglaciation, and growth faulting.

.
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1
Safe Shutdown Earthauake Ground Motion (SSE) -- The Safe Shutdown Earthquake

2 Ground Motion is the [Q@l vibratory ground motion for which certain
3 structures, systems, and components .;=ld b: @ designed, pursuant to-n e

4 peepesed Appendix S to 10 CR Part 50, to remain functional.

BBRE"P^qTe~cT(aWEiCiii3~BjRfa4 ELM 1%EdeWipTienT@Me5

6 @ ksifac jtfj71FEERO.urce 2dentia ssa.Taiirareiliswagrog
@ltJjDMcy2([st~eJ1M;ji k@fapjgjfple~J14estimiN6efQ7.

NtjWart6flui@i?fliit@BTc^EsiP"Mt@][cgrfantWinf%7T3h!ad~

8

Rcespleittidescrjptiiii"cTJihFiancertaintC]fil~yp aTia"dililGiiiiii3]M!d!NN_
~

9

JWisselCtir"uninfM(fafsisdIQfii$lhelmagnjlii3iEM{"@jennand]A10

[@pnja lfj{@$prJo Kfgth~e]tM~fDMWat]))j{occutyencje o]
~

11

12 [f h tes[ ,

.

13 Seismic Source -- A +5eismic source" is a general term referring to both

14 seismogenic sources and capable tectonic sources.

15 Capable Tectonic Source -- A " capable tectonic source" is a tectonic
'

16 structure that can generate both vibratory ground motion and tectonic

17 surface deformation such as faulting or folding at or near the earth's

18 surface in the present seismotectonic regime. It is described by at

19 least one of the following characteristics:
i

Presence of surface or near-surface deformation of landforms or20 a.

21 geologic deposits of a recurring nature within the last

F approximately 500,000 years or at least once in the last

23 approximately 50,000 years.

24 b. A reasonable association with one or more large earthquakes or

25 sustained earthquake activity that are usually accompanied by

26 significant surface deformation.

A structural association with a capable tectonic source having27 c.

28 characteristics of section a in this paragraph such that movement

29 on one could be reasonably expected to be accompanied by movement

30 on the other.

A-2
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1 In some cases, the geological-evidence of past activity at or near

2 the ground surface along a particular capable tectonic source may be

3 obscured at a particular site. This might occur, for example, at a site
4 having a deep overburden. For these cases, evidence may exist elsewhere

5 along the structure from which an evaluation of its characteristics in
6 the vicinity of the site can be reasonably based. Such evidence is to
7 be used in determining whether the structure is a capable tectonic

8 <nurce within this definition.
9 Notwithstanding th6 foregoingparagraphs,:tructur:1M

10 association of a structt with @ geological structur@d f::ter :that
11 are g:: gic:lly Old (at > east pre-Quaternaryt, such as many of those
12 found in the Central and Eastern region of the United States will, in

13 the absence of conflicting evidencer @ H demonstrate that the structure

14 is not a capable tectonic source within this definition.

15 Seismoaenic Source -- A "seismogenic source" is a portion of the earth

16 that has @MsM has uniform earthauake potential (same expected
17 maximum earthquake and @ trenEE frequency f r:::rr:r.::){ distinct
18 from ether Eijj's5TEfg[6EhepurrouM@ regions. A seismogenic
19 source will generate vibratory ground motion but is assumed not to cause

20 surface displacement. Seismogenic sources cover a wide range of

21 possibilities from a well-defined tectonic structure to siinply a large
22 region of diffuse seismicity (set.electonic province) thought to be

; 23 characterized by the same earthq @ : recurrence model. A seismogenic ,

24 source is also characterized by its involvement in the current tectonic

25 regime (the Quaternary, or approximately the last 2 million years).>

J 26 itab,le Continental Reaion -- A " stable continental region" (SCR) is composed
27 of contir. ental crust. fr.chding continental shelves, slopes, and attenuated

28 continental crust, and excludes active plate boundaries and zones of currently

29 active tectonics directly influenced by plate margin processes. It exhibits
30 no si;aificant deformation associated with the major Mesozoic-to-Cenozoic
31 (last 240 million years) orogenic belts. It excludes najor zones of Neogene

32 (last 25 million years) rifting, volcanism, or suturing.
,

33 fatWrYP6TssonfProTeTf3X@@@{@e'V6fJWelocivrrence[ogi
34 @nfpK6t'@l@sEe~)li{sMI{fsMQic@z~edj6}3MT3fiL;;gg]M
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1 Bfd@iiiNUii6614({W7disifjfM11@fe31@isl@iiiiiEIdfirltisi1~s@{{
2 KfE#iiiiTiiLeanwegggenHBgitT%.1=aliirrggyj]

E}Landl(371@Locg@{c'eWIfilii'e3v ff@f(Qijijiij3stTe6sTi3 Mj}b l
4 K {ilidepeedjst" Q f{ " !

5 Tectonic Structure -- A tectonic structure is a large-scale dislocation or

6 distortion, usually within the earth's crust. Its extent may be on the or ar |i

7 of' tens of meters (yards) to [@@H( kilometers (miles),
t

,

6

I

i

!
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1 APPENDIX B

2 REFERENCE PROBABILITY FOR THE EXCEEDANCE LEVEL
3 0F THE SAFE SHUTDOWN EARTHQUAKE GROUND MOTION

1

,

4 M JNTRODUCTION

5 This appendix describes the procedure $$atiMiacqpM11dNL::d by the

6 NRC staff to determine the reference probability, an annual probability of |
7 exceeding the Safe Shutdown Earthquake Ground Motion (SSE) at future nuclear |

8 power plant sites, th:t i: ::::pt:ble t: th: ''RC :t:ff. The reference

9 probability is used in Appendix C in conjunction with the probabilistic
10 seismic hazard analysis (PSHA).

1

11 M REFERENCE PROBABILITY FOR THE SSE

12 The reference probability is the annual probability level such that 50%

13 of a set of currently operating plants (selected by the NRC, see Table B.1)
;

14 has an annual median probability of exceeding the SSE that is below this j

I
15 level. The reference probability is determined for the annual probability of

16 exceeding the average of the 5 and 10 Hz SSE response spectrum ordinates

17 associated with 5% of critical damping.~

18 M PROCEDURE TO DETERMINE THE REFERENCE PROBABILITY
,

19 The following procedure was used to determine the reference probability

20 and should be used in the future if general revisions to PSHA methods or data

21 bases result in significant changes in hazard predictions for the selected

22 plant sites in Table B.I.
23 The reference probability is calculated using the Lawrence Livermore

24 National Laboratory (LLNL) methodology and results (Refs. B.1 and B.2) but is

25 ' also considered applicable for the Electric Power Research Institute (EPRI)

26 study (Refs. B.3 and B.4). This reference probability is also to be used in

27 conjunction with sites not in the Central and Eastern United States (CEUS) and

28 for sites for which U NL and EPRI methods and data have not been used or are

29 not available. M j 4the final SSE ground motion at a higher reference

B-1
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I probability may be more appropriate and acceptable' FRsWl@M .

2 considering the slope characteristic.s of the site hazard curves, the overall |

3 uncertainty in calculations (i.e., differences between mean and median hazard
'

4 estimates), and the knowledge of the seismic sources that contribute to the

5 hazard. Reference B.4 includes a procedure to determine an alternative

6 reference probability on the risk-based considerations; its application will ,

,

7 also be reviewed on a case-by-case basis.
|

8 B,3,1 Eglgetion of Current Plants for Reference Probability Calculations4

9 Table B.1 identifies plants, along with their site characteristics, used

10 in calculating the reference probability. These plants represent relatively i

11 recent designs that used Regulatory Guide 1.60, " Design Response Spectra for

12 Seismic Design of Nuclear Power Plants" (Ref. B.5), or similar spectra as

13 their design bases. The use of these plants should ensure an adequate level
>

14 of conservatism in determining an SSE consistent with recent licensing ,

15 decisions.
i

16 B.3.2 Procedure To_ Establish Reference Probability

!
17 Ettp._1

Using [[WCQEM,3fla3ojpgab]ffai h!@Kt$5Qsj3ccepfab][ elf @j
~

18

19 g]Qfj!:n ::::pted ::thed;1 gy, calculate the seismic hazard results for .

i
20 the site for spectral responses at 5 and 10 Hz (as stated earlier, the staff

21 used the LLNL methodology and associated results as documented in Refs. B.1

22 and B.2).
23 j

24 Sten 2

25 Calculate th: ::di:n composite annual probability of exceeding the SSE

26 for spectral responses at 5 and 10 Hz using median hazard estimates. The

27 composite annual probability is determined as:

28 ' The use of a higher reference probability will be reviewed and accepted on
29 a case-by-case basis.

B-2
i
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1

1 Composite probability = 1/2(al) + 1/2(a2)

2 where al and a2 represent median annual prc5 abilities of exceeding SSE

3 spectral ordinates at 5 and 10 Hz, respectively. The procedure is illustrated
4 in Figure B-1. ,

t

5 Sten 3

6 Figure B-2 illustrates the distribution of median probabilities of
7 exceeding the SSEs for the plants in Table B.1 based on the LLNL methodology

|

8 (Refs. B.1 and B.2). The reference probability is simply the median
; '

9 probability of this distribution.
'10 For the LLNL methodology, this reference probability is IE-5/yr and, as

11 stated earlier, is also to be used in conjunction with the current EPRI

12 methodology (Ref. B.3) or for sites not in the CEUS.
,

1

,

\

.,

:
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1 Table B.1 Plants / Sites Used in Determining Reference Probability

2 Plant / Site Name Soil Condition
Primary / Secondary *

3 Limerick Rock

4 Shearon Harris Sand - 51

5 Braidwood Rock

6 River Bend Deep Soil

7 Wolf Creek Rock
~

8 Watts Bar Rock

9 Vogtle Deep Soil

10 Seabrook Rock

11 Three Mile Is. Rock / Sand - SI

12 Catawba Rock / Sand - SI

13 Hope Creek Deep Soil

14 McGuire Rock

15 North Anna Rock / Sand - S1

16 Summer Rock / Sand - S1 . _ _ ;

17 Beaver Valley Sand - S1 |
i

18 Byron Rock

19 Clinton Till - T3

20 Davis Besse Rock ;

;

21 LaSalle Till - T2 !
L

22 Perry Rock ;

23 Bellefonte Rock

24 Callaway Rock / Sand - S1 ;

!

25 Commanche Peak Rock i

26 Grand Gulf Deep Soil

27 South Texas Deed Soil [
28 Waterford Deep Soil

29 Millstone 3 Rock
|

30 Nine Mile Point Rock / Sand - S1 )

31 Brunswick Sand - S1 l

32
'* If two soil conditions are listed, the first is the primary and the second33

34 is the secondary soil condition. See Ref. B.1 for a discussion of soil
35 conditions.
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1. APPENDIX C i'

2 DETERMINATION OF CONTROLLING EARTHQUAKES AND DEVELOPMENT
.3 0F SEISHIC HAZARD INFORMATION BASE

,

;

4 M INTRODUCTION j

!

5 This appendix elaborates on the steps described in Regulatory Position 3 j

6 of to detemine the j

|
7 controlling earthquakes used to define the Safe Shutdown Earthquake Ground

8 Motion'(SSE) at the site and to develop a seismic hazard .sformation base. f
9 The infomation base summarizas the contribution of individual magnitude and

10 distance ranges to the seismic hazard and the magnitude and distance values of

11- the controlling earthquakes at the average of I and 2.5 Hz and the average of ,

12 5 and 10 Hz. They are developed for the ground motion level corresponding to f

13 the reference probability as defined in Appendix B to this regulatory guide. |

14 The spectral ground motion levels, as determined from a probabilistic |
f

! 15 seismic hazard analysis (PSHA), are used to scale a response spectrum shape.

f 16 A site-specific response spectrum shape is determined for the controlling

17 earthquakes and local site conditions. Regulatory Position 4 and Appendix F

! 18 to this regulatory guide describe a procedure to determine the SSE using the

19 controlling earthquakes gjif}irasjlfilfHiiiiiliFP$1M
,

,

4

'

20 M ?ROCEDURE TO DE1,EANINE CONTROLLING EARTHOUAKES

:

I 21 The following is an approach acceptable to the NRC staff for detemining

22- the controlling earthquakes and developing a seismic hazard infomation base.;

23 This procedure-is based on a de-aggregation of the probabilistic seismic'

24 hazard in terne. .f earthquake magnitudes and distances. Once the controlling

25 earthquakes have been obtained, the SSE response spectrur on-be detemined

26 according to the procedure described in Appendix F to th.c regulatory guide.

|
27- Sten 1

,
,

28 (et. Perform a site-specific PSHA using the Lawrence Livermore National
,

29 Laboratory (LLNL) or Electric Power Research Institute (EPRI) methodologies

30 for Central and Eastern United States (CEUS) sites or perform a site-specific
|
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1 PSHA for sites not in the CEUS or for sites for which LLNL or EPRI methods and
2 data are not R$JnibMre:ildle, for actual or assumed rock conditions. The
3 hazard assessment $n~e$dMCh$hipercenMTeKand35tR~perceiEfi14 should
4 be performed for spectral accelerations at 1, 2.5, 5, 10, and 25 Hz, and the
5 peak ground acceleration. A lower-bound magnitude )f 5.0 is recommended. %e
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17 Sten 2 ;

18 (a) Using the refa snce probability as defined in Appendix B to this
19 regulatory guide, determine the ground motion levels for the spectral
20 accelerations at 1, 2.5, 5, and 10 Hz from the total median hazard obtained in ;

r

21 Step 1. j
,

22 (b) Calculate the average 6._Et.h_lii ground motion level for the 1 and 2.5'

| 23 Hz and the 5 and 10 Hz spectral acceleration pairs.
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1 5, : d 10 M: d fin d in St:p 2.

2 - Th: :::r:;: Of th: gr:::d ::ti:n 1:::1: li:ted ci::: :t th: 1 ::d j

3 2.5 M:, S _ , ::d 5 :nd 10 M:, E , :p::tr:1 ::::1:r:ti: : |

I
4 ::rr;;;;; din; i: th: refer:::: pr;t:5ility.

;
5 Steo 3

6 h.MFle php6sSIIfifEI5HRiQaravdliananWMLTCN-5
7 fitTence]Diest=R;f.7,%BinM1FE5?

:
8 Stes 4

9 Using the de-aggregated median hazard results from Step +), at the
'

~

10 ground notion levels obtained from Step 2 calculate the fractional
11 contribution to the total median hazard of earthquakes in a selected set of

12 magnitude and distance bins (Secti: @ i C.3 provides magnitude and distance ,

1

13 bins to be used in conjunction with the LLNL and EPRI methods) for the average !

i

14 of I and 2.5 Hz and 5 and 10 Hz. The median annual probability of exceeding

15 the ,,ound motion levels calculated in Step 1{3] for each magnitude and
16 distance bin and ground motion measure is denoted by H ,.

17 The fractional contribution of each magnitude and distance bin to the

18 total hazard for the average of I and 2.5 Hz, P(m,d),, is computed according

19 to:

( 3, #,,). . .

2 (Equation 1)P(s d), =

( [ #,,)
3, g ....,2.

20 where f = 1 and f = 2 represent the ground motion measure at I and 2.5 Hz,

21 respectively.
22 The fractional contribution of each magnitude and distance bin to the

.

23 total hazard for the average of 5 and 10 Hz, P(m,d),, is computed according

24 to:

|
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!
'

i

( { #,,)
m .: ;

* (Equation 2) -

P(n,d), =

( { #,,)
g 7. .....2.

f

.

I where f = 1 and f = 2 represent the ground motion measure at 5 and 10 Hz, Step

2 respectively.

3 Sten 48 1

!

4 Review the magnitude-distance distribution for the average of I and 2.5
'

'

5 Hz to determine whether the contribution to the hazard for distances of 100 km
6 or greater is substantial (on the order of 5% or greater).
7 If the contribution to the hazard for distances of 100 km or greater i

8 exceeds 5%, additional calculations are needed to determine the controlling
!

9 earthquakes using the magnitude-distance distribution for distances greater

10 than 100 km (63 mi). This distribution, P,,(m,d)3, is defined by:

"' 2P>100 (m, d) 3 = (Equaclon 3)-

{ d>100{ P(m, d) 2 ,

ia
f

11 The purpose of this calculation is to identify a distant, larger event
, e

12 that may control low-frequency content of a response spectrum.

13 The distance of 100 km is chosen for CEUS sit 2s. However, Nii@@Vgj{{]e
,

14 GEUS :it:: :nd :it:: ::t in th: CEUS the results of full magnitude-distance
IF !!istribution should be carefully examined to ensure that proper controlling ,

16 earthquakes are clearly identified.
'

17 Steo 68

18 Calculate the mean magnitude and distance of the controlling earthquake j

19- associated with the ground motions determined in Step 2 for the average of 5 |

: 20 and 10 Hz. The following relation is used to calculate the mean magnitude j

21 using results of the entire magnitude-distance bins matrix: |

)|C-4
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!
.

i

#, (5-10 Hz) = [ m { P(s,d), (Equatfon 4) |
,

!

!

~l where a is the central magnitude value for each magnitude bin. |

2 The mean distance of the controlling earthquake is determined using |

3 results of the entire magnitude-distance bins matrix.
P

!

!

La (D, (5-10 #z)} = { ln(d) { P(a,d), (Equation 5) |
t

|
i

: 4 where d is. the centroid distance value fo' ;h distance bin.
|

i !

8 -
,

5 Sten 675

I'

f

!_ 6 If the contribution to the hazard calculated in Step 41 for distances of t

; 7 100 km or greater exceeds 5% for the average of I and 2.5 Hz, calculate the j
I

! 8 sean magnitude and distance of the controlling earthquakes associated with the
!

]
9 ground motions determined in Step 2 for the average of I and 2.5 Hz. The j

,

j 10 following relation is used to calculate the mean magnitude using calculations |

11 based on masaitude-distance bins greater than distances of 100 km as discussed ;

i

i 12 in Step 4:

1

#, (1-2.5 Hz) = { m { P>100(a,d), (Equation 6)
. ..m

,

i

j 1
'

i 13 where a is the central magnitude value for each magnitude bin.

j 14 The mean distance of the controlling ea-thquake is based on magnitude-

15 - distance bins greater than distances of 100 km as discussed in Step 4 and

16 determined according to:
,

h

Ln {D, (1-2.5 #z)} = { Ln(d) { P>100(a,d), (Equatfon 7)
..m .

,

:

17 where d is the centroid distance value for each distance bin.
e

.

C-5
,

._ _ - _- .. , ._- __ ._- - _ -. - .. -



. .

_

1 Steo 48

2 Determine the SSE response spectrum using the procedure described in

3 Appendix F of this regulatory guide.

4 [1 EXAMPLE FOR A CEUS SITE

5 To illustrate the procedure in Section C.2, calculations are shown here

6 for a CEUS site using the 1993 LLNL hazard results (Refs. C.1 and C.2). It

7 must be emphasized that the recommended magnitude and distance bins and

8 procedure used to establish controlling earthquakes were developed for

9 application in the CEUS where the nearby earthquakee generally control the

10 response 16 the 5 to 10 Hz frequency range and larger but distant events can

11 control the lower frequency range. For other situations, alternative binning

12 schemes as well as a study of contributions from various bins will be

13 necessary to identify controlling earthquakes consistent with the distribution

14 of the seismicity.

15 Sten 1

!

16 The 1993 LLNL seismic hazard methodology (Ref. C.1 and C.2) was used to

17 determine the hazard at the site. A lower bound magnitude of 5.0 was used in

18 this analysis. The analysis was performed for spectral acceleration at 1,
19 2.5, 5, and 10 Hz. geMftMQisI[rl~cfrfis3@H{tKgfWi$f

20 Steo 2
.

'

21 The hazard curves at 1, 2.5, 5, and 10 Hz obtained in Step 1 are

22 assessed at the reference probability value of IE-5/yr, as defined in -

23 Appendix B to this regulatory guide. The corresponding ground motion level

24 values are given in Table C.I. $H9siqM
.:25

-

!
26 Table C.1

27 Ground Motion Levels
_

28 Frequency (Hz) 1 2.5 5 10

29 Spectral Acc. (cm/s/s) 88 258 351 551,

C-6
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1 The average of the ground motion levels at the 1 and 2.5 Hz, S 3.,,,, and

2 5 and 10 Hz, S, 3,, are given in Table C.2.

3 Table C.2

4 Average Ground Motion Values |
'

5 S.,., '(cm/s/s) 173

6 S,.., (cm/s/s) 451

i

7 Steo 3
1

8 The @ is seismic hazard is de-aggregated for the matrix of magnitude
9 and distance Eins as given in Table C.3. j

,

10 Table C.3-

:

11 Recommended Magnitude and Distance Bins i

'
12 Distance Magnitude Range of Bin
13 Range of
14 Bin (km) 5 - 5.5 5.5 - 6 6 -6.5 6.5 - 7 >7

15 0-15

16 15-25

17 25-50

18 50-100

19 100-200

20 200-300

21 > 300

22 A complete probabilistic hazard analysis was performed for each bin to

23 determine the contribution to the hazard from all earthquakes within the bin,

24 e.g., all earthquakes with magnitudes 6 to 6.5 and distance 25 to 50 km from
25 the site- ""~~'""c- a.:z:' r":="m"+~"uv"m :=*^=* .w*.=="w"="='

~~^
-

:n= x = = a =::: c ~

RNnN#F&ta, lwr ^24c= r7 t.*;rrm'***%*1"Y"m*Wemm w GrN#'ar26 ew.w? n p swt .?-- p z y;;3 f &y3 ;;,33pggy,ggggggg- ;: ggg%i=;;mmp;;:
~HYfp]jtfed27 7A E E(1"{@ HjR($1( M ii. fh andliETHiEEi@ I53:e

28 ggliggsgggigsggen(ggg1Tids-ygg51

28 I!E!NNii8MME@lEsWid!KfDEseuadMf16BI!! Tele 9EiaaHFX
EnB'3 Ef@l]ETjdji jfd1RirTitKen~TdillilFiiE635W5Ej[thelhTii~rdIEiHQ3EMEg30

31 BiltEEUisiiFEIR3R5fL6EEggrggangrggigmaggli
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Using de-aggregated median hazard results, the fractional contribution15 !

16 of each magnitude-distance pair to the total hazard is determined. .

Tables C.4| and C.6! show P(m,d), and P(m,d), for the average of I and f
17

-

18 2.5 Hz ard 5 and 10 Hz, respectively.
>

Table C.4819
20 P(m,d), for Average Spectral Acc~slerations 1 and 2.5 Hz ,

21 Corresponding to the Reference Probability
-

t

.

22 Distance Magnitude Range of Bin
23 Range of
24 Sin (km) 5 - 5.5 5.5 - 6 6 - 6.5 6.5 - 7 >7 ,

25 0-15 0.083 0.146 0.018 0.000 0.000 |

26 15-25 0.020 0.050 0.005 0.000 0.000

27 25-50 0.009 0.067 0.029 0.000 0.000

28 50-100 0.001 0.027 0.075 0.022 0.000 ,

29 100-200 0.000 0.003 0.066 0.370 0.000-

30 200-300 0.000 0.000 0.001 0.008 0.000
.

31 > 300 0.000 0.000 0.000 0.000 0.000

i
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1 Table C.5g

2 P(m,d), for Average Spectral Accelerstions 5 and 10 Hz
.

3 Corresponding to the Reference Probability
, - -

,

4 Distance Magnitude Range of P.a
'

i

5 Range of
6 Bin (km) 5 - 5.5 5.5 - 6 6 - 6.5 6.5 - 7 >7

7 0-15 0.289 0.306 0.024 0.000 0.000
<

'

8 15-25 0.054 0.104 0.008 0.000 0.000
a

9 25-50 0.012 0.075 0.032 0.000 0.000

10 50-100 0.001 0.010 0.030 0.010 0.000

|11 100-200. 0.000 0.001 0.006 0.038 0.000
.

12 200-300 0.000 0.000 0.000 0.000 0.000

13 > 300 0.000 0.000 0.000 0.000 0.000

14 Steo 45

i 15 Because the contribution of the distance bins greater than 100 km in

16 Table C.48 Esifilnid::: :::: r.t for more than 5% of the total hazard for the
17 average of I and 2.5 Hz, the controlling earthquake for the spectral average
18 of I and 2.5 Hz will be calculated using magnitude-distance bins for distance

19 greater than 100 km. Table C.6{n shows P,,,, (m,d), for the average of I-2.5

20 Hz.

21 Table C.6{p

22 P,3,, (m,d)3 for Average Spectral Accelerations I and 2.5 Hz
23 Corresponding to the Reference Probability )

24 Distance Magnitude Range of Bin
25 Range of
26 Bin (km) 5 - 5.5 5.5 - 6 6 - 6.5 6.5 - 7 >7 :

i

27 100-200 0.000 0.007 0.147 0.826 0.000
,

28 200-300 0.000 0.000 0.002 0.018 0.000
.

29 > 300 0.000 0.000 C.000 0.000 0.000 |

_

i 30 Figures C.1 to C.3 show the above information in terms of the relative
31 percentage contribution.

C-Il
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1 Steos &ll and 67

2 To compute the controlling magnitudes and distances at 1-2.5 Hz and 5-10
3 Hz for the example site, the values of P,m (m,d), and P(m,d), are used with n
4 and d values corresponding to the mid-point of the magnitude of the bin (5.25,
5 5.75,6.25,6.75,7.3) and centroid of the ring area (10, 20.4, 38.9, 77.8,
6 155.6, 253.3, and somewhat arbitrarily 350 km). Note that the mid-point of
7 the last magnitude bin may change because this value is dependent on the
8 maximum magnitudes used in the hazard analysis. For this example site, the
9 controlling earthquake characteristics (magnitudes and distances) are given in

10 Table C.Q1.

11 TableC.Qf
'

12 Magnitudes and Distances of Controlling Earthquakes from the
13 LLNL Probabilistic Analysis

14 1-2.5 Hz 5 - 10 Hz

15 M, and D,
16 - 100 km M, and D,

17 6.7 and 157 km 5.7 and 17 km

18 Sten WB

19 The SSE response spectrum is determined by the procedures described in
20 Appendix F.

21 [4 SITES NOT IN THE CEUS

22 The determination of the controlling earthquakes and the seismic hazard
23 information base for sites not in the CEUS is also carried out using the
24 procedure described in Section C.2 of this appendix. However, because of
25 differences in seismicity rates and ground motion attenuatisn at these sites,
26 alternative magnitude-distance bins may have to be used. In addition, as

27 discussed in Appendi- 8, an alternative reference probability may also have to
28 be developed, part icularly for sites in the active plate margin region and for
29 sites at which a known tectonic structure dominates the hazard.

I
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|1 APPENDIX 0
|

2 GE0 LOGICAL, SEISMOLOGICAL, AND GEOPHYSICAL INVESTIGATIONS

3 TO CHARACTERIZE SEISMIC SOURCES-

4 D.1 INTRODUCTION |

Wi@?forJsssIfR@]T@sfeitaEliHHilM5

[M] ffeismic sources are eceasfone within which future earthquakes are]6

7 likely to occur at :i il::iEl5iiIe| recurrence rates. Geological,

8 seismological, and geophysical investigations provide the information needen.

9 tt, identify and characterize source parameters, such as size and geometry, and

10 to estimate earthquake recurrence rates and maximum magnitudes. The amount of

11 data available about earthquakes and their causative sources varies

12 substantially between the Western United States (west of the Rocky Mountain

15 front) and the Central and Eastern United States (CEC 3), or stable continental

14 region iSCR) (east of the Rocky Mountain front). Furthermore, there are l

15 variations in the amount and quality of data within these regions. In active'

16 tectonic regions th: f := uill b; :n ta: id:ntific: tic Of % retar( both'

j 17 capable tectonic sources and seismogenic sources @IbecatiseM$iRJ j

18 RfWWs1 @ j{jiIc @ty M [Miy3 }}elang g @)18@tg @. In the j

19 CEUS, identifying seismic sources is less certain because of the difficulty in

20 correlating earthquake activity with known tectonic structures [-end the lack

21 of adequate knowledge about earthquake causes@j[tMHtl@Q6G]e
22 gtRtf[r, Ce.
23 In the CEUS, several significant tectonic structures exist and some of ,

1 24 these have been interpreted as potential seismogenic sources (e.g., New Madrid

-25 fault zone, Nemaha Ridge, and Meers fault). There is no single recommended

26 procedure to follow to characterize maximum magnitude associated with such

27 candidate seismogenic sources; therefore, it is most likely that the
,

28 Cetermination of the properties of the seismic source will be inferred rather !

29 than demonstrated by strong correlations with seismicity or geologic data.

30 Moreover, it is not generally known what relationships ci:t between observed

31 tectonic s..uctures in a seismic source within the CEUS and the current
32 earthquake activity that may be associated with that source. Generally, the

33 observed tectonic structure resvited from ancient tectonic forces that are no

D-1
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I longer present[r-th;; ; :tr;;tur0': :: ten' ::y n:t b; ; J:ry :::ningful
2 indi::t:r :f th: :i:: Of futur ::rth:;;;ke: :::::!:ted with th: ::;r :. The

3 historical seismicity record, the results of regional and site studies, and
4 judgment play key roles. If, or, the other hand, strong correlations and data

5 exist suggesting a relationship between seismicity and seismic sources,
6 approaches used for more active tectonic regions can be applied.

7 The prisc y objective of geological, seismological, and geophysical

8 investigations is to develop an up-to-date, site-specific earth science data
9 base that supplements existing information (Ref. D.1). In the CEUS the

10 results of these investigations will also be used to asse:: whether new data

Il and their interpretation are consistent with the information used as the basis
12 for accepted probabilistic seismic hazard studies. If the neu data are

13 consistent with the existing earth s.ence data base, dev:1 p::nt ;f n:L

::;rce m'~dg1Jation o@3a_zafdIiMTy3 is not required. For~

14 : i;;i o m

15 sites in the CEUS where there is significant new information (see Appendix E)

16 provided by the site investigation, and for sites in che Western United
17 States, site-specific seismic sources are [o] @ determined. It is anticipated

18 that for most sites in the CEUS, new ir. formation will have been adequately

19 bounded by existing se' mic source interpretation:,,

20 The following is a general list of characteristics to be determined for

21 a seismic source for site-specific source interpretations:

Source zone geometry (location and extent, both surface and subsurface).22 .

00 ripti n Of 0;; tern:ry (1 :t 2 milli:n y::r:) di:pl:::::nt: (::n:: Of |23 v

24 : lip :n th: f:;lt, f ;lt length :nd width, are: Of the f:;lt pl:::, :g:
25 of di:pl::::ents, :: tim:ted displ::::ent per event, :: tim;ted ::gnitude
26 p;r ;ff :t, :nd di;ple::: nt hi:t y cr uplift rate: Of ::i::: gent:
27 feld:) .

Historical and instrumental seismicity associated with each source.28 .

|

Paleoseismicity.29 .

Relationship of the potential seismic source to other potential seismic30 .

31 sources in the region.

D-2
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$H W C M T Q".::i- r ::; nit d: ::rth;;;h: th:t ::n b; ;;;; :t:d by1
'

.

2 [[theseismicsource,basedonthesource'sknowncharacteristics, |;

:
3 including seismicity.

:

Recurrence model (F[requency of earthquake occurrence versus magnitude). :4 .
.

,

Other factors that will be evaluated depending on the geologic setting5 .
,

6 of a site, such as:
,

i

7 EIiW h trHLR W D165 M M !

@@356MIlMMMMJ@MbI 3,OO8

9 . RI5il g T 4 R iif( @ iW E a [ctp [as [ p M G M ) M M ;

IO &SW5fYNSWSSLSWSSS
M IN E Ylil8Lgpect W alu E M M M |11

12 R$j@llRirsteslef3tisagen1EW8 '

!

Effects of human activities such as withdrawal of fluid from or134 .

14 addition of fluid to the subsurface, extraction of minerals, or j
1

15 the construction of dams and reservoirs. |
1.

Yolcanism. Volcanic hazard is not addressed in this regulatoryi 16 .

17 guide. It will be considered on a case-by-case basis in regions

18 where this hazard exists.

19 - Oth:r f::t:r: th:t ::n ::ntribut: t: ch:r::t:ri :ti:n Of ::i:=i:
20 :: re:: ::ch :: :trik: :nd dip :f it:t: i: :tructer::,<

21 crient:ti:n: Of regi ::1 :nd t::t;;ic :tr:::::, f: lt ::; :nt:tien
22 (:1:n; S:th :trik: :nd d;;ndip). etc.

23 D.2. INVESTIGATIONS TO EVALUATE SEISMIC SOURCES

24 D.2.1 General'

25 Investigations of the site and region around the site are necessary to

26 identify both seismogenic sources and capable tectonic sources and to

27 determine their potential for generating earthquakes and causing surface

28 deformation. If it is determined that surface deformation need not be taken

D-3
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-

t,

1 into account at the site, sufficient data to clearly justify the determination |
2 should be presented in the application for early site review, construction ;

3 permit, oper7 ting license, or combined license. Generally any tectonic f

4_
deformation at the earth's surface within 40 km (25 miler,, af the site will f

5 require edequate M examination to determine its significance. {
'

6 Potentially active tectonic deformation within the seismogenic zone beneath a

7 site will have to be assessed using geophysical and seismological methods to

8 determine its significance. ,

Engineering solutions are generally available to mitigate the potential |9

10 vibratory effects of earthquakes through design. However, edequeteengineering f

11 solutions cannot always be demonstrated jp~i$e;6for mitigation of the |

12 effects of permanent ground displacement phenomena such as surface faulting or f

13 - folding, subsidence, or ground collapse. For this reason, it is prudent to |
14 select an alternative site when the potential for permanent ground j

:
15 displacement exists at the proposed site (Ref. D.2).

In most of the CEUS, as determined from instrumentally determ4*edIEdil |16

earthquake hypocenters, tectonic structures at seismogenic depths often[ eld (i17
,

|bear no M relationship to geologic structures exposed at the ground surface.18 '

19 Possible geologically young fault displacements either do not extend to the

20 ground surface or there is insufficient geologic material of the appropriate |

21 age available to date the-faults. Capable tectonic sources are not always
exposed at @ ground surface in the Western United States $ N51 as22

23 demonstrated by the buried (blind) reverse causative faults of the 1983 |

24 Coalinga,1988 Whittier Narrows,1989 Loma Prieta, and 1994 Northridge f

25 earthquakes. These factors emphasize the need tc =t =1y conduct thorsgh f

26 investigations @$~ at the ground surface but also in the subsurface to f

27 identify structures o W smogenic depths.

28 The level of detail for investigations should be governed by knowledge I

29 of the current and late Quaternary tectonic regime and the geological |

30 complexity of the site and region. The investigations should be based on

31 increasing the amount of detailed information as they proceed from the

32 regional level down to the site area (e.g., 320 km to 8 km distance from the |
t

33 site). Whenever faults or other structures are encountered at a site
34 (including sites in the CEUS) [6 either-4e outcrop or excavations, it is

'

35 necessary to perform many of the investigations described below to determine

36 whether or not they are capable tectonic sources.

D-4
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1 The investigations for determining seismic sources should be divided
)

2 into three levels, Regional, Site Vicinity, and Site Area. Regional j

3 investigations should extend to a distance of 320 km (200 mi) from the siter |

4 =d d:t: d=ld 5: ;;rn=t:d :t : :=1: Of h 500,000 ;r : rll:r. E f

GMR6.CLCR JESIT"T"""_hWmjNSg(593gTIE5M5

j'" O U Q Ef % 7" 7 % 17( W W W 6 M6

7 Vi?dQfg!D 3),jf% Q @ *$li'TM @ gJg?gdhylMW
8 f f 2 Q [? Q M g{R

'

The regional investigations FtEishMMijifMM9

10 "jh9should be planned to identify seismic sources and describe the ,

'

11 Quaternary lectonic regime.LMditRioQREMiEtgi.,lMialtsERIR@f
!XF506M65M11erj The investigations prersioq6TFlisEfeffiiiBliR2ii:12

MRijy[ should include a comprehensive literature review supplemented ;13 '

14 by focused geological reconnaissances based on the results of the literature

15 study (including topographic, geologic, aeromagnetic, and gravity maps, and

16 rirshotos). M detailed investigations at specific locations within the ;

17 rc An may be necessary if potential capable tectonic sources, or seismogenic

13 sources that may be significant for determining the SSE, are identified. ,

[lgeJ1agejgrejofit1h~eTagfoHtJeleggggif#T@Eg i
;

19

20 tiiiiiiiiiiai!KEiiEEsiT60FE1NEtWMi!Elff@BEiiiitcamuras?
[Ritornate siliiif}surrations;1gaiylmojfhiiiiEliisalengloppij))J$liWMfiPRFiil~Q |21

22 liiareMvh~e"T5fi@macensgtgar..eeisTdrarggigigiiimraiiiisigiiig
~

liiiEsiiiimiWiiselliEtiihE!3ii3?aatanes!2EBiE~~:Elem!m |23

ii5BomJserAsil3BIMEEHiMtfircEtEiM@MN5~52S24

EHillEGiiilliEEEc_oJn a=leslihi9siiMiIaifitiisiDirriliar=reAtiecauseKiise25

26 fie*TdffWirieseisatiMturelef?thTttilsMilreIa_^6irarshwaI@ age;mg6
27 IMDisilifasisagyllijMM@]]Ts[@iiiiifaMyhog@iKaMg

'

tililiW0iI4IhunWJ6isib1E?NisIsnEYriRTFEBBlii@sie_xinasiaiti28

gamenamsprtiNeerpongamprev~1Ei1Egiirangisources *Es_t3iiiitaisi
~

-

29

Bilisteness MersoorastilistseayfijitsPO)1eggl@h5iiMaRg[iliiBIGuiBFf630

liiig!ssaisirwaervalhe*CsitisiinTtSEIc!sls ii[8iMHf_t~=~76~ee~aD!EEiiiissiR31

|ilialgliiiwwsssisggitraitwisihrrliaisIssaggmiacr6alvextiiia32

kniiipt%istlaszesJt uiiyltensisiEEinai:sili!3FT1Tametestfj5amitgidiTa~1ii@ijZi33

34 liHiiiEllilli$ihto14aWiEt6LE"i1BEiHf"isitJ6|E@lrltRiseiteinveigg
1. JMt'alerimataBilt1HTE@Ts33MM31W1HKEE8i!Mi!!!!M35

36 Sg}3||17*1]illTM51s]stisitsiIeHIifsidTLigiifisiQ~igeHdf[e"fj
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16 Re::onnaissance level investigations, which may need to be supplemented
'

17 at specific locations by more detailed explorations such as geologic mapping,

18 geophysical surveying, borings, and trenching, should be conducted in the site

19 vicinity to a distance of 40 km (25 mi) from the site; the data should be ,

20 presented at a scale of 1:50,000 or smaller.
21 Detailed investigations should be carried out in the rite area within a

22 radius of 8 km (5 mi) from the site, and the resulting data should be

23 presented at a scale of 1:5000 or smaller. The level of investigaticu in the
24 site vicinity should delineate the geologic regime and the potential for

25 tectonic deformation at or near the ground surface. The investigations shou'd

26 use the methods described in subsections D.2.2 and D.2.3 that are appropriatt

27 for the tectonic regime to characterize seismic sources.

28 The site vicinity and site area investigations may be asymmetrical and

29 may cover a larger area than those described above in regions of late

30 Quaternary activity, regions with high rates of historical seismic activity
31 (felt or instrumentally recorded data), or sites that are located near a
32 capable tectonic source such as a fault zone.
33 Data from investigations at the site (approximately I square kilometer)

34 should be presented at a scale of 1:500 or smaller. Important aspects of the |

35 site investigations are the excavation and logging of exploratory trenches and

36 the mapping of the excavations for the plant structures, pa.ticularly %ese
37 ) M Q G idtii[e's that are characterized as Seismic Category I. In addition to
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1 geological, geophysical, and seismological investigations, : n:id:rd':
2 MM geotechnical engineering investigations as described in Regulatory
3 Guide 1.132 (Ref. D.3) should be conducted at the site.
4 The investigations needed to assess the integrity @gilf{tyofthe ,

5 site with respect to effects of potential ground motions and surface |

6 defomation should include determination of (1) the lithologic, stratigraphic, |
7 geomorphic, hydrologic, geotechnical, and structural geologic characteristics ;

8 of the site and the area surrounding the site, including its seismicity and

9 geological history, (2) geological evidence of fault offset or other
'

10 distortion such as folding at or near ground surface within the site area (8

11 km radius), and (3) whether or not any faults or other tectonic structures, ;

I

12 any part of which are within a radius of 8 km (5 mi) from the site, are
i

13 capable tectonic sources. This information will be used to evaluate tectonic'

14 structures underlying the site area, whether buried or expressed at the

15 surface, with regard to their poWtial for generating earthquakes and for |
'

16 causing surface deformation at or. w ar the site. The}fj@HfifM evaluation
should )]H consider the possible effects caused by human activities such as

,

17;

18 withdrawal of fluid from or addition of fluid to the subsurface, extraction of'

19 mineralls, or the loading effects of dams and reservoirs.

D.2.2 Reconnaissance Investiaatiens. Literature Review. and Other Sources of20
i

21 Preliminary Information
!,

,

22 Regional literature and reconnaissance-level investigations can be |

planned based on reviews of available documents and the results of previous |23

24 investigations. Possible sources of information may include universities, j

25 consulting firms, and government agencies. A detailed list of possible |
!

26 sources of information is given in Regulatory Guide 1.132 (Ref. D.3).'

.

4

27 D.2.3 Detailed Site Vicinity and Site Area Investiaations i

28 The following methods are suggested but they are not all-inclusive and
,

29 investigations sFould not be limited to them. Some procedures will not be

30 applicable to every site, and situations will occur that require
31 investigations that are not included in the following discussion. It is

anticipated that new technologies will be available in the future that will be32

33 applicable to these investigations.

D-7
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1 D.2.3.1 Surface Investiaations |

2 Surface exploration needed to assess the neotectonic regime and the j

3 geology. of the area around the site is dependent on the site location and may :
!

4 be. carried out with the use of any appropriate combination of the f:1?;ri ;

5 geological, geophysical, seismological, and geotechnical engineering
techniques M j @ g 6 %B M R , ht M6

|
7 not all MM w444@H be carried out at a given site. -

*

r

8 D.2.3.1.1. Geological interpretations of aerial photographs and other |

!
9 remote-sensing imagery, as . appropriate for the particular site conditions, to

10 assist in identifying rock outcrops, faults and'other tectonic features,

11 fracture traces, geologic contacts, lineaments, soil conditions, and evidence r

12 of landslides or soil liquefaction.
'

!

13 D.2.3.1.2. Mapping of topographic, geologic, geomorphic, and hydrologic >

14 features at scales and @M contour intervals suitable for analysis, |

15 stratigraphy (particularly Quaternary), surface tectonic structures such as |

16 fault zones, and Quaternary geomethic features. For offshore sites, coastal |

17 sites, or sites located near lakes or rivers, this includes topograpny, ;

18 geomorphology (osrticularly mapping marine and fluvial terraces), bathymetry,

19 geophysics (such s seismic reflection), and hydrographic surveys to the j

20 extent needed for evaluation. ;

!

21 D.2.3.1.3. Identification and evaluation of vertical crustal movements I

22 by (1) geodetic land surveying to identify and measure short-term crustal

23 movements (Refs. D.4 and D.5) and (2) geological analyses such as analysis of ;

:

24 regional dissection and degradation patterns, marine and lacustrine terraces
25 and shorelines, fluvial adjustments such as changes in stream longitudinal f
26 profiles or terraces, and other long-term changes such as elevation changes

27 across lava flows (Ref. D.6).
,

28 D.2.3.1.4. Analysis of offset, displaced, or anomalous landforms such

29 as displaced stream channels or changes in stream profiles or the upstream |

30 migration of [nickpoints (Refs. D.7 - D.12); abrupt changes in fluvial |
31 deposits or terraces; changes in paleochannels across a fault (Refs. D.11 and j

!

|!D-8
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1 D.12); or uplifted, downdropped, or laterally displaced marine terraces (Ref.
2 D.12). :

3 D.2.3.1.5. Analysis of Quaterns.ry sedimentary deposits within or near

4 tectonic zones, such as fault zones, including (1) fault-related or fault- ;
,

5 controlled deposits including sag ponds, graben fill deposits, and colluvial !

6 wedges formed by the erosion of a fault paleoscarp and (2) non-fault-related,
7 but offset, deposits including alluvial fans, debris cones, fluvial terrace,
8 and lake shoreline deposits.

9 D.2.3.1.6. Identification and analysis of deformation features caused

10 by vibratory ground motions, including seismically induced liquefaction
11 features (sand boils, explosion craters, lateral spreads, settlement, soil
12 flows), mud volcanoes, landslides, rockfalls, deformed lake deposits or snil
13 horizons, shear zones, cracks or fissures (Refs. D.13 and D.14).

14 D.2.3.1.7. Estinti= cf th: g:: Of Milyyjfif fault displacements {
15 jiTATs by :=ly:!: QE[nEFeff6j of the morphology of topographic fault;

16 scarps associated with or produced by surface rupture. Fault scarp morphology

17 is useful in estimating age of last displacement [j^n]@Iin~cBIinTGfflii[tHiii-

18 [ppfgp7fite]ji5Ehr5iiidT5[fsT@){dQife?155dilsisgs~e@l5iEOiM,
~

19 approximate size of the earthquake, recurrence intervals, slip rate, and the
20 nature of the causative fault at depth (Refs. D.15 - D.18).

21 D.2.3.2 Seismolooical Investiaations.

22 D.2.3.2.1. Listing of all hist'orically reported earthquakes having

| 23 M>dified Mercalli Intensity (MMI) greater than or equal to IV or magnitude j

24 greater than or equal to 3.0 that can reasonably be associated with seismic
'

25 sources, any part of which is within a radius of 320 km (200 miles) of the
26 site (the site region). The earthquake descriptions should include the date
27 of occurrence and measured or estimated data on the highest intensity, 4

28 magnitude, epicenter, depth, focal mechanism, and stress drop. Historical
29 seismicity includes both historically reported and instrumentally recorded
30 data. For pre-instrumentally recorded data, intensity should be converted to
31 magnitude, the procedure used to convert it to magnitude should be clearly
32 documented, and epicenters should be determined based on intensity

D-9
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I distributions. Methods to convert intensity values to magnitudes in the CEUS*

2 are described in References D.1, D.19, D.20, and D.21.
,

]

i

!
3 0.2.3.2.2. Seismic monitoring in the site area should be established as

4 soon as possible after site selection. For sites in @ the CEUS M , a
-5 single large dynamic range, broad-band seismographMITNOj65

@ @ $6 DsEEEe'l ~e @ liissEE R @ g 41iiEiEf8ii3 M6

7 =y b; :d:q::tc. I:r :ite: in th: U::t:r Uni' d St:t:: " *, : ::t;;rk f :t !

8 1:::t fh: :::h ::i=:;=ph; = ld 5: d:phy:d within 25 h: (15 :S |

9 : ...::dia; th: :it:..

10 Th: pri = ry purp ::: Of ::i::i: = :it:ria; :.r: t: Obt:in d:t: f. :
>

11 di:t::t : =th;;;i::, 10 d:t:r;in: ;ii: rc:p=::, [h 3eQMTiii$l$
i

12 MKir:3gt?isj[Wijy3]fgpTegiliMjhi?Gisis,ecgfalibf 5ti7
_

|ijeMlWd7hsj,@jnvyggaLK@Ee~vi1[uiE5sitpd@s] and @13

14 provide ieforma13iiisliiitWEDiir^%fEfEia5=::==:: th:t th= =: :: i

15 significant sources of earthquakes within the site vicinityEoK@goylg :

16 |iWfadiichTaiii~edJJt ngjjom3:elpa(b3eRic~terTE33. F= :it:: in ihe j
!

17 %=t== Unit d St:tn ::t=i: :=it=ir.; :: 1d 5:1; hat: =y =;;in;
18 ::i =i:ity th:.t = y 5 di nt =p:bl: f: lt', ; within th: ;it: vicinity. j

'

19 Monitoring should be initiated [s)[tionjasj@[caQe itl%h]e QtR]
20 Rf_ifib]f[jfjjfsj vp-te-five years prior to construction of a nuclear unit
21 at a site $ and should continue f= :t hut fhe y =: f l huin; initi:ti = cf !

22 phat :p=: tic E_Gli_TsFi_iiif_lfi_EEF63iE_f_f_dTd?_iiii.iiiE_~si5iiWi_i3T5~Is_trong_,grouS_m -
. _ - - - - - -

MMWs Fu!3(@fK@jgMJER@j{Rf|yj@[{[{$3Mjp3eFa].] ;
23

1

24 D.2.3.3 Subsurface Investications |
I

I
!

25 Eft)1TdicQEfg@3g^TQ;j;geoT@liiMMgM^~s]@
26 Iiiiiiiiiii{g.if_foTE~ecE_ITiiies~Ei_nih_c_as?EI.s~p_p_l}i.m._EMij._li_fsid_ii_iRI_5C_ _77a7c_e 6_si_sii_sDi |

- - - -- - _ --

3I -

,_

27 @e~fWeMHiiiihirigjonia~roundIf@~t]] Subsurface investigations in the |

28 site area and within the site vicinity to identify and define seismcgenic

29 sources and capable tectonic sources may include the following investigations.

30 D.2.3.3.1. Geophysical investigations i~iif7Ii.i_vi?MiiFliiE-f.ii1Ti3TifEj_iil.~a ~~- - - - - - - - - .,

![6_ETiiile _ a~rifii6tUliiiffi~difBI :::h n :f r magnetic and gravity surveys,Wr -- --~31
-

32 seismic reflection and seismic refraction surveys, borehole geophysics,

bTe2EiiMQu_rveys; and ground-penetrating radar Eugeys.m i33 c
|
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I D.2.3.3.2. Core borings to map subsurface geology and obtain samples

E for testing such as ::::inin;|?fi@%Ih{ji the properties of the subsurface |

3 soils and rocks and geochronological analysis.

4 D.2.3.3.3. Excavating and logging of trenches across geological

5 features as part of the neotectonic investiga; ion and to obtain samples for

6 the geochronological analysis of those features. ,

,

7 At some sites, deep soil, bodies of water, or other material may obscure |

5 geologic evidence of past activity along a tectonic structure. In such cases, f
9 the analysis of evidence elsewhere along the structure can be used to evaluate

10 its characteristics in the vicinity of the site (Refs. D.12 and D.22).
|

|

11 D.2.4 Gecchronolooy

12 An important part of the geologic investigations to identify and define

13 potential seismic sources is the geochronology of geologic materials. Th: %RC i

14 i: :;rr:ntly ::pp:rting : r :::rch pr:j::t i: d:::1 p : d:t: 5::: :n which t:
15 b :: : f;t r: 7:;;1:t:ry ;;id: :n ; ::hr ::1:;ic:1 ::th:d:. Thi: ;;id: will
10 :::t:in :: ;; t: d:t: Sibli:gr:phy :f :t:t Of th: rt d::::: t: ::
17 ;;;;hr:n:1 gy. Th: :::il:bility Of thi; guid: vi'l 5: ;;bli:h:d in the
18 f:d:r:1 R::izter. An acceptabic classification of dating methods is based on

19 the rationale described in Reference D.23. The following techniques, which

20 are presented according to that classification, are useful in dating
21 Quaternary deposits.

22 D.2.4.1 Sidereal Datino Methods

Dendrochronology - tree-ring analysis - age range is from modern23 .

24 tires to several thousand years (Refs. D.24 and D.25).
Varve chronology - O to 10,000 years (Ref. D.26).25 .

26

27 D.2.4.2 ljotopic Datino Methods

Radiocarbon for dating organic materials - 100 to 40,000 (up to28 .

29 100,000 years using AMS) (Refs. D.27 and D.28).

D-Il
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Potassius' argon for dating volcanic rocks ranging in age from
- '

1

~ bout 100,000 to 10 million years (Refs. D.27 and D.29).. |
.

a-2-

I3 Argon 39 - Argon 40, for dating relatively unwe>:hered igneous and ;
.

4 metamorphb: rocks '100,000 to unlimited uppet i M t (Ref. D.30) ;
*

Uranium series uses the relative properties of various decay j
5 .

6 products of '"U or ""U. Ages range from 10,000 to 350,000 years |
|

7 (Ref.D.27).- '"U/'"U can yield between 40,000 and.1,000,000 years

8 (Ref. D.31).
9

^ Uranium Trend - for relatively undisturbed soils ranging in age |

.

10 from 100,000 to 900,000 years (Ref. D.32).
-

'

i
'

Co-aaenic Isotonet - for dating surficial rocks and soils. j
.Il D.2.4.3

Nuclides "C1, "Be, ''Pb, and ''Al - age range varies within the |
12

Quaternary according to isotope tested (Refs. D.33 and D.34). |
13 |

!

14 0.2.4.4 Rad?oaenic Datino Methods
!'

-Thermoluminescence- (TL) - for dating fine-grained eolian and |
15 .

lacustrine, and possibly alluvium and colluvium as well - age ]
16.

17' range is from 1,000 to 1,000,000 years (Refs. D.27 and D 35). |

Electron spin resonance (ESR) is used for sediments, shells, |
18 |

.

carbonates, bones, and possibly to date quartz that formed in
fault gouge during the fault event - age range is from 50,000 to f

19

20
|

21 500,000 years.(Ref. D.36).
Fission Track - for dating minerals such as zircon and apatite, [

22 .

with fissionable uranium in volcanic rocks - 100 to several23
|

24 million years (Refs. D.27 and D.37).
|

!

25 D.2.4.5 Chemical and Bioloaical Datina Methods
:

Obsidian and Tephra Hydration - age range is from 200 to several- |26 .

. 27 million years (Ref. D.38).
Amino Acid Racemization - for fossils, shells, and bones - age-28 .

29 range is frem 100 to 1,000,000 years (Refs. D.39 and D.40). ;

Rock varnish chemistry - cation ratio of manganese, iron, and clay i
:30 :.

31 coatings on desert stones - age range is 1,000 to 40,000 years .

!

D-12 ;
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1 (Ref. D.41). The results of this method are controversial and its
.2 use is not recommended per. ding further validation.

3 D.2.4.6 Geomorphic Datino Methods-
|

Soil profile development - for analysis of the upper few seters of
-

4 .

5 stable soils - age range is from 1,000 to 1,000,000 years (Refs. |

6 D.27 D.42 through D.47).
Rock and mineral weathering - for measuring the progression of7 .

8 weathering, such as thicknes ;s of weathering rind development on

9 the margins of clasts, hornblende etching, limestone solutioning,

10 . etc. - age range, depending on material - 10 to 1,000,000 (Ref.

11 D.27).
Geomorphic position - fluvial and marine terraces, and glacial >

12 .

13 moraines . 1,000 to 1,000,000 years (Ref. D.48).
Rate of deposition - lacustrine, playa, and sometimes alluvial ,

14 .

15 deposits - tens to millions of years (Ref. D.26) !

Scarp degradation - works best in coarse unconsolidated alluvium - |
16 .

17 age range is from 2,000 to 20,000 years (Refs. D.15 and D.49).
l

18 D.2.4.7 Correlation D7 tina Methodi j

Lithostratigraphy - correlation of distinctive geologic units19 .

20 between sites - age range is from 0 to 4.5 billion years (Ref.

21 0.50)
Tephrochronology - volcanic ash layers interbedded with22 .

23 sedimentary deposits - age range is from zero to several million

24 years (Refs. 0.51 and D.38).
Paleomagnetism - most igneous and sedimentary rocks containing25 .

26 hematite and magnetite - age range is from 0 to 5,000,000 years

27 (Ref. D.27).
Archeology - deposits associated with archeological materials28 .

29 (Ref. D.52).
Paleontology (marine and terrestial) - fossil-bearing rocks or30 .

31 soils - age range is from 0 to I billion years (Ref. D.53).

.D-13
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Lichenometry - used to estimate ages from sizes of lichens
! l .

| 2- growing on gravel or boulders (such as glacial deposits) (Ref. |
~

D.54).
*

! 3
.

' 4' in the CEUS, it may no't be possible to reasonably demonstrate the age of
'

5 last activity of a tectonic structure. In such cases the NRC staff willi

;

6 accept association of such structures with geologic structural features orI

-7 tectonic processes that are geologically old (at least' pre-Quaternary) as an f
;

8 age. indicator in the absence of conflicting evidence. |
;

9 These investigative procedures should also be applied, where possible,- j
10 to characterize offshore structures (faults or fault zones, and folds, uplift,

I 11 or subsidence- related to faulting at depth) for coastal sites or those sites
,f

: 12 located adjacent to landlccked bodies of water. Investigations of offshore

13 structures will . rely heavily on seismicity, geophysics,-and bathymetry rather I

14 than conventional geologic mapping methods that-een normally @ be used

15 effectively onshore. However, it is often useful to investigate similar
!.

16 features onshore to learn more about the significant offshore features. :
t

i

17 D.2.5 Distinction Between Tectonic and Nontectonic Deformation

18 @]3$JH (ontectonic defermationAej@ tectonic deformationr
lg :t : :ite can pose a substantial hazard to nuclear power plants, but there are f
20 likely to be differences in the approaches used to resolve the issus raised j

21 by the two types of phenomena. Therefore, nontectonic deformation should be f
22 distinguished from tectonic deformation at a site. In past nuclear power j

23 plant licensing activities, surface displacements caused by phenomena other |
24 - than tectonic phenomena have been confused with tectonically induced faulting. !

!
25 Such features include faults on which the last displacement was induced by

26 glaciation or deglaciation; collapse structures, such as found in karst }

27 terrain; and growth faulting, such as occurs in the Gulf Coastal Plain or in |

28- c,ther deep soil _ regions subject to extensive subsurface fluid withdrawal. |

29 Glacially induced faults generally do not represent a deep-seate< |
30- seismic or fault displacement hazard because the conditions that creat 3 them j

31 are no longer present. However, residual stresses from Pleistocene glaciation |
, 32' may still be present in glaciated regions, although they are of less concern |

33 than active tectonically induced stresses. These features should be

-34 investigated with respect to their relationship to current in situ stresses, j

D-14 i
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|

1 The nature of faults related to collapse features can usually be defined |
2 through geo+,echnical investigations and can either be avoided or, if feasible, j

3 adequate engineering fixes can be provided. |

4 Large, naturally occurring growth faults as found in the coastal plain f
'

5 of Texas and Louisiana can pose a surface displacement hazard, even though

6 offset most likely or urs at a much less rapid rate than that of tectonic
'7 faults. They are not regarded as having the capacity to generate damaging |
8 6 , can often be identified and avoided in

'

g siting, and their displacements can be monitored. Some growth faults and ,j
I

i 10 antithetic faults related to growth faults are not easily identified;

; 11 therefore, investigations de:.criped above with respect to capable faults and

| 12 fault zones should be applied in regions where growth faults are known to be

I 13 present. Local human-induced growth faulting car be monitored and controlled |

| 14- or avoided. |

15 If questionable features cannot be demonstrated to be of non-tectonic !1

16 origin)theyshouldbetreatedastectonicdeformation.
!

!
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1 APPENDIX E

i

L

2 PROCEDURE FOR THE EVALUATION OF NEW GEOSCIENCES INFORMATION OBTAINED FROM THE |
'

3 SITE-SPECIFIC INVESTIGATIONS
4 -

,

5 E.1 INTRODUCTION ;

t

i
;

6 This appendix provides methods acceptable to the NRC staff for assessing |

7 the impact of new information obtained during site-specific investigations on |
[

8 3.ME)(BM the probabilistic seismic hazard analysis (PSHA).
9 Regulatory Position 4 in this guide describes acceptable PSHAE :: ly:::

10 that were developed by Lawrence Livermore National Laboratories (LLNL) and the j

11 Electr'a Power Research Institute (EPRI) to M M ,
12 M O Q gejler7B N ::ti::t: th: :::tr:11in; ::rth;;;h:: and to develop ,

13- the 5- hutdown Earthquake jround motion (SSE). The procedure to determine j

14 the W o! o in thi: Or:ft- Regulatory Guide @$ 9G-4484 relies primarily |~

15 on Wr - O % or EPRI PSHA results for the Central and Eastern United ;
.

16 Sta R ' @M :

.17 It a m e s + . t 4 ste the geological, seismological, and geophysical.

18 datt m e fersWwi --specific investigations to demonstrate that these
19 dat , n r com i :.ivo m 4 * w PSHA data bases of these two methodologies. If
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24 Ethi. dsivg3@yfisisfgiggige[c@i @l@R the PSHA may have toj

25 be modified to incorporate the new @Td@@y1 information. S Tp d W 4R NtF M
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E.2 POSSIBLE SOURCES OF NEW INFORMATION THAT COULD AFFECT THE SSE3

Types of new data that could affect the PSHA results can be put in three4
seismic sources, earthquake recurrence models or rates of

5 general categories:

6 deformation, and ground motion models.

7 E.2.1 Seismic Sources

There. are several possible sources of new information from the site-8
Continuedspecific investigations that could effect the seismic hazard.9

recording of small earthquakes, including microearthquakes, may indicate the10
Paleoseismic evidence, such as

11 presence of a localized seismic source.
paleoliquefaction features or displaced Quaternary strata, may indicate the12

presence of a previously unknown tectonic structure or a larger amount of13
f t:r:activity on a known structure than was previously considered.14

g|eophysical studies (aeromagnetic, gravity, and seismic15
reflection / refraction) will F:b:bly p~.~p identify crustal structures that16

In situ stress
17 suggest the presence of previously unknown seismic sources.

.he mapping of tectonic structures in the future may indicate18 measurements an

19 potential seismic sources.
Detailed local site investigations often reveal faults or other tectonic20

itructures that were unknown, or reveal additional characteristics of known21

22 tectonic structures. Generally, based on past licensing experience in the
CEUS, the discovery of such features will not require a modification of the23

24 seismic sources provided in the LLNL and EPRI studies. However, fnitial

evidence regarding a newly discovered tectonic structure in the CEUS is often25

equivocal with respect to activity, and additional detailed investigations are26

27 required. By means of these detailed investigations, and based on past
licensing activities, previously unidentified tectonic structures can usually28-
be shown to be inactive or otherwise insignificant to the seismic design basis29-
of the facility, and a modification of the seismic sources provided by the30

31 LLNL and EPRI studies will not be required. On the other hand, if the newly
discovered features are relatively young, possibly associated with hi:t:ri::132
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I earthquakes that were large and c1::: i: @{{apaiffilis%3ffriit]5 the
2 proposed facility, a modification may be required.
3 Of particular concern is the possible existence of previously unknown,
4 potentially active tectonic structures that could 1:::11:.:@ moderate]j-
5 sized, but potentially damaging, near-field earthquakes or could cause surface
6 displacement. Also of concern is the presence of structures that could
7 generate larger earthquakes within the region.
8 Investigations to determine whether there is a possibility for permanent
9- ground displacement are especially important in view of the provision to allow '

10 for a combined licensing procedure under 10 CFR Part 52 as an alternative to

11 the two-step procedure of the past (Construction- Permit and Operating
'

>

! 12 License). .In the past at numerous nuclear power plant sites, potentially
13 significant faults were identified when excavations were made during the
14 construction phase prior to the issuance of an operating license, and

'

15 extensive additional investigations of those faults had to be carried out to
16 properly characterize them.

17 E.2.2 Earthouake Recurrence Models

;

18 There are three elements of the source zone's recurrence models that*

19 could be affected by new site-specific data: (1) the rate of occurrence of
20 earthquakes, (2) their maximum magnitude, and (3) the form of the recurrence

21 model, for example, a change from truncated exponential to a characteristic

P2 earthquake model. Among the new site-specific information that is most likely
23 to have a significant impact on the hazard is the discovery of paleoseismic
24 evidence such as extensive soil liquefaction features, which would indicate

25 with reasonable confidence that much larger estimates of the maximum

26 earthquakt.::ald ::::: than those predicted by the previous studies @@
27 jiiisse. The paleoseismic data could also be significant even if the maximum
28 magnitudes of the previous studies are consistent with the paleoseismic,

29 earthquakes if there are sufficient data to develop return period estimates
30 significantly shorter than those previously used in the probabilistic
31 analysis. The paleoseismic data could also indicate that a characteristic'

32 earthquake model would be more applicable than a truncated exponential model.

33 In the future, expanded earthquake catalogs will become available that

34 will differ from the catalogs used by the previous studies. Generally, these
35 new catalogues have been shown to have only minor impacts on estimates of the

.
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I parameters of the recurrence models. Cases that might be significant include )
2 the discovery of records that phee [5|}catj earthquakes in a region that had

3 no seismic activity in the previous catalogs, the occurrence of an earthquake

4 larger than the largest historic earthquakes, re-evaluating the largest
5 historic earthquake to a rignificantly larger magnitude, or the occurrence of +

6 one or more moderate to large earthquakes (magnitude 5.0 or greater) in the ,

7 CEUS.

8 Geodetic measurements, particularly satellite-based networks, may

provide data and interpretations of rates and styles of deformation in the9

10 CEUS that can have implications for earthquake recurrence. New hypotheses

11 regarding present-day tectonics based on new data or reinterpretation of old

12 datt >y be developed that were not considered py[piijijjQgh] ir, the
13 EPRI or LLNL PSHA.' Any of these cases could have an impact on the estimated

14 maximum earthquake if the result is larger than the values provided by LLNL

15 and EPRI.

16 E.2.3 Ground Motion Attenuation Models

17 Alternative ground mot' ion models may be used to determine the site-

18 specific spectral shape as discussed in Regulatory Position 4 and Appendix F

19 [fjgsMinia[offl@. If the ground motion models used are a major

20 departure from the original models used in the hazard analysis and are likely

21 to have impacts on the hazard results of many sites, a reevaluation of the

22 reference probability may be needed using the procedure discussed in Appendix

23 B. Otherwise, a periodic (e.g., every ten years) reexamination of PSHA and

24 the associated data base is considered appropriate to incorporate new

25 understanding regarding ground motion models.

26 E.3 PROCEDURE AND EVALUATION

27 The EPRI and LLNL studies provided a wide range of interpretations of

28 the possible seismic sources for most regions of the CEUS, as well as a wide

29 range of interpretations for all the key parameters of the seismic hazard
30 model. The first step in comparing the new information with those

31 interpretations is determining whether the new information is consistent with

32 the following LLNL and EPRI parameters: (1) the range of seismogenic sources

33 as interpreted by the seismicity experts or teams involved in the study, (2)

E-4
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I the range of seismicity rates for the region around the site as interpreted by
2 the seismicity experts or teams involved in the studies, and (3) the range of

3 muximum magnitudes determined by the seismicity experts or teams. The new

4 information is considered not significant and no further evaluation is needed

5 if it is consistent with the assumptions used in the PSHA, no additional

6 alternative seismic sources or seismic parameters are needed, or it supports j

7 maintaining or decreasing the site median seismic hazard.

8 An example is an additional nuclear unit sited near an existing nuclear

9 power plant site that was recently investigated by state-of-the-art
10 geosciences techniques and evaluated by current hazard methodologies.

11 Detailed geological, seismological, and geophysical site-specific

12 investigations would be required to update existing information regarding the

13 new site, but it is very unlikely that significant new information would be
14 found that would invalidate the previous PSHA.

15 On the other hand, after evaluating the results of the site-specific

16 investigations | if there is still uncertainty about whether the new
17 information will affect the estimated hazard, it will be necessary to evaluate

18 the potential impact of the new data and interpretations on the median of the

19 range of the input parameters. Such new information may indicate the addition

20 of a new seismic source, a change in the rate of activity, a change in the |

1 21 spatial patterns of seismicity, an increase in the rate of deformation, or the
22 observation of a relationship between tectonic structures and current

23 seismicity. The new findings should be assessed by comparing them with the

24 specific input of each expert or team that participated in the PSHA.

25 Regarding a new source, for example, the specific seismic source

26 characterizations for each expert or team (such as tectonic feature being
'

.

27 modeled, source geometry, probability of being active, maximum earthquake

28 magnitude, or occurrence rates) should be assessed in the context of the
i

29 significant new data and interpretations.
30 U=11y )RiWQlffj the new information will be within the range
31 of interpretations in the existing data base, and the data will not result in i

32 an increase in overall seismicity rate or increase in the range of maximum ;

33 earthquakes to be used in the probabilistic analysis. It can then be !

34 concluded that the current LLNL or EPRI results apply. It is possible that :
,

35 the new data may necessitate a change in some parameter. In this case,

35 appropriate sensitivity analyses should be performed to determine whether the

:
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new site-specific data could affect the ground motion estimates at theI
2 reference probability level.

An example is a consideration of the seismic hazard near the Wabash3

4 River Valley (Ref. E.1). Geological evidence found recently within the Wabash
River Valley and several of its tributaries indicated that an earthquake much

;

5

larger than any historic event had occurred several thousand years ago in the6

7 vicinity of Vincennes, Indiana. A review of the inputs by the experts and
teams involved in the LLNL and EPRI PSHA2-s revealed that many of them had made8
allowance for this possibility in their tectonic models by assuming the9
extension of the New Madrid Seismic Zone northward into the Wabash Valley.

3

10
Several experts had given strong weight to the relatively high seismicity of

11
the area, including the number of magnitude 5 historic earthquakes that have12 This analysis of the source

13 occurred, and thus had assumed the larger event.
,

characterizations of the experts and teams resulted in the conclusion by the
: 14

analysts that a new PSHA would not be necessary for this region because an: 15
event similar to the prehistoric earthquake had been considered in the16

17 existing PSHAs.'

A third step would be required if the site-specific geosciences
18;

investigations revealed significant new information that would substaritially19

20 affect the estimated hazard. Modification of the seismic sources would more
than likely be required if the results of the detailed local and regional site

;

21
investigations indicate that a previously unknown seismic source is identified22

4 23
in the vicinity of the site. A hypothetical example would be the recognition
of geological evidence of recent acti tity on a fault near a nuclear power24

plant site in the stable continental region (SCR) similar to the evidence25

found on the Meers Fault in Oklahoma (Ref. E.2).
If such a source is

26
identified, the same approach used in the active tectonic regions of the

27
Western United States should be used to assess the largest earthquake expected28

If the resulting maximum earthquake and the rate of
| 29 and the rate of activity.

activity are higher than those provided by the LLNL or EPRI experts or teams30
regarding seismic sources within the region in which this newly discovered31
tectonic source is located, it may be necessary to modify the existing32'

interpretations by introducing the new seismic source and developing modified33

34 seismic hazard estimates for the site. The same would be true if the current
These

ground motion models are a major departure from the original models.35
occurrences would likely require performing a new PSHA using the updated data !36

E-6

- _ _ _ __



-. .. - .. . . - ~ . . .-.- . .- .. . . - _ . - _ . . _ -

. .
;

i.

.

.

[ 1 base, and may. require determining the appropriate reference probability in

; 2 accordance with the procedure described in Appendix B.i .
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1 APPENDIX F

2 -PROCEDURE TO DETERMINE THE SAFE SHUTDOWN EARTHQUAKE GROUND MOTION

3 f.J INTRODUCTION

4 This appendix elaborates on Step 4 of Regulatory Position 4 of Bean
'":;;1:.t:ry Cuid: OC IC22tl@~u]@, which describes an acceptable procedure to5 .

6 determine the Safe Shutdown Earthquake Ground Motion (SSE). The SSE is

7 defined in terms of the horizontal and vertical free-field ground motion

8 response spectra at the free ground surface. It is developed with

9 considera*. ion of local site effects and site seismic wave transmission
The SSE response spectrum +s-fiE6s determined by scaling a E10 effects.

EsiiffR spectral shape determined for the controlling earthquakes E@11

12 [cKiR@I@r[6Md1 Tid 7p3eI E @ @ 3 3nv g $ e the average [ @
ground motion levels for 5 and 10 Hz (S.,. 3.), and I and 2.5 Hz (S.,3....) E13

14 determined in Step C.2 of Appendix C to this guide.

15 It is anticipated that a regulatory guide will be developed that
provides guidance on assessing site-specific effects and determining smooth16

17 design response spectra, taking into account recent developments in ground

18 motion modeling and site amplification studies (e.g., Ref. f.1).

19 f.l DISCUSSION

20 For engineering purposes, it is essential that the design ground motion

21 response spectrum be a broad-bind smooth response spectrum with adequate

22 energy in the frequencies of interest. In the past, it was general practice

23 to select a standard broad-band spectrum, such as the spectrum in Regulatory

24 Guide 1.60 (Ref. F.2), and r.ch;r $ ilj it te $y a peak ground motion

25 parameter (usually peak ground acceleration (PGA)), which is derived based on

26 the size of the controlling earthquake. During the licensing review this

27 spectrum was checked against site-specific spectral estimates derived using

28 Standard Review Plan 2.5.2 procedures to be sure that the SSE design spectrum

29 adequately enveloped the site-specific spectrum. These past practices to

30 define the SSE are still valid and, based on this consideration, the following

31 three possible situations are depicted in Figures F.1 to F.3.

32 Figure F.1 depicts a situation in which a site is te be used for a

F-1
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I certified design with an established SSE (for instance, an Advanced Light

2 Water Reactor with 0.3g PGA SSE). In this example, the certified design SSE

3 spectrum compares ftvorably with the site-specific response spectra determined

4 in Step 2 or 3 of Regulatory Position 4.
5 Figure F.2 depicts a situation in which a standard broad-baud shape is

6 selected and its amplitude is scaled so that the design SSE envelopes the

7 site-specific spectra.
8 Figure F.3 depicts a situation in which a specific smooth shape for the

In
9 design SSE spectrum is developed to envalope the site-specific spectra.

10 this case, it is particularly important to be sure that the SSE contains

11 adequate energy in the frequency range of engineering interest and is

12 sufficiently broad-band.

!

F-2
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1 REGULATORY ANALYSIS
I

|

2 A separate regulatory analysis was not prepared for this regulatory |
|

3 guide. The dr:ft regulatory analysis, ""r;;;;:d Revision of 10 CFR Part 100 |
j

4 and 10 CFR Part 50," was prepared for the pr;;:::d amendments, and it provides 1

5 the regulatory basis for this guide and examines the costs and benefits of the
6 rule as implemented by the guide. A copy of the dr:ft regulatory analysis is
7 available for inspection and copying for a fee at the NRC Public Document
8 Room, 2120 L Street NW. (Lower Level), Washington, DC, as Er.:1::cr: 2 t: !

9 0::yOi104[]@@]$.
1
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1 U.S. NUCLEAR REGULATORY COMMISSION

2 STANDARD REVIEW PLAN 2.5.1 F:h:;;ry 1005

3 BASIC GEOLOGIC AND SEISMIC INFORMATION C:r.t::t: f..J. ";rphy i

4 PROP 0GEG-REVISION ~; '30?)?!5500

5 '
,

|-

|
,

6 REVIEW RESPONSIBILITIES

7 Primary - Civil Engineering and Geosciences Branch (ECGB) |

'. ;

8 Secondary - None

3 I. AREAS OF REVIEW f
!
!

.

10 ECGB reviews the geological, seismological, and geophysical information |.

11 submitted in the applicant's early site evaluation report (ESR) or safety ;

12 analysis report (SAR), Sections 2.5.1, 2.5.2 and 2.5.3. IliETCe@Ei1 [
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17 M25Iiiii)EQ]u (!MJZsiidBnIaiiTs~193E1X@gEgiEejisTr4R
Mj@gulngLsp_ec{{{cTQi@garelM@jfgfH{g{onEgg@g[' 18 re
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I Because there is a strong overlap among these areas of review and those of !
,

geotechnical engin2ering and geohydrology, the reviewers of these sections of2

the SARs should also carefully review SRP Section 2.5.4 and Section 2.4.12,3

4 and closely coordinate their reviews and findings with those of the

5 geotechnical engineering and the geohydrology reviewers. For example,'

6 coordination with geotechnical engineers is required when verification of
,

geological processes affecting the site, sur.h as the preloading history of the7

8 plant's soil foundations by means of glacial and other geologic processes, can

9 be determined through various geotechnical testing methodologies.

10

11 References 1 through 8 (regulations and regulatory guides) provide guidance to

12 the ECGB reviewers in evaluating potential nuclear facility sites. The
principal regulation 'Jaat will be used by ECGB in the future to determine the13

14 scope and adequacy of the submitted geological, seismological, and geophysical

15 information for new nuclear facility sites is 10 CFR Part 100, "r:p::cd

16 Section 100.23, " Seismic and Geologic Siting Factors" (Ref. 2). Specific

17 guidance for implementing this regulation can be found in Or:ft Regulatory

18 GuideDC1032Hfy,"IdentificationandCharacterizationofSeismicSources
19 and Determination of Safe Shutdown Earthquake Ground Motions" (Ref. 3).

20 Guidance regarding the geotechnical engineering aspects is found in Regulatory

21 Guide 1.132, " Site Investigations for Foundations of Nuclear Power Plants"

22 (Ref. 4). Additional guidance is provided to the ECGB reviewers through

23 infomation published in the scientific literature. As the state of the art 1

24 in the geosciences is advancing rapioly, it is the responsibility of the j

25 reviewers to stay abreast of changes by reviewing the current scientific |

26 literature on a regular basis, attending professional meetings, etc. f

|
l
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I Using the knowledge derived from these activities and the geosciences
reviewers'ownaggregateacademicbackgroundjandexperience,ECGBjudgesthe2'

adequacy of the geological, seismological, and geophysical information cited3
|

in support of the applicant's conclusions concerning the suitability of the4

5 plant site.

The geological, seismological, and geophysical information that must be6

provided by applicants for the site review to proceed is divided into the7

8 following three basic categories:

i 9 1. Tectonic or seismic information. Information regarding tectonics,

(particularly Quaternary tectonics), seismicity, correlation of
-

10

11 seismicity with tectonic structure, characterization of seismic sources,

12 and ground motion. Seismicity and vibratory ground motions are primary

: 13 review responsibilities addressed in SRP Section 2.5.2. However, the

review and acceptance of the applicant's basic data-gathering processes14

and findings that . e presented in support of these topics, and their15

completeness, are aisc integral parts of the review responsibilities i

16

17 covered in this section. There must be close coordination among

18 geologists, geophysicists, and seismologists in reviewing these
!

19 sections.

Sufficient information must be provided to estimate the potential for20
|

21 strong earthquake ground motions or-surface deformation at the site,

22 such as the proximity and nature of potential seismic sources,
,

23 Quaternary geological evidence for faulting, folding, prehistoric ;

24 earthquakes (i.e., paleoliquefaction features), and other seismically

25 induced features. A complete presentation, including supporting basic
data, of the characteristics of the subsurface materials beneath the26
site must be provided (or cross-referenced with 5tandaifdD6iiMewigTiii27

[SRP{ Section 2.5.4) and reviewed by the staff so that an assessment of28
the potential fer amplification of vibratory ground motion or ground29

30 failure under dynamic loading can be made. Potential ground failure

31 modes may include liquefaction, excessive settlement, differential

32 settlement, and those caused by high tectonic stresses. Additionally,

for sites adjacent to large bodies of water, information pertinent to33
<

2.5.1-3
!
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| 1 estimating tsunami and se'che hazards must be provided, or cross-
i

2 referenced to SRP Section 2.4.12.
,

3 2. Nontectonic deformation information. Adequate information must be

4 provided for an assessment of other nontectonic geologica1 hazards, such

5 as landsliding and other mass-wasting phenomena, subsidence (including

6 differential subsidence), growth faulting, glacially induced
,

7 deformation, chemical weathering, the potential for collapse or

8 subsidence in areas underlain by carbonate rocks, evidence of'

9 preconsolidation, etc.
,

10 3. Conditions caused by human activities. Information on changes in

11 groundwater conditions caused by the withdrawal or injection of fluids,
12 subsidence or collapse caused by withdrawal of fluids, mineral

13 extraction, induced seismicity and fault movement caused by reservoir

14 impoundment, fluid injection or withdrawal must be included in the SAR

15 or ESR and evaluated by the ECGB staff.

16 Acceptance Criteria related to the above conditions are presented in SAR

: 17 Subsections 2.5.1.1 (Regional Geology) and 2.5.1.2 (Site Geology). This

18 information should be reviewed in terms of the regional and site tectonics,

19 with emphasis on the Quaternary period, structural geology, physiography,

20 geomsrphology, stratigraphy, and lithology. In addition, with specific

21 reference to site geology, the following subjects should be reviewed as they

22 relate to the above-mentioned conditions: topography, slope stability, fluid

23 injectica or withdrawal, mineral extraction, faulting, solutioning, Jointing,
24 seismicity, and fracturing. ,

25 The information provided should be documented by appropriate references to all ,,

26 relevant published and unpublished materials. Illustrations such as maps and

27 cross sections should include but should not be limited to structural,

28 tectonic, physiographic, topographic, geologic, gravity, and magnetic maps;
'

29 structural and stratigraphic sections; boring logs; and aerial photographe..
30 Some sites may require maps of subsidence, irregular weathering conditi_.a, i'

i
31 landslide potential, hydrocarbon extraction (oil or gas wells), faults,
32 joints, and karst features. Some site characteristics must be documented by

2.5.1-4
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1 reference to seismic reflection or refraction profiles or to maps produced by j

2- various remote sensing techniques.

!

3 Maps should include superimposed plot plans of the plant facilities. Other j

4 documentation should show the relationship of all Seismic Category I j

5 facilities (clearly identified) to subsurface geology. Core boring logs, logs
6 and maps of trenches, aerial photographs, satellite imagery, and geophysical

7 data should be presented for evaluation. In addition, plot plans showing the |

8 locations of all plant structures, borings, trenches, profiles, etc., should. f
9 be included.

10 The review can be brought to an earlier conclusion if the ESR or SAR contains ,

11 sufficient data to allow the reviewers to make an independent assessment of :
.

12 the applicant's conclusions. The reviewers should be led in a logical manner ;

13 from the data and premises given to the conclusions that are drawn without !

14 having to make an extensive independent literature search. A literature :

15 search will be conducted by the staff at the appropriate level of detail, ,

'

16 depending on the completeness of the SAR or ESR. All pertinent data,

17 including that which is controversial, should be presented and evaluated. The

; 18 geologic teminology used should conform to standard reference works (Refs. 9

19 and 10).
;
,

20 The primary purposes for conducting the site and regional investigations are

| 21 to determine the geological and seismological suitability of the site and to

22 provide the bases for the design of the plant. A secondary goal is to'

23 determine whether there is significant new tectonic or ground motion
| 24 information that could impact the seismic design bases as determined by a

25 - probabilistic seismic hazard analysis (PSHA) (Refs. II,12, and 13). The
1 26 objective of Section 2.5.1 of the SAR is to present the results of these

27 investigations and to describe geologic and seismic features as they affect4

! 29 ' the site under review; all data, infomation, discussions, interpretations,
29 and conclusions shculd be directed to this objective.

I 30 II. ACCEPTANCE CRITERIA
i

,.

;

31 The applicable rules and basic acceptance criteria pertinent to the areas of
,

' 32 this section of the SRP are given below:

2.5.1-5
\,
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I 1. 10 CFR Part 50. Anoendix A. " General Desian Criteria for Nuclear Power
Plants." General Desian Criterion IMtT 2. "Desian Bases for Protection2

Aaainst Natural Pheneena." - The criterion requires that safety-related ;
3

portions of the structures, systems, and components important to safety |4

5 be designed to withstand the effects of earthquakes, tsunami, and seiche
without loss of capability to perform their safety functions (Ref.1).6

10 CFR Part 100. Pr;;= d Section 100.23. "Geoloaic and Seismic Sitina j

7 2.
Factors" '59 FR 52255; . This peepesed section of Part 100 wowM8

requirej that the geological, seismological, geophysical, and9

10 geotechnical engineering characteristics of a site and its environs be

11 inves,tigated in sufficient scope and detail to permit an adequate
evaluation of the proposed site, to provide sufficient information to12

13 support evaluations performed to arrive at estimates of the Safe
,

Shutdown Earthquake ground motion (SSE), to preclude sites with14
'

potential surface or near-surface tectonic deformation, and to permit15

adequate engineering solutions to actual or assumed geologic and seismic16

17 effects at the proposed site. It weeM require [ the determination of

18 the SSE, the potential for surface tectonic and nontectonic ,

deformations, the design bases for seismically induced floods and water19

| 20 waves, and other design conditions (Ref. 2).

21 The following regulatory guides provide information, recommendations, ;
.

22 and guidance, and in general, describe a basis acceptable to the staff*

23 for implementing the requirements of GDC 2, Part 400 $6, and Section

: 24 100.23 of Part 100.
J

Dr:ft "eaulatory Guide DC 10321?f65. " Identification and25 a.;

26 Characterization of Seismic Sources and Determination of. '

27 Safe Shutdown Earthauake Ground Motions" (Ref.3) - This

28 pr;; n ed guide describes acceptable methods to: (1) conduct

29 geological, seismological, and geophysical investigations of

30 the site and region around the site, (2) identify and :

31 characterize seismic sources, (3) perform probabilistic j

32 seismic hazard analyses (PSHA), and (4) determine the SSE

33 for the site (see SRP Section 2.5.2.6 and Ref. 14).
,

2.5.1-6
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1 b. Reaulatory Guide 1.132. " Site Investiaations for Foundations of

2 Nuclear Power Plants" - This guide describes M:gr=: Of site
3 investigations related to geotechnical aspects that would normally
4 meet the needs for evaluating the safety of the site from the
5 standpoint (:.' the performance of foundations under anticipated

6 loading conditions, including earthquakes. It provides general

7 guidance and recommendations for developing site-specific

8 investigation programs as well as specific guidance for conducting f
9 sebsurface investigations, including borings, sampling, and ;

10 geophysical explorations (Ref. 4).

Il c. . Reaulatory Guide 4.7. " General Site Suitability Criteria for j

12 Nuclear Power Stations" - This guide discusses the major site j
I

13 characteristics related to public health and safety that th+ WRC
14 staff considers in determining the suitability of sites for
15 nuclear power stations (Ref. 5).

|

16 The information in the FAR EEM must be complete and thoroughly documented,
,

17 and it must be consistent with the requirements of Reference 2 and should

18 conform to the format suggested,in Reference 6. Information from varied

19 sourcer, including the United States Geological Survey (USGS) and other j

20 Federal or State agencies' published and open file papers, maps, aerial |
'

21 photographs, geophysical data, and similar data from nongovernmental sources

22 covering the region in which tne site is located, are used to establish the |

23 staff's conclusions as to the completeness and acceptability of the SAR $ )
24 [$.

25 The ECGB reviewers must ensure that investigations, as described in Or:ft

26 Regulatory Guide BG-MMM65 and Regulatory Guide 1.132, a e conducted with4

27 the appropriate level of thoroughness within the 4 areas designsted in Bean
28 Regulatory Guide DyS, 00 1032, based on distances from the site: 320 km (200
29 mi), 40 km (25 mi), 8 km (5 mi), and I km (0.6 mi). There must be sufficient
30 information presented in the ESR or SAR on which to base a comparison between

31 the new data derived from the regional and site investigations and that used
- 32 in the tectonic and ground motion models of the probabilistic seismic hazard
33 analysis (Ref. 3). f

!

!
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1 Specific criteria necessary to meet the relevant requirements of General ;

2 Design Criterion 2, of Part 100, ".;;=dh ", and Peepeeed Section 100.23 are |

f3 as follows:
:

4 Subsection 2.5.1.1, . " Regional Geology.'' In meeting the requirements of |

5 References 1. and 2, the subsection will be considered acceptable if a complete j

6 and documented discussion is presented of all geological, seismological, and j

7 geophysical features, as well as conditions caused by human activities. This |

8 subsection should contain a review of the regional tectonics, with emphasis on j

g th' Quaternary period, structural geology, seismology, paleoseismology, ;

10 physiography, geomorphology, stratigraphy, and geologic history within,a

11- distance of 320 km (200 mi) (site region) from the site, to provide a

12 . framework' within which the safety significance can be evaluated of the :

!
13 geology, seismology, and conditions brought about by human activities.

:

14 Subsection 2.5.1.2, " Site Geology." In meeting the requirements of References i

15 1 and 2, and the regulatory positions of References 4 and 5 and certain |

16 recommendations of Reference 7, the subsection will be judged ' acceptable if it f

-17 contains a description and evaluation of site-relateri geologic features, ;

!
.18 seismic conditions, and conditions caused by human activities, at appropriate

19 . levels of detail (defined by the distances of 40 km $$@l (site subregion), -

20 8 km $ $ (site vicinity), and I km (site area) of the site). This ,

21 subsection should contain the following general site information:
?
!

22 1. The structural geology of the site, specifically the identification and f
23 characterization of local seismic sources and their relationship to the |

24 regional structural geology and seismic sources.

25 2. The seismicity of the site, including historical and instrumentally
26 recorded earthquakes, and whether there is a relaticnship to tectonic

27 structure.
,

'!

28 3. The geological history, particularly the Quaternary period, of the site j

29 and its relationship to the regional history.- .

30 4. Evidence of paleoseismicity or lack of it.
.I
i2.5.1-8
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1 5. The site stratigraphy and lithology and their relationship to those of'

2 the region.

3 6. The engineering significance of geological features underlying the site
4 as they relate to:

5 a. Dynamic behavior during prior earthquakes.

6 b. Zones of alteration, irregular weathering, or zones of structural5

7 weakness.

8 c. - Unrelieved residual stresses in bedrock.

9 d. Materials that could be unstable because of their mineralogy or

10 unstable phyrical properties.

11 e. Effects of human activities in the area.

12 7. The site groundwater conditions.

,

13 III. BlyJEW PROCEDURES

14 The staff review is conducted in three phases. The first phase is the

15 acceptance review, a brief review of the SAR or ESR to evaluate its
16 completeness and to identify obvious safety issues that could result in delays
17 at subsequent stages of the review. The judgments on acceptance or rejection

18 of the SAR or ESR for review are governed by two criteria: (1) adherence to
19 the Standard Format (Ref. 6) in identifying and describing the geological,

20 seismological, and geophysical features and the conditions resulting from
21 human activities that affect safety of the site, and (2) provision of adequate
22 information and documentation as des.ribed in Beeft Regulatory Guide [M65 OG-

23 4G&B to allow for an independent staff review of the conclusions made therein.

24 After an SAR or ESR is docketed, the staff conducts a thorough review of the

25 material. In this second phase of the review an effort is made to identify
26 all safety issues. The reviewer carefully examines the SAR or ESR to see that

2.5.1-9
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all interpretations are founded on sound geological and seismological practiceI
and do not exceed the limits of validity of the applicant's data or of other2

3 data, such as that published in the scientific literature.

At the beginning of this phase of the review, the staff usually seeks4

assistance from the U.S. Geological Survey (USGS) and thcides to what extent5

6 consultants should be involved. The necessary information is then made

7 available to the USGS advisors and consultants. Advisors from the USGS and
consultants are asked to perform such varied tasks as reviewing the tectonic8

setting of plants in regions of complex geology, evaluating the potential for9

surface displacement, verifying an applicant's mineral identifications and10

geochronology, or providing advice on the proper level of earthquake ground11

12 motion in the seismic evaluation of selected sites.

A review of relevant references is conducted by the staff, USGS advisors, and13

14 consultants. Pertinent references, such as published geological reports,
professional papers, open-file material, university theses, physiographic and15

geological maps, and aeromagnetic and gravity maps, are ordered from the16

17 appropriate sources and reviewed. Several basic general references used in

18 the past by the staff are References 9, 15, and 16. GeoRef database (Ref. 17)
and other databases, such as References 18 and 19, are used to identify19

20 specific references.

21 As publication usually lags behind the completion of research or construction

22 investigation projects by months or years, the reviewers should not rely

23 entirely on information submitted by the applicant or in the published

24 literature. The reviewers should make an effort to identify any pertinent

25 studies that may be under way in the site region and any preliminary findings

26 of these studies. This may be accomplished by contacting the U.S. Geological

27 Survey or other Federal agencies, State geological surveys, universities, and

28 industry, to obtain current information about the site. Some pertinent

29 information may be of a proprietary nature, and special provisions may be

30 required to examine the data.

31 The staff members will conduct a geological reconnaissance of the site and

32 region around the site as part of the second phase of the review to examine

33 geological ti.atures, soil and rock samples from core borings or test pits,

2.5.1-10
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1 ' trenches excavated across the site, and actual excavations for the plant j

2- facilities, if present at this stage. This site reconnaissance is especially |
3 important in view of the revised requirement of 10 CFR Part 52 (Ref. 8), which |

4 allows for a combined license as an alternative to the previous two-step j

5- requirement of a construction permit followed by an operating license. In the

6 previous procedure, many geologic fn$tures, such as faults (as at North Anna, |
7 Summer, Byron, Catawba, Seabrook, Watts Bar, etc.) that had the potential to i

i

~8 impact the safety of the plant were not identified until the actual |

9. construction excavations for the plant were made. Additionally, unanticipated j

10 engineering problems have occurred during and after construction (as at North {

11. Anna, WNP-2, Nine Mile Point-2). Fcr example, larger-than-expected |
12 ' settlements have frequently occurred in engineered backfill, even though the |
13 design had been approved by the staff during the construction permit review. j

14 Under 10 CFR Part 52 it S ;=::ibh th:t the construction excavations for a i
i

15 plant will-not be made until after the staff [a] prepare [e the site SER. ;

16 ;

17 During the second phase of the review, questions and comments are developed |
18 from items that have not been adequately addressed by the applicant, those |

19 which become apparent during the detailed review, or those which develop from

20 the additional information provided as a result of the acceptance review. |

21 These first round questions usually regt. ire the applicant to conduct

22 additional investigations or to supply clarifying information. Questions may

23 result from the reviewer's discovery of reft.:rences not cited by the applicant'

! 24 that contain conclusions that are in conflict with those made by the |
:

25 applicant. When the applicant provides insufficient data to support its !
|

26 interpretations and conclusions and there are reasonablefM$iS]ilijff
,

27 i MH] and more conservative alternative interpretations in the |

28 literature, the staff will request additional investigations, or require that '
'

29 the applicant adopt the more conservative interpretation. This phase of the j

30 review will usually involve public meetings with the applicant to clarify |>

31 questions and allow the applicant to present new data to justify its position. j>

32 The applicant's response to questions are reviewed and any remaining issues

: 33 are settled.either by a second round of questions or by staff positions.

!

i 34 The third review phase is the staff evaluation of the applicant's responses to
.

35 questions raised in the second phase. At the end of the third phase, the

i . 36 staff takes positions on all safety-related issues, either concurring with the
;

2.5.1 'J1*
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applicant's positions or taking more conservative positions as may be ;
1

necessary in the staff's view to assure the required degree of safety.2
.
(

!A staff position is usually in the form of a requirement talgrettii3
|

? s C 0 3 G M E M to design for a specific condition in a way that4

the staff considers to be sufficiently conservative and consistent with the5

6 requisites of Reference 2. When all safety issues have been resolved, the ;

7 staff provides its input to the safety evaluation report (SER).
t.. _

W u+ ?!u M k h tie EE F " ME N M T---- _=4--
8 '

^',=2c5sr_ mi&RajBgnBMQii"M
9 - - ~ ;_

( f R J M M _W @ ) f j h g;g[g7fstlofetie?ll @ l (|) M f ji 6L10

%E9e***2ttWitW$tdTeYuallyJ3rfe$iMEfBFIRIE3ERWEEWIdi
'

11 i

ERRMIi$3focitGurs)thoditsgL jggjfg%]e EQelggJng[ng@ tee 244tWre;Tl12

KscenssphiHSer"WDy}YiVE$63Wip~jhasgiiQt~r5Ml5i@erm!t90K6M j~

13 ;

14 3
,

>

M Under the 56ii4QF@ fag ~ e combined licensing procedure M, as15
. described above, geological features such as faults that were @ not ,

t16 *

discovered until after the construction excavations are made, and therefore,

17
after the GER Fas been pr p:r:d ,s.ss@, wevW [ill not have been assessed by18

Likewise, unanticipated engineering problems such as ge]inesiHM
19 the staff.

ICT&TeMis1Maaler_111[s%egLcesM settlementKGiisiRogigrpu@jr tyflig@T -

i J
that occurced during or following construction wouM @l] not have been21<

j 22 evaluated by the staff. For these reasons, blieg@sfMEIcositssitjjiflSi ,

fjteispeflfcTo3To~nTiCili'e]gj{oTf4]fa~611[t~jBiffjiiilTfjIlliiifsRM |
! 23

MMFf((gvjousffsiiknowgeoMMst'6%"s'MA'*56'114&Mit 9teu24
,

;

bTEwftilMpTsiif5iFIIEncesis@37]@"Leilijillloggi)TjiJo BTEA~ lyW
i

~~

25 ',

El19 tit #/ Top *TY6iBligfoFjj@l@'@yM!@ils[ssmZsiliB43fME%26

yU$Mef2avationsMLeplen WgslexEpsiisiis]iiiS3iralgtion;27

28 :::diti::: :h::1d 5: includ:d in th: SER th:t tThe staff Elisila conduct a
.

;- -

29' followup site review when the excavations for the Seismic Category I
f::iliti:: [t'Qudi are open to confirm t::t:tiv: @ conclusions j$istiflii30

Efe]Latane,tep%nTe (Dihii%thpygypejofjthege@fe3@ilg~ng prc:::ted in31

32 th: SER., : d th:t fin:1 ::::13:i::: by th: :t:ff cr: p: ding th: 7:::11: :f |
!

33 thi: :it: r:vi: : 1::: th:r: i: re:::::ble ::rt:inty th:t :::h :::2r7; ::: i

!
,

34 r: ::lth:1y. !
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1 IV. EVALUATION FINDINGS

2 If the evaluation by the staff, on completion of the review of the geological
3 and seismological aspects of the plant site and region, confirms that the
4 applicant has met the requirements of applicable portions of References I and
5 2, and the guidance contained in References 3 4, 5, and 6, the conciusion in

6 the SER states t..at the information provided and investigations perfomed

7 support the applicant's conclusions regarding the geological and seismological

8 integrity of the proposed nuclear power plant site. TOI*IiDR~ZMh'F
9 EME DE. MsfilVMixesoNe St:ff r;;=:ti= 25::t any significant

10 deficiency preseded IMM@, in the applicant's SAR or ESR are stated in
11' sufficient detail to make clear the precise nature of concern M
22 MM.

13 The evaluation determinations iRfhTiiisipEclit(WR$@"WiiiBI5HlE$15EWIIa

14 #MiE9Eijf ffiiiWig are made by the staff after the early site,
15 construction permit, or operating license reviews. NiiiiMW16%
16 MtTtWWeense:wi11Fjic~tiiile2=nweistMtTihTAi5ictintt**sifeift|steJt*Rii
17 M A si:il:r conclusion @Tg LRT.6DFLirgTd31DTa~e'Iseni6
18 ||i)DM(WT4ffsfilfE following a combined license review RflT!$n16
19 MtTiiaYdiEiift38 iqs @ lng [pxcavaffonsIf6'r7Ciiggofy@iETJJS3s
20 Imit#Wii@gngstheistafGr[Mi[lM13b]DJTjo~Eiiiiiiiiiiiffo']n :h: 1d " 5:
21 t::t:th: E5EQj ::til :fter Qhe staff @]]{@lfj[QH examiniflsii?if
22 gtelaggypMafeIrfT@ mmc _enjf@ :: th: ::: = ti = f:r th: ::i :i
23 ::t:g:ry I f::iliti:: : d (ojponfffii d:t: =ine: that there are no previously
24 unknown features, such as potentially active faults, evidence for strong

25 ground motions such as late Quaternary seismically induced paleoliquefaction

26 features, unsuitable soil zones, or cavities in the excavations. 517%$
_; w - e . m ~_e n . seam =ccmmw= agy ._ _ n --- - n m aa= m e .,-a _ = _-x- u m u

-.

" d " * " "x "w a"y "~-gg" *.-_'=_"_'=_m'"w=* " - " m" "- - m" m""' =
28 ~_,_ x m =. m.--mmsa=;- . - mss w.x-- .,_2s m % x.- m =1 w y ,

-_~m= x n- x-- - . n

30 This final staff visit, in addition to determining whether there is any new
31 infomation since the combined licensing review, ensures that the staff

32 recommendations or p::it!= @fffo3 formulated by the staff during the
33 combined licensing review have been implemented.

2.5.1-13
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A typical staff finding at the conclusion of the c:"in:d licensing review
;

)1

2 follows: i

|

In its review of the geological and seismological aspects of the plant, 1

|3
the staff has considered pertinent information gathered in support of

f4 The information reviewedthe application for a ;di=d license.
|5

includes data from site and near-site investigations, as well as a
|6

geological reconnaissance of the site and region, an independent review !7
of recently published literature, and discussions with knowledgeable r

!8
scientists with the USGS and other Federal agencies, the State

|9
Geological Survey, local universities, consulting firms, etc.

f10
L'
;

Based on its review, the staff concludes that: i
11

gtgsalliWMeologica17@ftifil and seismological
j

'

12 (1) and other information provided by the applicant
;

!13
investigationsr
and required by th "r:;;=d Section 100.23 to Ef 10 CFR Part

|14
100d the staff's independent review of the data and other sources

|15
of information, ediii~liiil% a geological reconnaissance of thec

|16
site and region and examination of excavations for Seismic

|17
Category I structures at the site by th: :t:ff, provide an ;

18
adequate basis to establish that no capable tectonic sources or; i

|19
seismogenic sources exist in the plant site area that have the 1

20 |
potential of causing near-surface displacement or earthquakes to

21 t

be centered there.22

Based on the results of the applicant's regional and site
f23 (2)

geological, seismological, and geophysical investigations, and the
24

staff's independent evaluation (dich i: :::d::t;d pri=ril; by
|

-
:

25 r=i;;;r :frai;;;r :f S::ti:: 2.5.2 int =;;:rt:d by th:
26 th: '

thi: n:ti::), the staff concludes that all seismic sources
27

significant to determining the SSE for the site have been
,

28
identified and approprtitely characterized by the applicant in ,

'
29-

accordance with Or:ft Regulatory Guide DC 1022EE$ and SRP
30 t

31 Section 2.5.2.
I

i

2.5.1-14 :
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l' (3) Based on the applicant's geological, geophysical, and geotechnical

2 investigations of the site vicinity and site area, the staff
:

concludes that the site lithology, stratigraphy, geological3:

| 4 history, structural geology, and characteristics of the subsurface
i

5 soils and rocks have been properly characterized.

| 6

| 7 (4) There is no potential for the occurrence of other geological f

| '8 events (such as landsliding, collapse or subsidence caused by |

carbonate solutioning, differential settlement) that could |
| 9 '

compromise the safety of the site; or the applicant has mitigatedi 10 i

such occurrences and has adequately supported the engineering |
11 ,

'
12 ~ - solutions in the SAR.

; ;
*

I

:

[ 13 (5) There is no potential for the effects of human activity, such as -,

subsidence caused by withdrawal or injection of fluids or collapse }
i 14

due to mineral extraction, that compromises the safety of the |15

16 site; ar the applicant has taken steps to prevent such occurrences |

17 and has adequately supported these actions in the SAR.

18 (6) If this is a combined license review, M the
conclusions stated under (1) above :r: p .di ; ::til M19

20 confinuS_B :ti: by th: :t:ff, :fter MToi a detailed .

examination of the walls and floors of the excavations for the |
21

seismic category 1 facilities and the applicant's geological map f22

~23 of these exposures; and an examination by the staff of the ;

|
24 applicant's engineering solutions to mitigate any nontectonic

25 geological hazard.

26 The information reviewed for the proposed nuclur power plant is discussed in

27 Sections 2.5.1, 2.5.2, and 2.5.3.

28' The staff concluded that the site is acceptable from a geological and

29 seismological standpoint and meets the requirements of (1) 10 CFR Part 50,
Appendix A (General Design Criterion 2) and (2) 10 CFR Part 100, Peepeeed30

31 Section-100.23. This conclusion is based on the following:

32 1. The applicant has met the requirements of:

2.5.1-15
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:

I a. Appendix A (General Desian Criterion 2) of 10 CFR Part 50 |

2 with respect to protection against natural phenomena such as |

3 earthquakes, faulting, and collapse.
;

4 b. . r_::::d Section 100.23 (Geoloaic and Seismic Sitina Factors) to f"

5 10 CFR Part 100, with respect to obtaining the geologic and f
6 seismic information necessary to determine (1) site suitability {

7 and (2) the appropriate design of the plant. In complying with |

8. this regulation the applicant also meets the staff's guidance [

9 described ir, Or:ft Regulatory Guide DG-MMQ$, " Identification [

10 and Characterization of Seismic Sources and Detemination of Safe j

11 - Shutdown Earthquake Ground Motion"; Regulatory Guide 1.132, " Site [

12 Investigations for Foundations of Nuclear Power Plants"; and'

13 Regulatory Guide 4.7, " General Site Suability Criteria for Nuclear ;

!!
14 Power Stations."

!
15 V. IMPLEMENTATION

,

i

16 The following is intended to provide guidance to applicants and licensees |

17 regarding the NRC staff's plans for using this SRP section.

!

18 Except in those cases in which the applicant proposes an acceptable

19 alternative method for complying with specified portions of the Commission's

20 regulations, the method described herein will be used by the staff in its j

21 evaluation of conformance with Commission regulations. |

22 Implementation schedules for conformance to parts of the method discussed

23 herein are contained in the referenced regulatory guides.

24 The provisions of this SRP section apply to reviews of construction pemits
25 (CP), operating licenses (OL), early site permits, and combined license
26 (CP/0L) applications docketed pursuant to the pr;;;; d Section 100.23 4e R

27 10 CFR Part 100.
|

28 VI. REFERENCES
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I th:t p ad;=: th: vibat:ry gr::nd =thn fer which thn: f::turc :f th: ;

i-

2 :::lar p=:r pl=t n::nnry for := tin =d Oper:ti= with=t und;; rbh t: :

3 th: h::lth ad n f:ty Of th: pubik :r dui;=d t; 7:=in f;;;th=1. M |

4 $$g % 4 y @ ] @~~~~Tdilig'~@a~r~iM[ak7e @jlsE"itilli@H |_

5 j[[@%iiilliffligg[D@[ifdfi5HW5iEgiiN5ife^d~lBTifflisliii%f@|hW]s @
6 MargjlestesmdMggjniMT5iiiE~^$Mf"fMMsiJ"4

;

Ef6Mf!sraWaViippMEsii~ WDTfilfifa@3its"LaccomeEg~~gglisi W ;i7
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8 [lfi,.TR@@X(Xu td~~ TKtM](sSisiiiiEfty]Miij3El s,PA~~~~WRTl 3

i 9 pisariaifresma!!sytifiggriEirsammirasissairainsiiiggtsii |
!10 @_ HIf8TK6r"(' fiffiT_Wiii~fiEitg_ro_un_d_fiRisi)3_ss]e Ip~ec. f. M_ _M_ .Ji.iiQi_fiiif?H_fE_34
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| 11 The principal regulation used by the staff in determining the scope and i

12 .&dequacy of the submitted seismologic and geologic information and attendant
r

13 procedures and analyses is 53_Ef_i3_ii,M__06._TfF_6f.w_ertFR.I_PsE_fEli_$MIfWi%. {
_

Ti
,

14 Additional ;;id=: lif.6F_iiii._fi3_5 (regulations, regulatory guides, and reports) !,
- -

'

15 isprovidedtothestaffthroughReferences2through8y.

16 R9556F6iiTTeTiiiiifo@jfaKjiijMijfMt]'jit]inliMEEjj2 j
'

17 piRiHTfdiilTGWiWOlfig7_aTitT6_?G_fd&%@408FE. i_B54#_fde^i_fff1Eifi3K!iisd j
a a- _ - - .- . -

18 @_Wa_ffe7ffit-ro~nT4_fis_s_fiii]FY_o~uY_6iisi_a^~nd!_Dif_in_isiE_if._iBE_"6f3_st._Fis_fiiif_d dii i.
- -- o_

19 $ifthjiiiiii~grMMK@$$$T3Einifiji_i[f6M@EdEf@Tilsii1EllM,

_REift_lii dii.lBW_ ~EEj_BRsii_f@fd_ retr _ E_iji_i.i_kT_ia_E_fWi_fy_7_iiif_f_liis_i_li_iilel -

.

20
,

T._o~u~gni.x siiirc~s5iTR,6is_i?i6?)=Tdiiifffis_dTi_sd_!Eh_i_r'T_d_fi_E_li_sd.q_iBEf_ii_df_iiigTTsii
-

,
21 ,

,. -

. . m

23 si_E_a_rcl_i5_isrE_s_iya._iii._f_5sW 4y.Tj_isFE_]%_T_i_ETE.T._32_M__ii_iT(1._60Tiiil_13_s)Ti.Ls_i_i_Tt_i_fiiiisitl f%fh
_ .. - .-w

4_5_ii_FEi_iWiii_ll_is_is7_i?ji_Bl_istr_i1W_5i?_eiF_i_lig_u~al_il_ii ;24 t._is_fi35_6T_iff_id_?Ni_45_FETdie23a m __ __

wrmw~e. twintoia,fectytheaw-w_mo>s_tralso by4ydsd. _fied9..e eismacssou=rc=esscan
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26 tiiVcKiiiSTsifeEfdETETsTu~rdis_?i._FTi'd_iY_ai fe_n'in_s_s_iiff.i._s Wi_?IE_ll_iii6t_Td._f3_ETEi~gi_?6_91HEIw- -

)woonem,ytoneoewet>m- Memyismog.mwics.sourcejgsia$ ypelofdss en
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i

28 Specific areas of review include seismicity (Subsection 2.5.2.1), geologic and
29 tectonic characteristics of the site and region (Subsection 2.5.2.2), correla-

'
30 tion of earthquake activity with ; =1;g k :tr;;ter: Or tect=k p=vh =

31 [dliiilE?i6HfEii (Subsection 2.5.2.3), ==h= nrtF.:;=k p;t=thl

RS-.
.-

_ljjn hn . _ismin h _azard _iana,, ,
-

s e a HA rarid sc_ont.r_o11_3nn-n.g_se_ art -32
,

s s6 ci
3 a .n _ _ ,

33 (Subsection 2.5.2.4), seismic wave transmission characteristics of the site |-

!

34 (Subsection 2.5.2.5), M safe shutdown earthquake j. ~ro.u~ndTiii_ffs.vweii (Subsection
. ab w. AMCw.wu 49

f
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I 2.5.2.6) W cper ting b::i: carthquake (Subsectica 2.S.2.7).

2 The geotechnical engineering aspects of the site and the models and methods

3 employed in the analysis of soil and foundation response to the ground motion
4 environment are reviewed under SRP Section 2.5.4. The results of the
5 geosciences review are used in SRP Sections 3.7.1 and 3.7.2.

6 II. ACCEPTANCE CRITERIA

7 The applicable regulations (Refs.1, 2, and 3) and regulatory guides (Refs. 4,
8 5, 6, Edi9) and basic acceptance criteria pcrtinent to the areas of this
9 section of the Standard Review Plan are:

10 1. 10 CFR Part 100, " Reactor Site Criteria" (Ref. 3). This part describes

11 j@6[a] criteria that guide the evaluation of the suitability of |
'

12 proposed sites for nuclear power and testing reactors.

13 p,5Fi2IsfcfiEN00723'10 CFR Part 100, 'G @ y [clh [ SjiiE M $lt]ji
14 [jjtyfQ Appendix A, " Sci: .it and Cecicgic Siting Criteri fer clece )

i

15 Pc=r Plcnts." The:c criteria describes the kind; cf geologic and

16 seismic information needed to determine site suitability and identify i

17 geologic and seismic factors required to be taken into account in the
18 siting and design of nuclear power plants (Ref.1).

19 2. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Power

20 Plants"; General Design Criterion 2, " Design Bases for Protection

21 Against Natural Phenomena" (Ref. 2). This criterion requires that !

i
22 sefety-related portions of the structures, syttems, and components
23 important to safety sham be designed to withstand the frects ofs

24 earthqcakes, tsunamis, and seiches without loss of ca,,aility to perform 1

25 their safety functions.

26 3. 10 CFR Part 100, "Reactcr Site Criteria" (Ref. 3). This part de:cribe:

27 criteri: thct guide the evaluatica of the suitability cf propc:cd site; ;

28 for nuclear pcuer and testing rc :tcrs.

2.5.2-3
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1 4 [. Regulatory Guide 1.132, " Site Investigations for Foundations of Nuclear |

2- . Power Plants." This guide describes programs of site investigations' I
i

'3 .related to geotechnical aspects that would normally meet the needs for j

4 ' evaluating the safety of the site from the standpoint of the performance' !'

>

5~ of foundations under anticipated loading conditions, including j

6 earthquake [. It provides general guidance and recommendations for |
7 developing site-specific investigation programs as well as specific |
8 guidance for conducting subsurface investigations, including the spacing .!
9 and' depth of boring: as well as sampling intervals (Ref. 4). -j

:
,!

10 6 [. Regulatory Guide 4.7 g_ "w~_.7. "E- fMEff.$, " General Site |
"

..
,

11 Suitability t.riteria for Nuclear Power Stations." 'This guide discusses j
f

12 the major site characterisths related to public health and safety wh4eh =!
i

'13 M the NRC staff considers in determining the suitability of sites for }

14 nuclear power stations (Ref. 5). |
|
I

{|
15 6 $. Regulatory Guide 7.60, " Design Response Spectra for Seismic Design of
16 Nuclear Power Plants." Th h ;;id: ; h:: ::: ::th:d ::::ptchi: t: th:

-17 "C :t:ff f;r d:fhi ; th: r::p;;;; :p::tr: :;rr :p;;dt; t: th: |.

18 ::p;;t:d :: ir gr;;;d ::::1:r:ti:n (n f. 5). S:: :1:: R$ j

19 MjjspecLr"a"iEgiiii@LTsEfiEdisfg'iijdW$E@IeWpM j
.

20 @@M @ Me@ @ $$lt3 E @!$ M$ E p35tifj M _W 3% .

I
21 @MoEg@QQ$g]QQIiij{{@$5d[ipectyg[@TitJJ

'
22 [cje{{abliIiiQnl$gfss561gd~ej{Ei@Mj:papijj{ffy@]@@ Nil 5E
23 M[@T55ponse[s@fa'1R@fRE$hi]g'~@iio@Ts"Qs~~aM3ii |
24 preceduresTdlIEsisid in Subsection 2.5.2.6. !

~

!

5

25 CM@litsiyis_iiTBif0fle*ft?n'9Ris5E* fdEEHYrsiitiroofiiiil !,;a --- -

26 pfEREspiiiTE$i1MIJisidiTiEMMtermGilTWEsifsi$liiiEila@ |
(aMairI[M{NiH6iiffKcQbegaccijifi6EQ{@@M(@ i27

28 M- is[{hfsiiiFo1Tii_[Mip*%.~.gulisi_i358IS_$f.T(W-_ap6sii_ifsf I,_ - - - _

29 ggggpjgsejr ga'{QQs]{pfKg |
1

;

30 The @l{p]@ii1Rij@31@Fi[fd@fiWfo[rMQMfa6[1][yla3 |
r: de:: rih:d h 10 CFR . rt 100, |31 M (|} Q pri :ry r:;;ir:d h ::tig:t S : %

32 5 :::ti:: !Y(:) of ^pp;; din' ^, (Ref.1) The ::::pt hk pree:d:r : fr |
33 det: ;hing th: seismic design bases are given k hethn; Y( ) ::d S :th: ,

!
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I W (:) Of th: :p;;; dix.E N WQJgiNE25M KW M M
2 nDTMFf#mTd6D||||1"Egjf!EWrd9E@jigiBasiigHiBFr E |-

3 "E17M~45,M$iii|{iNv"eItTjiUBEi? The seismic design bases are'

4 predicated on a reasonable, conservative determini. tion of the SSE-end-tae-4BE. :

5 A: d fin:d in Si: tic: Ill f A;;;; dix A (R:f. 1) t: 10'CFR P:rt 100, th: E |
6 SSE and-4BE-eee {{ based on consideration of the regional and local geology |

-7 and seismology and on the characteristics of the subsurface materials at the ]

8 site. : d cr: d::: rih:d in i: ;;;; cf in: vibr t:ry gr:::d =ti:n th:t they

9 ;;;1d pr:d::: :t th: :ite. No comprehensive definitive rules can be i

10 promulgated regarding the investigations needed te establish the seismic j
11 design bases; the requirements vary Crom site to site. !

:

i
*

12 2.5.2.1 Seismicity. 4e [G meet 4eg the requirement { ef E~[$7dj i

13 Reference 1, this subsection is accepted when the complete historical record j

14 of ea-thquakes in the region is listed and when all available parameters are I

15 given for each earthquake in the historical record. The listing should
16 include all earthquakes having Modified Mercalli Intensity (MMI) greater than
17 or equal to IV or magnitude greater than or equal to 3.0 that have been
18 reported '- " '--'- ' ---"'---- 7T.EQ.7QQ, any parts of which
19 are within [E@ (200 miles)' of the site. @f@@dahear@gkEdiitiid~ IBM
20 R$jgjeg6ii0gjQgdiWdR3DGii$$Qif@ji iilI6eyrgvQ] _ A regional-
21 scale map should be presented showing all listed earthquake epicenters and

22 should be supplemented by a larger-scale map showing earthquake epicenters of

23 :11 h::;; events within (0]M (50 miles) of the site. The following
24 information concerning each earthquake is required whenever it is available:
25 epicenter coordinates, depth of focus, date, origin time, highest intensity,
26 magnitude, seismic moment, source mechanism, source dimensions, distance from

27 the site, and any strong-motion recordings (sources from which the information
28 was obtained should be identified). All magnitude designations such as m,,
29 M , M , M should be identified. ME@GijM@tjgp%Vjil E;lt

30 $$MR@Efifo~rm~Ta1357fs3]@fa61QMyM[fE@lM
31 MM;]16enfeR@{bde appropfjjtD3{sii,[QiEQM

' bSirydi6iiE[(Qlj@%fic~aMSEATFiffsaifoEvEd@M@l@32 p

@519@Meysi~tTiiiE@t )ERffagMihids@@stbrW4Yists~

]33

34 [gggy 33 : d 35 [6[a~n@). In addition, any reported earthquake-

35 induced geologic failure, such as liquefaction {@@@![a@Q@{
36 MhmTfriidTs@cteagequaEiQ, landsliding, landspreading, and

2.5.2-5
|
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.
I- lurching should be described completely, including the estimated level of [

a

2. strong. motion that induced failure and the physical prcperties of the {
-

> i

! 3 materials. The completeness of the carthquake history of the region is
I

4 determined by comparison to published sources of information (e.g., R:fr. ? .|

; 5 thr::;5 13). When conflicting descriptions of individual earthquakes are |
6 found in the published references, the staff should deterYne which is |

| 7 appropriate for licensing decisions. j

!

| 8 2.5.2.2 Geoloaic and Tectonic Characteristics of Site and Recion. 4e ;
i

9 mee64eg th: r:;;ir; ;;t: Of R:f:r::::: 1, 2, ::d 3, thi: ::h::: tic: i:
10 eempt:d ;t.:: :11 ;;;1:g': :tr;;tur : siihin t5: re;i:n ::d t::teni: ::tivity |

'

| 11- '$ N t f th:t :r: :ignific: t in d:t:;-inia; th: ::rth;;;h: p t::ti:1 :

12 Of t5: 7:;i:n :r, id::tifi d, r .-h: :: :d:q::t ine::ti;:ti:n 5:: 5::: :
i

13 ::rri:d ::t t: pr :id rc:::::bl: ::: r:::: th:t :11 :ignific::t t::t::i: |
'

14 :tr;;tur:: IdT.fT"" " '--- id::tified. [ol M s g II WsT @ M
T' i

|S[_MM-. . ~I_5i_idl_ii_liigT_mili_iiff_si_iil_f_Ri_fX. iliER. UG.WiEN._t' 1M__"a_eSi_EIQ5]iTS.d..~ ~i|

~~
..

.
.

115 ._ _ ,

_ ._

16 Migi@YlB53MgggsiaisiBTERTrMiiftem'iiitysiOt~eflirencest13]
~

;

17 M @i W M !f$j $ " g~ ~fisi M @ M i6 K @ e %n3{{{ifeMilMHfgid) {

18 'Mgf(liitg%tG6iiii@flii5iIsT%g@gliisi(c~o~~86disB3B fn

19 MAIMEsygtetithlt]$iGJT@@ifi fcdQEjyK@RISnIM
20 MRF;f$[oT_ pffMRIET@3DIf[@lM1MNIsosMgj'eM !

21 Mfteisiii[ent]@lifijQMTijli3QfE@le5@dij]@N(Waf@gg i

!
22 Q_Lse_arceM_E556%_isen_ien_di._fs_il_ifi_iT5EcoT_rd_a .__lli?K.mj.iiji.e_isilIR._II6D._i_j_sWt"gili.

- .

M .m ~ .mm ._ .

23 gilgQM j
;
!

RTijtiFin_is_iT~T_QMffliiM_PX._I_ImeI6._6i.6__73_iii_f_~difilii'i.e"3_ha_ite_lnotIBhanliusdilVERIlf.24
- a -- -s ~ - A re .

$tipege_ss_gi..a?i_5si_~disf_(H.m_fc"li_sr_~al_$i_F_i_fe~il_iliiiifEis_ou_rce_s_Ki.n_?n.s_et_~f3Rh |W Mis25 .a
.

_

M~i.iWissiiijfsTdER.i_fiFiiiiEEsDx>Tnd.s?t_fiE.. !ii.s.6_iiiiiE_ fili.si.i_TsYdecE.jitE_lifiMi_Wii_ii !Tf T26
- - _ - . . -- -

.

27 jil@itiEfigWtJ3iiMyllM[EdEm3K@$16@g@[@@@i@ i@ f
'

28 M.N_E_is.t711if_"di...t_erei_hiag"fil.i;s";_s_irf_lirgu_il5_iii~ot~e~nf_ia173Fnt_hkireg_fe"_n E_isJ_ .. __- _ _

29 T_diiiHMsE$oWiiiEsiE. silequaE.,~ii.T_eil~ijifl.onihi_i_%eeni_carriliidT.6iif. 7_M_tft.tiF.IHi. r
. -

30 7p[a7 M Mi6,3tgjp[j]njg M Q @Q@jjl@@ ,

,

31 pseugfg ;

1

1
;

32 Information presented in Section 2.5.1 of the applicant's safety analysis i

33 report (SAR) and information from other sources (e.g., R:f:. 0 : d It thr :;h
34. 48) dealing with the current tectonic regime should be develoud into a j

2.5.2-6
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I coherent, well-documented discussion to be used as the basis [3[
2 characterizing the et thquake-generating potential of jiF5ji@g1soggg ee
3 id:ntift:d g::10;i: :;rectur:: Specifically, each t::t:ni: pr: in:: M

M, any part of which is within S2]0 M200 miles)] of the site, must be ti4

5 identified. $7M@UJ5 @7;dM{Ts@ge wjjfjestJ@@]DiEIsifMR
6 Misilh3argejtWBTIT rdiffuT7eTEWFANefariran@zestq

,

7 [amefMaodg(@3@fMF[ifiMtj^Ms]]]ifEEMsiiE !

8 SD"J] The staff interprets [s@ tectonic provinces to be regions of |
9 M uniform ::rthq::k: p:t:nti:1 (: i ::tect:ni: provin:::) $ tim S M (

10 [WFMilefsoccettang)3dIHTictitr'~omTjie3F1MftF(EfMMM
11 @ . The proposed ;se M tectonic provinces may be based on seismicity
12 studies, differences in geologic history, differences in the current tectonic ,

13 regime, Er26@EfejfMfc^6@iWtTaiiifete.

14 The staff considers that the most important factors for the determination of !

15 lisHiiilicTdii@$ 10:t0:10 pr vince: include both (1) development and
16 characteristics of the current tectonic regime of the region that is most
17 likely reflected in the n::tect nic: (P;;t Miccen: cr:b::t5[6]ilii
18 giistIQWpirTo~di@pVoT@~e]7@l~$t]@ million years and younger geologic
19 history) and (2) the pattern and level of historical seismicity. Those
20 characteristics of geologic structure, tectonic history, present and past
21 stress regimes, and seismicity that distinguish the various HIJsii@sdisRis
22 i::teni pr vinec: and the particular areas within those jojFey provin ::
23 Mhere historical earthquakes have occurred should be descrhd. Alternative
24 regional tectonic models derived from available literaturs :: r:::, in:leding
25 peev+ce: SAR: :nd MRS :t:ff S:fety Ev:13 tion Rep;rt; (SER:), should be
26 discussed. The model that best conforms to the obse ved data is accepted. In

27 addition, in those areas where there are capable f: lt: @ jjtjfs lour ~cis, the
results of the additional investigative requirements described in 10 STR Paet'

,

2s 100, App:ndix A, Sect!:n !V(:)(S) (Ref.1), $RfgtJjiXQ must be
30 presented. The discussion should be augmented by "a regional-scale map showing

31 the tect: i: pr:vince: [IM[c]s~Fr$5, earthquake epicenters, locations of
32 geologic structures and other features that characterize the Eiifsi@M@Tu ch.
33 , :nd the 10 :ti:n: of :ny ::p:ble fault:.

34 2.5.2.3 Correlation of Earthauake Activity with sifsiiTcT$biiEes

35 0:010:t:_ Strutter: er T :tenic Previn:::. In ::: ting T6[seef the requirements
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l4 [@l@Tdisg~~c@Me]FM[Q$@~gdel@d(e]HjifMidi%R ,
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20 The applicant's presentation is accepted when the earthquakes discussed in i

21 Subsection 2.5.2.1 of the SAR are shown to be associated with either ;;;1 ;i: ;

22 :tr::t:r: Or t::tenic pr= hee R @ g @(u~@ g . Whenever an earthquake i

23 hypocenter or concentration t.f earthquake hypocenters can be reasonablv

24 correlated with geologic structures, the rationale for the association should
25 be developed considering the characteristics of the geologic structure |

26 (including geologic and geophysical data, seismicity, and the tectonic ,

27 history) and the regional tectonic model. The discussion should include ;

28 identification of the methods used to locate the earthquake hypocenters, an

29 estimatj@ of their accuracy, and a detailed account that compares and |
30 contrasts the geologic structure involved in the earthquake activity with :

31 other areas within the 1:0tenic pr=ine: ijhj@FnTc3]i5ffp6i. Particular |

32 attention should be given to determining the ::p:Sility sciii@Ta@My~eE6} |
33 [d3tM of faults with which instrumentall., located earthquake hypocenters {
34 eee Ffj gi associated. The prc::t tion :h::1d b; :r;:ented by regica:1 ::p:, j
35 :11 Of th: c: :::1:, :h=ing the t :teni pr= in:::, th: ::rth:;=h:
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following material properties should be determined for each stratum under the !
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i 7' P

8 site: M seismic compressional and shear wave velocities, bulk |
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j _ 11. - M I S l3b In each case, methods used to determine the properties should be !
,

'
1

i 12- ~ described in Subsection 2.5.4 of the SAR and cross-referenced in this !
>

> '

13 subsa.ction. " . - . ' . ' . . . . ' . . . " _ - . . - . ' . ' . . , " . ' . ' . ' . . - . . . . . ' . ' . . . . " " . ' . . . ' . ' . . - . . '.".'.', ' . ' . .
. . . _ . . . . , .

,

;

; t

34 . . . . c. a. u. .. - .J s. a. . . 1 2. . . , ~ J. a. .., .s .. a. r. a.
. . ,

r.. ~...:..s -.s. ,
,........, . . ,. . . . . . .. . . . . . .s. . . . . . ...

t..J . . , . . . . .u.. . u. 7. . r. ~. . s. s. u.. . u. . r e. . s. . :
;

'

determ. .Ja .. , . u ... J, .

15- . . .~ .. _ . . . . . . . . . .
. ... .. . . . . , .

.

* - . ' . - . ' . ' . ' . . - . ' . ' . - , - " . . - . . , " " . . . . ' . .' ' .
-
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- *
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18 s. . a.
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... . . ... .. . . . , . .7..r. .... .. ...
: . . 7 7..

i
a

F, r,.. . . c. . J
s. . .-..s..,. . u .. u %.- s ..s

19 s. u.. c. .. e. s. u. ,. . . . . .,J. .. s. :. .. _ . . . . . , . . . . . . . ,
. . . .. . . . . . . . - . ... s....;

1 .J r2.. J
s. L. .m. ,-......J. m r. _. J. . L . 1. .J. L . . J. .

.J. .o. s. Ls. r.
.J 2.. s. L. _

-

i L.
! 20 .m.

.. .... . .. .. . ... . . . . . .- . . . . .. . . .. ..

..... .. J .. s. a. r. s. . J. , .r .Ja... . s. u.
. ,

.u.. . .s...1. a.s. .J.. ,: 21 free-GeLJ.. ,...
t. _ . . .. .. . . , .. . ... . . ., .. .. . ..

I
.
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..a

. .. . .... . 77 3..... ,. . ... .
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,

24 .2.,. ...L., i
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2. . s.

.

J*.s
y

_

r .r. .- . . . . r ... . .. . .. .. .. .

|
,

;.
25 n. _. . . s. s. ... . .s. u... L . u.. ...s...,. .. s. a. . . s. . ,s. n., .u. . . . . u. u .,r. . . a. r s. J . s. u.. .

. . .~ . _ . .. . ,s . .. . . . .... . . . . r7.

21 .-...J |26 .u r. .. s. s. k._ a. .r c. s. L. . e. t. 2. . L . J.......J. T. L. r. .

e. t. , J. ... ... - s2..
. . . .. - . . . . ,. ... . . .. .. .. .. ..

l

27 . ..s.. c. . :.. .u..u. u_ ...s.. ..s ~ u. . u.a. u. . . . ... ,.a. . c. s. u. .. . . n. . !. .... . . . . . . . . ..... . . . . . . . . . 7..r. ,

28 - . r. n. . r,, , . u.. . .....r..,.J. c. ... _. s. u. . . _ . , n. . , . , . . . _ . , . , . . . , . . , . , . :_ _ .

7 . . .. . .... . . . .._ . .. .. . . . . , . . . ,

|e

r...... ., ... . . . . . . .c. a. . . . . e. c. :. > . . s.._....,JJ ..,a. .

J. s. ,
....Jgg m. . , . . . s. .. . :. , :. ....

. . . . . . .. , . . . . j. . . . . . . . .. .
j

- _--''' '. . . - . . .- . ..'.-. ,,, .-. .- ' . , , . . ' . ' . . . ' . ' . . ' . -"'... ,- . - ' . .- '
. 30 ' . ' . . . ~ . - . . ' . . . ' ., , ' . . ' . ' . . . . . . . ... , . ., ,

31 ' . . . ' . ' . . - . . - . . . ' . ' . ~ ' . - - '. ' . ' . ..-....r.-'..-..'....'..-.'..'.. ' . ' . . . - - . ' . . . ' . . ~ ' . ' . . - . . . , _ - ' . ' . ' . . , ' .
.

- ;
., . . . _. . . .. .

'32 . ' . . " . " . . - . ' . . ' . - . . ' . ' . " . . . ' , ' _ . . . . - . ' . ' . . - . . ' . ' . ' . . . ......r.-'..-.'....^..-.'..'..' -

. . - . . . . . , r r . . . .

, ,.
'

I
.

i

33 Where vertically propagating shear waves may. produce the maximum ground !
>

34- motion, a one-dimensional equivalent-linear analysis (e.g., Ref. 22 ,- 2' H t
>
.
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I

i
;

!
.

!

l @{fD) or nonlinear analysis (e.g., Refs. 25, 25, =d 27 $$QHi@) may be |

2 appropriate and is reviewed in conjunction with geotechnical and structural
I

3 engineering. Where horizontally propagating' shear waves, compressional waves, !

4 or surface waves may produce the maximum ground motion, other methods of

5 anaiysis (e.g., Refs. 2S =d 29 QT6dlN) may be more appropriate. However, j
'

6 since some of the variables are not well defined tnd the techniques are still
7 in the developmental stage, no generally agreed-upon procedures can be

,

8 promulgated at this time. Hence, the staff must use discretion in review ug |

9 any method of analysis. To ensure appropriateness, site response j

10 characteristics determined from analytical procedures should be compared with

11 historical and instrumental earthquake data, when available. ,

,

. ,

!

12 2.5.2.6 Safe Shutdown Earthauake niTdsd?NitTdB. k. :t'-- th- !
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I ti= ::nditi = t th: site. "h= th: it: Off=t: cre :ignifiant, thi:

2 rai:w i: =d: in :=j=:ti= with the review of the d=ign re:p;=: :p::tre
~

3 in S::ti = 2.7.2 t: =: r ::=i:te=y with the fr= field : ti=. The :t:ff

4 n: .:lly v:.1 =t= r=p;=: :p=tr: :n s = = by : = : bri:. The :t:ff

5 :=:id:r: c pli=ce with th: following :=diti=: = cept:ble in the
6 :=1 =t i = c f-the SSE. In :11 thn: pr;=d re:, the pr:p=:d fre field
7 rep == :p=tre :h:ll bc ::=idered ::=pt:ble if they eq=1 cr :=ced th:,

8 etinted Sith perc=til: gr =d : ti= :p=tra frc: th: ==icr er

9 :=tr:11ing =rthq=k: d= ribed in Sub;cti= 2.S.2.1.
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12 e

g7_506F_63U. 55_T.iffm~a~issMi_ssiih"6~P_5_SiWiHsTIE?_ii_ES_Ha_s"WEis_uWU_i3_8"M_m_iiFTe_~e.7 M13
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sp_ect_ra_T5fi.l_if_eTisi~~el_17aW_6'6.5F.iEH5_HTisf.E_a_fis?15 w
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16 The foll=ing :tep: ==:rin th: :t:ff revi = cf the SSE.
.

17 1. Both horizontal and vertical component site-specific response spectra

18 should be developed statistically from response spectra of recorded

19 strong motion records that are selected to have similar source,
20 propagation path, and recording site properties as the controlling
21 earthquakes. It must be ensured that the recceded motions represst

,

22 free-field conditions and are free cf or corrected for any soil-

23 structure interaction effects that may be present because of locations
24 and/or housing of recording instruments. Important source properties

and tectonic25 include magnitude and, if possible, fault typer
26 environment. Propagation path properties include distance, depth, and
27 attenuation. pelevant site properties include shear velocity profile
28 and other factors that affect the amplitude of waves at different
29 frequencies. A sufficiently large number of site-specific time-
30 histories or response spectra or both should be used to obtain an
31 adequately broadband spectrum to encompass the uncertainties in these

32 parameters. An 84th percentile response spectrum for the records should
33 be presented for each damping value of interest. =d : pared tc the SSE
34 fr= field =d deign re pe= :p=tr= (e.g., Refs. 30, 3', 32, =d 33

2.5.2-14

i



_

i i

1* *
\
i

i

-

i

i
,

1 [QffR23Nfndl[(). The staff considers direct estimates of spectral i

2 ordinates preferable to scaling of spectra to peak accelerations. 4e
3 th: E:: tern United St:te',, rel:tively little inf =:ti:n i: v:il:ble :n s

;

4 ::gnitud:: for the 1:rger hi:teri ::rths,3:ke:; hence, it ::y bc ;

5 :ppr:prict: to rely en inten:ity :b: rv:ti:n: (d::criptirn: Of i

6 ::rth;W:h: Offect:) t: ::ti :t: ::gnitud:: Of hi t:ri: cv::t: (e.g., i

7 :f:. 3' :nd 35). If the data for site-specific response spectra were j
8 not obtained under geologic conditions similar to those at the site, j

9 corrections for site effects should be included in the development of

10 the site-specific spectra.

i

11 2. Where a large enough ensemble of strong-motion records is not available, !

12 response spectra may be approximated by scaling that ensemble of strong- I

13 motion data that represent the best estimate of source, propagation

14 path, and site properties (e.g., Ref. M 2JQ). Sensitivity studies
15- should show the effects of scaling.

16 3. If strong-motion records are not available, site-specific peak ground i

17 acceleration, velocity, and displacement (if necessary) should be deter-
18 mined for appropriate magnitude, distance, and foundation conditions.
19 Then response spectra may be determined by scaling the acceleration,

20 velocity, and displacement values by appropriate amplification factors
21 (e.g., Ref. M $). "her: nly ::timate: Of pt:k ground :::cler: tion
22 cre v;il:ble, it i: :.:::pt:ble t: :: lect ; pt:k ::: ler: tion ad-ese

23 thi: p::k :: 01 ration :: the high frc:;; ncy ::y:ptot t st:nd:rdized
24 rc:p ::: :pectr; :uch :: de:tribed in Regul:tery 0;id: 1.2 (Ref. 5) for
25 b:th the horizontal :nd vertical :=penent: of ::t!:n with tF-
26 :ppr:prf:t amplificati:n f :ter',. For each controlling earthquake, the
27 peak ground motions should be determined using current relations between
28 acceleration, velocity, and, if necessary, displacement, earthquake size
29 (magnitude or intensity), and source distance. Peak ground motion

30 should be determined from state-of-the-art relationships. Relationships
31 between magnitude and ground motion are found, for example, in
32 References if_}_T63?_i_ff Rue-te IIe 7c _d M M_ the limited data for high

_ -

33 intensities greater than Modified Mercalli Intensity (MMI) VIII, the
34 available empirical relationships between intensity and peak ground
35 motion may not be suitable for determining the appropriate reference ,

i
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I acceleration for seismic design.

2 4. n :p:n:: Spectra developed by theoretical-empirical modeling of ground

3 motion may be used to supplement site-specific spectra if the input

4 ~ parameters and the appropriateness of the model are thoroughly

5 documented (e.g., Refs.10, ii,15, :nd 45 ff{$7t.D~5ilds). Modeling is
\- ~~

. 6 particularly useful for sites near ::p:bk f: lt: _E i " W _s~I _HiliiE I
_ _ _ ,

; ;

Lour _ces r-. .f:.% f_- .mg.p=-g r::~.. ,r,e m; _... . _:._ _ that may experience ground motion that !.~~_.m.
7

.

8 is different in terms of frequency content and wave type from ground
,

! 9 motion caused by more distant earthquakes.

i 10 E. Pr:b:bil hii: :: tin te: Of :ch k h==d :h;ald b; ::kehted (e.g., j

11 Ref:. il :nd 47) :nd th: :nd = lying :::::ptica: =d :::::icted i

12 =: rt:intie: :h: ld be d:::::nt d t: =:i:t u the :t:ff': Ov:=ll |

13 det =in hti :pp==h. The p=b:biluti :tudit: :hculd highlight j

14 whkh ::hmi: ==::: =0 :ignifk=t 10 th: :ite. "ni f== h=rd

15 sp=tre (:p=t= th:t h=: : =ifer: p=b:bility of ex:::d= : Over the
16 f=q =:y r=g Of htere:t) :h=hg un:crt:inty :h=ld b: alechted - >

17 f;r 0.01, 0.001, =d 0.0001 =n=1 p=b:bilitic Of ex:::d =ce t the
18 :it . The pr:b:bility Of excedhg the SSE re:p=:: :p=t= ch: ld :he
19 bc = tinted =d ::p=h= cf =::11: =de with other p=b:.bilhtie
20 :tudic;.

21 IliiE_i3SETgT_o_sHd.ii_iiE_GEFe.sp_os_e6p_TcTri_fii_F5_isEs*ii_idI6..F_EEEi~ap)_1T6l_istW_s- m _
_ I

' Nfn-' o'f'e_gul a_JM' .+W4WM@d*.' M9%i**t i_Y@NDs%%"on|m. an#A .
WT.'

tor.y_o_s _8W'_a_bl.M'J$#@f'^fa f%hNE*Ng9 9FM.9MW'QS-eil.__eyr_m_eet_e R_M4FA%
T g

{F/9%%%99f(fiVd. WPPJ9Eth4'Pdrere ;iac_cep"h"t'9.W''.g
?

- +

cons -
y pT>-Oh.9A@.T( 'xe. - -22 - . __m

WW M^ McM9 Mr. Ne4 N. - ^ - J v 5W-

23 itefere k _e d McCMMnS-s_i _e t|hed69h MAm ._ep. _e * s_af_f'''se._@s tM Av6Xe.4t_MWWMWima estof . .... _.... - ;groun_o!n_o_ti._on_ rare
. ~

n _ _ __

24 sl~RR_TfWi_iiO_F.~4Tffs_'rii.iif_tEiirn"_firco_is?pFo^~E_isd?WI_thi?i~~P_1TE_iHtmilisti_t.i_ffelii_DTT R ma- ~ _ m

25 i.RiisilW7fEsWiii_sBiiEfi.ir7df_(fsFiRIEi~s?i~hdiffsi_BT_VillE5.in?As.n?.i,@jWjiEfiE37ii
- .- ~- - - - -- -- a-

26

27 The time duration and number of cycles of strong ground motion are required

28 for analysis of :it f:=d:ti= liq =f=thn p;t=ti:1 and he design of many
29 plant components. The adequacy of the time history for structural analysis is
30. reviewed under SRP Section 3.7.1. The time history is reviewed in this SRP

31 section to confirm that it is compatible with the seismological and geological ,

-32 conditions in the site vicinity and with the accepted SSE model. At present,
33 models for det:=huttally computing the time history of strong ground |

34 motion from a given source-site configuration ny be Ee] limited. M-4 !

!
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24 III. REVIEW PROCEDURES

25 Upon receiving the applicant's SAR, an acceptance review is conducted to
26 determine compliance with the Pf@ investigative requirements of 10 CFR
27 Part 100, siEffoW6Tti Appendix A (Ref.1). The reviewer also identifies

__

28 any site-specific problems, the resolution of which could result in extended
29 delays in completing the review. ,

1
<

l
i

30 After SAR acceptance and docketing, thc:e aren ;re id^ntified .dcre Dhi
i.e,wem,. d_entif._,ie_seare_a_shh.$-_ d additional information u remire, to

g
. d . ne_e

. . .

31 rev. m . w .
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1 M@Ie~fM{ewlof$e3M_ad$d@][@siM det =i:: the ::rth;;;h:
2 h:::rd. These are transmitted to the applicant as dean requests for
3 additional information.

4 A site visit may be conducted, drring which the reviewer inspects the geologic
5 conditions at the site and the region around the site as shown % outcrops,
6 borings, geophysical data, trenches, and those geologic conditions exposed
7 during constructicr. if the revi i; for :n Oper: ting licen::. The reviewer
8 also discusses the questions with the applicant and his consultants so that it
9 is clearly understood what additional information is required by the staff to

10 continue the review. Fellowing th: :it: /isit, a revi::d ::t of r:qu::t: f:r

11 dditi:n:1 infem: tit,n, ineluding :ny additi n:1 qu : tion; th:t ::y h: : been
12 devel: ped during th :ite vi:it, i; femally tr:n: itted to th: :pplicent.

13 The reviewer evaluates the applicant's response to the questions, prepares

14 requests for @ additional clarifying information, and formula;es positions
15 that may agree or disagree with those of the applicant. Thece ai formally

16 transmitted to the applicant.

17 The Safety Analysis Report and amendments responding to the requests for j

I
18 additional information are reviewed to determine that the information
19 presented by the applicant is acceptable according to the criteria described
20 in Section II (Acceptance Criteria) above. Based on information supplied by
21 the applicant @M631{@ obtained from site visits, or frc: staff
22 consultants, or literature sources, the reviewer independently identifies @
23 [e Q @ the relevant : i:: tectonic provin::: @ @ ] E M , @ @l @ q

24 lEEQev:1untc; the capability of fault; in the region, and determines the |

25 earthquake potential for each provinec :nd uch :p;ble fault er 10 tonic
26 structur using procedures noted in Section II (Acceptance Criteria) above.
27 The reviewer evaluates the vibratory ground motion that the potential !

28 : rthqu:ke: i~o7itToijgM@@ could produce at the site and define: |
29 @jds3t@ff6MMjR{3 the SSC6s]difg@@@) :af: hutdown
30 ::rthqu:ke :nd Operating b;;i: carthqu ke.

1
i

31 IV. EVALUATION FINDINGS
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1 If th: ev:le:ti n by th: :t:f-fr On completion of the review of the geologic
2 and seismologic aspects of the plant site, [f]ffi[[vj)MM[pffi@[sMM
3 confirms that the applicant has met the requirements or guidance of applicable
4 portions of References I through 6 Ed], the conclusion in the SER states
5 that the information provided and investigations performed support the
6 applicant's conclusions regarding the seismic integrity MtactjeiHf@ of
7 the subject nuclear power plant site. In addition to the conclusion, this

8 section of the SER includes QHljiQE@( (1) definition: Of tect:ni
9 previne:: [e]MfMMMi, (2) evaluat';n: Of the capability of geologic

10 structures in the region, (3) dete =in:ti n: Of the SSE ;rthqu:k:(:) :nd
;contioHTggaliWIMQgo~dt3 free-field response spectra b:: d :n11 J

12 evalu:tien Of the potentid :rthqu kes, Q)ltyi[SggiEd ($ 4) [Ki time
13 history of strong ground motion, :nd (5) detemin:ti n: Of th: OBE fre: field
14 re:p;n:n :pectra. Staff reservations about any significant deficiency
15 presented in the applicant's SAR are stated in sufficient detail to make clear
16 the precise nature of the concern. [i@id(l@EthH@f31]Msyl[~ nom]ty
17 flidTffff7MilI@ifijdsj{3Mlls~ejE[f]pi[f6~riiii3FAiQdiiEnislIWdiFiESTd

Le_siaT_f_s!I_feWT_is_di_fR_Tf6e s~1(g[y?gffi_di_iT_5Ef.3 The above eyaluationsr*

18 m _.~ m a_._ ~ .

19 dete min: tion: Or redet mination; are made by the staff during beth the con-
20 struction permit (CP), and operating license (OL)[{6ih6{EdQJMy{@[)M$
21 EifrM[ijj]iM@fa]s3]jfjfR{E65]iyipRijiti.

22 OL @ { @ j Hd]] H [sj applications are reviewed for any new information
23 developed subsequent to the CP : fety evalu: tion report SER @]ij { dr]f[ijQ |

24 Ma]Qfy. The review will also determine whether the GP recommendations |
25 Ed[@]@[gTjfeI@ir~3&])3tFj@5 have been imp 1emented. ,

!

26 A typical j6ii6]jQ}M{e31[F@ OL-stage summary finding for this section of the
27 SER follows:

28 In our review of the seismologic aspects of the plant site, we have
29 considered pertinent Informatior. gathered since our initial seismologic
30 review whkh [M[fwas made in conjunction with jjliirTffi[[ Ell @lEQ
31 the issuance of the Construction Permit. This new information includes
32 data gained from both site and near-site investigations as well as from
33 a review of recently published literature.
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1 As a result of our recent review of the seismologic information, we have

2 determined that our earlier conclusion regarding the safety of ti plant

3 from a seismological si.andpoint remains valid. These conclusions can be

4 summarized as follows:

5 -1. Seismologic information provided by the applicant and required by

6 AppendixA$fcTiB5?ltRiIllte[f10CFRPart100providesan
7 adequate basis to establish that no cepele f=lt: [[@jj: Lsong[cej
8 exist in the plant site area wh4th $Q would cause earthquakes to
9 be centered there.

'

10 2. - The response spectrum proposed for the safe shutd wn earthquake is

11 the appropriate free-field response spectrum in conformance with

12 Appcadix A @ [1 R }y012 { df te 10 CFR Part 100.

13 The new information reviewed for the proposed nuclear power plant is

14 discussed in Safety Evaluation Report Section 2.5.2.

15 The staff concludes that the site is acceptable from a seismologic

16 standpoint and meets the requirements of (1) 10 CFR Part 50, Appendix f.

17 (General Design Criterion 2), (2) 10 CFR Part 100, and (3) 10 CFR Part

18 100, Appendix A[@Y@j((.125. This conclusion is based on the
19 following:

'

20 1. The applicant has met the requirements of:

21 a. 10 CFR Part 50, Appendix A, General Design Criterion 2 with

22 respect to protection against natural phenomena such as

23 faulting.

24 b. 10 CFR Part 100, Reactor Eite Criteria, with respect to the
25 identification of geologic and seismic information ured in
26 determining the suitability of the site.

27 c. 10 CFR Part 100, App = dix A ' Sci =ic =d 0:09: Sit hg1 ,

28 Wrteri:; fer iclecr P=cr Plaht 5sMiBH7106T23T['@fgg
I

29 with respect to obtaining the geologic and seismic

2.5.2-20
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'

;
,

. >

1 information necessary to determine (1) site suitability and j
'

2 (2) the appropriate design of the plant. Guidance for
3 complying with this regulation is contained in Regulatory
4 Guide 1.132, " Site Investigations for Focadations of Nuclear |

'

.

@f}{M[ifto]ifdiifd(M, !s
'

5 Power P1 ants" (Ref. 4);

6 {@JM{{{jlMfMisilidiatac@M3ifi ifff8]EE '

7 16urces~iliiilisiVe~3filif33iiiiMii~rfgdakECHiiiiiilINiitM?Z(M |
8 [JHvjill Regulatory Guide 4.7, " General Site Suitability

| 9 Criteria for Nuclear Power Stations" jtC ft%"QREE !

10 (Ref. 5); and Regul:t:ry Cuid: 1.S0, "00:19n C::p;n::
11 Sp :tre f r Sci;:i: 00:ign Of M :10 r P x r Pl:nt:" (R f.

,,

12
- 6}. )

,

13 V. IMPLEMENTATION !
;

!

14 The following is intended to provide guidance to applicants and licensees i;

15 regarding the NRC staff's plans for using this SRP section. !

l
J

16 Except in those cases in which the applicant or licensee proposes an
17 acceptable alternative method for complying with specific portions of the

!18 Commission's regulations, the methods d0 scribed herein will be uso by the
19 staff in its evaluation of conformance with Commission regulations.

!

.

Implementation schedules for conformance to parts of the method discussed20 1
- <

21 herein are contained in the referenced regulatory guides and NUREGs (Refs. 4

22 '. through8y).
:

23 The provisions of this SRP section apply to reviews of construction permits ,

(CP), operating licenses (OL), @y31 DM[s] prelimin:ry de:ign :;pr:nl]24

25 (PO^), fin:1 de:ign :ppreal (FO^), and combined license (CP/0L) applications
26 docketed MTuHtXM[JfMfjj]MEfolisT0tQtT[[o~g{ti$1@l@] efter ih
27 d:t: Of i::::ne: Of thi: SR? ::: tion.

28 VI. REFERENCES

29 1. 10 CFR Part 100,[ C 6 sT il R @ ]23] @ M h c @ $eM@
30 ${{MlijQ'r[Q appendix ", " Sci:=ic :nd 00:10g1: Siting Criteri:
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I U.S. NUCLEAR REGULATORY COMMISSION

2 STANDARD REVIEW PLAN 2.5.3 cbru:ry 1995c

3 SURFACE FAULTING Centact: ?..J. "urphy
-

4 n. .n.n.n. n.ern. REVISION 3 "s . a. ". , ". .r r a. ' ^. , . ..

5 REVIEW RESPONSIBILITIES

6 Primary - Civil Engineering and Geosciences Branch (ECGB)

-

7 Secoiidary - None

8 I. AREAS OF REVIEW

9 ECGB reviews information in the applicant's Safety Analysis Report (SAR) or
10 Early Site Evaluation Report (ESR) that addresses the existence of a potential
11 for surface deformation that could affect the site. The(Echdiss]
12 information presented in this section BMHIISA_R7EFit_SR results largely from

- s_ _

13 detailed surface and subsurface geological, seismological, and geophysical
investigations performed in _' _r_og__re_s_si_vely_,._, t__er;d. ts_-- k_,_w.i._.h.i_n._ie_ach_.lo_f.s_t.he,P gr_e._a e, . i ._ t

_ ..

14 ._

15 EFiaVaiEEM'Ed'Ef75dli?6f4hc :ite :ubre-ica '#40 km ee {25 mi)xW frc: thea n ---- ~ - ----

16 cite)), :ite '.icinity (18 km ee}5 mi[{ and in the ;ite arca $4tMe-1 km
17 eel 0.6 mi{ ef [F6udd the site}}. The following specific subjects are
18 addressed: the feblogicil7ssi'sN51HijlETEsiidIpioihTsiFat3

'

19 MisMiiQ665Meec43r:1 :nd :tratigraphic conditien; cf the :ite subregica,
20 s4 M aicinita", and ;ite rca (subsection 2.5.3.1), si6.1_3p_E_ilfEVi.dsh6E"75lE

- - A-

21 _fi_61sif_idi. T_6f._I_siidsnce fcr surfaceTd_i_fd_di_f_ibnany eviden:c cf fault Off:ct,
m.

22 including nc:r surface 'ciding, uplift, er :ubsidence that reflect; faulting I
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1 :t d:pth, Or =id . tee dan:t=tir.; th 0b:== cf f=ltir.g within th:= :rn: !

2 (subseetion 2.5.3.2), E_3WintToT.EFii.RT-_ui_E_sTiii_r_cVa5Eff~e_Etsiire?silIGi%es .
i

. -- -- ~--

3 =rth;=k= =:=ict-d with tut =t: :tructurn withi- th=: Orc a (subsection ;;

4 2.5.3.3), [.F.siffofmostirecenf7diffi_iiiIn.ff3Hid-temi=ti= cf th: :;; cf =:t
~ % -

5 r==t ===nt = f=l t: = ther r.= r : rf= : tect=ic def;=:ti=

6 (subseetion 2.5.3.4), F_ETiff3iGiiiT_pTofEfiEf6_iiE,T_6~uc_GFe.s3.1rifw_iI_iT_fe%_n_6
-- - .

fi :
i

"~jf6iii],7,fpf3EM6iiEEuresdet =inti= cf str=t"=1 rchti=: hip; Of :Me7 g
8 == f=l b t: 7:;i=:1 f=lt: (subsection 2.5.3.5), id= tiff =ti= =d j

9 characterization of capable tectonic sources (subuction 2.5.3.6), ,

10 Be%${ggef@ones of Quaternary deformation @~treTsTterregiEth:t r: qui = i

11 detathd f=lt i==tig:ti=: (subsection 2.5.3.7), and r =lt: Of :tudia in .

'

12 ar.c r: quiring thW._6te_ntfi__l.?_?6iE_s_iu_ffa._ce_lG_Ef._6HWdif._E5._iii_fEii_TitT.iS?si_ti.m._- -m

'-"--''- '*--- (subsection ;"* " rN~ ' ' " ' ^ -+----- ' - " " * - -
13 z=:a=u=-u:wa= ~ ~ ~ - ~ v"- ~ ~ -- v" "~~a-~~"--- - "a

i

14 2.5.3.8). ;
c

:
.

15 Referen:es 1 through 8Z (regulations and regulatory guides) provide guidance |
16 to the ECGB reviewers in evaluating potential nuclear power plant sites. The

17 principal regulation that will be used by ECGB in the f"t"re to determine the !

18 scope and adequacy of the submitted geologia1, seismological, and geophysical

19 information is P =p; xd Section 100.23, " Geologic and Seismic Siting
20 Factors," 10 CFR Part 100 (Ref. 2). Specific guidance for implementing this !

i

21 p=p=:d regulation can be found in Bean Regulatory Guide DC 1032 Q@,
22 " Identification and Characterization of Seismic Sources and Determination of ;

23 Safn Shutdown Earthquake Ground Motion" (Ref. 3). Guidance regarding the
t

24 geotechnical engineering aspects is found in Regulatory Guide 1.132, " Site
25 Investigations for Foundations of Nuclear Power Plants" (Ref. 4). Additional
26 guidance is provided to the ECGB reviewers through information published in
27 the scientific literature. As the state of the hrt regarding the geosciences

!
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1 is advancing rapidly, it is the responsibility of the reviewers to stay ;

2 abreast of changes by reviewing the current scientific literature on a regular
3 basis and attending professional meetings.

4 11. A( N PTANCE CRITERIA

5 ECCB acceptance criteria are based on meeting the requirements of the

6 following regulations:

7 1. Accendix A. " General Desian Criteria Mr Nuclear Power Plants". General
J Desian Criterion 2 "Desian Bases for Protection Aaainst Natural
9 Phenomena. 10 CFR Part 50." This criterion requires that safety-related

10 portions of the structures, systems, and components important to safe?,y
11 be designed to withstand the effects of earthquakes, tsunami, and

12 seiches without loss of capability to perform their safety functions j
13 (Ref. 1). J

14 2. 10 CFR Part 100 Prc:::cd Section 100.23. "Geoloaic and Seisnic Sitina
15 Factors." These prop:: d requirements describe the general nature of
16 the geological, seismological, and geophysical data necessary to
17 determine the site suitability (Ref. 2).

18 The following regulatory guides provide information, recommendations,

19 and guidance and in general describe bases acceptable to the staff for
20 implementing the requirements of General Design Criterion 2, Part 100,
21 and Pr:p:: d Section 100.23 of Part 100.

22 a. Dr:ft Reaulatory Guide DC 1032M165. " Identification and

23 Characterization of Seismic Sources and Determination of Safe
24 Shutdown Earthouake Ground Motion." This # af+ guide and its

25 appendices A beir.g d:v hptd te describe geological,
26 seismological, and geophysical investigations to determine site !

27 suitability "thods to identify and characterize potential
28 seismic sources; acceptable methods to conduct probability
29 seismic hazard analyses; a'l methods to determine the Safe

30 Shutdown Earthquake ground motion (SSE) (Ref. 3).

2.5.3-3
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1 b. Reaulatory Guide 1.132. " Site Investiaations for Foundations of

2 Nuclear Power Plants.' This guide describes programs of site
3 investigations related to geotechnical aspects that would normally
4 meet the needs for evaluating the safety of the site from to
5 standpoint of the performance of foundations and aarthworks under

6 anticipated loading conditions, including earthquakes It

7 provides gener 1 guidance and recommendations for developing site-

8 specific investwation programs as well as specific guidance for
9 conducting subsurface investigations such as borings, sampling, |

10 and geophysical explorations (Raf. 4).

!

11 c. - Reaulatory Guide 4.7. " General Site Suitability Criteria for

12. Nuclear Power Stations." This guide discusses the major site
13 characteristics related to public health and safety that the NRC

14 staff considers in determining the suitability of sites for
15 nuclear power stations (Ref. 5, also see Ref. 6).

!

16 The data and analyses presented in the SAR or ESR are acceptable if, as a

| 17 minimum, they describe and document the information proposed to be required by

| 18 Reference 2, show that the methods described in Reference 3 er comparable

19 methods were employed, and conform to the format suggested in Reference 7.

20 References 8 and 9 have been used by the staff in past licensing activities as
|

! 21 relevant guides to judge whether or not all of the current pertinent
22 references have been consulted. References 10 through 17 are also used by the

23 staff.

24 Specific criteria.necessary to meet the relevant requirements of the
25 Commission regulations identified above are described in the following
2G paragraphs. If the information that satisfics these criteria is presented in

27 other sections of Chapter 2.5, it may be cross-referenced and not repeated in
28 this section.

29 Subsection 2.5.3.1 tiBT55TH1MifsET66THW6dfGe'65finf81715EsB^diffs6i.
30 In meeting the requirements of References 1 and 2 and the positions of
31 References 3 and 4, this subsection is considered acceptable if the

32 discussions of the Quaternary tectonics, structural geology, stratigraphy,
33 geochronological methods used, paleoseismology, and geological history of the

2.5.3-4
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|I site are complete, compare well with studies conducted by others in the same

2 area, and are supported by detailed investigations performed by the applicant. |
3 For coastal and inland sites near large bodies of water, similar detailed ]
4 investigations are to be conducted, and the information is to be provided in ]
5 the SAR or ESR regarding offshore geology and seismology as well as onshore. )

1

6 In some instances it may be possible to identify an onshore projection of the
,

7 offshore f: alt or fold of concern, or a tectonic structure that is analogous j

8 to it at a.. anshore location. It is acceptable to the staff, along with other |

9 investigations of the specific feature, to investigate the more remote, !

10 accessible exposure to learn the nature of the potentially hazardous offshore
11 or buried fault and apply it to the local structure (Refs 3 and 18). Site"

;

12 and regional niaps (Ref. 3) and prof Ces constructed at scales adequate to ;

13 illustrate clearly the surficial and bedrock geology, structural geology, ;

j 14 topography, and the relationship of the safety-related foundations of the ;

15 nuclear power plant to these features should have been included in the SAR or i

; 16 ESR,

1 17 Subsection 2.5.3.2 hiEYoTGiTTTGTnTeFo~rTK$se~W6f4TGFn7 EWE 75~urfa7c
2

18 bif6rmatTol. In meeting the requirements of References 1, 2, and 3, this
,

; 19 tubsection is acceptable if sufficient surface and subsurface information is
20 provided and supported by detailed investigations, either to confirm the ,

21 absence of surface tectonic deformation (i.e., faulting) or, if present, to
22 demonstrate the age of its most recent displacement and ages of previout

23 displacements. If tectunic deformation is present in the site vicinity, it
.

24 must be defined as to geometry, amount 2.nd sense of displacement, recurrence

25 rate, and age of latest movement. In addition to geological evidence that may

26 indicate faulting, linear features interpreted from topographic maps, low and
27 hiah altitude aerial photographs, satellite iniagery, and other imagery should*

28 be documented and investigated. In order to expedite the review process, an

29 identification list, index, and duplicates of the remote sensing data used in
30 the linear fea*ures study should be provided to and reviewed by the staff.
31 Evidence for the absence of tectonic deformation is obtained by the applicant

32 conducting site surface (geological reconnaissance and mapping, etc.) and
33 subsurface hvestigations (geophysical, core borings, trenching and logging,
34 etc.) in mh detail and areal extent to ensure that undetected offsets or
35 other 'ieformations are not likely to exist.
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1 In the Central and Eastern United States (CEUS), except for the New Madrid

2 Seismic Zone, the Meers fault, nr.d p;;;ibly the Srl:n Ccunty fault Of
3 k bra;k: and the Cheraw fault of the Colorado piedmont, earthquake generating

4 faults either do not extend to ground surface or there is insufficient
5 overlying soil or rock of known or of a sufficient age to date those that do.

6 In tectonically active regions such as the Western United States OIUS), many

7 capable tectonic sources are exposed at ground surface and can be

8 characterized as to their seismic potential. However, in these regions many

9 other capable tectonic sources are buried (blind faults), and may be expressed

10 at the surface or near surface by folding, uplift, or subsidence (including

11 faults related to subduction zones). Investigations in these regions should

12 take these phenomena into account. The nature of geological, seismological,

13 and geophysical investigations will vary in detail and extent according to the
14 geological complexity of the specific site.

15 Subsection 2.5.3.3 C6WsTiff6ET6ffEiFtE6GikiFiliWCi6sbli5T' df6W(Eis6'uT6is.i

16 In meeting the requirements of References 1 and 2, this subsection is

17 acceptable if all historically reported earthquakes within 40 km (25 mi) of
18 the site are evaluated with respect to hypocenter accuracy and source origin,

19 and if all capable tectonic sources {Iiit]~d661dHbisidjj{jssM3Ksd[i{[665}
20 $5@{f63 that trend within 8 km (5 mi) of the site are evaluated with
21 respect to their potential for causing surface deformation. In conjunction

22 with these discussions, a plot of the earthquake epicenters superimposed on a

23 map showing the local capable tectonic sources sh;uld have been dewr.

24 [rfjgd.

25 Subsection 2.5.3.4 ATisi"5f^HosFRFEisnFDif6Hiiifiiini. In meeting the

26 requirements of References 1 and 2, this subsection is acceptable when every

27 fault, or fold associated with a blind fault, any part of which is within 8 km
28 (5 mi) of the site, is investigated .. sufficient detail using geological and
29 geophysical techniques of sufficient sensitivity to demonstrate, or allow
30 relatively accurate estimates of the age of most recent movement and identify
31 geological evidence for previous displacements if it exists (Ref. 3). An
32 evaluation of the sensitivity and resolution of the exploratory techniques
33 used should be given.
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I Subsection 2.5.3.5 RilifWninf676f5TFEf6hlEESfRIEliiFIEiNf 6FISffiMiFiiffs
2 Midf65i1MiEfiifE75t7EEIUrii. In meeting the requirements of References I and i

'

3 2, this subsection is satisfied by a discussion of the structural and
4 genetic relationsh4p between site area faulting or other tectonic deformation
5 and the regional tectonic framework. In regions of active tectonism it may be

'

6 necessary to conduct detailed geological and geophysical investigations to {

7 assess possible structural relationships of site area faults to regional !

8 faults known to be seismically active.

9 Subsection 2.5.3.6 Ma7EEYiFTiiff6FiFti6iSi^iMiEfdiiEf5 Esl In meeting
10 the requirements of References I and 2, this subsection is acceptable when it
11 has been demonstrated that the investigative techniques used have sufficient

12 sensitivity to identify all potential capable tectonic sources such as faults,
13 or folds associated with blind faults, within 8 km (5 mi) of the site and when
14 the geometry, length, sense of movement, amount of total offset, amount of i

15 offset per event, age of latest and any previous displacements, and limits of
16 the zone are given for each capable tectonic source. Investigations are to

17 extend at least 8 km (5 mi) beyond all plant sites )[@MM]i, including those i

18 adjacent to large bodies of water such as oceans, rivers, and lakes.

|
19 Subsection 2.5.3.7 Diif66iff6FM76Kii'sfiOEfiEsiFF6Ef6Hiill654i"EKi*$ff5 '

20 hiif66. In meeting the requirements of Reference 2, this subsection is judged
21 acceptable if the zone desipated by the applicant a requiring detailed
22 faulting investigation is of sufficient length and breadth to include all
23 Quaternary deformation significant to the site (Ref. 3).

24 Subsection 2.5.3.8 P666fiilFf6FMIPfiEF7F6T6n1E4e f6Hiiiff36TiFI6Es fia .
25 In meeting the requirements of References 1 and 2, this subsection must be

'

26 presented by the applicant if the aforementioned investigations reveal that
27 surface displacement must be taken into account. If there is a potential for

28 tectonically induced surface displacement at the site, it would be prudent of
29 the applicant to abandon the site. No commercial nuclear power plant has been

30 constructed on a known capable fault (capable tectonic source) and it is an ,

!
31 open question as to whether it is feasible to design for tectonic surface or
32 near-surface displacement with confidence that the integrity of the safety-
33 related features of the plant would remain intact should displacement occur.
34 It is, therefore, staff policy to recommend relocation of plant sites found to

;2.5.3-7
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I be located on capable faults (capable tectonic sources) as determined by the
2 detailed faulting investigations.. If in the future it becomes feasible to
3 design for surface faulting, it will be necessary to present the design basis
4 for surface faulting and supporting data in considerable detail.

5 III. REVIEW PROCEDURES

6 The three-phase review procedure described in Section 2.5.1 should be applied
7 to assessing the potential for surface faulting. The first phase consists of
8 an acceptance review to determine the comt eteness of the ESR or SAR byf

9 comparing the contents with the Criteria described in Part II, Acceptance
10 Criteria,-of this section. The second phase consists of a detailed review of
11 the applicant's data and other independently derived information, which may
12 result in requests for additional information. The third phase is a final
13 review to resolve open issues and prepare a Safety Evaluation Report (SER).

14 The staff revite ; *ocedure involves an evaluation to determine that the
15 applicant has performed adequate investigations to fulfill the general
16 requirements of Reference 2. Acceptable methods are described in Reference 3.

17 Consultants or advisors may be called on to assist the staff in reviewing this
18 section of the ESR or SAR on a case-by-case basis. On request, the advisor or
19 consultant provides expertise in numerous earth science disciplines and
20 occasionally is able to provide first-hand knowledge of the site. A

21 literature search is conducted independently by the staff concerning the
22 regional and local geology and seismology. Thestaffalsoutilizesplj
23 ElpsITilbl@ the U.S. Geological Survey and other Federal agencies, State
24 geological surveys, universities, and private industry to obtain additional,
25 up-to-date geosciences information regarding Quaternary tectonics at the site. ;

;

1

26 The Prop;;cd Section 100.23 of 10 CFR Part 100 weted requirej that applicants |

27 investigate the potential for near-surface deformation, both tectonically
28 induced and that induced by other phenomena (Ref. 2). The steps that
29 applicants may follow in determining the presence and extent of deformation
30 and whether near-surface deformation (if present) represents a hazard are in
31 BMt Regulatory Guide DC 1032 Q6j, Appendix D (Ref 3). The site vicinity
32 f{8km-15mi{fromthesite}}andsiteareat[1km-!0.6mi{fromthesitet)
33 must be investigated by a combination of exploratory methods that should i

2.5.3-8
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i, 1 include borings, trenching, seismiq profiling and other geophysical methods,

| 2 geological mapping, and seismic instrumentation. The results of these ;
;

,

: 3 explorations are cross-compared @E3therfaiiagaTfBiff and evaluated by th: |

4 ' staff. An important part of the staff's review effort is to compare the new ,

5 information derived from these investigations or other sources with the !;

'
6 specific data base used in the probabilistic seismic hazard analysis (PSHA) ;

>.

7 for the site (Ref. 3).
, ,

8 It has been the policy of the staff to encourage applicants to avoid areas ,

t-

| 9 that have a possibility for near-surface tectonic deformation. As the ;

j 10 qucstion of whether or not a surface tectonic deformation condition exists is
11 .se critical ~in determining site suitabnity, this consideration is usually
12 .addrn:ed very early in the review. The exceptions are cascs in which a
13 previously unknown fault is revealed in excavations during construction or is
14 discovered during the course of'other investigations in the area. The staffj
15 should require early en [(EteviE that it be notified by the applicant;

| 16 when the excavations for Seismic Category I structures are available for NRC
: 17 inspection and when the deteiled geological maps to be used by the staff while
J

18 examining the excavations will be available. In addition, the staff should

i 19 require that it be contacted immediately if a fault, not previously identified
20 in the SAR or ESR, is found within 8 km (5 mi) of the plant.

[01(FR Pgit}@@Ei]MMt]M1 ypi[n]g )Wc6MhifIa3f!642ndITfi] ]21

22 QEofMhe previ;;; fuM{ two-step procedure of requiring applicants to
23 obtain a Construction Permit, followed several years later after the plant
24 design bases have been approved by the staff, by application for an Operating
25 License [,h::5::nprvidedwith:n-' tern:tiv:::th;d,: :::bined licen:ing
26 pr;::dcr:, by 10 CFR P:rt 52. This procedure [[dillidIE6iiifiMiffdiiiiij]
27 could create a problem for the staff in that lp@ifi,lE6i1Eif)ERM
28 MTeHT1Ts1%TfE4EFi!Sii3EI1Fliliii@ the applicant eevM Elj :lr::dy have
29 a license before excavations are started}r-end Feli6rW faults fi6
30 FWpMgEMgQT{M hfall in the ::t;;;ry d:::rit:d in
31 the pr;vi::: p:r:;r:A will not have been evaluated by the staff b:f:r: 75 |
32 M pr:p;r: tion of the S:fety Ev:13: tion ,m. . r, .y

33 EQQ-!t i; i;per:tive th:t {33Mi[ifQi@tyl[i1Qiif561TiQ !.

34 S::ti n 2.5.3 :f ih: SER be LNMIiiiiiii(Ka~16iiiilyjt][n]t]C(iWj~R@ j
35- M6Difi|RQTfyliifi~T11tj to: U)Mt]f{{{QtlGHaRfa[@M - '

c
i,
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I Ref M y @ldi@ 3n $$j:ifsiffrfs}iliifg60Td2ffissI5tialliIi!E@tX@
51]GhariIencouTtTpdI@iliFiiiicWifi3EE(fj"K@itiiHylmapj]QGi2Efriff5Ei2

(MifgojM@Ere3j]@if5KiiiiUNij]i~ng(j$6fifQhEIsliff[K@3

4 EsM@@M@ff@eT@@@n]id3villsT(EM :t:ff h:: : r:ful1yv
!

5 cx: hed th: ::1 h :nd fhcr: Of the cx::v: tion; fer the phnt :nd det:=hed
6- th:t there :r: n previc;;1y unid:ntified potenthily h:::rd::: f:elt: Or
7 :th:r feature; bcnc:th the pr;;;;;d phnt. L'h:n th: :t:ff h ::thfied ;

'

8 r:g:rdhg thh b::c, the SER ch::M be fbclized :: ::en :: p;;;ibk. made
9 ::nditi:n:1 0; the d:::n:tr:ted :bsene: Of prevh::ly unkn wn p;t:nthily ,

10 h:::rd::: f lt; bent:th the rhnt :: dete=hed by ::reful ex::in:th: Of bhe
11 ::::v:t hn: by th: :t:ff :: d::cribed 6 the previ::: p r:gr:ph.

.

12 When faults are identified in the site vicinity or site area, it must be
13 demonstrated that the faults do not have the potential to gener:t: :rth:;;;k::

14 et the :ite (:ch: genic ::; rec) er cause near-surface grour.d displacement -

15 (capable tectonic source) [afij@M. This is accomplished by determining
^

16 the ages of the latest displacement on the faults, preferably by stratigraphic
17 methods, that is, identifying strata or a stratum of datable soil or rock
18 overlying the fault that is undeformed by the fault. Other methods include

,

19 correlating the last faulting event with regional tectonic activity of known
20 ancient age, geomorphic evidence of age, 55d determining the relationship

21 between the time of tha fault rupture event and the ages of marine or fluvial

22 terraces. Geochronological methods are discussed in References 3 and 17.

23 Bear Regulatory Guide DC 1032 Q65 (Ref. 3) provides brief descriptions and
24 a list of references of state-of-the-art methods and their applications, which

25 can be used to estimate the geochronological history of geological materials

26 associated with faults or other features.

27 Incasessuchasaredescribedinthelast)?iy@Hsparagraph,thestaffwill
28 carry out limited site observations and investigations of its own such as
29 examinations of excavations. In some cases. the staff may select samples from

30 shear zones or other materials for subsequent dating and analysis. epm
31 Miligi}@iggggg?.;p1ic:nt: ::::11y sp[1 M {slh}vK 6ff5H excayate{
32 trenches in the areas where major facilities are to be located for in situ
33 testing and to reduce the chance for surprises when the construction
34 excavations are made.

2.5.3-10
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1 Subseetion 2.5.3.1 si6T66iTalNsilim61*661EiTNi^id7Gs6sfRfifEiTrisFiWiEEs.
2 This subsection is evaluated by conducting an independent literature search
3 and cross-comparing the results with "ie information submitted in the SAR or
4 ESR. The comparison should show that the conclusions presented by the

5 applicant are based on sound data, are consistent with the published reports
6 of experts who have worked in the area, and are consistent with the
7 conclusions o; the staff and its advisors or consultants. If the applicant's

8 conclusions and assumptions conflict with the literature, and the staff
9 disagrees with the applicant's analysis and assumptions, additional

10 investigative results to support those conclusions must be submitted to the
11 staff for review.

.

12 Subsection 2.5.3.2 GE6Ti6Ef17NfdFEEF6FTFsen~c76FNidiKEsif6FsF#sde i

~

13 bif MiHin"3 T[{ Hub'sWQn]is evaluated by first determining Larough a
14 literature search fn_dicomjarJMjliEthHpl{ijRQi{g that all known
15 evidences of tectonic deformation such as fault offset [d@Ej}}{dj[Eith]
16 Mfje M u3 have been considered in the investigation. The results of the<

17 applicant's site investigatiors are studied and cross-compared in detail to j
l

18 see if there is evidence of existing or possible displacements. If such

19 udence is found, additional investigations such as field mapping,
20 geophysical investigations, borings, or trenching must be carried out to
21 demonstrate that there is no offset or to define the characteristics of the
22 fault if it does exist. It is important to distinguish between tectonically
23 induced near-surface deformation and deformation caused by nontectonic

24 phenomena such as growth faulting, collapse caused by the development of karst

25 terrane, etc. (Ref. 3).
t

26 Subsection 2.5.3.3 C6RiTitiFET6FGth~dsifsiGith?tiFibTFWsEtWKiETsoliFEss

27 Th]]M$ijy{Q6j is reviewed in conjunction with the consideration of SRP
28 Section 2.5.2. Historical earthquake data derived from the review of SRP
29 Section 2.5.2 are compared with known local tectonic features and a
30 determination is made as to whether any of these earthquakes can reasonably be

31 associated with the local tectonic structures. This determination includes an
32 evaluation of the hypocentral error estimates of the earthquakes. When
33 available, the earthenake source mechanisms should be evaluated with respect

34 to fault geometry. In addition, applicants and licemes are encouraged to'

35 evaluate the relationship of fault parameters to earthquake magnitude. These

2.5.3-11
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I parameters may include, but are not limited to, slip rate, recurrenca
2 intervals, length, rupture area, and fault type (Ref.18).

K6eifif? Mist?REEc~it?Dif6H6fi35 [{[s][ubT[c~fjjj isi3 Subsection 2.5.3.4

4 evaluated to determine whether the geochronological methodologies used by the
,

5 applicant at a based on accepted geclegic:1 procedures. In some cases unusual

6 or untested ege-dating techniques may have been used. When such methods are

7 employed, the staff will require documenta. on of the technique. The
8 eeceht4en pTic~{~s'ij$ of all age dating techniques Edi{$1Ehl{ifp]]Milj
9 Eaij@ should be carefully documented. The staff may require the services

10 of [oRQmlo e a consultantj who hajjs expertise in the methods used.
.

11 Subsection 2.5,3.5 RififfBiIsTibiif2TIEG61FSfE6EfUFsM69thVsWsAWfs '

12 kiiiIf6HI1*feWiFsfRI6fEFII M{II$66slc)]]$ is eyaluated by determining
13 through a literature search that the applicant's evaluation of the regional
14 tectonic framework is consistent with that of recognized experts whose reports

15 appear in the $i@f@M@ published literature. The conclusions reached by
16 the applicant should be based on sound geological principles and should

17 explain the available geological and geophysical data. When special
18 investigations are made to determine the strundral relationship between
19 faults that pacs within 8 km (5 mi) of the site and regional faults, the
20 resolution accuracy of the investigative techniques should be given.

.

21 Subsection 2.5.3.C CHiFAFfsFilifGrfdf7Cii6EfflW~TF6f3RBs6iiF6es ,Th]j

22 JJ6siE{{@ is evaluTted to Atermine whether a sufficiently detailed ,

23 investigation has been made by the applicant to define the specific ,

24 characteristics of all potential capable tectonic sources Eg{{G@j~cgg |

25 located within 8 km (5 mi) of the site. The MM [Q6EEuja]] e4 ;

26 characteristics that must be defined include length, orientation, geometry, ;

27 and relationship of the fault or fold to regional structures; the nature,
i

28 amount, and geological history of displacements along the fault; and the outer
29 limits of the zone established by mapping the extent of Quaternary deformation
30 in all directions. The staff must be satisfied that the investigations cover

31 a large enough area and are in sufficient detail to demonstrate that there is
32 little likelihood of near-surface deformation hazards arsociated with capable )

33 tectonic sources existing undetected near the site, i

I
i

2.5.3-12
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1 Subsection 2.5.3.7 DisT66sfl66~ ff76nsF6f"OtiitWnIFv?Dsf6Mff6iiSTFfnifSIG
2 Nie3136. The zone that needs @@@ detailed investigations is defined by
3 the area characterized by Quaternary deformation in the site subregion (within
4 a distance of 40 km or 25 miles of the site). The staff reviews the results
5 of the applicant's investigation together with a review of the published
6 literature. The investigative techniques employed by the applicant are
7 evaluated to ascertain that they are consistent with the state of the art. As
8 part of tnis phase, experts in specific disciplines may be asked to review
9 certain aspects of the investigative program. The results of the

10 investigations are analyzed to determine whether the outer limits of the zone
11 of Quaternary deformation investigation are appropriately conservative.

.

12 Subsection 2.5.3.8 P6fi6fiifff6FSUFfidi'TeEf6KEDif6Mifi66~^6fEf6F751G5
13 If the detailed faulting investigations for the proposed commercial nuclear
14 power plant reveal that there is a potential for surface deformation at the
15 site, the staff recommnds that an alternative location for the proposed plant
16 be considered. ] O M 5 G ilbifid36]iH U{}ii[pM D IE{fE16 @ [@
17 jidelk}}[61])]~difij6sid[fd[[#Fp]I@iiif(Qj[j[@jE6di[j6ii@@hljirlsijgtTnis]
18 @ify@ fin the future, when gf it may be[6pis feasibie to design a
19 commercial nuclear power plant fee %Yp6iiE6difs displacements, substantial
20 information would be required to support the design basis for surface f: citing
21 pif6 M H65.

22 While fulfillino the tasks of Subsections 2.5.3.1 through 2.5.3.8, it is
23 i:nportant for the staff SAR or ESR reviewer to identify all significant new
24 information, such as & seismic source or a new tectonic model that was not
25 included in the site PSHA, and coordinate that information with the staff PSHA

26 reviewer.

27 IV. EVALUATION FINDINGS

28 If the evaluation by the staff, on completion of the review of the geological
29 and seismological aspects of the plant site, confirms that the applicant has
30 met the requirements of applicable portions of General Design Criterion 2,
31 " Design Bases for Protection Against Natural Phenomena," of Appendix A to 10

32 CFR Part 50; and Propc ;cd }[C[R{PiFQjod' Section 100.23, " Geologic and|
33 Seismic Siting Factors," the conclusion in the SER would state that the

2.5.3-13
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1 investigations performed, and the information and analyses provided, support

2 the applicant's conclusions regarding the geologic and seismic suitability of
3 the subject nuclear power plant site with respect to surface deformation

4 potential. Staff reservations about any significant deficiency, either
5 presented in the applicant's ESR or SAR}]^n] identified by the staff, shauld
6 be stated in sufficient detail to make clear the precise nature of the i

The above determinations are made by the staff during the early1 . concern.

8 site, construction permit, operating license, or combined license reviews.

9 The ESR or SAR is also reviewed for any significant new information derived by

10 the site-specific geological, seismological, and geophysical investigations
11 that had not been applied to the tectonic and ground motion models used in the

12 PSHA. Appendix E of Dr:ft Regulatory Guide DG-MM Rf6$ (Ref. 3) discusses

13 an acceptable method to address significant new information in the PSHA. ,

P

14 A typical finding for this section of the SER follows:
;

15 In its review of the geological and seismological aspects of the plant i

16 site, the staff considered pertinent information gathered during the
17 regional and site-specific geological, seismological, and geophysical

18 investigations. The information includes data gathered from both site

19 and near-site investigations and from an independent review of state-of-

20 the-art, published literature and other sources by the staff. 4

| 21 As a result of this review, the staff concludes that the geological, ,

22 seismological, and geophysical investigations and information provided

23 by the applicant in accordance with 4he Pr p=ed Section 100.23 of 10
24 CFR Part 100 and Graft Regulatory Guide DC 1032 Qlh provide an ;

| 25 adequate basis to establish that no capaole tectonic sources exist in
,

26 the plant site vicinity that would cause surface deformation' or localize
27. earthquakes there. ,

28

| 29 The information reviewed for the proposed nuclear power plant concerning the |

| 30 potential for near-surface tectonic deformation is summarized in Safety i

31 Evriuation Report Section 2.5.3.

:

{
\ *
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1 The staff concludes that the site is suitable from the perspective of [tiiIctyjj |

2 surface defor:aation and meets the requirements of: (1) 10 CFR Part 50, j

3: Appendix A (Get eral Design Criterion 2), and (2) '.h Pr:p:: d Section 100.23 {.

4 of 10 CFR Part 100. This conclusion is based on the following:

5 1. The applicant has met the requirements of: ,

.

6 a. 10 CFR Dart 50. Accendix A (General Desian Criterion 2) with
7 respect to protection against natural phenomena such as faulting.

8 b. The Pr;;;;;d Section 100.2? of 10 CFR Part 100 (Geoloaic and
Seismic Sitina Factors) with respect to obtaining the geological9 -

'

.10 and seismological information necessary (1) to determine site

11 suitability, (2) to determine the appropriate design of the plant,
12 and (3) to ascertain that any new information derived from the i

!
13 site-specific investigations does not impact the SSE ground
14 metions derived by a PSHA. In complying with this regulation, the

15 applicant also meets the staff's guid:nce proposed in Bean
16 Regulatory Guide 4032 gis5, "Ceclogi: and Sci:=ic Siting F :ter:

'

17 Eidji[fRfRi[@jend]C{i@li[jiiffjnHfjSi]@i{$ji@E7@
18 [fifi@EiX@foTjj!Sifi3[6fdMEHi@iMG@Rd){j5";
19 Regulatory Guide 1.132, " Site Investigations for Foundations of |
20 Nuclear Power Plants;" and Regulatory Guide 4.7, " General Site

21 Suitability Criteria for Nuclear Power Plants."
,

22 V. IMPLEMENTATION

:

23 lite following is intended to provide guidance to applicants and licensees
24 regarding the NRC staff's plans for using this SRP section.

:

25 Except in those cases |a which the applicant / licensee proposes an acceptable
26 alternative method for complying with specific portions of the Commission's
27 regulations, the method described herein will be used by the staff in its
28 evaluation of conformance with Commission regulations.

:

2.5.3-15
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1 Implementation schedules for conformance to parts of the method discussed
'

2 herein are contained in the referenced regulatory guides (Refs. 4, 5, 6, 7, ,

3 and 8). j'

;
'

4 The provisions of this SRP section apply to reviews of construction permits*

5 (CP), operating licenses (0L), early site permits, and combined license |
4

6 (CP/0L) applications docketed pursuant to the pr:p:::d Section 100.23 to
7 10 CFR Part 100.

8 VI. REFERENCES
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2 Geological Institute, Falls Church, Virginia,1980.

- 3 11. G.V. Cohee (Chairman) et 11., " Tectonic Map of the United States," U.S.

4 Geological Survev and American Association of Petroleum Geologists,'

5 1962.

6 12. RECON / Energy data base, Department of Energy.

l

7 13. State geological maps and accompanying texts.

8 14. U.S. Geological Survey 7.5 and 15 minute topographic and geologic

9 quadrangle maps.

10 15. Aerial photographs from Federal agencies such as the National
Aeronautics and Space Administration, the U.S. Department of11

Agriculture, the U.S. Geological Survey, and the U.S. Forest Service.12

13 15. Satellite imagery such as Landsat and Skylab.

P.J. Murphy, J. Briedis, and J. H. Pfeck, " Dating Techniques in Fault14 17.

15 Investigations," pp. 153-168, in Geoloav in the Sitino of Nuclear Power

16 Plants, A.W. Hatheway and C.R. McClure, Jr., editors, " Reviews in

17 Engineering Geology," Volume 4, Geological Society of America,1979.

18 18. US NRC, " Safety Evaluation Report Related to the Operation of Diablo

19 Canyon Nuclear Power Plant, Units 1 and 2," NUREG-0675, Supplement No.

20 34, June, 1991.
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I Revision 7. i

.

4

2 REGULATORY GUIDE 1.12

; 3 (Draft was DG-1033)

4 NUCLEAR POWER PLANT INSTRUMENTATION FOR EARTHQUAKES
,

|

5 A. INTRODUCTION
!

6 In 10 CFR Part 20, " Standards for Protection Against Radiation," licens-
'

7 _ees are required to make every reasonable effert to maintain radiation
; 8 exposures as low as is reasonably achievable. Paragraph IV(a)(4) of Pr:p;; d i

1

9 Appendix S, " Earthquake Engineering Criteria for Nuclear Power Plants," to 10 ,

10 CFR Part 50, " Domestic Licensing of Production and Utilization Facilities,"
11 ;;uld require [ that suitable instrumentation Esiffbe provided so ihat the-

12 seismic response of nuclear power plant features important to saftty can be
13 evaluated promptlyFiTe"EiFT.e~I_RhV_a_G. Paragraph IV(a)(3) of Pr:r:: d-_

14 Appendix S to 10 CFR Part 50 would requirej shotdown of the nuclear power
15 plant if vibratory ground motion exceeding that of the operating basis
16 earthquake ground motion (0BE) occurs.'

17 Thisguideisbeingd:v:1; ped 10 describe [seismicinstrumentation065{
~18 [Tjacceptable to the NRC staff for satisfying the requirements of Parte 20 and.

19 50 :nd th: Pr:p.: d Appendix S to Part 50.
20 Regul:t:ry guide: ;r is:: d tc d::cribe :nd ::k: ;v;ilable to the,

21 public :uch inf;r::ti n :: : thod: :: cept:ble to the NRC :t:ff for'

22 implementing :pecific part; cf the C : i :icn': regulation:, techniqu : :::d
23 by-et:ff in ev;1u: ting :pecific pr:ble : Or p :tul:ted :: ident:, :nd guid:nt:
24 t: :pplic:nt:. Regul:tery guide: :re :t ::b;titute f r regul:tica:, :nd

1

25 :::ali:nce eith regulat ry-g:id : i: n:t required. Regul:tery guid:: :r: '

25 i::::d in dr:ft f r: for public :::::nt to involv the public in th ::rly

27 :t:ge: Of dev:10 ping-the regul:tery p::ition:. Or:ft re;nlatory guid:: 5:ve
28. n:t re::ivel :::plet: :t:ff review :nd d: net repre:ent Offici:1 MRC :t:ff

29 p;;itic::. ,

|

30 'Ouid:::: i: being devel ped in Dr:ft Regulatory Guide DC 1034 }}}Gj,
31 " Pre- Earthquake Planning anc_ Immediate Nuclear Power Plant Operator ,

'

32 Postearthquake- Actions," en-@vidsl{ criteria for plant shutdown.
4

_ _ _ _ _ _ . _ _ _ . _ _ _ _ _ . _ _ . . _ . . _ _ _ . _ . _ . .
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1. Any information collection activities mentioned in this dr:ft regulatory
'

,

2 guide are contained as requirements in the prep = d = nd.: t: t: 10 CFR
"137 th t ;;;1d'p m id: the regulatory basis for this3 Part 50 M 9 Ehv e :

i 4 guide. The pr;p = d = ad.;:t: h = h = ::b itt:d i: NfysigtlpgsREE |
5 M J f3p3 M Py 3tNpli1 M i4b 3oJRtheOfficeot'. Management t

6 and Budget-f:r :le = :: th:t ::y bc :pproprict: : d:r th: P:p: = rk ":d::ti: !

7 *:t. ::h :1:==::, if cht:in:d, .:::1d :.1:: :pply t: : ; inf = tin ,

8 ::11::ti: ::tiviti:: :: ti=d in ihi: ;;idey)~$$$E6sW31Mg ,

i

9 B. DISCUSSION !'

,

!
10 When an earthquake occurs, it is important to take prompt action to

,

assess the effects of the earthquake at the nuclear power plant. This :~

4 >

12 assessment includes both an evaluation of the seismic instrumentation data and
!

13 a plant walkdown. Solid-state digital time-history accelerographs installed
*

14 at appropriate locations will provide time-history data on the seismic i

i

15 response of the free-field, containment structure, and other SsfsmiECategory
'

16 1 structures. The instrumentation should be located so that :. :;;,.:ri= : d -

17 = 12:t10: Of =h {h(6] response may be =d: MiM{aMisiGifi3fwith the i

I
18 design basis and so that occupational radiation exposures associated with

i

19 their location, installation, and maintenance are maintained as low as .

1

-20 reasonably achievable (ALARA). .

faR%yfjff.s7F_oWd_idMIT_BGiBWielf_ fit 37_s6TiitYffiHHii@f@ |21 _ _
.

22 fg[fgBMME(eMc}MMjlHf$ggigFree-fiald instrumentation i

23 data ;;;1d RTVgbe used to compare measured response to the engineering f
24 evaluations used to determine the design input motion to the structures and to

|

25 determine whether the OBE ha.; been exceeded (see Or:ft Regulatory Guide 9G- |

26 M34-{fj6) f=d: tic: 1:;;l in:tr = t: tic: ;;;1d pr: vide d:t: :n th: |

27 ::t=1 ::i::i: input to th: = t:ir.;;;t ::d :ther building: : d ;;;1d :;=tify ;

28 differ = :: 5:tb = th: eibr:t:ry ;=nd = tic :t th: f = field : d :t th: |

29 ~ f:::d: tic 1 = 1. The instruments located at the foundation level and at !
-

i

30 elevation in the structures measure responses that are the input.to the !

31 equipment or piping and a: ld RTI{be used in long-term evaluations (see Been
32 Regulatory Guide DC 1035-)]IIy, " Restart of a Nuclear Power Plant Shut Down by |

33 a Seisaic Event"). H 6fdM-MiiWEitrimsh'tiflii6MiMp 3sTdifisifi"it@ !
~~

34 FR$htyeg{guTMfthelcost~alpRtM@t]Ki@j@fLCifgg
35 BBBiHREGEgsgggigtgantagigEgggplaiipsis |

!

2 |

e

4

e. w e , a ., n., e , -s _ - - - _ . - . - _ _ _ _ _ __- - --. - . - - _ _ _ _ . _ _ _ . _ _ - - _ _ . _ _ _ _ _ _ - . - - _ _ _ _ _. _ .



-_ .

;

. .

:
i

g

1 $@lEtl63ftihlEifMysTd[i@@tlOjEf6[ddigoBQH Instrumentation j
2 is not located on equipment, piping, or supports since experience has shown

'
3 that data obi.ained at these locations are obscured by vibratory motion

4 associated with normal plant operation. !,

5 The guidance bckg denicped in Dr:ft Regulatory Guide DC 1034 @6)]is !

6 based on the assumption that the nuclear power plant has operable seismic
7 instrumentation, including the equipment and software needed to process the
8 data within 4 hours after an earthquake. This is necessary to determine
9 whether plant shut down is required. This determination wnl be made by

10 comparing the recorded data against OBE exceedance criteria and the results of
! 11 the plant walkdown inspections that take place within 8 hours of the event.

12 It may not be necessary for identical nuclear power units on a given
13 site to each be provided with seismic instrumentation if essentially the same
14 seismic response at each of the units is expected from a given earthquake.
15 An evaluation of seismic instrumentation noted that instruments have
16 been out of service during plant shutdown and sometimes during plant

17 operation. The instrumentation system should be operable and operated at all
18 times. If the seismic instrumentation or data processing hardware and

;

19 software necessary to determine whether the OBE has been exceeded is

20 inoperable, the guidelines in Appendix A to Draft Regulatory Guide DC 1034
21 Ell 6@culd s@jldibe used.
22 The characteristics, installation, activation, remote indication, and
23 maintenance of the 's'eisini'ci3 instrumentation are described in this guide to help

24 ensure (1) that the data provided are comparable with the data used in the
25 design of the nuclear power plant, (2) that exceedance of the OBE can be

'

26 determined, and (3) that the equipment will perform as required.
27 [tMjiiiportant that all[6@hj@@Hlfg[n'i[s}@ldliii6fT6Hi^aTs~d@tif
28 Elih"Idi.s_ifthidake is recordsdHET_liii_Yib__ac_ comp _1Tilif_d_Wy_Ts'f"FEifyT_ig_!WFw3T_6Ei

-- ~ - n _

29 @)filliidiftgihe actuationif3@lsMTE[t[ggjEt@[di@@{@
30 SEiiF3sdE@$f{fings for thel @lf[d@yQ5jf[@$9hQiiejo}}3636 TOM
31 E3Eif3GifGERMM3iMEJ1JE iEEEM0112HEI5?IEEBB

sus _cu_spemETTi.timexn_sw ristisirVs_E6Fd_idTi.t.liEFs_sEB~dn_er - y---32 a ----- - ~ - -

B1 i 7 Et iEHt t EI

34 HiRUKINK?E3iELIeMIdH3EflGMWisEERiEBIfETEUTiiEt
35 EfMRcEEillf10EEGEEfEE31?fEIDEsssaffiHEBEEE5i

W. l.a._d N_G11_6TK? fife _si_fi~P_sbi_ritT_E_if6._f?EU_FFi_st_?d fii_til f_t Tiisilii_stTri6 7fitsraW
^

36 - -

A sV %. o.

3



- _

. .

.

.
1 The appendix to this guide provides definitions to be used with this
2 guidance.

3 H:lder: Of :n Oper: ting 11:en:: or : n:truction permit i::: d pri r to
4 the imple::nt: tion date te bc :pecified in th: ::tiv guid: ::y relent:rily
5 impl :ent th ::th:d: to be d:: crib:d in th: ::tive guid: :nd th: ::th:d:
6 b:ing devel: ped in Dr:ft Regul:tery Cuid:: DC 103', "Pr: Earthqu:k: Pl:nnia;
7 :nd I :: dict: N;;1 ear P =cr P1:nt Oper:t:r P::te:rthqu:k: ?,eti n:," :nd DC
8 1035, "Re:t:rt of : Nuclear P:ver Pl:nt Shut 0:wn by : Sci :!: Event."

9 C. REGULATORY POSITION

10 The type, locations, operability, chtracteristics, installation,
11 actuation, remote indication, and maintenance of seismic instrumentation

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

13 ments in 10 CFR Part 20,10 CFR 50.55(b)(2), and Paragraph IV(a)(4) of

14 Pr:p ::d Appendix S to 10 CFR Part 50 for ensuring the safety of nuclear power
15 pl ants.

16 1. SEISMIC INSTRUMENTATION TYPE AND LOCATION

17 121 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.

20 1.1 A triaxial time-history accelerograph should be provided at eaeh

21 ef-the following locations:
,

22 1. Free-field.

23 2. Containment foundation.

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

26 4. An independent [[[[@jjlCategory I structure foundation where
27 the response is different from that of the containment
28 structure.

4

- - - _____ - -___ - _ _ - _ - _ _ - _ _ ,
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1 5. An elevation (excluding the foundation) on the independent i

2 [eVm~1ECategory I structures selected in 4 above.

'3 6. . If seismic isolators are used, instrumentation should be

4 placed on both the rigid and' isolated portions of the same |
:

5 or an adjacent strccture, as appropriate, at approximately

6 the same elevations. |
|
i

7 L1 The specific locations for instrumentation should be determined by
8 the nuclear plant designer to obtain the most pertinent information consistent
9 with maintaining occupational radiation exposures ALARA for the location,

10 installation, and maintenance of seismic instrumentation. In general:

11 1,3,1 The free-field sensors should be located and installed so .

12 that QW^reco^r~dh{eHtfo^nT6ffDie]Riidfsluli{eX@ffa't]the effeets that i

13 are associated with cert & Mfli"{sl[ features, nildings, and components wfM
14 bc Scr.t fr= @the recorded ground motion [Will]Egiigi nWIEsi3n . ;

15 1.3.2ThelMi@[u3| instrumentation should be placed at
16 locations that have been modeled as mass points in the building dynamic

17 analysis so that the measured motieri can be directly compared with the design j

18 spectra. The instrumentation should not be located on a secondary structural ;

10 frame member that is not modeled as a mass point in the building dynamic

20 model. :

21 1.3,3 A design review of the location, installation, and
22 maintenance of proposed instrumentation for maintaining exposures ALARA should ;

23 be performed by the facility in the planning stage in accordance with
24 Regulatory Guide 8.8, "Information Relevant to Ensuring that Occupational

.25 Radiation Exposures at Nuclear Power Stations Will Be As Low As Is Reasonably

26 Achievable. "

- 27 1,3,4 Instrumentation should be placed in a location with as low a

28 dose rate as is practical, consistent with other requirements.

!

5

.- _ . _ _ _ _ _
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1 13.5 Instruments should be selected to require minimal

2 maintenance and in-service inspection, as well as minimal time and numbers of

3 personnel to conduct installation and maintenance.

4 2. INSTRUMENTATION AT MULTI-UNIT SITES

5 Instrumentation in addition to that installed for a single unit will not
6 be required if essentially the same seismic response is expected at the other
7 units based on the seismic analysis used in the seismic design of the plant.

8 However, if there are separate control rooms, annunciation should be provided

9 to both control rooms as specified in Regulatory Position 7.1

10 3. SEISMIC INSTRUMENTATION OPERABILITY
.

- 11 The seismic instrumentation should operate during all modes of plant

12 operation, including periods of plant shutdown. The maintenance and repair
)

13 procedures should provide for keeping the maximum number of instruments in
}

14 service during plant operation and shutdown.

15 4. INSTRUMENTATION CHARACTERISTICS

16 M The design should include provisions for in-service testing. The

17 instruments should be capable of periodic channel checks during normal plant

18 operation.

19 M The instruments should have the capability for in-place functional

20 testing.

21 4.3 Instrumentation that has sensors located in inaccessible areas
22 should contain provisions for data recording in an accessible location, and
23 the instrumentation should provide an external remote alarm to indicate

24 actuation.

[ 25 4.4 Mer ::tuation, the Thfinstrumentation should recordyQi
26 @ifi mM Ge-3 seconds of low [ amplitude motion prior to seismic trigger
27 actuation, continue to record the motion during the period in which the

28 earthquake motion exceeds the seismic trigger threshold, and continue to

6

__ -__ - _ _
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I recordlow3amplitudemotionforaminimumof5secondsbeyondthelast
2 exceedance of the seismic trigger threshold.

3 M The instrumentation should be capable of recording 25 uinutes of
4 sensed motion.

.

5 M The battery should be of sufficient capacity to power the
6 instrumentation ed-@ sense and record (see Regulatory Position 4.5) 25
7 minutes of motion, . ith nc battery charger, over a period of not less than the
8 channel chec: test interval (Regulatory Position 8.2). fMQanj@
9 MjHhTdi)Z@@j{6]d5Ejhl(iltyrylcapi?IQ[dWiiiiifEfiftimT{{j[m@hteg

10 LIIy'ltajpjfaQKa'{jjjj[M[6vlE2ffh]R}{@Qw3@lTMhl@@[g
. @fiifTjDitFIE6iHEr5fEfe fsh'diEllife75@]IfiiT656EElid3@f11

12 EltMjIp@[{sipMesj@]ZMifjjielifd[EMij3MQ@@fRif E[$Q{
13 BistR{rE243giXMhKMSHEi3GBE{Elilely];1a@fyI@3]T5
14 Q[sivj]Qffibfu[j[ey] ~

15 4.7 Acceleration Sensors

16 4.7.1 The dynamic range should be 1000:1 zero to peak, or greater;
| 17 for example, 0.001g to 1.09

18 4.7,2 The frequency range should be 0.20 Hz to 50 Hz or an

19 equivalent demonstrated to be adequate by computational techniques applied to

20 the resultant accelerogram.

|

[

21 M Recorder

22 4.8.1 The sample rate should be at least 200 samples per second in

23 each of the three directions.

.

4JLZ The bandwidth should be at least from 0.20 Hz to 50 Hz.24
1

25 4,8.3 The dynamic range should be 1000:1 or greater { and Qi

26 [@{tm}UtH]EEllbe able to record at least 1.0g 0-E@to peak.

7

|
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1 4 2 Seismic Trigger. The actuating level should be adjustable and2

2 within the range of 0.001g to 0.029

3 5. INSTRUMENTATION INSTALLATION

4 521 The instrumentation should be designed and installed so that the

5 mounting is rigid.

6 12Z The instrumentation should be oriented so that the horizontal axes
7 are parallel to the orthogonal horizontal axes assumed in the seismic
8 analysis.

.

9 521 Protection against accidental impacts should be provided.

10 6. INSTRUMENTATION ACTUATION

11 521 Both vertical and horizontal input vibratory ground motion should

12 actuate the same time-history accelerograph. One or more seismic triggers may

13 be used to accomplish this.
1

!
| 14 122 Spurious triggering should be avoided.
l

15 521 The seismic trigger mechanisms of the time-history accelerograph
i

| 16 should be set for a threshold ground acceleration of not more than 0.02g.

17 7. REMOTE INDICATION

18 Activation I[lijyrjji[of the free-field or any foundation-level time-
19 history accelerograph should be annunciated in the control room. If there is

20 more than one control room at the site, annunciation should be provided to

21 each control room.

22 8. MAINTENANCE
|

23 81 The purpose of the maintenance program is to ensure that the2

24 equipment will perform as required. As stated in Regulatory Position 3, the

8

|
- - . _ - _ - - _ _ _ _ _ _ _ _-
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1 maintenance and repair procedures should provide for keeping the maximum

2 uumber of instruments in service during plant operation and shutdown.

3 M Systems are to be given :hannel checks every 2 weeks for the first
4 3 months of service after startup. Failures of devices normally occur during
5 initial operation. After the initial 3-month period and 3 consecutive
6 successful checks, monthly chsnnel checks are sufficient. The monthly channel

7 check is to include checking the batteries. The channel functional test
8 should be performed every 6 months. Channel calibration should be performed

during e, h.erefueling.x_ou_ tag.e..a_tc ^ m_in_imu.,.
m.,--,,__ _

9 . _ac ;a_ m.
- -

10 - D. IMPLEMENTATION

11 The purpose of this section is to provide guidance to applicants and
12 licensees regarding the NRC staff's plans for using this regulatory guide.
13 Tht proposed revinica h;; been rele;;cd to enccurage public
14 particip:tien in its devcicpment. Except in those cases in which the

15 applicant proposes an acceptable alternative method for complying with the
16 specified portions of the Commission's regulations, the method tc be described

17 4n the :ctive thii] guide reflecting public ccm cat will be used in the
18 evaluation of applications for construction permits, operating licenses,
19 combined licenses, or design certification submitted after the implement: tion

| 20 date tc bc :pecified u the :ctive guide EFFECTIjE]DATEMllEMINKRj[{.
21 This guide wetM-{{]Mnot be used in the evaluation of an application for an
22 operating license submitted after the implementatien d:tc to bc :pecified in
23 the :ctive guide EFFECTijlE]ME3E[THEjlN41@]{{E]if the construction permit
24 was issued prior to that date.
25 @l3ef5]fjihT6)]fitMQFc^5iiiE]F[ci~nT[fEEfjaE[MiiQi^5]^u^id[@jFif6

E_FFIC_T_IVE_1AT_E.T F_l'T_F_FI_NAL_IR_O_LE.3_i~F._Nu_lu_sti_F_ify_M_EU_Ts.i_isst'Ith's_'ri_is. tKsds
. .O_26 .

27 " dis _Wi_bT_d?f_Fth_is3.E_f_ds_TT._hT_d6m^E_llii_f.f6EN__ifE_"t_Ei_ri_si_fi6_di._sTF_ _RssHTiE._6i9_?s.siass- _ -~ ~. --

A BF_F3_6B"u'4_FE_:ri.m_hlsiE_FIP_l_ih_h _i njI_i_Ed_Mi_miiid_i_lt_'iTN_d_d_lii_FP6_se~E_TPl_ih_tTe_7_~iI.m_.rE . . .s.28

P35EHi.~._Fi.fii[d.i.ki"XEf1E. 6sW6_d!1?i.677"RistiM, ,6f s" uhl - PN iiE 5WsFWa.h_WSh"u.fi29 s. w = ~-

30 ()jsb2[i3Eliiiif Eijshts20t}ief3}iipl EiiiE5tisil65[5,tritifijifidEh~iili

l_eme nt a t,i o_n o.f._. p~o,r.t i on. s_f_s_t_h~e_:: c_i ted.i_regul at. or,yag~u. _i des _3.w_i l.l,.b.,
_ . , . _ . . _ _ _ ._ -m -z

v._olu_nt_ary .31
.

so
.~ - _ e.

_- -
.

.- ~ c._a _se .. _ _ __ _a_si_sifsii4.vmy ,.wv.yi
e r v4%

t_'.h.myNRC__6: st4.-a fhypan32 on*aiet
__ m_ ___.

9
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-

2 DEFINITIONS
-

E

3 Accelera'. ion Sensgr. An instrument cc. se of sensing absolute ac':eleration*

- 4 :nd transmitting the data to a recorde .

\
5 Accessible Instruments. Instruments or sensors whose locations permit ready

6 access during plant operation without violation of applicable safety
- 7 regulatio:u,, such as [h3jiidfith30ccepational Safety and Health

8 Administratinn (OSHA), or regulations dealing with plant security or radiation
l9 protection safety.

.

10 Cnannei Calibration (Primary Calibration). The determinat a. and, if
,

11 required, tdjutment of an instrument, sensor, or system suc' that it responds

[ 12 within a specific range and accuracy to an acceleration, velocity, or
13 displar,ement input, as applicable, or responds to an acceptable physical
14 const vt.

; 15 Channel Check. The qualitttive verificatior. of the iunctienal status of the
16 instrument sensor. This check is an "in-situ" test and may be the ::me at a'

17 cha".11 a .ctional test.

0
[ 18 Channel Functional Test (Secondary Calibration). The datormination without

19 adjustment that an instrument, sensor, or system responds to a known input of
[

20 such character that it will verify the instrument, sensor, or system is
21 functioning in a nanner that can be calibrated.

22 f_ostainment - See Primary Containment and Secondary Containment."

23 Nonaccessible Instruments. Instruments or sensors in locatica @@~oni
~

,

k 24 that H foc permit ready access during plant operation because of a risk
2f- of violating applicabie plant operating safaty regulations, such as OSHA, or
26 regulation dealiey with plant security or radiation protection safety.-

r

27 Operatina Basis Earthauake Ground Motion (0BE). The vibratory ground Liotion

28 for which thosc ienares of the nuclear povar plant necessary for continued'

' 10

.___________ - ___ - _ ______
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1 operation without undue risk to the health and safety of t'he public will
2 remain functional. The value of the OBE is set by the applicant.

3 Primary Containment. The principal structure of a unit that acts as the
4 barrier, after the fuel cladding and reactor pressure boundary, to control ti-
5 release of radioactive material. The primary containment includes (1) the
3 con'tinment structure and its access ope .Ligs, penetrations, and appurte-
7 nances, (2) the valves, pipes, closed systems, and other components used to
8 isolate the containmenc atmosphere from the environment, and (3) those systems

9 or portions of systems that, by their system functions, extend the containment
10 structure boundary (e.g.. the connecting steam and feedwater piping) and

11 provide ef-fective isolation.

12 Recorder. An instrument capable of simultaneously recording the deta versus

13 time from an acceleration sensor or sensors.g

14 Secondary Contai ment. The structure surrounding the primary containment that

15 acts as a further barrier to control the release of radio: iive material.
: -

16 Eeismic Isolator. A device (for instance, laminated elastomer and stoel)
17 installed between the structure and its foundation to reduce the acceleration
18 of the isolated structure, as well as the attached equipment and components.

19 Seismic Tricaer. A device that starts the tice-history accelersgraph.

20 Time-History Acceleroaraoh. An instrument capable of sensing and permanently

! 21 recording the absolute acceleration versus time. The components of the time-
..

22 history accelerograph (acceleration sensor, recorder, seismic trigger) may be
23 assembled in a se' f-contained unit or may be separately located.

24 Triaxial. Describes the function of an instrument or group of instruments in
25 three mutually orthogonal directions, one of which is vertical.

-

M

t

11
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1 REGULATORY ANALYSIS 1
|

\
!

2 A separate regulatory analysis was not prepared for this regulatory
3 guide. The dr:f t regulatory analysis, ".ar:p:::d Revision of 10 CFR Part 100
4 and 10 CFR Part 50," was prepared for the pr:p ::d amendments, and it provides

I

5 the regulatory basis for this guide and examines the co:ts and benefits of the.
6 rule as implemented by the guide. A copy of the dr:ft regulatory analysis is
7 available for inspection and copying for a fee at the NRC Public Document

8 Room, 2120 L Street NW. (Lower Level), Washington, DC, as Encl:::re 2 t:

9 S::yO'10'+]2[[ff. ,

t

.
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1 REGULATORY GUIDE 1.166
2 (Draft was DG-1034)

3 PRE-EARTitQUAKE PLANNING AND IPttEDIATE NUCLEAR PWER
4 PLANT OPERATOR POSTEARTHQUAKE ACTIONS

5 A. INTRODUCTION

\

6 Paragraph IV(a)(4) of Pr p :cd Appendix S, " Earthquake Engineering
7 Criteria for Nuclear Power Plants," to 10 CFR Part 50, " Domestic Licensing of
8 Production and Utilization Facilities," w uld requirej that suitable instru-
9 mentation * be provided so that the seismic response of nuclear power plant

10 features i'mportant to safety can be evaluated promptly. Paragraph IV(a)(3) of

11 Pr p::cd Appendix S to 10 CFR Part 50 wedd-requirej shutdown of the nuclear
12 power plant if vibratory ground motion exceeding that of the operating basis
13 earthquake ground motion (OBE) or significant plant damage occurs. If

14 systems, structures, or components necessary for the safe shutdown of the
15 nuclear power plant would M not be-available after occurrence of tiu OBE,' - i

16 the licensee would be required i: Ri{ consult with the NRC and iiOI{ propose a
17 plan for the timely, safe shutdown of the nuclear power plant. Pr pc:cd

18 Par:gr:ph 50.M(ff) t: 10 CFR P:rt 50 w;uld require licca:c= (EelsTe[slof
19 nuclear power plants that have adopted the earthquake engineering criteria in
20 Pr p=cd Appendix S to 10 CFR Part 50 [yji[[djnTfsdjff3fCFRl5]5M[{{jto shut
21 down the plant if the criteria in Paragraph IV(a)(3) of Pr:p :cd Appendix S
22 are axceeded.

23 Thic guide i: being developed to providej guidance acceptable to the
24 NRC staff for a timely evaluation after an earthquake of the recordeu
25 instrumentation data and for determining whether plant shutdown would bc {j
26 required by the prop =ed ==d:ent; to 10 CFR Part 50.
27 Regulatory guide are inued te decribe =d =ke :v ilable to the3

'

28 public wch infer =ti= = =thed; = cept:ble to the NRC :t:ff for imp 1==t

29 ing :pecific part: Of the C =in'='; re;;ul: tic =, t=hniqu= =cd by the

30 st:ff in ev: hating specif t proble= cr pe:tulated =cid=t;, =d guid=ce to

31 :pplic =t;. Regul:+, cry guide: cre r,ct sub;titute for regulatic=, ad
32 c=pli=ce-with regulatory guide 1: not required. Regulatory guide are

t

233 Cuid== i: being developed in Dr:ft Regul:ter'" Cuide DC 1033, the Third ,
"

34 Pr:p;=d Revi;ic- 2 t Regulatory Guide 1.12, RiflTi6F2H"fNelear Power Plant
35 lastrumentation for Earthquakes,' te-describes silisifinst.umentation thiE_is

- .

36 acceptable to the NRC staff.

. .

__ ___ - - __ - _____ ____ ________ ___.
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; 1 in;;d 5 d=ft f = f r public :r=t i; i=:h: the public h th: =rly
;

2 :t:g= cf d= h ping th: ngehtery p::iti=:. Dnft regehtery guid= h=:

3 n:t re::i nd e spht: :t:ff rait: =d du =t npr==t Offichl MRC :t:ff ;
!

i 4 p :iti =. ,

5 Any information collection activities mentioned in this dr:ft regulatory
6 guide are contained as requirements in the pnp =:d ==d:=t: te-10 CFR Part :4

7 50 th:t ::ald pr=id: EMHryGHithe regulatory basis for this guide. !

8 The pr:p:=d ==d:.=t: h=: 5:= :: bitted i: MEFiiintTiii@fi e@a ,

9 [N~ [MIEsMCE$M51lia3[MddibHthe Office of Management
10 and Budget f r ek=== th:t =y bc :pp=prict: = der th P:p: = = k Redettior. -

11 Act. S :h eher==, if :St:ixd, ;;;1d ch: ;; ply t: =y inh =:ti= 1

12 ::iheti= ::thitie: :=ti= d in this g !d:EAppgaHQ{{50Mlj.;

.

13 B. DISCUSSION ;
;

.

14 When an earthquake occurs, ground motion data are recorded by the

15 seismic instrumentation.' These data are used to make a rapid determination ;
>

16 of the degree of severity of the seismic event. The data from the nucleap
t

17 RTp]MQXfM@@jseismic instrumentation, coupled with information ;.

- 18 obtained from a plant walkdown, are used to make the initial detern;ination of |
19 whether the plant must be shut down, if it has not already been shut down by |

20 operational perturbations resulting from ..me seismic event. If on the basis
21 of'these initial evaluations (instrumentation data and walkdown) it is j

22 concluded that the plant shutdown criteria have not been exceeded, it is
23 presumed that the plant will not be shut down[[6"r M [dir3 M t]f611T(I M
24 @i[[j@lifisi,~ if 1t tiiphid[{f6[{un lSecauiejjfIOTM@iiiiiSJ.d
25 Guidance b being d=ch;;d on postshutdown inspections and plant restartt H ,

- _5sd 7i.s. h : D=f t Regulatory Guide DC 1035, ff1675" Restart of a NuclearE65El^26 __m ;--

27 Power Plant Shut Down by a Seismic Event." The Electric Power Research -

28 Institute has P? eloped guidelines that will enable licensees to quickly |
<

29 identify ano asuss earthquake effects on nuclear power plants. These i

30 guidelines are in FPRI NP-5930, "A Criterion for Determining Exceedance of the
31 Operating Besis Earthquake," July 1988'; c.PRI NP-6695, " Guidelines for

32 *EPRI reports may be obtained from the Electric Power Research Institute,
33 .R =:rch Rep =t MMOGEiFiliiffsiqCenter 20W 6gii R E Z'P.O. Box 69499 !

' 34 23205, P:h Alte,"CE~04303'@ss3 l@Mhj3A1945231
.

t

2
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1 Nuclear Plant Response to an Earthquake," December 1989*; and EPRI TR-100082,

2 " Standardization of ECumulative Absolute Velocity," December 1991.*
3 This regulatory guide is based on the assumption that the nuclear power ,

4 plant has operable seismic instrumentation, including the [ijsiffequipment ;

; 5 and software reoutred to process the data within 4 hurs after an earthquake.
,

6 This is necessary because the decision to shut down the plant will be made, in t

7 part, by comparing the recorded data against OBE exceedance criteria. The
8 decision to shut down the plant is also based on the results of the plant

.

walkdown inspections that take place within 8 hours of the event. If the9
'

10 seismic instrumentation or data processing equipment is inoperable, the
11 guidelines in Appendix A to this guida would be used to determine whether the
12 OBE has been exceeded.

fefQfM[ligs'i[EiDiisf~isistiBisiaifaXrifi ugigitBIRtr i134

14 _I65_50i_sii%__IFr._iiii_ii_iH_E_lI_III_TagfrE5i_st_ifsfa_i_ce_rfaT_i_riliitT_E.6i!BE_El_i_ffri ,

t . ~- _ _ ,

@MFgvUsii(~iffwareMueri355{fl3}ijgpjgdWdM@foM@15 s

16 @sponsesR~r~dI{addlen(ifRIJgs5Tu[dEeTR[fR(@V@EsEl~ 6e~ lea]EGH[e@{
; 17 E @ ][d[fi6B M @ii@fla~s4fifsiRoTrs @ RE@ 3sa[1] @ Q 3ii 3 t M @

18 itteiff6ejliTHIMII&Ifi]QWaRW!siI6iEM@{fEiIfr%ffifd~

19 QJt~riiiiiERQQAlkEa~M afi?atif M @ l ( R E @sponsa@sp,e]c @'

' 2c EMO!i3EJEB1HHEBIMIE93E5MTrTeEU6iW6EHE!B !

21 E6iQsis3RW]Mi3siffsidliiiE(@ilDil3silViiiiiiiifaTt33ii
'

22 yggiiggigig2iggigsiiLiiigiagiggggiiiriisii31;iig[s;giugiriggpj
23 M 7ag M Qfo@ Ei{fb]epMf]
24 Because earthquake-induced vibration of the reactor vessel could lead to j

25 changes in neutron fluxes, a prompt check of th neutron flux monitoring
26 sensors would provide an indication that the reactor is stable. !

27 Shutdown of the nuclear power plant '.::ald k Hjrequired if the .

28 vibratory ground motion experienced exceeds that of the OBE. Tw; criteria-f
29 [r]{R$for determining exceedance of the OBE (based on data recorded in the
30 free-field) w{ilpr.1ded in EPRI NP-5930: a threshold respon:e spectrum
31 ordinate crit:rien [Sickland a :::al:tiv: :Sclut V lecity (C".") @
32 triterien S E. Seismic Category I structures at Mnuclear power plant
33 site may be designed using different ground motion response spectra; iar
34 ex mple, one used for the certified standard design and another for site-
35 specific applications. The ;pece;um ordinate criterion is based on the lowest
36 spectrum used in ti,e design of the Seismic Category I structures. A procedure i

37 to standardize the calculation of the CAV is provided in EFRI TR-100082. A

3

_ _ _ ---_ _ . - .-



_. _ .

. .

.

I spectral velocity threshold has also been recommended by EPRI since some

2 structures have fundamental frequencies below the range specified in EPRI NP-

3 5930. The NRC staff now recommends 1.0 to 2.0 Hz for the range of the

4 spedral velocity limit since some structures have fundamental frequencies
5 below 1.5 Hz. The f:mer r:ng: ::: l@Ds?MiiM3fl@l.5 to 2.0 Hz@@
6 ErM33[b3$.
7 Since the containment isolation valves may have malfunctioned during an

8 earthquake, inspection of the containment isolation system is necessary to
9 ensure continued containment integrity.

10 The NRC staff does not endorse the philosophy discussed in EPRI NP-6695,

11 Section 4.3.4 (first paragraph, last sentence), pertaining to plant shutdown
12 considerat-ions following an earthquake based on the need for continued power

13 generation in the region. If ee-ifflicensee determines that plant shutdown is
14 required by the NRC's regulations, but the licensee does not consider it i

15 prudent to do so, the licensee would be required to consult with the NRC and
16 propose a plan for the timely, safe shutdown of the nuclear power plant.
17 Appendix B to this guide provides definitions to be used with tLis
18 guidance.

19 He& der: Of :n Oper: ting licen:: Or ::::trutti:n p;mit i::: d Fier t
20 the imple::nt:ticn d;te to bc :p::iffed in ihe ::tive ;;ide ::y velun,ae44y
21 ':pl : nt=th : th d; to be de: ribed in th: ::tive guid: and th : %eds
22 being devel ped in Dr:ft neguhtery Cuide: DC 1033, "N;:le:r P; cr-Phat
23 Ir.:tra: ntation fer E:rthqu:ke:," :nf DC 1035, "n :t rt Of : Maclear P;; r
24 Pkat Shut 0:en by : Sci::i Event."

25 C. REGULI. ' DOSITION

'
26 1. BASE-LINE DATA

27 1.1 Information Related to Seismic Instrumentation

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

30 1. Information on each instrument type such as make, model, and

31 serial number; manufacturers' data sheet; list of special features or options;
32 performance characteristics; examples of typical instrumentation readings and

4
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1 interpretations; operations and maintenance manuals; repair procedures (manu-
;

2 facturers' recommendations for repairing common problems); and a list of any t

,

3 special requirements, e.g., [s]r naintenance, :p;r: tion:1, gapiiiisTR
4 installation.

5 2. Plan views and vertical sections showing the location of each

6 seismic instrument and the orientation of the instrument axis with respect to

7 a plant reference axis.
,

;

a

i
8 3. A complete service history of each seismic instrument. The

i

9 service history should include information such as dates of servicing, j

i 10 description of completed work, and' calibration records and data (where ;

11 appl i cabl e) .M%sEiiisiQt3R$ DIM [@ fit $s~aifilif3Eli@iiR@ |

12 Nisensuga@[EGhEMt-:--7!"*%]Rf]or EW@{W{M]i i
r
i

13 4. A suitable earthquake time-history (e.g., the October 1987 )
f l

14 Whittier. .. lifornia, earthquake) or mant acture's calibration standard and

15 the corresponding response spectrum and cunulattse absolute velocity (CAV) ;

16 (see Regulatory Position { 4[153E([[s!!. fh: r::p:::: :p::tra: :nd CAY :h::ld |
17 bc::1cul:ted:fter$ftsfjthe:nitialinstallationandeachservicingofthe I

18 free-field instrumentation) the response spectrum and CAV should be calculated !

~^ '

19 E_ii_iIVT._13ilT(i_Zii_i_iiiji_l_liitoiF_NiiirtTiiiiMM. ;

,

20 1.2 Plannina for Postearthauake Inspections ,

;

21 @ E (3]1EstlEPt]I]l 3P9]5 2@@@Ti(oTEMJy@YRTs~~ @gd
22 gItir~ygiiigg_settsiggysiewigggisisiirfgE.T. gggig!
23 HEJ]sQfhe :clecti:n Of@gtTa{ equipment and structures for inspections
24 and the content of the baseline inspections :: d::: rih:d in S::ti::: 5.3.1 :nd
25 5.3.2.1 ef EPRI MP 0505, "Cuid:line: f:r M;;1::r Pl:nt R :p:ns t: :n'

; 26 E:rthq :h ," [[EEif@are acceptable to the NRC staff for satisfying the |
'

27 pr:p:::d requirements in Paragraph IV(a)(3) of Pr:p:::d Appendix S to 10 CFR
28' Part 50 for ensuring the safety of nuclear power plants.

| 29 2. I EDI^TE "0STE^RTM0'J^?E ^CTIO"S 4CTIMM891EDIATifVWTER7XiffAltTN0lfAKE
:
,

4

5

,

-,
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1 The guidelines for gif g ._._.... 7. .......,__ . ....... JisjiiHitiff |

-2- MTp0IMLSitMspecified in Sections 4.3.1 (with the exception
3 specified below)-and 4.3.2 (inchding S::ti: 5.2.2.1 nd it s; 7 nd S Of !

4 T:bl: 5 !) of EPRI NP-6695 are acceptable to the NRC staff for satisfying the :

5 requirenerts pn;n d ir Paragraph. IV(a)(3) of Tr:;=:d ^.ppendix S te 10 CFR
6 Part 50. ;

7 In Section 4.3.1, a check of the neutron flux monitoring sensors for i

8 changes should be added to the specific control room board checks.

.

9 3. [yALUATION OF GROUND MOTION RECORDS
:

10 3.1 Data Identification
:

11 A record collection log should be maintained at th> plant, and all data
,

12 -should be identifiable and traceable with respect to-
,

k

;

13 1. The date and time of collection,

:

14- 2. The make, model, serial number, location, and orientation of the j

15 instrument (sensor) from which the record was collected.
'

16 3.2 Data Collection

!
17 3.2.1 Only personnel tre.ined in the operation of the instrument should
18 collect the data.

I
;

19 3.2.2 The steps for removing and storing records from each seismic
20 instrument should be planned and performed in accordance with established
21 procedures. j

!
22 3.2.3 Extreme caution should be exercised to prevent accidental damage
23- to the recording media and instruments during data collection and subsequent ;

24' handling.

25 S.2.4 As data are collected and the instrumentation is inspected, notes |
26 should be made regarding the condition of the instrument and its installation, >

;

6
,

!

-.

:
.
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I for example, instrument flooded, mounting surface tilted, f:llen E6[ objects
2 that $1[ @ ] struck the instrument or the instrument mounting surface.

3 3.2.5 For validation of the collected data, the information described
4 in Regulatory Position 1.1(4) should be :dd:d i: the re:Ord with::t :ffecting
5 the previ:::ly re :rded d:t: [@fKd.

6 3.2.6 If the instrument's operation appears to have been normal, the
7 instrument should remain in service without readjustment or change that would

8 defeat attempts to o'otain postevent calibration.

9 3.3 Record Evaluation

10 Records should be analyzed according to the manufacturer's specifica-

11 tions and the results of the analysis should be evaluated. Any record

12 anomalies, invalid data, and nonpertinent signals should be noted, along with
13 any known causes.

14 4. QEJfENING OBE EXCEEDkNCE;

15 The evaluation to determine whether the OBE was exceeded should be

16 performed usine data obtained from the three components of c 3 free-field
17 ground motion (i.e., two horizontal and one vertical). The evaluation may be j

!
~

18 performed on uncorrected earthquake records. It was found in a study of
19 uncorrected versus corrected earthquake records (see EPRI NP-5930) that the

20 use of uncorrected records is conservative. The evaluation should consist of
'

21 a check of the response spectrumr EE{{CAV li;;;it, and the operability of the
22 instrumentation. This evaluation should take place within 4 hours of the
23 earthquake.

24 4.1 Response Spectrum Check |

25 4.1.1
!

26 The OBE response spectrum check is performed using the lower of: |
q

,

|
'

27 1. The spectrum used in th; cartified standard design, or

7.

.
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|
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,

A spectrum other than (l' use:1 in the design o'f any Seismic)1 2.

2 Category I structure. ;

i

3 4.1.2
,

4 The GBE response spectrum is exceeded if any one of the three components i

5 (two horizontal e.d ene vertical) of the 5 percent damped free-field ground
6 motion respor.se spectra is larger than:

i,

-1. The corresponding design response spectral acceleration (OBE !

8 spectrum if used, otherwiso 1/3 of the safe shutdown earthquake
(SSE) spectrum) or 0.2g, whichever is greater, for frequencies !9 -

10 between 2 to 10 Hz, or
;

!
11' 2. The corresponding design response spectral velocity (OBE spectrum

12 if used, otherwise 1/3 of the SSE spectrum) or a ;,pectral velocity
13 of 6 inches per second (15.24 centimeters per second!, whichever

14 is greater, for frequencies between 1 and 2 Hz.

15 4.2 Cumulative Absolute Velocity (Cf") 'i:it Check |

16 For each component of the free-field cround motion. the CAV should be i

17 calenlated as- follows: (1) the absolute acceleration (9 units) time-history is ,

-18 divided into 1-second intervals, (2) each 1-second interval that has at least
19 1 exceedance of 0.025g is integrated over time, (3) all the integrated values
20 are summed together to arrive at the CAV. The CAV li=it S]is exceeded if
21' any CAV calculation is greater than 0.16 g-second. Additional information on
22 how to determine the CAV is provided in EPRI TR-100082. ;

!

23 4.3 Instrument Operability Check-

~24 . After an aarthquake at the plant site, the response spatrum and CAV |

25 should be calculated using ,Csamff}MQaTMig@th: ::libr:ti:n ,

26 :t;;d:rd (::: Regulatory Position 1.l(4)t )~adhgesal1YsMf3I6ii~ceipared
27 M f1 4 18958" 4~ to demonstrate that the time-history analysis f

-

28 hardware and software were functioning properly. Sei!resa{tHjgEjj
I9 SYSMSWA$ ;

'

8 ,

i

,, . . -
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1 4.4 Inocerable Instrumentation or Data Processina Hardware or Software -

2 If the response spectrum and the CAV (Regulatory Positions 4.1 and 4.2)

3 ran not be obtain+d because the seismic instrumentation is inoperable, data

4 from the instrumentation are destroyed, or the data processing hardwara or
: 5 software is inoperable, the criteria in Appendix A to this guide should be

6 used to determir.e whether the OBE has been exceeded.

7 5. CRITERIA FOR PLANT SHUTDOWN -

.

8 If the OBE is exceeded or significant plant damage occurs, the plant

9 must be shut down unless a plan for the timely, safe shutdown of the nuclear~

10 power plant has been proposed by the licensee and accepted by the NRC staff.
,

11 5._ OBE Exceedance

12 If the response spectrum check and the CAV limit $53Ei3(performed or

13 calculated in accordance with Regulatory Positions 4.1 and 4.2) were exceeded,

14 the OBE was exceeded and plant shutdown is required. If either li=it yh3EE
la does not exceed the criterion, the earthquake motion did not exceed the OBE.

16 If only one 1i=it |$'3can be ch::ked E[7M, the other 1i=it-di3E]k]is
17 assumed to be exceeded [3@3Rc63ERNa'"n?b7dMI@lR7e@Koff ,

; 18 EsTEgQ. The determination of whether or not the OBE has been exceeded
19 should be performed even if the plant automatically trips off-line as a result
20 of the earthquake.

21 5.2 Damaae

22 The plant should be shut down if the walkdown inspections performed in

23 accer?snce with Regulatory Position 2 discover damage. This evaluation should

24 take place within 8 hours of the earthquake occurrence.

25 5.3 Continued ODeration |
1

4

26 If the OBE was not exceeded and the walkdown inspection indicates no

27 damage to the nuclear power plant, shutdown of the plant is 'not required. The

9

_,_
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'

;

,

I plant may continue to operate (or Ejy[ restart following a post-trip review, if |
,

2 it tripped off-line becacie of the earthquake).
,

'
3 6. PRE-SHUTDOWN INSPECTIONS

1

4 The pre-shutdown inspections described in Section 4.3.4 (including :11 ;

5 ::t:::tica:) of EPRI NP-6695, " Guidelines for Nuclear Plant Response to an !

6 Earthquake," with the exceptions specified below] are acceptable to the NRC i

7 staff for satisfying the requirements pr:;:::d in Paragraph IV(a)(3) of
8 Pr:p : d Appendix S to 10 (FR Part 50 for ensuring the safety of nuclear power i

9 plants. :
. I

10 6.1 Shutdown Timinc ;

. .

11 Delete the last sentence in the first paragrari of Section 4.3.4.

12 C.2 Stfe Shutdown Eauipment

13 In Section 4.3.4.1, a check of the containment isolation system should
I

14 be added to the minimum list of equipment to be inspected.

15 6.3 Orderly Plant Shutdown j

-

,

'

16 ihe following paragraph in Section 4.3.4 of EPRI NP-6695 is printed here

17 to emphasize that the plant should shut down in an orderly manner. i

L i
'

.,

18 " Prior to in.tiating plant shutdown following an earthquake, i

19 visual inspections and control board checks of safe shutdown ,

20 systems should be performed by plant operations personnel, and the'

21 availability of off-site and emergency pcwer sources should be [
!

22 determined. The purpose of these inspections is to determine the
23 effect of the earthquake on essential safe shutdown equipment

L
24 which is not normally in use during power operation so that any

25 resets or repairs required as a result of the earthquake can be
26 performed, or alternate equipment can be readied, prior to .

27 initiating shutdown activities. In order to ascertain possible
,

10 j
,

2

_ - _ _ _ _ _ - - _ . _ _ , - _ _ . - - . -.
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1 fuel and reactor internal damage, the following checks should be I

2 made, if possible, before plant shutdown is initiated . . . . " -]e

;

3 D. IMPLEMERTU,13 J

f.

4 The purpose of this section is to provide guidance to applicants and .

I

; 5 licensees regarding the NRC staff's plans for using this regulatory guide.
6 Thi: ;c;;;;;d 7:7 h10: h:: 5::: rel::::d t: :::: r:;; ;;il1

'

7 p:rticip: tion in it: d:::h; n nt. Except in those cases in which the
8- Applicant proposes an acceptable alternative method for complying with the
9- specified portions of the Commission's regulations, the method -t: be described

'

10 in %e ::tiv: Mguide r:fh: tin; ;;ili: :: ::ts-will be used in the
,

11 evaluation of applications for construction permits, operating licenses,
12 combined licenses, or design certification submitted after th i:pD mnt: tie-

13 d:t: t: 5: : ::ified in th: ::tiv: ;;id: STtniVITDATereGMf?Hiihl p~ifE.. !r -- a a-

14 This guide .- uld @lQnot be used in the evaluation of an application for an
15 operating license submitted after th: i;ph .;;t:ti:n d t t b; :p::ified in i.

15 th: ::tiv: ;;id: ;QQEQ(if46TRQMMif the construction permit i

17 was issued prior to that date.
,

18 [oldev{A[[(MraW1(@y*e~~ rte ~siistisiifdiE]~p~asijliEiGeilI5fo(@>

19 EEtt,TJ)QQT[g{THEIFLAQ(ifRangigef@~RWesse4%%Bisdj l

2n sa_is_s_ia_nsta_ririi.nai_arrc_ap&sitwa. areiimiip_iiain_g_ar_ti_ai_rsinais. i
'

_ _ -- -- .

* - n- _ _ J__ *

_ m _ _ _ _. _ _ _ _ _ _ . ._ ,

*$ E 1$?$ L b.?.

'
23 IF=EiigiDiEstHtestir:EsuWinsnad1EiMEI!WLeisiiffiefMiKfiiiiEEiit
24 u_is._a_a_miga_ntery vu'iais7._m_.. _si._risists_st_iaT_e_m__uggit_amw_w_ieg5.m9_ _ i

!

-
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1 APPENDIX A

2 INTERIM OPERATING BASIS ' EARTHQUAKE EXCEEDANCE GUIDELINES
4

3 This regulatory guide is based on the assamption that the nuclear power
< plant has operable seismic instrumentation and equipment (hardware and
5 software) to process the data. If the seismic in:trumer.tation or data
6 processing equipment is inoperable, the following should be used to determine"

7 whener the operating basis earthquake ground otion (OBE) has been exceeded:'

i

8 1. For plants at which instrumentally determined data are available only
9 from an ir.strument i. 7.talled on a foundaticn, the cumulative absolute,

19 velocity (CAV) li='t @](see Ragulatory Position 4.2 of this guide)
11 is not applicable. In this case, the determinatica of OBE exceedance is

I 12 based on a response spectrum check similar to that aescribed in
13 Regulatory Position 4.1 of this ranulatory guide. A comparison is made
14 between the foundation-level design resbonse spectra and data obtained'

15 from the foundation-level instruments. If t.1e response spectrum check

16 at any R undation is exceeded, the OBE is exceeded and the plant must be

17 shut down. At this instrument location it is inappropriate to use the

} 18 0.2g spectral acceleration limit or the 6 inches per second (15.24
19 centimeters per second) spectral velocity limit stated in Regulatory'

'

20 Position 4.1.2.

21 2. For plants at t 'hich no free-field or foundation-level instrumental data
22 are available, or the dats processing equipment is inoperable and the
23 response spectrum check and the CAV limit-[M{{can not be determined

4

24 (Regulatory Positior.s 4.1 and 4.2), the OBE will be considered to have
25 been exceeded and the plant must be shut down if one of the following
26 applies:

27 1. The earthquake resulted in Modifieo Mercalli Intensity (1911) VI or
28 greater within 5 kr af the plant,

i

i

. 29 2. The earthquake was felt within the plant and was of magnitude 6.0 |

!30 or greater, or

31

A-1
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1 3. The earthquake was of magnitude 5.0 cr greater and occurred within

2 200 km of the plant.

3 A @Je~a~M] plant wa1Kdown should be conducted EMEjhe g{rj@]u Ej
,

(see Regulatory Position 2 of this guide).4

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

;

7 guide).

8 Ngtg: The determinhtions of epicentral location, magnitude, and
9 intensity by the U.S. Geological Survey, National Earthquake Information

10 Center, will usually take precedence over other estimates; however,

11 regional and local determinatfors will be used if they are considered to
12 be more accurate. Also, higher quality damage reports or a lack of
13 damage reports from the nuclear power , lait site or its immediate

|
14 vicinity will take precedence over more distant reports.

.

.

I
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1 APrENDIX B

2 DEFINITIONS !

3 Certified Standard Desion. A Commission approval, issued pursuant to Subpart

4 B of 10 CFR Part 52, of a standard design for a nuclear power f acility. '

'

,

!

5 Qglige Res70nse Spectri. Response spectra used to design Seismic Category I
6 structures, systems, and components.

:

. 7 Operatina Basis Earthouake Ground Motion (OBE). The vibratory ground motion ;

8 for which those features of the nuclear power plant necessary for continued :

9 operation without undue risk to the health and safety of the public will
10 remain functional. The value of the OBE is set by the applicant. i

:

11 Spectral Acceleration. The i 31eration response of a linear oscillator with

! 12 prescribed frequency and damping.

|

13 Spectral Velocity. The <elocity response of a linear oscillator with pre-
14 scribed frequency and damping.

1

a

4

0

i

s

.

-
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1 REGUL' TORY ANALYSIS |
!,

)

2 A separate regulatory analysis was not prepared for this regulatory !<

3 guide. The dr:ft regulatory analysis, "Pr:p:: d Revisions of 10 CFR Part 100
4 and 10 CFR Part 50," was prepared for the pr:p:::;-amendments, and it provides

5 the regulatory basis for this guide and examines the costs and benefits of the
6 rule as implemented by the guide. A copy of the dr:ft regulatory analysis is
7 available for inspection and copying for a fee at the NRC Public Document
8 Room, 2120 L Street NW. (Lower Level), Washington, DC, as En:10: r 2 te i

j 9 S y Of 104 QTjjt;.
.

e

9

,

.

l

!

|

I
i

|

RA-1

_ _



. . . ._ - _ ...._. _ _ . . . . _..

.

, . . .

i
t

.

e

h

o

!

|>

;4

!
~

r.

1

i

3

.

1
:
i -

,

4 i

i

ATTACHMENT 16
f.

t :-

" REGULATORY GUIDE 1.167
DRAFT WAS DG-1035

3

; (PLANT RESTART)
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1' REGULATORY GUIDE 1.167 |
2- (Draft was DG-1035) ,

i
:

.3. RESTART-0F A NUCLEAR POWER PLANT
!4' SHUT DOWN BY A SEISNIC EVENT

5 A. ItiIBf AIION

:

6 Paragraph IV(a)(3) of En;=:d ,"pperdix S, " Earthquake Engineering j

7 triteria for Nuclear Power Plants," to 10 CFR Part 50, " Domestic Licensir.g of |
8 . Production and Utilization Facilities," ;='d require [ shutdown of t .e nuclear |
9 . power plant if vibratory ground motion exceeding that of the operating basis !

r

10 earthquake ~ ground motion (OBE) occurs or if significant plant damage occurs.* j
11- . Prior to resuming operations, the licensee must demonstrate to the NRC that no

'

12 functional damage has occur-ed to those features necessary for continued

13 operation without undue risk to the health and safety of the public.
14 This guide h b:in; d: = h;;d t: provide! guidance acceptable to the NRC
15 staff for performing inspections and tests of nuclear power plant equipment
16 and structures prior to restart of a plant that has been shut down by a
17 seismic event.

-18 5 ;;ht ry ;;id:: i : i n :d to d= rib: =d n h: =:ihhh t: th:

19 ;;bii: =:h SS=ti= = =th:d: ::::;t:th 10 th: 920 :t:ff f r

20 i ; h = tin; :p= ifi: p rt: Of t5: Cn :ini::': n;;hti=:, t::hi;;= :::d

21 by th: :uff in :=h: tin: :;=ific p.05t= r patcht:d =:id=t:, =d

~ 22: ;;id== t: :ppl i:=h . 5;;htry ;;id:: r: =t =htitut:: fr

23 n;;hti=:, =d :: ;1t== =ith r:gehury ;;ida h ::t n;;ind.

24 5;;htry ;;id= r: i==d 5 d=ft Sm Er ;;51i: ::r::t t: h=h: the

25- ;;il k h th: : rly : t ; = cf d;= h;ing th: ng htry p=iti=:. 0=ft

'26 n;;htry ;;id= h= ni naind ex;1:t: :t:ff mi : =d d: act ner::=t

27 offichl MSC :t:ff putti =:.

,28 Any information collection activities mentioned in this .Mregulatory
29 guide are contained as requirements in th: en;;=d := d= S t+-10 CFR Part
30 50 thi ;=1d p=id: {edKBWathe regulatory basis for this guide.
31 The pn;=:d --- . - :;u b= u=' :d-iit:d t: IEF3_iE_ lit _ionMoTH_iiitT_iE ,i-

.

32' M@Te(i~fil(EIAF33$$$iW($MMMJ$]y the Office of Nanagement ;|' '

.

| 33
.

0 id== b 5:ing d:=h;;d i Onft Regulatory Guide DC 103' L7f$,2
'

'

34 " Pre-Earthquake Planning and Immediate Nuclear Power Plant Operator :

i 35 .Postearthquake Actions," 4e-providej criteria for plant shutdown.
'

i

I

:
*

. . . - . ._ __ _ . _. - . _ . _. -_ ._
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i
. ;

i
'

i

!' I and Budget f:r ch:=== th:t =y b :;;ngrict: =d:r th: a:;; m rk ":d=t:= i
e

| 2 ^:t. E=h ch===. if dt:'=d, ;=ld ch: ;;1y t: =y inh =ti=.

| 3 ="::ti= ::thiti:: =: tin:d in thh ;;id:{MMEM{. !
!

!

4 B. DISCUSSI5 {
.

t

i

5 Data from seismic instrumentation * and a walkdown of the nuclear power ;

6 plant are used to make the initial determination of whether the plant must be ;

7 shut down after an earthquake, if the plant has not already shut down from :

8 operational perturbations resulting from the seismic event.* !
>

9 The Electric Power Research Institute has developed guidelines that will j

10 enable licensees to quickly identify and assess earthquake effects on nuclear |
1

11 power plants in EPRI NP-6695, " Guidelines for Nuclear Plant Response to an ;

12 Earthquake,"' December 1989. This regulatory guide addresses sections 'of I
;

13 EPRI NP-6695 that relate to postshutdown inspection and tests, inspection !

*

14 criteria, inspection personnel, documentation, and long-term evaluations.

15 EPRI NP-6695 has been supplemented to add inspections and tests as a |

16 basis for acceptance of stresses in excess of Service Level C and to recommend {

17 that engineering evaluations of components with calculated stresses in excess

18 of service Level D focus on areas of high stress and include fatigue analyses.

19 "01d:r: Of = :p:= tin; 1i:=:a. Or ::::trc:tha p:=it i==d ;rkr 10 i.

20 th: iph= t:th d:t: t: h :p=ift:d in th =th: ;;id: ny v:h:trily

21 h;h= t th: =thd: t: k d:=rihd in th: =th: ;;id: =d th: =th:d; ;

22 kh; d=:h;;d 5 0=ft ":;;htry 0 id= OC 1023, ""=hr P'/. :r "h:t

23- In:t== hti= fr Orth;=ha," =d DC 103'. ""rr C rt5;=h: " hn-in; =d |

24 !=: dict: "=kr "=:r "h:t 0;:=tr "=tarth;=E: "tkn?.

1

25 C. REGULATORY POSITION
i
,

i

!
|

|

26 '0:i d=:: u hi:; d:=h;;d in 0=ft "egulatory Guide 00103 l~712, ne
Plant Instrumentation for Earthquakes," thi =ill de@scribiis seismic
third 7. ;,;=:d ",=i:i= 2 t: ",:;;htry Ocid: 1.12, Diiij38'Nudlii~r Power27

28
-

~

29- . instrumentation acceptable to the NRC staff. j

* |

. 30 - EPRI reports .may be obtained from the Electric Power Research Institute,
~

~ G P g M P.O. Box 60490. 31 " =rch ":;ru 49fiWinfliEICenter
32 $_3205, ".'. . "'. ".. , *_~"- *_ *_*m"_ 'YM_Q ; 1.: _..

2
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i

'

. i
;

1 After a plant has been shut down by an earthquake, the guidelines for
i

2 inspections and tests of nuclear power plant equipment and structures that are '

3 depicted in EPRI NP-6695 in Figure 3-2 and specified in Sactions 5.3.2 |
4 ' ' . . '. .".". - '. . ' '. .- . .' ' , ' ' , - .' '. '. ' , 5 . 3 . 3 ' '. . . . '. " .' . .- '. . ' '. ". ' ,' , a n d 5 . 3 . 4 - ;

. -, . . .. __ , s . .. . ,
ts.
.

5 the documentation to be submitted to the NRC specified in Section in 5.3.5; |
6 and the long-term evaluations that are specified in Section 6.3 ( 11 :::'ica:
7 :nd ::t:::ti:n:), with the exceptions specified below, : ld b; [[i} acceptable
8 to the NRC staff for satisfying the requirements pr;;:::d-in Paragraph !

9 IV(a)(3) of th: Pr:;:::d Appendix S to 10 CFR Part 50. :

10 1. EXCEPTIONS TO SECTION 6.3.4.1 0F EPRI NP-6695
i

.

11 121 Item (1) should read: ,-

12 If the calculated stresses from the actual seismic loading conditions .

J 13 are less than the allowables for emergency conditions (e.g., ASME Code

14 Level C Service Limits or equivalent) or original design bases, the item
~

15 is conr.idered acceptable, provided the results cf inspections and tests
16 (Section 5.3.2) show no damage.

i

|'

17 121 The second dashed statement of Item (3) should read:
18 -- An engineering evaluation of the effects of the calculated stresses
19 on the functionality of the item. This evaluation should address all
20 locations where stresses Exceed faulted allowables and should incluee
?! fatigue analysisFf.3FASfE_"CisliiiitTi_liMWy_siiWintT_!3iiid_iff_itiliii.

'

mm_ - - -

k

22 111 'h' 1::t p 'agr:ph :h: ld r::d:

23 Re:::1y:i: >? ::fety'r:1:ted piping :y:t:;; i: :t ::n:id:r:d n :::::ry

24 unic:: th:r: i: Ob;:rr:d d: :;; t th piping :y:t ;;. Exp:ri:::: h::

25 .'...-......-'.7.'..-,.,.",'..-...',-......'...._........-..-...,.---,.'by" ' ' '' ' '""" " ' '"
. . , __

26 ir.:rti: 1::d: re: lting fr;; :: ::rthq::ke. If d: :;: .;;r :, it will

27 :::t likely ::: r in the piping : pport: Or :: d:::g: t the pip: c'

28 fix:d ::pp;rt: :::::d by rel:tiv: : pp;rt di:pl::;;;r.t:. Th::: typ : cf

29 dir:;; :::1d be d:tected by the pl:nt ::lkd;;n in:p;;ti :: :nd p:-t, ,

i

30 :h:td;;n in:p :ti:n; d:::rit:0 in S::ti:n: i :nd 5 Of thi 7:p;rt. In
'

31 ;;n:r:1, piping re:::lysi: :h: ld be perf;r;;d on : :::pling 5::i: 10-

i
32 ;;rify th: :d:;:::y Of pipie; :nd t: :::::: th: ::d for : ppl:::nt:1

33 ::nd::tru:tiv: :::;in:ti:n Of p:tenti:1 high :tr:in :r:::.

3

;

.
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1. 2. LONG-T5RM EVALUATIONS )
i

.

i

2 Coincident with the long-term evaluations, the plant should be restored |

3 to its current licensing basis. Exceptions to th*s must be approved by the
4 Director, Office of Nuclear Reactor Regulation. k

:
,

5 D. IMPLEMENTATION !
.)

I

6 The purpose of this section is to provide guidance to applicants and j
.

7 licensees regarding the NRC staff's plans for using this regulatory guide. |

8 T:.f: dr:ft ;;id: h= t= s--r:l = ::d t: ==:r ;;; ;;ili: ;;rticip:ti: in j

9- its d=:1:;- at. Except in those cases in which the applicant proposes an !
t

10 acceptable alternative method for complying with the specified portions of the !.

11 Commission's regulations, the method t b: described in th: =tive this guide j

12 reflectin; ;:bli :_ _ nt: :111 be used in the evaluation of applications for [

13 construction permits, operating licenses, combined licenses, or design , ;

14 certification submitted after th: i pl = cat:ti= d:t: t: be :p=ift:d in th: )

15 ::tiv: ;;id: gMM{$$5th!TgMW. This guide ;=ld @}Bnot b- ;

16 used in the evaluation of an application for an operating license submitted |
I

17 after th: i pi:= t:ti= d:t: t: 5: :p= ift:d in th: =tiv: ;;id: ;s GLIM E
18 M K( n M T;f M RULE 31f the construction permit was issued prior to that ;

19 date.

20 @}3El{jfXMt3]Meses3E@le~nj@@7ss eMedL@l :

I

T.1 .EFFECT1VETG_ ATE..T0FITHCFIN. AiT_al1EW- fii.i_liu~iGiMy1iii$_13Mit_EiT~en_d_is_di_3 s
,-- - - ~ - -

, .
. m

-*Isiiihiiff.5?m"~w"~"ah_W I
^

Ri 1__ l?"E~*7HT_f?L.Williiisi?2..". 'NuclsFP..o,_siii@lii.i,J,.;.w A--23 - d mm -

jx-----w--.m - - - - - +

24 Q462 PRE &thquake Plsii3M{@Mj~e~cMLf6iiIs2rH Q perat9( j

25 WsG__iiF.O,l_ipil_fe'? Actiens.*. _Ot._tiiF@_is_ilisfiii_l.@_ mlta. t.3@_3sif_ii.iE{a~sf$i_ii@ !
i_ . _

26 MMfat])iiIof portioi{jf@]@Mg_WgdTes edJJJg[@%Gil i

27 liyNS. i~NACin. ,f_f onit_'cis_iEliy,Wse{$aifil.,
. . . .- .
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1 REGULATORY ANALYSIS

2 A separate regulatory at ysis was not prepared for this regulatory
3 guide. The dr:ft regulatory analysis, ""r:;;; d Revision of 10 CFR Part 100
4 cno 10 CFR Part 50," was prepared for the pr:;;;;d amendments, and it provides

5 the regulatory basis for this guide and examines the costs and benefits of the
6 rule as implemented by the guide. A copy of the dr:ft regulatory analysis is
7 available for inspection and copying for a fee at the NRC Public Document
8 Room, 2129 L Street NW. (Lower Level), Washington, DC, as S::y ?' 244-{$TE$.<

.
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ATTACHMENT 17 j
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J

RESOLUTION OF PUBLIC COMMENTS ON DRAFT<

.

REGULATORY GUIDES AND STANDARD REVIEW PLAN
!

t. SECTIONS PERTAINING TO THE PROPOSED
r

!

SEISMIC AND EARTHO''AKF .'IGINEERING CRITERIA :

!
. .

FOR NUCLEAR FOWEr "I ANTS |-

:
|,
|
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RESOldTION OF PUBLIC COMMENTS ON DRAFT

REGULATORY GUIDES AND STANDARD REVIEW PLAN '

SECTIONS PERTAINING TO THE PROPOSED

SEISMIC AND EARTHQUAKE ENGINEERING CRITERIA
.

FOR NUCLEAR POWER PLANTS

(

Section Description |

1. Regulatory Guide 1.165, " Identification and Characterization
of Seismic Sources and Determination of Shutdown Earthquake
Ground Motions" (Draft was DG-1032)

Standard Review Plan Section 2.5.1, Revision 3, " Basic
Geologic and Seismic Information"'

Standard Review Plan Section 2.5.2, Revision 3 "Vioratory !

Ground Motion" l4

Staadard Review Plan Section 2.5.3, Revision 3, " Surface
Faulting" |

2. Regulatory Guide 1.12, Revision 2, " Nuclear Power Plant |

Instruinentation for Earthquakes" (Draft was DG-1033)

3. Regulatory Guide 1.166,. " Pre-Earthquake Planning and
Immediate Nuclear Power Plant Operator Post-Earthquake
Actions" (Draft was DG-10'4)

4. Regulatory Guide 1.167, " Restart of a Nuclear Power Plant
Shut Down by a Seismic Event" (Draft was DG-1035) ,

.

_ _ . _ _ . _ _ _ . . _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ . _ _ _ _ _ _ _ _
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I RESOLUTION OF PUBLIC COMMENTS
|

' -STANDARD REVIEW PLAN SECTIONS 2.5.1, 2.5.2 & 2.5.3
REGULATORY GUIDE 1.165 (Draft was DG-1032) ;
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ORGANIZED BY COMMENTOR:j

1. American Society of Civil Engineers'

: 2. DOE /OCRWN
3. Morgan, Lewis and Bockius
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! 5. Wais and Associates
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American Society of Civil Engineers (Washington Office)

Comment:

The seismic 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," should be incorporated
by reference into the regulation.

Response:

We do not agree that ASCE Standard 4 should be referenced in the revised
regulation. When a document is referenced in a federal regulation it becomes
a part of that regulation. Codifying this standard would be reinstating a

,

prescriptive format into the regulation, which has been cited over the past
two decades as being one of the major contributors to difficulties in applying
Appendix A,to 10 CFR Part 100.

Thus, one of the primary reasons for revising Appendix A is to remove the
,

prescriptive elements. These elements were put into the regulation more than <

two decades ago and soon became obsolete with respect to the state-of-the- ,

science. Because of the cast-in-concrete nature of a federal regulation, it i
!was extremely difficult to update. Also, the prescriptive list was

incomplete, thus allowing the potential for gaps in the site specific
investigations and analyses. It also required following procedures that were
unnecessary at many sites.
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Review Comments by DOE /0CRWM on NRC's Proposed Changes to 10 CFR Parts 50, 52,
and 100 ,

General Observations

1. Acolicability of Appendix A Seismic Hazard Evaluations to the Mined
Geolooic DisDosal System - MGDS fin "Supolementary Information' - Section III
-Daae 52256)

'

In the top half of the center column, it is stated that "...The proposed
regulatory action would apply to applicants who apply for a construction
permit, operating license, preliminary design approval, final design approval,
manufacturing license, early site permit, design certification, or combined
license...."

COMMENT: This statement does not explicitly indicate whether or not the
proposed revisions would apply to the MDGS.

2. Applicability of Appendix A or proposed Subpart B to a Monitored
Retrievable Storage (MRS) facility (in " Supplementary Information" - Section
III - page 52256) ,

In the top half of the center column, it is stated that "...The proposed
regulatory action would apply to applicants who apply for a construction
permit, operating license, preliminary design approval, final design approval,
manufacturing license, early site permit design certification, of combined
license...."

COMMENT: This statement does not explicitly indicate whether or not the *

proposed revisions would apply to a MRS.

Responses to Comments 1 and 2:

SECY-94-194, Enclosure 2, page RA-16, paragraph a., under IMPACTS, presents
the staff's position on these issues: "The proposed regulation, Section 100.23
to Part 100, is still applicable only to nuclear power plants. The revision
of Part 72 and Appendix A to Part 40, subject to the implementation of Section
100.23 to Part 100, should be a separate rulemaking initiative."

3. State of Knowledge about Earthquake Phenomena (in " Supplementary
Information" - Section V.B.3. Uncertainties and Probabilistic Methods - page
52261) ,

In the middle of the third paragraph it is stated that "Because so little is
known about earttquake phenomena..."

COMMENT: Use of the axpression "so little is known" creates a false impression
of the current state of knowledge about earthquake phenomena. Although our
understanding of earthquake phenomena remains uncertain, quantum advances in
knowledge have been made during the past 25 years. With these very
significant advances, geoscientists now have much more confidence than '

previously in expressions of uncertainty regarding interpretations of inputs
to a probabilistic seismic hazard analyses; and these can be fully accounted
for in the uncertainty in the seismic hazard results. The language of the
regulation should reflect these very positive developments.

2 i
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Response: |

The statement has been revised to put less emphasis on the negative n ,

'

follows: "Because of uncertainties about earthquake phenomena (especially in
the eastern United States), there have often been differences of opinion and
di fferi ng . . . . . "

4. Nature of Geoscience Investigations (in " Supplementary Information" -
Section V.B.3. Uncertainty and Probabilistic Methods - page 52262)

The key elements of the NRC's proposed balanced approach are listed in the top ,

third of the left hand column on page 52262. i

'COMMENT: The wording of the fourth element should be revised to indicate that
Ithe geoscience investigations refer to site-specific data, or new regional

data, or a combination of the two. |
\

Response:'

It refers to both regional and site investigations. The element has been j
revised to: " Determine if information from the regional and site geoscience i

investigations....."

DRAFT REGULATORY GUIDE DG - 1032 (now called Regulatory Guide 1.165)

1. Description of Probabilistic Seismic Hazard Analysis (PSHA) (in B.
Discussion-Background, page 3, line 29)

COMMENT: Another important aspect of a PSHA, not mentioned, is its explicit
estimation of SSE likelihood during the " design lifetime" of a facility.

Suggest adding a sentence after "... seismological parameters." such as: A PSHA
also provides an evaluation of the likelihood of SSE recurrence during the
design lifetime of a given facility - given the recurrence interval and
recurrence pattern on pertinent seismic sources.

Response:

The aspect is implicit in the discussion but is not stated directly. We agree
that the statement improves the discussion and have included it as you
suggest.

2. Areal Extent for Regional Studies and Seismic Source Identification (in V.
Regulatory Position, Section C.1.1., page 7, lines 15-17, and also Appendix D,
D. 2.1, page D-4, lines 27, 28)

COMMENT: The areal ?.xtent of regional seismic source investigations is defined |

as extending to 320 km (200 miles) from the site. |

The requirement to perform investigations within 320 km around a site is
excessive, and not generally needed to identify the seismic sources that could
contribute to the seismic hazard at a site. Since the EPRI and LLNL seismic
sources are accepted (with confirmation) as the basis for evaluating the
seismic hazard at potential sites in the Eastern United States (EUS) the
potential contributions of all sources in the EUS will be known. In the !

3
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western United States, the very high rate of attenuation of ground motion
precludes seismic sources beyond about 150 km contributing to the seismic
hazard at a site. The applicant should be required to develop and justify its
rationale for the area considered and the size of seismic sources considered
as function of distance from the site.

While Section C.1.1 states that the level of detail for the regional studies
is data obtained from a literature survey and geologic reconnaissance, one
would assume that all these sources are to be included in a probabilistic
seismic hazard assessment (PSHA). This could result in many insignificant
seismic sources being characterized and included in the PSHA DG-1032 should be
mo61fied to require identification only of sources that may contribute
significantly to the seismic hazard at the site.

Response:

The reason for this distance is not only to identify those presently unknown
seismic so~urces close enough to affect the site, but, because CEUS sources are
at depth and largely undefined, the area should be as broad as reasonably
possible to incorporate any sources identified that could be analogous to
sources that may be near to or underlie the site. Within this area,
assessment of regional seismological, geological, and geophysical data or
other information that could be used to identify or interpret potential
seismic sources should be made. It is not expected to be a detailed
investigation and may consist of only literature studies (including earthquake
catalogs, maps, and geophysical, airphoto, and other remote sensing data) and
with limited ground truth reconnaissances.

In the past it has often been necessary to estimate the age of a potential
seismic source in the site vicinity by relating its time of last activity to
that of a similar, previo.usly evaluated structure, or a known tectonic episode
the evidence of which may be many tens or hundreds of miles away.
Additionally, because of the relatively aseismic nature that characterizes the
CEUS, the broader the area considered, the more earthquake epicenters will be
included.

As described in Appendix E of DG-1032 (Regulatory Guide 1.165), a newly
identified, potentially significant seismic source, the characteristics of
which are supported by a strong technical basis, are identified within 320 km
(200 mi) of the site will be assessed by a sensitivity analysis. If the
results of that rensitivity test show that source has no impact on the SSE,
then no furthe work will have to be done regarding that source. Most newly
identified sources will be small, or ancient, and can be dismissed without
sensitivity studies. Only if the sensitivity study indicates that the source
could result in a significant change in the hazard will that source have to be
included in the PSHA.

In the western U.S., to justify not extending the regional investigation out
in all directions to 320 km (200 mi), may be less difficult in that there is
usually a large source closer to the site that will be SSE-controlling and
dominate more distant sources no matter how large they are. For example, The
San Gregorio-Hosgri fault zone, which is approximately 4 km from the Diablo
Canyon Nuclear Power Plant, with respect to the San Andreas, which is about 75
km (45 mi) from the site. It would, therefore, not be necessary to search for
a seismic source on the other side of the San Andreas, or a source smaller

4
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than the San Gregorio-Hosgri between the San'Andreas and the-site. On the !
other hand, it may be necessary, as was the case of the San Gregory-Hosgri
fault zone, to extend the regional investigations well beyond 320 km (200 mi)
along the fault zone in both directions to characterize the seismic hazard of
that source. |

i

3.- Implied Definition of Seismic Potential (in C. Regulatory Position Section !
C.2.2, page 9, lines 30, 31) j

i

C0fMENT: The term " seismic potential" used in Section C.2.2, page 9. The !

following parenthetical phrase " magnitude and recurrence rate" implies that
this.is the definition of seismic potential. !

6

i

This neglects the possibility that there is uncertainty in whether the source i

is. active at all. The evaluation of the likelihood that a source is active i

h sismogenic) is necessary, because not all sources have a probability of 1.0
that they ,are active. Characterization of source's seismic potential should :

include magnitude, recurrence rate, and probability of activity.

More broadly, there is a general lack of emphasis in this document on the need
to characterize the uncertainty in all inputs to the probabilistic seismic ;

hazard analysis. !

Response:

We agree and the text has been modified as follows: !

" Typically, characterization of the seismic potential consists of four equally
important elements:

1) Selection of a model for the spatial distribution of earthquakes in-
a source.
2) Selection of a model for the temporal distribution of earthquakes in
a source. ;

3) Selection of a model for relative frequency of earthquakes of
various magnitudes including an estimate for the largest earthquake that
could occur in the source under the current tectonic regime.
4) A complete description of the uncertainty."

4. Use of the word " determined (in C. Regulatory Position, Section C.2.2,
page 9, line 32)

COPMENT: The use of the word " determined" in the phrase ..... seismic
potential should be determined... is too strong and unrealistic, given the
lack of precision that can reasonably be expected for this task.

Suggest replacing " determined" with " evaluated".

Response:

The word _" determined" has been replaced with " evaluated" as suggested.

5. . Steps 1 through 5 in PSHA Procedure (in C. Regulatory Position, Section 3,
pages 11 and 12

5
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ColttENT: The ' applicability of each Step to either "CEUS sites" or "CEUS and/or
western USA sites" needs clarification.

Suggest adding the phrase "For any site (CEUS or western USA)," at the
beginning of the text of appropriate steps - such as Steps 1, 4, and 5.

Response:

Step I concerns regional and site investigations.and refers to Appendix D.
Appendix D clearly states that these investigations are to be carried out
regarding all sites, even for those plants that are to be sited at existing
nuclear power plants. The description of Step 2 indicates that these are~for
CEUS sites. Step 4 refers to Appendix B for guidance, which discusses the
procedure in terms of its application to CEUS. Step 5 gives Appendix C as a,

-reference. Appendix C describes how to apply the procedure to CEUS and WUS.

1 6. Use and definition of the ters; "c ntrolling earthquake" (in Appendix A -
Definitions, page A - 1, lines 3 - 7

,

: COPOIENT: Use of this ters-is confusing. It is defined on page A - 1 (for the
probabilistic seismic hazard analysis) as a mean magnitude and. derived from a
de-aggregation analysis of the PSHA.

Within this framework, there may be several controlling earthquakes. In'

Standard Review Plan 2.5.2 (page 2.5.2. - 9) " controlling earthquab" is used
in a different (deterministic) sense (e.g., ".... controlling earthquakes frr
each source..."). The definition of controlling earthquake should be expatided
in Appendix A of DG-1032 to include its usage within both a probabilistic and
deterministic framework.

Response:
|

At'some sites in the CEUS there may be two PSHA controlling earthquakes; a
; nearby event that dominates the potentially damaging ground motion at higher

frequencies,. and a more distance large event that dominates the low frequency'

ground motions (e.g. the Vogtle site).

A deterministic controlling earthquake (or earthquakes) is no longer used in
SRP 2.5.2. Therefore, any reference to controlling earthquakes refers to
those determined by a PSHA.

7. Rock varnish cation ratio age-dating method (in Appendix D, Section
D.2.4.5, page D-11, lines 8,9).

00ftlENT: The text states that rock varnish cation ratio dating is
controversial, and its use is not recommended pending further validation.

The rock varnish cation ratio method may prove to be no more controversial
than many of the other methods discussed in the text. All methods have
uncertainties.. The applicant should employ a variety of age-dating
techniques to corroborate any given age data, and to address uncertainties.

Additional work on cosmogenic dating, pertinent to an independent potential
corroboration of rock varnish ages, is now underway at Los Alamos National
Laboratory.. .It is recommiended that the NRC reconsider the subject statement

6
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on page D-11 in light of the above discussion, when results of the in-progress
work on cosmogenic dating are available.

Response:

During the past few years, most articles in scientific journals, which have .

addressed the rock varnish cation ratio method of dating, indicated that the
use of this method is becoming progressively less acceptable, based on 1

'

theoretical, statistical, and practical considerations. Therefore, we feel
that the statement is appropriate.

PROPOSED REVISION - STANDARD REVIEW PLAN SECTION 2.5.1

1. Areal Extent for Regional Studies and Seismic Source Identification (in 1

II. Acceptance Criteria Section 2.5.1.1, page 2.5.1-7, lines 20-23) j
<

C0f#iENT: This section describes the requirement for an applicant to discuss a
!site's regional geology within a distance of 320 km of the site.

See Comment for DG-1032.

Standard Revi+w Plan Section 2.5.1 (II.. Acceptance Criteria) should be
modified to r.,uire identification of only those seismic sources that may
generate earthquakes which provide strong seismic ground motions at the site.

Response:

See response to Comment 2 on DG-1032 (now called Regulatory Guide 1.165).

PROPOSED REVISION - STANDARD REVIEW PLAN SECTION 2.5.2

1. Areal Extent for Regional Studies and Seismic Source Identification (in I.
Areas of Review, page 2.5.2-2, lines 22, 23)

COMMENT: The statement is made that "all seismic sources that have any part
within 320 km (200 miles) of the site must be identified."

See Comment 2 for DG-1032.

Standard Review Plan Section 2.5.2 should be modified to require
identification only of sources that may contribute significantly to the
seismic hazard et the site.

Response:

See responses to Comment 2 for DG - 1032 (Regulatory Guide 1.165).

2. NRC's " Balanced Approach" and It's Deterministic Component (in II.
Acceptance Criteria, Section 2.5.2.4, page 2.5.2.9, lines 13,14)

C0feiEPT: It would be useful if the NRC provided a flow diagram that clearly
indicated how the PSHA procedure would encompass an independent evaluation.

7
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This would be helpful because it would clearly show where independent
evaluations will be used as input to the PSHA.

Response: ,

As stated in a previous comment response, the requirement for the staff to
perform a deterministic seismic hazard analysis has been eliminated. |

" Balanced approach" refers to: (1) deterministic regional and site geological,
seismological, geophysical, and geotechnical investigations; and (2)
probabilistic seismic hazard analyses.

3. Procedure for Developing Site-Specific Spectral Shapes (in II. Aceeotsace
Criteria, Section 2.5.2.6, pages 2.5.2-11, line 24 through 2.5.2-14, line 10)

t

COMMENT: This procedure does not take proper advantage of the current state of
knowledge in ground motion estimation, and (in general) could be unnecessarily

'contentious and difficult to implement.

Although the primary preferred procedure (No.1) would be the most desirable
approach, data are rarely (if ever) available to permit this procedure to be
properly used. Accordingly, this procedure should be used only in those
instances where data are available.

The second preferred (No. 2) procedure should not be used without specific
additional procedsres for scaling source spectra such as those contained in
the random vibration modeling approaches used in Reference 12 of the cited
references.

,

The third of the preferred procedures, the random vibration ,nethod, should be
emphasized. The random vibration method has been extensively validated
against data during the past 10 years and can now be said to be accepted state
of practice. Moreover, it is simple to apply now for any region of the United
States.

,

Response:

Procedure No. 1, page 2.5.2-12. It is true that data required for this
procedure is rarely available for a specific site, however, the staff is of
the opinion that there is usually data available regarding analogous sites
(similar sized earthquakes, similar subsurface conditions, etc.) within the
worldwide database. If not, greater reliance will have to be placed on one or
more of the other procedures.

Regarding your comment on the second procedure, we agree. The staff's intent
- has always been to use a multi-procedural approach. The results should be

confirmed by performing additional procedures for scaling source spectra such4

as one of those used in Reference 12.
<

The random vibration method, procedure 3, has been validated to a large extent
by data over the past decade, and may be used along with another method or
methods. However, the staff prefers the application of Procedure 1. ;

8 ,
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C- ..ts on Draft Reaulatory Guide DG-1032

'

,

| Draft Regulatory Guide DG-1032 reiterates the provision in Section
100.23(d)(1) of the proposed rule, which states that uncertainties in the Safe <

.

'
i Shutdown Earthquake (SSE) must be addressed through appropriate analysis, such

-

; as a probabilistic seismic hazard analysis or suitable sensitivity analysis..
However, the draft regulatory guide then goes on to state that a probabilistic ;

seismic hazards analysis should ba performed. Additionally, almost all of the j
,

draft regulatory guide is devote ( to the methodology for performing a j

probabilistic seismic hazards analysis, and it contains no discussion at all i

i- of other methods for addressing uncertainties in the SSE, thereby implying !
that other methods are not acceptable. - However, there is no clear statement j
that if a probabilistic analysis is performed no further analysis is necessary j

-

. or if.a suitable sensitivity analysis is perfomed a probabilistic analysis is ,

! not necesiary. -

!Furthermore, the draft regulatory guide states that the probability of
exceeding the SSE should not exceed the median probability of existing plants !

exceeding their SSE's. The draft regulatory guide provides no explanation or-
,

justification for this provision, and none is apparent. .

j_

; Response: i

The staff prefers that an acceptable probabilistic seismic hazard analysis
; such as the LLNL or EPRI be performed, but leaves open the option to perform
: sensitivity studies. In Regulatory Guide 1.165 (formerly DG-1032), Section B.
: Discussion, Bashground, the first paragraph reads "A probabilistic seismic
| hazard analysis (PSHA) has been identified in Section 100.23 as a means to

determine the.SSE and account for uncertainties in the seismological and,
,

geological evaluations. The rule further recognizes that the nature of'

r
i 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 level of understanding of
| the tectonics. Therefore, methods other than probabilistic methods such as ,

! sensitivity analyses may be adequate for some sites to account for
; uncertainties."
1

The type of analysis is left up to the applicant. However, in some cases, if.

an applicant elects to perform a sensitivity study to validate a site, it may
also be necessary to conduct a probabilistic analysis, based on the results of

,

1- the sensitivity analysis. For example, assume that the geological
4 investigations identify paleoseismic evidence for a single large earthquake
j that occurred near the site several thousand years ago, but there is no
j evidence of a similar event within the past hundred thousand years. It might
: be desirable to address that event within the context a probability analysis

to determine what percent of the total hazard that earthquake represents;

; before calculating the SSE.

Operating plants have gone through the licensing process and have been
subjected to the requirements of Appendix A to 10 CFR Part 100. Furthermore,"

in the Commission policy statement on severe accidents in nuclear power plants
issued on August 2,1985 (50FR 32138), the Commission concluded, based on

i

9
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available information, that existing plants pose no undue risk to the public
health and safety. Based on that decision the' staff decided to require that t

'!
new plants base their SSE on the median probability of exceeding the SSE of4

:the more recently licensed operating plants (those designed to Regulatory
Guide 1.60 response spectra or to a similarly consers2tive response spectra).

This recommendation is discussed in the Statement of Considerations (RIN 3150-
AD93), V,B,3, last par $r 'ph, and the procedure itself is described in :

'Appendix B to Regulato.y TJide 1.165. In the referenced Statement of
Considerations paragrapu, the statement is made concerning the staff's review
of applicants' SSE databases: "This review takes into account the information :

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 review further assures that there is consistency .

'

with previous licensing decisions and that the scientific basis for decisions
are clearly understood." |

!
~
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Responses to Comments of NEI Regarding the NRC Siting Documents
,

.

Commer.t No. 3:

Proposed Rule, line 3, 100.23. Section d(l) of this subpart states,
" Determination of the Safe Shutdown Earthquake Ground Motion. The Safe
Shutdown Earthquake Ground Motion for the ;ite 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
determined considering the results of the investigations required by paragraph
(c) of this section. Uncertainties are inherent in such estimates. These ,

uncertainties must be addressed through an appropriate analysis, such as a i

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."

Determination of the SSE is based upon an evaluation that includes !

investigation of geological and seismological information and the results of a
probabilistic seismic hazard analysis. Addressing uncertainties is an !
Inherent part of the process. |

^

Based upon prior licensing decisions ind scientific evaluations (Systematic
Evaluation Program, Appendix A evaluations, LLNL, and EPRI) it seems
reasonable to only perform detailed confirmatory site investigations
(Regulatory Guide 1.132) at existing sites. Standardized 0.3g advanced plant
designs are sufficiently robust to bound the seismic design attributes of all
nuclear power plants at current sites. Inclusion of these simplified .

requirements for existing sites represents a significant step toward
,

predictable and cost-effective licensing. Revise to read (substitution in !

italics): ,

Desired Chance: |

" Determination of the Safe Shutdown Earthquake Ground Motion. The Safe
Shutdown Earthquake Ground Motion for the site is characterized by both4

horizontal spectra and 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
section and the results of a probabilistic seismic hazard analysis.
Seismological and geological uncertainties are inherent in these

,

determinations and are captured by the probabilistic analysis. Suitable
sensitivity analyses nay also be used to evaluate uncertainties. Paragraph IV
(a)(1) of Appendix S to Part 50 of this Chapter defines the minimum Safe
Shutdown Earthquake Ground Motion for design. Based upon prior scientific
findings and licensing decisions at existing nuclear power plant sites east of
the Rocky Mountain Front (east of approximately 105 west lengitude), a 0.3g
Standardized design level is acceptable at these sites given confirmatory
foundation evaluations."(1)DG-1032

Response No. 3:

(1) Determination of the Safe Shutdown Earthquake ground Motion. Your
recommended rewording is another way of saying the same thing, but places less

11
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emphasis on site-specific investigations relative to the PSHA than the current
!wording. We regard the current wording as better reflecting the proper

priorities. Site specific investigations (regional and site geological, !
'

seismological, geophysical, and geotechnical) are of prime importance in
deriving the bases for the SSE. It must not be forgotten that if all of the
data that is needed about a site to determine the SSE could be obtained i

through site-specific investigations, a PSHA would not be necessary. However,
because of uncertainties, at the present time, more reliance must be placed on
PSHA's than may be necessary in the future when more information is available.

Paragraph IV(a)(1) of Appendix S to Part 50. Investigations at most of the
existing sites will more than likely be confirmatory if the initial
investigations were thorough, and there has not been too much time past since
the initial investigations were accomplished and the results raviewed by the
NRC, during which a substantial amount of new information has been developed.
However, jn many cases it may be necessary to carry out more extensive :

investigations than are usually considered as " confirmatory" investigations <

because: (1) the state-of-the-science is rapidly changing as new information
is derived from every earthquake that occurs, and from ongoing research; (2)
applicants may elect not to use the standard design plant and jus?.ify an SSE
different than 0.03g; and (3) it will often be necessary, even for :-tar.dard

idesign sites, to determine a site-specific SSE as the design basis for other,
non-standard design, safety-related structures, systems or components such ar
dams, reservoirs, intake and discharge facilities, etc.' 1

The current wording in the proposed regulation most accurately represents the
NRC staff's position on this issue. |

'

|

Comment No. 4: ;

DG-1032, page 8, line 8. Item 4 states, " Very detailed geological,
j geophysical, and geotechnical engineering investigations should be conducted
|

within the site (radius of approximately 1 Km)....."

The guidance language should include English units c9nsistent with NRC staff
policy.

Desired Chanae:

Revise to read:

'Very detailed geological, geophysical, and geotechnical engineering
investigations should be performed within the site [1 km (0.5 miles)]..."

Response No. 4:

We agree with this comment and the English units have been added.
.

| Comment No. 5:
1
1 DG-1032, pages 7-8, Line 15 on P7 to 10 on P8, Paragraph 3. This Section
| states:
|

| 12
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"1. Regional geological and seismological investigations such as geological
reconnaissances and literature reviews should be conducted within a radius of
320 km (200 miles) of the site to identify seismic sources (seismogenic and
capable tectonic sources)." :

2. Geological, seismological and geophysical investigations should be carried i

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...

.

3. Detailed geological, seismological geophysical and geotechnical
investigations should be conducted within 8 km '5 miles) of the sites as
appropriate...

4. Very detailed geological, geophysical, and geotechnical engineering
'

,

investigat, ions should be conducted within the site (radius of approximately 1
,

km) to assess specific soil and rock characteristics..."

The requirements to perform investigations within 320 Km (200 miles) around a
site is exce> ive and not generally needed to determine the seismic sources
that could cu %ute to the seismic hazard at a site. The seismic hazard at
a site in the Lencral and Eastern U.S. (EUS) is dominated by earthquakes that,

occur at distances less than 100 km in most cases. Nonetheless, seismic
sources beyond 100 km are considered in the PSHA if appropriate (e.g., !

incorporation of the New Madrid seismic zone). |
|

Since the EPRI and LLNL seismic sources are accepted (with confirmation) as I
Ithe basis for determining the seismic hazard at potential sites in the EUS,

the potential contributions of all sources will be known. In the WUS, the
,

very high rate of attenuation of ground motion precludes seismic sources )
beyond 150 Km contributing to the seismic hazard at a site. |

.

The IAEA Safety Guide No. 50-SG-S1 (Rev. 1), " Earthquakes and Associated
Topics in Relation to Nuclear Power Plant Siting,1991" provides the
justification for the proposed revisions regarding the distances , i. e, 320

.Km to 200 Km and 40 Km to 25 Km.
,

1

Desired Chanae:

Revise Paragraph I to read:

... reviews should be conducted within a radius of 200 Km (125 miles) of the"
,

site to identify seismic sources..."

Revise Paragraph 2 to read:

... carried out within a radius of 25 km (15 miles)...""

Note: This comment also applies to DG-1032, Appendix D, page D-4, line 28;
SRP 2.5.2, Page 2.5.2.-5, line 17 and Page 2.5.2.-6, line 17. A.

Response No. 5:
;

Paragraph 1. The 320 km (200 mi) radius was established by the authors of
Appendix A to 10 CFR Part 100 and we see no compelling reason to change that

13
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distance atLthis time. The reason for this distance in the CEUS is not only
to provide a broad enough area to allow for the identification of seismic
sources _ close enough to affect the site, but also to allow for the .

incorporation of more earthquake data, which is diagnostic of seismic sources, !

into the analysis. It also-allows the incorporation of a greater amount of |
technical information concerning previously identified, more distant potential |

seismic sources that could be analogous to sources near to, or underlying the !
site. i

e

In past licensing activities in the CEUS it has of%n been necessary to I
estimate the age of a potential capable fault by relating its time of last j

activity to that of a previously evaluated structure, or a known tectonic !

episode, the evidence of which may be many tens or hundreds of miles from a
site. The converse has also occurred when it became necessary to relate the
age of last activity of a distant significant regional source to one ;

'
investigated in detail near a site.

Because the CEUS is relatively aseismic and earthquake sources are undefined,
we believe the area should be as broad as reasonable to expand the database. j

This database _ includes regional data such as historic and instrumentally i

recorded seismicity, paleaseismic evidence, geological evidence, and !

geophysical anomalies that could be used to identify or interpret potential ,

seismic sources.

In most cases the types of investigations necessary within the 200 :ile radius ]
'will not be extensive, but consist of a literature search, and the tudy of

existing maps, subsurface data, remote sensing data, and geophysical data,
with some ground truth reconnaissances. ;

In the western U.S. (WUS) it is also often necessary to extend the !
investigations to great distances (up to hundreds of kilometers) to !
characterize a major tectonic structure, such as the San Gregorio-Hosgri Fault j

-

Zone, the Juan de Fuca Subouction Zone, etc. On the other hand, in the WUS, |
it is not usually necessary to extend the regional investigations that far in :

all directions. For example, for a site such as Diablo Canyon, which is near !

the San Gregorio-Hosgri Fault Zone, it would not be necessary to extend the !

regional investigations to the east beyond the dominant San Andreas Fault, !

which is about 75 km (45 mi) from the site; nor to the west beyond the Santa |
;

: Lucia Banks Fault, which is about 45 km (27 mi) from the site. In other !

[ words, in the WUS it is often possible to specifically define and justify |
' closer in (less than 200 mi) limits of regional investigations and focus i

'

investigations at greater distances (greater than 200 mi) because the major4

sources are more often known than in the CEUS.
* Paragraph 2. The purpose of the 25 mile (40 km) radius is to ensure that an

investigation of sufficient detail will be carried out to demonstrate that i*

there is no potential significant seismic source within the near field of the i
site, or to provide sufficient information to characterize the hazard of such j
a source if it exists. The near field is considered to be within about 17 km, .

however, it is prudent to extend the area of investigations at this level of !
!detail beyond that limit due to the difficulty of defining seismic sources in

the CEUS. Detailed investigations within this area will most likely be !
asymmetric and focussed on limited locations that were identified during the i

regional investigations. |
l
i
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1Comment No. 6:
|

DG-1032, Page 13, line 23, Item 4. Last paragraph of item 4 states, 'To ;
obtain an adequate design SSE based on the site specific response spectrum or j
spectra, develop a smooth spectrum or spectra...." j1

As currently stated, this item confuses the desigia SSE (established by the
certified design of the given ALWR) with the site-specific SSE response
spectra associated with ensuring a certified design can be placed on that i

site. .

i

The design SSE is established by the DG-1032 process. Part 100 addresses the I

determination of the site-specific SSE response spectrum that should be :

emphasized by the design. j

Desired Chance:
'

Revise to' read:
1

"To obtain an adequate comparison of the site-specific SSE response spectrum
or spectra with the ground motion spectra used for design, develop...."

Response No. 6:

The paragraph has been revised to address the concern.i

Comment No. 7:
|DG-1032, Page 10, lines 1 and 21, Sections.2.2.1 & 2.2.2.1. Section 2.E.1

states, "For sites located in the EUS, the seismic sources and data that have i
,

been accepted by the NRC staff in past licensing decisions may be used to !-

estimate seismic potential."
|

Section 2.2.2.1 states, "For sites located in the CEUS, the seismic sources i
and data that have been accepted by the NRC staff in past licensing decisions I

may be used to estimate seismic potential."
The actual meaning or value of these statements are not clear in the context
of a PSHA and in particular regarding the use of the EPRI and LLNL seismic,

'hazard methodologies. The text should also refer to seismic sources and data
used in the LLNL and EPRI seismic hazard studies. Given that past licensing
decisions have been made on the basis of deterministic assessments, there is
clear method for considering that information.

It would be useful to an applicant if the NRC staff could provide in KpjRiiiHA

kI5Y N 555 M N h$ yss @ p @gypil(i g% M l.pyisiU361the "NRC accepted" ph M|Ti
g s! M Jjteg gassoch @ ;3c igat@gua)esfrompast1icensing
Becisions.

Desired Chanae:

Revise Section 2.2.1 and/or 2.2.2.1 to read:

"For sites located in the EUS and CEUS the seismic sources and data that have
been accepted by the NRC staff in @,past licensing decisions @fn]M

;

15
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'

Response No. Jt
,

Because we tre recommending that the LLNL and EPRI PSHA's be used, it is
understood that the seismic sources that form the bases of these analyses will i

'

be considered. However, the wording has been changed to make the intent of
the statement more clear as follows: "For sites located in the CEUS, when the
EPRI and LLNL PSHA methodologies are used to determine the SSE, it still may -

be necessary to investigate and characterize potential seismic sources that
were previously unknown or uncharacterized, and perform sensitivity analyses
to assess their significance to the seismic hazard estimate. The results of '

investigations discussed in Regulatory Position 1 are to be used, in
accordance with Appendix E, to determine whether updating of the LLNL or EPRI i
seismic sources and their characterization is needed. The guidance in 2.2 and

'

2.3 below~and Appendix D of this guide may be used if additional seismic i

sources are to be developed as a result of investigations." !

Since the dual deterministic and probabilistic method described in former DG
1015 was abandoned, the intent of Regulatory Guide 1.165 (formerly DG 1032 and
before that DG 1015) has been to describe acceptable deterministic
investigation procedures and probabilistic seismic hazard methodologies; but;'
not deterministic seismic hazard methodologies. Because your comment is in
regard to a deterministic seismic hazard analysis, its resolution more
appropriately belongs in SRP 2.5.2. Therefore, a table, Table 1, which is a
very general presentation based on technical information developed over the i

past two decades of licensing nuclear power r,lants, has been added to
Subsection 2.5.2.4, for use by the NRC staff in reviewing the results of the

'

applicants' PSHA. r

Comment No. 8:
.

DG-1032, Page 10, lines 12-14, Sect 2.2.1. This Section states, "These
seismic sources and their parameters should be used to judge the adequacy of
seismic sources and parameters used in the LLNL or EPRI PSHA." -

i

It is technically inappropriate to establish the seismic sources developed as.

ipart of past licensing decisions as a criterion for acceptance of the LLNL and
EPRI seismic source characterizations. The determination of seismic sources
used in past licensing decisions was made in the context of a deterministic !

analysis. Consequently, there is no practical way to use these seismic sources
and their parameters developed in past licensing decisions as a measure of the ;

~

adcquacy of a probabilistic assessment that considers the uncertainty in the ;
'

seismic source characterization.

Section 2.2.1 is an apparent attempt to apply a deterministic acceptance
criterion (i.e., measure of adequacy) to the PSHA seismic source'

characterization. :

!
'

Desired Chanae:
.

Delete this entire section. |

16 |
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Response No. 8:

Section 2.21 has been modified as described in the responses to Comments 6 and !
7, but the section has been left in. The significance of these modifications ,

is that the staff is no longer required to perform a deterministic check of |

the applicants' PSHA, which appears to be the objection to the section. i

Among the criteria with which the staff will judge the adequacy of the PSHA- :

determined SSE are: (1) the results of the applicants' deterministic regional !

and site investigations and other available technical information, (2) the
results of its own independent PSHA, and (3) comparison with Table 1 in SRP
2.5.2, which is based to a large extent on consideration of historic
seismicity.

!Comment No. 9:

DG-1032, P, age 2, lines 1-5, Sect A. The text states, "In the proposed ;

section 100.23, paragraph (d)(1)...would require 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."

The proposed revision makes the draft regulatory guide (DG-1032) consistent
with the proposed rule Section 100.23.

See also the rationale provided in Comment Number 3 above. ;.

1

Desired Chanae:

Revise to read:
;

"In the proposed section 100.23, paragraph (d)(1), determination of the safe
'

shutdown earthquake ground motion for the site is based upon the
investigations required by paragraph (C) of this section and the results of
the probabilistic seismic hazard analysis. Seismological and geological ,

uncertainties are inherent in these evaluations and are captured by the '

probabilistic analysis."
!Response No. 9:

i See Response No. 3. Section 100.23, paragraph (d)(1) was not modified in the
regulation, so there is no need to alter the present wording for consistency. ;

Comment No. 10:

DG-1032, page 3, line 5, Sect B. The text states, "A probabilistic seismic
hazard analysis (PSHA) has been identified in the proposed Section 100.23 as
one of the means to address uncertainties in estimates of the SSE."

The proposed revision makes the draft regulatory guide (DG-1032) consistent
with the proposed rule s 100.23. Also see the rationale provided in Comment
Number 3 above. Revise to read:

'

17
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Response No. 10:

The text has been changed to include the recommended wording as follows: "A ,

probabilistic seismic hazard analysis (PSHA) has been identified in Section
100.23 as a means to determine the SSE and account for uncertainties in the
seismological and geological evaluations."

i

Comment No A

DG-3032, rage 3, line 16, Sect B. The text states, "... incorporate

uncertainty in the..."
'

The proposed revision is more accurate and consistent. ,

Desired Chanae:

Revise to read:
:4

... incorporate uncertainty (i.e., alternative scientific interpretations) in"

'
the ...."

Response No. 11:-

We agree that the suggested revision says it better, and has been adopted in
the following manner: "(including alternative scientific interpretations).

Comment No. 12: ,

DG-1032, page 4, line 16, Sect B. The text states, "The process to determine
the SSE at a site should include:"

The proposed revision makes the draft regulatory guide (DG-1032) consistent ,

'

with the proposed rule s 100.23. It is understood that regional
investigations are not needed at existing sites.

Desired Chanae:
,

Revise to read:

"The process to determine the SSE at a site in general include:

Response No. 12:

The phrase "in general" has been inserted to replace "should" in this
statement as recommended, however, it will in most cases, be necessary to
conduct regional investigations at existing sites. The scope of these'

regional studies will vary from site to site, however.

|
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Comment No. 13:

DG-1032, page 5, lines 5-9, Sect B. The text states, "Thus, there is greater
uncertainty in making judgments about the CEUS than there is for active plate
margin regions, and it is important to account for this uncertainty by the use
of multiple alternative models."

)lili"siiife~ece "sG6s14~WdilatiFb'e&IsieTCis~ffE317to~6E' Faco ~FriEt~iistW
~

probabilistically and deterstatstically.;,1Yobabf11stic analyses have shoisi

'erformed forIan existing WS site 11t' is likely that the o[uR'analys$9tes>1_s
.thatfthe ancertaisty'at 2a 'given probab111ty4(say 193andian)cfor WS

^

comparable or: larger than that' found for EDS sitesJ' If ~a is were >

p nceitainty would?fs~t
exceed that,shown for a typicsl EUS s'ite;' Furthensore, it would be rudent:to
; exercise 1the RE:eethodologyzat a WS $1te*to' confirm the'~~~~~~~~~~~p~~~^~~~'~~
adequacy /smitabilit
Deterministically' y'ef the probabilistic' approach' for WSTfteD, therejspeat;encertainty'concerning bited fault's"a~~nd
'ubductilpvzone fourcess In additi5n',~ Tot only~is~thd~'pr525Tfhighli~~^'~^s
^~6 birt 31n fo'r~the'WUS[^ 6ut it has yet to be demonstrated at a hypothetical EUSu
site.

Desired Chanae:

Delete this statement.

Response No. 13:

We agree with the comment and have deleted the statement. The last phrase has
been made into a sentence that reads " Therefere, it is important to account
for this uncertainty by the use of multiple alternative models." |

Comment No. 14:

DG-1032, page 10, line 12, Sect B. The text states, "These seismic sources
and their parameters should be used to judge the adequacy of the seismic

|sources and parameters used in the LLNL or EPRI PSHA."
|
1

Considering the recommended changes in Comment 8, this statement becomes
'

meaningless. Hence, it is proposed to delete it.

Desired Chance:
i

Delete this statement.

Resoonse No. 14:

This part of the Regulatory Guide has been rewritten and the statement
referenced in the comment has been deleted from the document.

Comment No. 15:

DG-1032, page 11, line 31, Sect 3. The text states, "The PSHA should only be
updated if it will lead to higher hazard estimates."

19
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More balance and discipline is needed in the process that determines if, & |

when, the PSHA should be updated to reflect new data than is indicated by ti.. l
statement. The PSHA should not be updated solely based on new hazard data, |

rather based on sound technical basis. j

Desired Chanae:

Revise to read: "The PSHA should only be updated if there is a strong .
technical basis supporting the validity of the new data."

Response No. 15:
1
'

The statement has been revised to: "The PSHA should only be updated if the
new informatica indicates that the current version significantly under
estimates the hazard and there is a strong technical basis that supports such j

a revision. It may be possible to justify a lower hazard estimate with an
exceptionally strong technical basis. However, it is expected that large I

uncertainties in estimating seismic hazard in the CEUS will continue to exist 4

in the future, and substantial delays in the licensing process will result in ;

trying to aodress them with respect to a specific site. For these reasons the |

staff discourages efforts to justify a lower hazard estimate. In most cases, I

limited-scope sensitivity studies should be sufficient to demonstrate that the |

existing data base in the PSHA envelopes the findings from site-specific |

investigations. In general, significant revisions to the LLNL and EPRI data |
base are to be undertaken only periodically (every ten years), or when there i

is an important new finding or occurrence. An overall revision of the data
base also require a reexamination of the reference prcbability discussed in
Appendix B and used in Step 4 below. Any significant update should fol'ow the
guidance of Reference 9.

1

Comment No. 16:

DG-1032, App A, page A-1, line 3, para 1. The text states, "In the ,

probabilistic seismic..."

The procedure to determine probabilistic controlling earthquakes is described
in detail and is clearly reproducible. On the other hand, deterministic
controlling earthquakes are implied (see regulatory Position 4, par (1) cf DG-
1032), yet there is no parallel definition for the deterministic controlling
carthquake. There is a need to clearly define how the staff will determine
deterministic earthquakes; also the proposed process should be reproducible.

Desired Chance:

Revise to read:

'As a result of the probabilistic seismic..."

Response No. 16:

There is noThe suggested wording has been incorporated into the definition.
longer a need to define a deterministic controlling earthquake or describe theThe staff is not required
process for determining its magnitude and distance.

20
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to perform an independent deterministic seismic hazard analysis (see the ,

response to Comment 8).

EDEPent No. 17:

DG-1032, App A, page A-1, line 19, para 5. Safe Shutdown Earthouake Ground
Motion is defined as "the vibratory ground motion for which certain
structures, systems and components would be designed ...to remain functional."

|

The ground motion should be noted to be in the free-field.

Desired Chanae:

Revise to read:
!"The safe shutdown earthquake ground motion is the free-field vibratory..."
1

Response No. 17: '

We agree. The term " free-field" has been inserted into the sentence.
,

i

Comment No. 18:

DG-1032, App A, page A-2, lines 26-29, para 6. Seismoaenic Source is defined
as "a portion of the earth that has uniform earthquake potenti:1.(same
expected maximum earthquake and frequency of recurrence) distinct from other
regions..."

" Earthquake potential "can have a misleading connotation. The proposed change
suggests a more precise definition.

Desired Chance:

Revise to read:

"A "seismogenic source" is a portion of the earth that has isissid uniform
seismicityJsame recurrence h@{df) distinct from iGiii@)mij:lt/Mt@
S M 3891!3si~0h8

"

Response N,_.J1;

The sentence has been partially revised to read: "A "seismogenic source" is a
portion of the earth that we assume has uniform earthquake potential (same
expected maximum earthquake and recurrence frequency) distinct from the
seismicity of the surroinding regions."

[2mment No. 19:

DG-1032, App B, page B-2, line 18, Sect B.3.2. The text states, "Using an
accepted methodology,
cal cul ate . . . "

,

|

4

|
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The proposed revision should offer applicants the flexibility to use different
methodologies, as long as they can be demonstrated to meet the intent of the
regulatory guidance.

Desired Chanae:

Revise to read:

"Using LLNL, EPRI, or a comparable nethodology, calcu1 ate.....".

Response No. 19:

The phrase has been revised to read "Using LLNL, EPRI, or a comparable
methodology that is acceptable to the NRC staff, calculate "

Comment No. 20:

DG-1032, App B, page 2, line 24, Sect B.3.2. The text states, " Calculate the
median composite annual probability...".

The word " median" is deleted to be consistent with line 26 of DG-1032, .

Appendix B, page 2. Also it is prudent to de-emphasize the use of the word
median. There is sufficient explanation to show that the composite
prc'3bility is based upon medians.

Desired Chanae:

Delete the word " median

Response No. 20:

The term " median" has been deleted.

Comment No. 21:
"

'

DG-1032, App C, page 1, line 16, Sect C.I. The text states, "A site .;;cific

response spectrum shape is determined..."

Rationale for not determining a site-specific spectrum:
If an ALWR is to be placed at an existing site, then the standardized ALWR '

spectrum is good enough and no further work should be required.

Desired Chanae:

Revise to read:

"A site specific response spectrum may be determined...".

Response No. 21: ;

A site specific response spectrum should be determined, even when a standard
design plant is to be placed on a site, for the purposes of: (1) comparing it
with the standardized ALWR spectrum, and (2) developing the seismic design

22
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basis for other, nonstandardized safety related structures, systems and I

components.

i

C- ..t No. 22:
.

DG-1032, App C, page 1, line 20, Sect C.E. The text states, " Procedure to :

determine controlling earthquakes.." )
J

The procedure provided in this section is inconsistent with the example given. |
In particular, the de-aggregation described in step 1 -(page C-2) cannot take |

place before the de-aggregation ground motion level is determined, which is i:

step 2. ;
,

Desired Chanae:

The example needs further clarification. .

|
Eggonse No. 22:

i

Steps 1 and 2 have been rewritt-n to clarify the procedure. .

} Comment No. 23: |

'

DG-1032, App C, page 2, line 23, Sect C.2. The text states, " Steps 3 to 5
describe the procedure to develop the seismic hazard information base for each
ground motion level determined in Step 2. This information base will consist

; of: .

'

* Fractional contribution of each magnitude-distance pair to the total median-

seismic hazard.
* Magnitudes and distances of the controlling earthquakes. !.

' *The ground motion levels for the spectral accelerations at 1, 2.5, 5, and 10 .

'
; Hz defined in Step 2.

*The average of the ground motion levels listed above at the 1 and 2.5 Hz, S..'

,.., and 5 and 10 Hz, S.3., spectral accelerations corresponding to the |

reference probability." i
This explanation can be simplified, as indicated in the proposed change. !

: Desired Chanae:

Delete this whole paragraph. Replace it with Step 3 as follows:

*e m ig

f - 5YY Y
.

Response No. 23:

As recommended, the referenced paragraph has been removed. The following
1.tatement has been labeled as Sten 3 " Perform a complete probabilistic ;

seismic hazard analysis for each of the magnitude-distance bins described in
Table C.3." ;

;

,

23 .
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Comment No. 24 ,

DG-1032, App C, page 3, lines 13-14, Sect C.2. The text states, " Sten 3

' sing the de-aggregated median hazard results from Step 1, at the graand.,

motion levels obta...ed from Step 2 alculate the fractional contribution to
the total median hazani of earthquakes in a selected set of maraitude and
distance bira... The median annual probability of exceeding the ground motion
levels calculated in Step 1 for eacn magnitude and distance bin and ground
motion measure is denoted ny H.,.'

The proposed revision, in conjunctio., with the changed recommended in Comment
23, makes the process sequentially correct.

.

Desired Char.ae-

Revise to rehd:
.

.g g
Usingthede-aggregatedmedianhazardresultsfromStep{,attheground ,

motion levels obtained from Step 2 chiculate the tractional contribution to i

the total median hazard of earthquakes in a selected set cf magnitude and
distance bins... 'he median annual probability of exceeding the ground motion

motion measure is denoted by H.,. Q"
gnitu *o and distance bin and groundlevels calculated in step i for each ma

Resoonse No. 24:

The sequence is correct by changing Step I to Step 3 in e e first line of step
4. The suggested modification has been made.

Comment No. 25:

DG-1032, App C, pages 4-5, lines 3 & 17 on Pages 4, 5, and 6, Sect. C. The
text provides steps 4, 5, and 5 on pages 4 and 5 .

Steps 4, 5, and 6 are unnecessary for the rock sites. The besis for the
proposed revision is recent knowleoge gained concarning attenuation of ground

,

notion in the EUS. Distant sources are only an issue at soil sites where
} amplification at low frrquencies can be significant.

I Desired Chance;

Delete steps 4, 5, and 6 for the rock sites.

Resoonse No. 25: j

We do not-agree with the recommended deletion.

Comment'No. 26: j

C, pag 3s 7 8 Tables C.3 & C.4. IfisiiifdI6Khelpful to an
i,3-1032, App,siin_gjei41$6,ti,s,All,Ri1%EsfifdIFalisiff6(inachitsinsend!b,iteh], I

a 1ieantde ff!sc
[ @ j (thg @ stal h @ p[N @ @ it @

,

--

24

:-



. .

+

)

Desired Chance:

Devel.9p ttble suggested.

,Resoonse No. 26: !

'Tables C.4-C.7, which show the hazard values corresponding to the ground
motion levels defined in step 2 for the spectral acceleration at 1, 2.5, 5,- i

and 10 Hz, have been added. ;

i

) Comment No. 27: ;

DG-1032, App D, page 8, line 26, Sect. D.2.3.2.1. This item states,"......and i

provide assurance that there are no significant sources of earthquakes within !,

the site vicinity." |

Although it is certainly-an objective to demonstrate '. hat there are no i

significant seismic sources within the site vicinity, the use of seismographic <

irecords during a period from site selection to finalization of staff review
i for combined license.is not sufficient time to base conc 1 rions on the results |

of such records. !

Desired Chanae:'

Delete this Statement.

Response No. 27:

Your comment is correct. The statement gives more weight to seismic
3

monitoring in accomplishing this objective than is warranted. Instead of<

deleting the statement we have reworded it to place seismic monitoring in its
F proper p',rspective as follows: "The datc Obtained by monitoring current

seismicity will be used, along with the much larger data base acquired from
i site investigations, to evaluate site response and to provide information
i about whether il ere are significant sources of earthquakes within the site

vicinity, or to provide data by which an existing source can be
;

i characterized."

Comment No. 28:

DG-1032, App D, page 1, line 1, Sect. D. Industry recormended changes to the-

distance arsociated with various regional and site studies are defined in
earlier c':ments on the main body of DG-1032. See Comment Number 5.

:

Desired Chanoe: |

As stated in Comment Number E

Response No. 28:' j

Based on the reasons described in our response to Comment Number 5, we haven't
modified the distances specified for regional and site investigations.
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Comment No. 79:

DG-1032, App D, page 8, lines 20-33, Sect D.3.2.2. For sites in the CEUS, a
single large dynamic range, broad-band seismograph may be adequate. For sites
in the Western United States, a network of at least five such seismographs
wou?d be deployed within 25 km (15 mi.) surrounding the site.

The primary purposes of seismic monitoring are to obtain data from distant
earthquakes, to detemine site response, and provide assurance that there are
no significant sources of earthquakes within the site vicinity. For sites in
the Western United States seismic monitoring'could help locate any ongoing
seismicity that may indicate capable faulting within the site vicinity.

. Monitoring should be initiated up to five years prior to construction of a
nuclear unit at a site and should continue for at least five years foilewing
initiation of plant operation.

.

.NNi-

Desired Chanae:
,

i

Revise to read:
"For sites in the Western United States, a net. ark of at least five such

jeplo 15 mi.)_surroundin the site.A S W **yed within 25 WS$0.
seismop hs would be

SXWT
~

"Y s.,.

~(toprovi@ dea @ssuranc_ei
The pr mary purpose of _sei cN Ok D llegu

t there are no significant sources of.

it ngmon1

earthquakes within the site vicinity. For sites in the Western United States
seismic monitoring could help locate any ongoing seismicity that may indicate
capable,faultingwithinthesitevicinity. Monitoring should be initiated H
gggggliticabjg at a site."
Response No. 29:.

Relying on existing seismographs is not enough, unless one of these happens to
be located at t % site. Instrumentation is particularly important if water is
to be impounded in a reservoir at the site. An effort should be made by an
applicant to monitor seismicity at least five years be" ore construction.

Subsection D.2.3.2.2 has been revised in the following manner; " Seismic
monitoring in t~ne site area should be established as soon as possible after' site selection. For sites in both the CEUS and WUS, a single large dynamic
range, broad-band seismograph, and a network of short period instruments to
locat events should be deployed around the site area.

The data obtained by monitoring current sei -icity will be used, along with
- the much larger data base acquired from site investigations, to evaluate site
responso and to provide infomation about whether there are significant
sources of earthquakes within the site vicinity, or to provide data by which
an existing source can be characterized.

Monitoring should be initiated as soon as practicable at the site, preferably
-at least five years prior to construction of a truclear unit at a site and
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should continue at least until the free field seismic monitoring strong ground
motion instrumentation described in Regulatory Guide 1.12 is operational."

Comment No. 30:

Sect E.1;dehorently:J@litTiiig'"'sf~' Hie ^1iisif
i

$ th,page ,1,_ lines 1-22
DG-1032 ) E,

s''lW AestabiltriogViliii"~~ ~

e setselclesifiE8'
process.; :The oference lity is based apos v wits abtatand

,4 appilcation of' tilEcleethodelegy 'at:^a1U GS : site' '; #s
ahe4efteenceErebability-te~an analysis,thatkiciacenst$tiEf
f|or'tteFreferseco prehabilttyls',inconsistoet!with the use of
Ittlesb1berefeme,'all searce menes, attensation models, /diil

.

.

. 1menitades>should be frozen 'antil they are agata deterstand 4df
L $aismicity. tsishould te'apdated based spen ~eseref

'~

s

ifM 'is casemanne ,within the~~~~
inc,$edent gart$) quake catel

.,

$eptificitenemnity
'

top walfdsty'of,the eew data >shouldstEe~"%ifii

herapdate6~~)tf the new data only nas an tapacttee-the site:betag evateated'
c

(source asses thee a ese reference probability osed not be' calculated. fif
the iteu data has 'a petaatial tapact ea'all sites (now attenuation model) tME
the"taisste: hazard at^all Table 3.1''sttes needs toe R alk:ulated using the'~
MMeRelt. les. ande1LandJ aew 1 reference,probabp d|',g,3ulated.7 ~

Desired Chanae:

This discussion should be modified to include the admonition that input
parameters are only subject to change after thorough review and consensus !
within the scientific community. !

|Response No. 30:

|

We agree that it should be revised if there is a strong technical basis |
supporting it. The new data will certainly be made available to the I

scientific community for its opinions. However, obtaining consensus of
opinion from the scientific community is usually a very lengthy and tedious
process and a decision will more than likely be needed before a consensus is
reached (a consensus is not likely anyway). We will rely on discussions with
knowledgeable scientists, the applicant and its consultants, the expertise of'

the staff and its consultants in evaluating the new technical information, and
advice from the US Geological Survey in deciding whether the technical bases
are strong enough to warrant a modification of the PSHA.i

Beginning on line 19 of page E-1, the text has been modified to read: "If new
information identified by the site specific investigations would result in a
significant increase in the hazard estimate for a site, and this new
information is validated by a strong technical basis, the PSHA may have to be
modified to incorporate the new technical informatiun.

'n general, major recomputations of the LLNL and EPRI data base are planned to
Lne undertaken periodically (approximately every ten years), or when there is
an important new finding or occurrence that has, based on sensitivity studies,
resulted in a significant change in the huard estimate."

27

,



. .

-

Comment No,.31:

DG-1032, App F, page 1, line 28, Sect F.2. The text states, "...the following :

three possible situations...."
.

The proposed revision provides consistency throughout DG-1032.
,

Desired Chanae:

Revise to read:
...the following acceptable situations....""

,

Resoonse No. 31:

We see no reason to revise this statement.

Comment No. 32: i

DG-1032, App F, page 2, line 4, Sect F.2. The text states, ".... site specific
spectra."

'

The proposed addition provides consistency and coherency.

Desired Chanae:
Revise to add the following sentence at the end of the statement.
"In this case a site specific SSE is determined."

Response No. 32:

We see no reason to revise this statement.

Comment No. 33:

DG-1032, page 4, line 16, Sect B. The text states, "...that site should
include:"
This proposed revision provides consistency.

Desired Chanae:

Revise to read:...at a site in general include:"

- Response Ho. 33:

As suggested, "in general" has been inserted to replace "should" in this
statement.

Comment No. 34:

DG-1032, App D, page 8, line 32, Item D.2.3.2.2. This item states,"....and
should continue for at least five years following initiation of the plant
operation."

The staff assessment of information on which to base a final conclusion of
site suitability would have been completed before major plant construction is
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advanced and certainly before the start of plant operation. Furthermore, the )
free field seismic monitoring instrumentation required by DG-1034 would be
operational by the time of plant operation. |

Desired Chance:
1

Delete the last phrase in this statement.- |
f

Response No. 34: ;

The last phrase has been deleted and replaced with "until the free field
seismic monitoring strong ground motion instrumentation described in
Regulatory Guide 1.12 is operational."

- Comment No. 53:

j SRP 2.5.1, page 12, lines 8-9, Item IV. This item states, 'The evaluation-
determinations are made by the staff after the early site, construction~

j oemit, or operating license reviews. A similar conclusion...."
,

'In the first sentence, it is unclear whether the phrase evaluation,

i 'detersfnations refers to . If separate staff reviews are performed at
construction permit and operating license stages, the staff evaluatian based"

,

upon inspection of excavations would be performed during construction and j,

orior to the operating license review, not after it. The phrase sisf7ar ;

j conclusion at line 9 is unclear in as much as a clear description of a :
,

conclusion does not precede this sentence. |

Desired Chances:

| These statements need chrify that a final staff determination is essential to !

: eDablish a regulatory position on site suitability and relieve the i

i applicant's exposure to regulatory uncertainty. The timely documentation of !

i the staff's final conclusions after their inspection of site excavation for a |

combined license should be stressed. !'

: I
Response No. 53: j'

i 1

'

j Evaluation _ determinations refer to decisions by the staff regarding the
i geological and seismological suitability of the site. The subject paragraph

has been revised to read: "The evaluation determinations with respect to the'

j geological and seismological suitability of the site are made by the staff
after the early site and construction permit reviews, and during the operating

,

license reviews. A conclusion regarding an Operating License will include an'

c evaluation of the excavations for Category I structures. A conclusion
renrding the geological and seismological suitability of a site following a
combined license review will. be made when the applicant has committed to-4

mapping excavations for Category 1 facilities and notifying the staff cf their
availability for examination. The staff will conduct this examination at the;

appropriate time after licensing to confirm that there are no previously
"unknom features, such as potentially active faults, evidence for strong4

ground motions such as late Quaternary seismically induced paleoliquefaction.
features, unsuitable soil zones, or cavities in the excavations.",

4
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Comment No 54:

SRP 2.5.2,_All pages, lines 7-23 of Pages 8-9, Sect 2.5.2.4. General Comment:
This SRP is the staff basis for a deterministic evaluation of controlling
earthquakes. It is unclear how the cource zone model based upon seismology
and geology is to be used, e.g., controlling earthquakes based upon the

_ probabilistic analysis or controlling earthquakes based upon a staff
deterministic evaluation. Historically, determination of controlling
earthquakes using deteministic methods has been extremely controversial.
Also, the basis for determining the controlling earthquake is interpretive and
non-quantitative.

- ~ ~ ~
More ificall Section 2.5.2.4 state "

2 e-

~ mm
1

fwillperoraani epe nt"4 es
eva ort o e ear qua po al associated with each seismic source
that_could affect the site. The staff will evaluate the applicant's
controlling earthquakes based on historical and paleo-seismicity. In this
evaluation, the controlling earthquakes for each source are at least as large
as the maximum historic earthquake. The staff will review the controlling
earthquakes and associated ground motions at the site derived from the
applicant's probabilistic hazard analysis to be sure that they are either
consistent with the controlling earthquakes / ground motions used in licensing
of (a) other licensed facilities at the site, (b) nearby plants or (C) plants
licensed in similar seismogenic regions, or the reasons they are not
consistent are understood."

This paragraph describes the independent review the staff will conduct with
respect to the seismic sources that are used in the PSHA and SSE
determination. The review will look at the controlling earthquake for each
seismic source, yet once the controlling earthquake for each seismic sourcl is
reviewed, it is not clear how this section will be used. The DG-1032 process
does not require, nor should it require, an applicant to determine a
controlling earthquake for individual seismic sources.

The controlling earthquake for each seismic source will be compared to the
; maximum historical event to see if it is at least as large. This acceptance
: criterion for the source specific controlling earthquake is inappropriate,
i because it is a criterion that has no relationship to the probabilistic
; assessment and the manner in wh*ch the controlling earthquake is determined.
i Furthermore, it is an unnecessary conservatism that as a matter of routine NRC

staff practice should not be added to the seismic siting process.

This paragraph concludes by saying that the controlling earthquake and the SSE
determined from the PSHA will be compared to the SSE and controlling
earthquakes for units that have already been licensed at or near the site
being considered. The reasons for any inconsistencies will be considered. It
is important to recognize, if the SSE were to be evaluated using the procedure
described in DG-1032 at each existing plant site, a comparison would conclude
that at approximately one-third of the sites the existing SSEs are higher than
the value determined using the proposed procedure. This is inherent to the
process.

30



_. -. _ _ _ _ _ __ _ _ __ _ _ -__ _ _ ._ _ ___ __

. *

!
~

i

The-above being the case, the reason for comparison and the action that might i

be taken by the staff (e.g., reject the DG-1032 result) is not clear. .The net !

result of this paragraph is open ended flexibility in the NRC staff review !
with'a process that is foreign to the PSHA approach recommend in DG-1032.

Conversely, the SRP provides no guidance relative to reviewing the PSHA !

performed by the applicant in order to assess its adequacy. !
i

Desired Chanae: h

Suggest clarification of this Section such that the review process can be
efficient and reproducible. For example, (1) when NRC staff perfoms an ;

independent evaluation of the earthquake potential associated with each - ;

'' seismic source, it is not clear if these are the probabilistic sources or the j
sources based upon the model, (2) can the staff provide examples or :

description of how this evaluation is performed, and (3) can the staff define i

what a deterministic controlling earthquake.is and how it is detemined. |

I:Resnonse No. 54:
l

The following text now comprises-Subsection 2.5.2.4:

For the CEUS sites telying on LLNL or EPRI methods, the staff will review the !
applicant's probabilistic seismic hazard analysis, including the underlying
assumptions and how the results of the site investigations are used to update
the existing sources.in the probabilistic seismic hazard analysis, how they
are used to develop additional sources, or how they are used to levelop a new
data base.

The staff will review the controlling earthquakes and associated ground
motions at the site derived from the applicant's probabilistic hazard analysis
to be sure that th'. a 7 either consistent with the controlling

earthquakes /grour2 cup s used in licensing of (a) other licensed facilities
at the site, (b) enby pants, or (c) plants licensed in similar seismogenic
regions, or the comas the are not consistent are understood. For the CGIS,
a comparison of the t M n.n1ts can be made with the information included as
Table 1, which n a rey qcel presentation based on technical ir. formation
developed ove tM y,9 m he ades of licensing nuclear power plants.

,

i

; The applirtr.'. + m em - mk. .nalysis, including the derivation of
i controlling ea, eq G., e on,esWered acceptable if it follows the procedures
i in Regulatory Guiw 1. W L,a its Appendix C (Ref. 9). The incorporation of

results of site inva .gations into the probabilistic analysis is considered:

1 acceptable if it follows the proced::rs outlined in Appendix E of Regulatory
i Guide 1.165 and is consistent with the review findings of Sections 2.5.2.2 and

2.5.2.3.'

i

.
For the sites not using LLNL or EPRI methods, the staff will review the

| applicant's PSHA or other methods used to derive controlling earthquakes. The
staff will particularly review the approaches used to address uncertainties.

,

1 The staff will perform an independent evaluation of the earthquake potential
associated with each seismic source that could affect the site. The staff

; will evaluate the applicant's controlling earthquakes based on historical and
t
'
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paleo-seismicity. In this evaluation, the controlling earthquakes for each
source are at least as large as the maximum historic earthquake.

Comment No. 55:

SRP 2.5.2, Page 7, line 14, Sect 2.5.2.3. The text states, "The applicant's
presentation is acceptert when the earthquakes discussed in Subsection 2.5.2.1

of the SAR are shown to {be associated with eith:r g::1:g!: ,

:tr :t:r: er

tect i: prvir.::seGE] sources."~

|
_

!It is not clear how an applicant knows that an earthquake is associated with a
seismic source other than the fact that the earthquake occurred within the ;
source.

!

Desired Chanae:

Delete the, statement.

Response No. 55:

The statement has not been deleted because this activity is still considered
an important aspect of the site evaluation procedure. *

Comment No. 56: [

SRP 2.5.2, page 6, lines 6 & 9, Sect 2.5.2.2. The text states, "...This

subsection is accepted when all seismic sources that are significant..."

A Jo the text on line 9 states ".. reasonable assurance that all
significant..."

It is impossible to know all seismic sources.

Desired Chanae:

Replace the word "all" with "known". It would be helpful to clarify the
difference between a " seismic source" and a "seismotectonic province", if any.

!Response No. 56:
i

The entire paragraph has been replaced, therefore "all" and " reasonable
assurance" are no longer in the text. The definition of seismogenic source,
which is a seismic source that is not expected to cause surface faulting, is
given in Regulatory Guide 1.165, Appendix A, on page A-2. Seismotectonic
province is defined as a seismogenic source that is a large region of diffuse
seismicity thought to be characterized by the same earthquake recurrence
model.
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Comment No. 57

line 1, Sect 2.5.2.5. The text statesu"IsIfliRPSiW[SRP 2.5.2gpage 10j
iilt9CBl,iedI4WDIR14IS2MeiGISVfGiE?siEFn11)iiffarthquakssisn

. ~

"""1$g%t@pothetic4Uhick cendttteiiniessihiinnte%sspliftEiiGiiii- k

; ilEs"ggggg gggggg- - - --- g ,

.__

Desired Chanoe:
j

Delete the phrase, "in a distinct separate step".
iL sponse No. 57:

Ir. DG 1032 (Regulatary Guide 1.165) and Appendix C the application studies are
presented as a distinct step, so the phrase should be left in.

t

.

Comment No. 58:

SRP 2.5.2, page 11, lines 27-33, Sect 2.5.2.6. This Section states, "As part
of the review to judge the adequacy of the SSE proposed by the applicant, the
staff performs an independent evaluation of ground motion estimates, as
required. In these independent estimates, the staff may consider effects on
ground motion from the controlling earthquakes discussed in Subsection 2.5.2.4
by assuming the controlling earthquakes for each seismic source (geological4

structures or seismotectonic provinces) to be at its closest approach to the
site."

.

This paragraph continues to overemphasize a deterministic process for
'assessing the adequacy of the SSE derived from the PSHA procedure described in

DG-1032. In our opinion it is inappropriate to make an assessment of the SSE
in this manner or to use this procedure as a means to assess the adequacy of
the SSE determined using the DG-1032 process.

The text does not describe how the procedure will be implemented. For example,
for the host seismic source, where is the controlling earthquake (which is at
least as big as the maximum historic event) located?

Desired Chanoe:

This Section needt clarification for consistency and reproducability of the
process. As a minimum, the text should be expanded to clarify how the
procedure will be implemented.

;

i Response No. 58:

All of the text that referred to an independent deterministic seismic hazard
,

_ analysis has been revised. Also see the response to Comment 54.
i
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Comment No. 59: i

SRP 2.5.2, page 16, line 8, Sect III. This item states, ".. borings,
geophysical data, trenches, and those geologic conditions exposed during
construction if the review is for an operating license."

The change as suggested would indicate that staff site visits can be performed ;
'

to inspect trenches excavated prior to a combined license, or to inspect the*

geologic conditions exposed during construction (after the COL, at the option
of the applicant). With the new combined license process, either approach
should be permitted in order for the staff to reach a final conclusion. But,
as indicated in the comment on SRP, page 2.5.3-9 lines 29-32, a final staff

,

conclusion should not be deferred until the time of construction excavation if
an inspection of trenches is performed during the review preceding a combined
license.

Desired Chanae:

Revise to r:ad:

... borings, geophysical data, trenches, or those geologic conditions"

exposed..."

Also delete the phrase, "if the review is for an operating license."

Resoonse No.59:

Examination of exploratory trenches by the staff during site investigations
does not preclude the necessity for the staff to examine the final excavations
for the plant. See Response to Comment 53. The phrase, "if the review is for
an operating license." has been deleted.

Conmient No. 60:

SRP 2.5.2 4 para 1. The text states "55ETAprT55fIiMG
jiifsibiliT! ge 2, line_iIgrdimdliiiffiiBiffiliii!iIt~e?$iid$sjtheIVibiFstnff[%-g

fiirthquak
=atiesWf Micasialstinctuanisisteesdie@meatushilsaadid
M W W t10**1
The word potential typically is associated with maximum, maximum credible,
etc. This can be linked to the probabilistic upper bound. In this context,

the word design is a better choice.

Desired Chanae:

Revise to read:

1 to tW- '

w m m esm -_ -

,
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Response No. 60:

The words " potential for" have been deleted from the statement and " design"
added as suggested.

Comment No. 61:

551 .i
~ra 3. The text states "Biliisidi'"siSRP 2. e2 lines 16-26

~Fi}4MiHgidiii$T65sdita19hst*f
idst3Nsacterizities ef Edifjjy&Bsstif

ittisishrhdeYe es'te $61055p,.it
. If F '

inis'

'

in_llU.. T. _.. f
_

, , . _ .

gij,,dista,nt .s6,ercesi,ttetaa,ve_:.

; 4
. Austtasm 4 ..

'

gtgg ggg ggy,gg jgg7 gg _._

seneessf#tisse6f6ampio31eaeB*pameistecteskissorsasWseissiiMEj!teentgttailinsissesexsoercesicas%sica
iilt,iiisslif jstimoiaWillisacur~E

The wording implies a rate of occurrence of seismic sources. It is more
'

correct to state the rate of occurrence of earthquakes. It is impossible to
know when one has identified all source zones and included all seismic sources
have been included.

. ,

Desired Chanae:

Revise to read the following "... including the rates of occurrence of
earthquakes associated with each seismic sources that have any part within 200 :

km (125 miles) ..."
Response No. 61: *

The distance of 320 km (200 mi) will not be changed. See response to Comment
,

5.
'

The subject paragraph has been modified and appears in the SRP as follows:

" Guidance on seismological and geological investigations is provided in
Regulatory Guide 1.165, " Identification and Characterization of Seismic
Sources and Determination of Safe Shutdown Earthquake Ground Motion." These
investigations describe the seismicity of the site region and the correlation |
of earthquake activity with seismic sources. Seismic sources are identified
and characterized, including the rates of occurrence of earthquakes associated
with each seismic source. Seismic sources that have any part within 320 km
(200 miles) of the site must be identified. More distant sources that have a
potential for earthquakes large enough to affect the site must also be
identified. Seismic sources can be capable tectonic sources or seismogenic
sources; a seismotectonic province is a type of seismogenic source."
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fb Comment No. 62:
i >

SRP 2.5.3,~page 9, line'3, Sect III. This item states, " This procedure could j
create a problem for the staff in that the applicant could already have a ;

license ...." |
-

i .

I As written, .the statement illustrates the potential difficulty that may arise :

i with a Combined Operating License approach. That is, site excavation !

j occurring areceding the staff's final suitability determination. j

| Desired Chk %
i
i The statement .hould be reworded to more explicitly state how to disposition
| the issue, e.g., by inspection of the foundation excavation (s) followed by .

| final determination.of site suitability by the staff. |

} Resnonse No. 62_:
;.
1 In response to this comment and Comment 64, the referenced paragraph now

beginning on line 9, page 2.5.3-9 and ending on line 23 has been rewritten as
,

' follows: ,

"The current two-step procedure of requiring applicants to obtain a
3 Construction Permit, followed several years later after the plant design bases

,

have been approved by the staff, by application for an Operating License.
This procedure. called combined licensing, could create a problem for.the-

staff in that the Safety Evaluation Report will already have been written and
the applicant will have a license before excavations are started. Therefore,
faults discovered for the first time in the excavations will not have been
evaluated by the staff. To alleviate this potential problem there must be a
commitment in the site specific portion of the SAR for a facility to: (1)
notify the staff immediately if previously unknown geologic features that
could represent a hazard to the plant are encountered in the excavation; (2)
geologically map all excavations for Category I structures, as a minimum; and
(3) notify the staff when the excavations are open for examination.

C- ..t No. 63:

.SRP 2.5.3, page 9, lines 29-32, Sect III. This item states, " applicants
usually excavate trenches....when the construction excavations are made."

Unless it is intended that such trenching would precede a COL permit'and
supplant the need for any later staff inspection of construction excavation to
reach a final determination, it is inappropriate to speculate on whether the
applicants will or will not excavate trenches in the areas where major
facilities are to be located.

Desired Chanae:

Delete this whole sentence, lines 29 through 32.
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Resnonse No. 63:

The main purpose of the SRP is to provide guidance to the regulatory staff in
assessing information submitted in support of applications for licenses to
construct or operate nuclear power plants. It is appropriate to make the
staff aware of the kinds of investigations that will be undertaken to obtain
the information that appears in that application, particularly when it may be

.

;

important for the staff to go to the site for first hand observations. As
stated in Response No. 59, examination by the staff of exploratory trenches
does not supplant the need for the staff to examination the excavations for
the plant.

However, we agree that it is not appropriate to speculate about the techniques
that might be used. The sentence has been reworded: "In past investigations

'.

applicants have often excavated trenches in the areas where major facilities
are to be located for in situ testing to reduce the chance for surprises when
the construction excavations are made."

Comment No. 64:
'

SRP 2.5.3, page 9, line 7, Sect III. This item states, "It is imperative that
Section 2.5.3. of the SER..."

{It is understood that the SRPs provide guidance to the staff and is generally ,

followed. Therefore, the word ' imperative' adds unnecessary emphasis. |

Desired Chanae:

Delete the word " imperative"

Response No. 64:
!
'

We agree. The sentence will be revised (without " imperative") as it appears
in the revised paragraph in Response No. 62.

|

1

|

|

|

:

1.

37
l



- . - . . - -= . .-.. . - - .. .- - - - _ - - - _

* o- :

; - !

_ j

}
Wais and Associates - Comments on Draft Regulatory Guides, DG-1032, SRP 2.5.1, !

|
2.5.2, and 2.5.3. !

1. Page 7, lines 15 to 19. Appendix A of Draft Regulatory Guide DG-1034 (now
,

-called Regulatory Guide 1.166) proposes an OBE criteria of a Richter 5 |
earthquake within 200 km of the site. Rightly sc, earthquakes farther than -

200.km from the site are not given a high importance. To ensure consistency i

between DG1034-and DG1032, it is recommended that the outer bound of regional
geological and seismic investigations also be limited to 200 km, or 125 miles.
This can significantly reduce the cost of the investigation without reducing-

;

; the level of safety that is achieved. j
|

Resoonse:- ;
,

It'is not appropriate for the OBE distance criteria specified in DG 1034 |
(Regulatory Guide 1.166) and the radius of the area to be investigated for !

,
' determining the SSE described in DG 1032 (now called Regulatory Guide 1.165) j

i to be the same. They are for different magnitude earthquakes and levels of j
ground motions. :

-

.

The reason for specifying a radius of 320 km (200 mi) for the regional i

investigations is not only to ensure that the area of study be broad enough to j

ancompass those seismi sources close enough to affect the site, but also, '

because the CEUS is re atively aseismic and sources are at depth and largely
undefined, it is our opinion that the area should be as large as reasonably
possible to include a greater number of earthquakes for analysis, and to !
incorporate any sources identified that could be related to, or arlogous.to ;
sources that may be near to or underlie the site. |

In the past it has often been necessary to estimate the age of a potential !
seismic source, or potential capable fault in the site vicinity by relating ;

its time of last activity to that of a similar, previously evaluated i
structure, or a known tectonic episode the evidence of which may be many tens ,

or hundreds of miles away. |
,

Within this area (320 km), assessment should be made of existing regional |
seismological, geological, geophysical, remote sensing, physiographic, and I

other information that could be used to identify or interpret potential |
seismic sources. It is not expected to be a detailed investigation, and may i

consist of only literature study with limited, focussed ground truth ,

reconnaissances.

2. Page 11, lines 28 to 29. It is not clear why the PSHA should only be i

updated if it lead to higher haurd estimate. If there is a sound basis for |
reducing the PSHA, this should not be precluded by regulation. |

fResoonse:
I

It may be possible to justify a lower hazard estimate with an exceptionally |
istrong technical. basis. However, it is expected that large uncertainties in

estimating seismic hazard in the CEUS will continue in the future, and
substantial delays in the licensing process will result in trying to justify a

i
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! lower value them with respect to a specific site. On the other hand, lower
,

seismic hazard estimates that are supported by strong technical bases can be
t- incorporated into the PSHA daring the periodic updating which will occur about

eve./ ten years.

The referenced Statement in DG 1032 (Regulatory Guide 1.165) has been modified
as follows: ''1he PSHA should only be updated if the new information indicates
that the current version significantly under estimates the hazard and there is <

a strong technical basis that supports such a revision. For most cases,
limited scope sensitivity studies should be sufficient to demonstrate that the
existing data base in the PSHA envelops the findings from site-specific- ,

investigations. In general, the significant revisions to the LLNL and EPRI i

data base is to be only undertaken periodically (every ten years), or when
there is an important new finding or occurrence. The overall revision of the
data base will also require a reexamination of the reference probability ;

discussed in Appendix B and used in Step 4 below."
'

:

3. Page 13, line 28. A fifth step should be added to this procedure to
define and SSE level for which it is not necessary to conduct a seismic

'
;

design. The process as now written results in an SSE, no matter how small.
It is conceivable for sites in the eastern United States that the SSE that
results from this process will be very small. There should be some small SSE
level for which it is not necessary to design for. Note that in DG 1034, a ,

'criteria is provided in the appendix that states that earthquakes of less than
MI VI do not require any shutdown for inspection if there is no apparent :

damage. If this is the case, does a site with and equivalent to a MI of VI j
or less require seismic design? ,

|Response:
!

Seismic hazard estimates are based to a large extent on historic seismicity, !
and because of this in certain regions such as Florida and southeastern Texas j
the calculated Safe Shutdown Earthquake ground motions (SSE) are lower than r

ground motions expected to be generated by a magnitude 4.5 to 5 (W I VI)
earthquake. This may be because the historical seismic record is not long i
enough to have experienced larger earthquakes, and it is difficult to identify !
geological evidence of prehistoric earthquakes in these regions. :

Additionally, the sources of the earthquakes are undefined. Eecause of such !
uncertainties the staff requires a minimum seismic design even in those
regions that do not seem to require it based on the seismic hazard analysis. i

Anoendix A:
i

1. The definition of the Safe Shutdown Earthquake Ground Motion in this draft |
Regulatory Guide is almost indistinguishable from the definition of the -,

Operating Basis Earthquake Ground Motion in DG-1033. Given the adoption of
PSHA methods, a likelihood should be assigned to the SSE, such as 1 in ten- |

ithousand in any given year; or it should be defined as the largest earthquake
that has been felt at the site in the last 50,000 years (see the definition of I
a capable tectonic source). j
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ResDo %gi

The definitions of the SSE and OBE are essentially unchanged in the revised ;

regulations and guides from those in Appendix A to 10 CFR Part 100. The SSE 1

(Safe Shutdown Earthquake ground motion) target probability, which is
acceptable to the staff to be used in conjunction with the LLNL and EPRI PSHA,
is IE-5/yr as described in Step 3 of Appendix B to Regulatory Guide 1.165
(formerly DG 1032). It is not appropriate to put that value in the definition
of SSE bect.use some applicants may elect to use other acceptable hazard
techniques to which that criterion would not apply, including a deterministic
seismic bazard analysis. Appendix A to 10 CFR Part 100, Section 100.23 of
Part IM, and Appendix S to 10 CFR Part 50 all $stablish a minimum seismic l

'

design level. It has long been a part of the censing process.

Anoendix B

1. The logic for arriving at the reference probability is flawed. Although
it is descriptive of how the NRC arrived at a reference probability of IE-5
for the SSE, it does not add significantly to the Regulatory Guide. It is

clear that the NRC has licensed plants in the CEUS with SSE ranging in
likelihood from IE-6 to IE-4 and that a value of IE-5 is consistent with past i
practices. The question that is not answered is whether the use of IE-5

'

imposes an unreasonable and imprudent burden on the construction of nuclear ;

plants. Note that many of the plants in the IE-6 range were forced to assume ;

an SSE of 0.lg by 10 CFR Part 100 Appendix A even though the geology of the i

region dictated that the value was very conservative. If these plants had j>

selected a lower SSE, their probability would have been higher and the median !
'

value would have been greater than IE-5. Are plants in the Western United'

States also licensed for an SSE likelihood of IE-57 Should there be a
different standard for eastern US versus the western P ?e

Average past practice does not appear to be a reasonable basis for selecting a
design earthquake. What is reasonable is to select a level of risk that is
acceptable to the public and is consistent with other risks the public
accepts. If that level of risk is IE-5 then so be it. However, if we

consider that ice ages occur every ten thousand years, then IE-4 appears to be:

a more prudent level of risk than IE-5.

Suggest deleting this appendix once a level of risk is established. The
acceptable level of risk should not be revised based on changes individual
plants implement, as is stated on page B-1, lines 19 to 20.

Response:<

See the response to a similar comment by Morgan, Lewis, and Bockius. The IE-5
is based on the likelihood of exceedance of the SSE's of operating plants
built later on (those designed to RG 1.60 or to a similar spectrum) than those
previously designed. We do not regard IE-5 as being unreasonable or imprudent
based on the uncertainties in seismicity, seismic sources and ground motion
parameters; nor do we regard that it is placing an unreasonable burden on
future builders of nuclear power plants. It is true that several plants had
to be designed for an SSE exceedance probability of IE-6 even though there was

40
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no seismic or geologic evidence supporting it. As explained in the response
to an earlier comment, the minimum valce of 0.lg is a conservatism based on
the seismic and geologic uncertainties. Western and eastern U.S. plants are
not presently designed to the same likelihood of SSE exceedance because

,

deterministic hazard analyses were done in both regions, and the empirical
database is much more extensive in the west than in the east. For this reason
an additional layer of conservatism was applied to eastern sites.

Publicly accepted levels of risk vary with the type of hazard. For example,
it will accept a much higher risk of an automobile accident or an airplane
crash than for a nuclear accident. It isn't reasonable to compare the return
of an ice age to earthquake occurrence. To prepare for the resumption of
glaciation, one will have hundreds or thousands of years, but for an
earthquake there is no lead time.

The NRC staff and the nuclear industry at large are of the opinion that the
current PSHA database for LLNL and EPRI will be adequate for the next ten
years. When it is time for the first routine update of the PSHA database in
about ten years, the acceptable level of risk will be revised based on new
geological, seismological, and geophysical information and on changes ,

individual plants implement. This update is considered to be necessary
because of the rapid advances that are occurring in the these scientific
fields. )

|

Anoendix D i

1. Page D-8, lines 31 to 33. It is unreasonable to assume that seismic
monitoring should be initiated five years prior to construction and should
continue for five years following initiation of plant operation. Note that

3

DG1033, DG1034, and DG1035 talk about seismic monitoring over the life of the
plant. It is unlikely that a licensee will be interested in updating the
seismic design bases following issuance of the construction permit.

Response:

Section D,2.3.2.2 has been modified to: " Seismic monitoring in the site area
should be established as soon as possible after site selection. For sites in I

both the CEUS and WUS, a single large dynamic range, broad-band seismograph,
.and a network of short period instruments to locate events should be deployed
around the site area.

The data obtained by monitoring current seismicity will be used, along with
the much larger data base acquired from site investigations, to evaluate site
response and to provide information about whether there are significant
sources of earthquakes within the vicinity, or to provide data by which an
existing source can be characterized.

Monitoring should be initiated as soon as practical at the site, preferably at
least five years prior to construction of a nuclear unit at the a site and
should continue at least until the free field seismic monitoring strong ground
motion instrumentation described in Regulatory Guide 1.12 is operational."

|
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Monitoring seismicity for five years before construction is not considered to
be unreasonable by the staff if the site is instrumented shortly after a site
is selected. We regard seismic monitoring to be an important part of the site ,

investigations. It is expected to provide information on background |

seismicity, seismic sources, the characteristics of ground motions from nearby
small to moderate earthquakes, more distant large events, and those generated
by other mechanises such as nearby quarry blasts, and provide iraportant data
on the ground motion transmission characteristics of site area soils and
rocks. Preconstruction monitoring is especially important in the western -

U.S., where, because of the relatively high seismicity, there is a good chance
of recording ground motions from a significant earthquake. It is also

important in the central and eastern U.S. where there are numerous
:uncertainties about ground motion characteristics and little is known about

the nature of seismic sources. The analysis of locally recorded earthquakes
Imay help to reduce these uncertainties and provide clues to the nature of

seismic sources.

Pre-construction seismic information would have been valuable in past ,

licensing activities (for example: Diablo Canyon, San Onofre, Indian Point,
Brunswick, Summer, Oconee, WNP-2, etc.), and is expected to be important in
the licensing of future nuclear sites.

These responses also apply to the appropriate SRP Sections.
f

i
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Westinghouse - Comments on Proposed Rule - 10CFR Parts 50,52, and 100,
" Reactor Site Criteria Including Seismic and Earthquake Engineering Criteria
for Nuclear Plants" |

Seismic ,

COMMENT No. 1: Westinghouse supports NRC's decision to move guidance material
from the proposed rule to the *roposed regulatory guides. We also support

,

NRC's decision to eliminate the " dual deterministic and probabilistic analyses
'

from the proposed rule. We, however, are concerned that retaining
deterministic evaluations in SRP 2.5.2 will lead to confusion as to whether t

,

future licenses will also need to perform a deterministic analysis even though |

such an analysis is only recommended for NRC to perform as a " sanity" check.
'

This additional deterministic analysis will add to instability in the
!licensing process and increase a future license applicant's seismic analysis

costs (in defending its probabilistic analyses) without any additional benefit
to public~ health and safety. We recommend that references to deterministic 1

analyses be removed from all documentation associated with the proposed rule
revision. !

<

Response No. 1:

SRP 2.5.2 has been revised and this concern has been addressed.

COMMENT No. 2: Westinghouse shares NEI's concern with respect to the type of
analyses needed to construct a new plant on an existing approved site, using i

the proposed rule and associated proposed regulatory guides. We also believe
that site characterization analysis for existing sites should be confirmatory
in nature and of " limited scope," rather than " full scope" as required for new :
sites.

'

1

Response No. 2: ,

It is possible that site characterization investigations and analyses at some i

previously validated sites will be confirmatory. Reliance on the previous
'

'

characterization depends on its thoroughness, the kinds of investigative
techniques used as compared to the current state-of-the-art, the geological ,

and seismological complexity of the site and region, and the quantity and
quality of new information and hypotheses that have been advanced since the
site was last studied. The previous information should be used as part of the
database, along with other available technical information, to plan the extent
and level of detail of the new investigations for the new plant site. Based

,
,

on consideration of all available information the new investigations could
range from confirmatory to a very extensive investigation. |

An example is the Indian Point 1, 2, and 3 site. Indian Point I was
investigated in the 1960's when investigative methods were far less advanced ;

than in the mid 1970's when units 2 and 3 came in for operating licenses. |
Because of the complexity of the site and region, the occurrences of several
earthquakes, new theories about the tectonics of the region, and new

'
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investigative techniques, site characterization with respect to estimating the
seismic hazard was similar to that of a new site. ,'

1

On the other hand, if, within the next year or so a Unit 4 is planned at this !

! site, the regional investigations would likely be minimal because thorough |

) investigations, including monitoring seismicity for a number of years, was
'

4 accomplished for Units 2 and 3. |
COMENT No. 3: There are several phrases that are used in the proposed rule I*

that should be modified to make the rule more stable from a licensing point of |
! view. Since these phrases are used in several places, only the phrase, and i

: not the location, are identified below. We suggest that these phrases and
others that are similar in nature be modified as well.i

i.

(1) "certain structures,' systems, and components" should read: "certain j
structures, systems, and components as identified in Regulatory Guides !

i xxx.," By referencing the regulatory guides, the vagueness of the |
' statement is eliminated from the rule and the description of the

structures, systems, and components can be changed, if necessary. via
changes to the regulatory guides.

,

Response No. 3(1):
,

Reference to a specific guide in the regulation would raise the guide to
the status of a regulation, and its recommendations would be required by
law. Therefore, such references cannot be included in the rule. |

|

(2) "without loss of capability to perform their safety functions" should l
read: "without loss of capability to perform their intended functions." i

The components perform a function and not a " safety" function --
components may be a part of a safety system or a non-safety system.
There are other sentences which have similar phraseology -- for example, ;

item 3 below. These sentences should be similarly modified. |
;

Response No. 3(2): |
i

The structures, systems, and components referred to in these texts are i

those that have to do with safe shutdown in the event of an accident or !
potential accident caused by an earthquake or surface deformation. It j
is therefore correct to have the word " safety" in the statement. 3

?

!

(3) "The required safety functions of structures, systems, and components !
must be assured" should read: "The required functions of structures, i

systems, and components must be assured oer the auidance provided in |
Reoulatory Guide xxx".- The underlined phrase shows that the regulatory j
guide contains guidance as to how a future license applicant can provide
" assurance." ,

|
;

t
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Resoonse No. 3f3):

See response to 3(1). References cannot be included in the proposed t

Irule because the guide referenced would become a requirement.

As stated in the response to 3(2), the word " safety" should remain in ;

the text as.is. |
t

i
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Responses to Comments of Yankee Atomic Electric Company Regarding the NRC
'

Proposed Seismic Siting Documents (59FR52255, October 17,1994)
,

1 Attachment 1
l.

YAEC proposes that at existing eastern U.S. sites (rock or soil), or at ;

eastern U.S. rock sites not located in areas of high seismicity (for example,
Charleston, South Carolina, New Madrid, Missouri, Attica, New York) a 0.3g

istandardized ALWR design is acceptable and only evaluations of foundation>

conditions at the site are required (Regulatory Guide 1.132), but not :

9eologic/ geophysical seismological investigations. For other sites a DG-1032 ,i'

review is required. It proposes that 10CFR Part 100 Section 100.23 be !

modified to reflect this consideration as follows:

& 100.23 (d) Geologic and seismic siting factors. |

Determination of the Safe Shutdown Earthquake Ground Motion. The Safe i

Shutdown Earthquake Ground Motion for the site is characterized by both ;

horizontal and vertical free-field ground motion response spectra at the i

free ground surface. Th: S:f: Shutd:r Erth;= h: Or:=d ":ti= fr the i

: t: i: det: iard :=:id:ria; the rc=1t: Of the i;=:ti; ti :: |'

'
r:q:f r:d by pr:;=;h (:) Of thi: =:t i = . "=:rt:intic r: intreat
in :=h ::ti :tc. Th=: :=rt:intin ==t bc :ddr:=:d thr=;h = ;

:;; =pri: : =:1y:::, :=h = : ;=h: hili:ti: ni:::: h u rd =:1y::: = !

=it:h : == t tivity =:1y:=. . Pr:;=ph Iv(:) (1) :f a;;= dix : t: i

e rt se :r th : :h:;t e d:fian th: :ini r s:f: th:td:= rrth;=h: !

cr=:d :ti= fr d=i .
j

Nisisiftii~s~Estadiii"EiFtAiissEirsWeiiffVe~n fFtEiTitii'~WSiBisirm~~en~
;

hhe'tavestigations: required'6ytparairaph (c))ef:this'sectian'and:the'' |
Pesultscaf;a probabilistic seismic'Jiazard, analysis.K$aismological:^aisil 1

geologic escartainties ?are .isherent Lle' these, determinations and 'ars~ i

partered by'the probabilistic> analysis' ~$sitable' sensitivity analyiB i

may else'te used to evaluate sacertaintles'; Paragraph IV(a) (1) of !

Appendix $'to part;$0 of,this Chapter *defloss the'ainimum, Safe ShutiEiiiii i

Earthquake Ground station''for' design c-jsesed'apon prior' scientific
f$ndings*andilicensing decisions at ' existing anclear, power plast:ilEEE !
east'of1the: Rocky flountata Freat'(eastief approxiaately:'105 mest'

'

lengttede)'a,0;3g$tandardized design': level:is' acceptable at thesPsTtss i

biiren' confirmatory; foundation'e'valuationsd Forirock sites not in sreas
~

of4keous'seisalPactivittincluding but'act 1taitod*to'the> regions '~ '
~

israund INw fladrid; SID, CisHestone SC,''and' Atticap SeirWork,^ a'O.3g
Standardized (dnigi' level'Js' ac_captable givjen',confjruatbry'foundattuit

haluattaasiat_thespitej ;

Response to attachment 1:

IAlthough some of the suggested wording may improve the readability of the
text, the staff does not agree with the basic philosophy of the recommended
modification for the following reasons:

1. The suggested raodification brings back a prescriptive element which we
have tried to eliminate in revising the siting document. It is more
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appropriate to include such a modification in Regulatory Guide 1.165 (formerly;

DG 1032). The staff's position regarding the application of the 0.3g ALWR
design is addressed in the main body of Regulatory Guide 1.165, 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 dans
levees, spillways, etc., and they will have to be designed to the appropriate !.

!level based on regional and site geological, seismological, geophysical, and
9eotechnical investigations and site specific PSHA.

;

3. The level of investigations for a standard design plant or any additional -

unit sited on a previously validated site depends on when that site was
previously validated, the complexity of the geology and seismology of the ;

region and site, the advent of new information or hypotheses about regional i

; tectonics, and the kinds of methods used and the thoroughness applied in using |

those methods in the original investigations and analyses. The investigations '

can range anywhere between a literature review to a very extensive
investigation program.;

| 4. The discovery of the Meers Fault and the paleoseismic evidence for a large
' prehistoric earthquake in the Wabash Valley are examples in the central and 1

eastern U.S. of the occurrences of events of great significance to the seismic I

hazard to those regions that were unknown until regional investigations were '

'

performed. Thus, w 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 j
considerably, therefore, it would be inappropriate to make the modifications
recommended in Attachment 1.

I

Attachment 2. (DG 1032 and Accendices)

1. Page 1, lines 27-31. YAEC suggests that they be replaced by page 2, lines
: 1-6 to be consistent with Section 100.23. Since the staff doesn't agree with :

'

the recommended change in Section 100.23, there is no need to alter this text.

2. Page 2, lines 15 and 16. YAEC recommends adding the phrase, " level that'
,

is acceptable to the staff.", to the first sentence in the paragraph, and I

replacing the word "information" with " data" in the next sentence. We agree
that the first suggested revision improves the text and have made the

~

recommended changes. In regard to the second part of this comment we don't
agree. Many times the broader ters, information, is more appropriate, such as
when it includes reference to interpretations or hypotheses, etc. The word j

" data" in this case is too restrictive.

3. Page 3, lines 6-9. Recommends changing the text to be consistent with its
suggested changes to Section 100.23. The staff has made the suggested changes
in the text.

.
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4. Page 3, lines 19 and 20. We did not delete " uncertainty" but added the
suggested phrase "(alternative scientific interpretations)" in parentheses.

5. Page 4, lines 14 and 15. The comment has to do with the basic difference
in philosophies between the YAEC and the staff. We don't agree with the
comment, however, we have modified the text by replacing "should" with "in
general includes:".

6. Page 4, lines 37-40 and page 5, lines 1-10. We agree with the comment,
and have deleted the sentence beginning with "Thus.....", and have added the
statement "Therefore, it is important to account for this uncertainty by the
use of multiple alternative models.*

7. Page 5, line 24. We regard "information" as being more appropriate than
" data." See the response to 2.

6. Page 6, lines 29-41, and page 7, lines I and 2. The comment involves the
differences in philosophies between the YAEC and the NRC, and the recommended
change was not adopted regarding Section 100.23 to 10 CFR Part 100.
Therefore, there is no need to make this change.

9. Page 7, lines 16, 17, 20, 24, and 31. The NRC staff does not agree with
the radius of investigations for the region and the site area prescribed by
the IAEA, and therefore is not obligated to make those specified in Regulatory
Guide 1.165 consistent with those of the international organization.

Although recent evidence indicates that a site at distances greater than 200
km from a major earthquake are not likely to experience damaging ground
motions, and seismic sources beyond 40 km are not likely to generate near-
field ground motions or cause surface deformation at the site, there are other
reasons for specifying the greater distances (320 km and 40 km as opposed to
200 km and 25 km of IAEA).

The reasons that we do not plan to reduce the larger radii include:'

1. In the CEUS where earthquakes are few, small, and relatively far
between, the larger area of consideration allows that more earthquakes
be included in the applicant's catalogue for consideration, and thus
provides a broader data base with which to study the regional seismicity
and to characterize regional and local seismic sources.

2. In past licensing activities, particularly in the CEUS, it has often
been impossible to determine the absolute age of most recent
displacements on faults identified at sites and thus difficult to show
whether those faults met the criteria of being noncapable. To
compensate fcr this lack of evidence, it has been necessary to assess
the relationship between the structural geology and tectonics of the
site and the regional structural geology and tectonics, often many tens
to hundreds of kilometers distant. In these cases, associating the
faults identified at the site with documented ancient faults or tectonic
events in the region served as a basis for concluding that the site
faults were not capable faults.
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; 3. In the WUS it'has sometimes been necessary to extend investigations :

hundreds of kilometers along major tectonic structures that pass near a ;

!- site to properly characterize the seismic hazard of those structures
(i.e. the San Gregorio-Hosgri fault zone relative to the Diablo Canyon *i

Nuclear Power Plant; the Rattlesnake-Wallula Lineament with respect to i.

. Washington Nuclear 2; the Cascadia Subduction Zone relative to
4 Washington Nuclear 3; etc.). Conversely, with respect to Diablo Canyon,
) a case can be made for not extending-the regional investigations morc'

.

i than 75 km (45 mi) to the east and 45 km (27 mi) to the west because of |

j the presence of the San Andreas and San Luis Banks faults, respectively. |,

|
| Most of the regional investigations are expected to be literature searches and ;

the study of existing regional geophysical data, maps, and remote sensing |
; data. -The difference in the level of effort in these studies for sites, '

particularly in the CEUS, between a radius of 200 km and 320 km is noti

! expected to be significant. Most tectonic structures can likely be ruled out ,

,
as potentfal seismic sources without going to the field. Ground truth !

j reconnaissances can be made on a very selective basis. |

! 10. Page g, lines-20-26, and 35-38. The section within which these
i references are found has been revised. We assume that the main objection to !
' the text was the reference to a deterministic seismic hazard analysis by the ,

! staff. The require: ment for a deterministic analysis has been removed. |
i

4

i 11. Page 10, lines 31-35. We have made the suggested changes in your line 31
as fol. lows: after "PSHA", delete ". The PSHA"; add "and also" before "can be -

! used"; and insert " hazard" between "the" and " sensitivity". The suggested
i deletion of lines 32 and 33 was not done because its inclusion in Regulatory .

; Guide 1.165 does not make it a requirement for applicants. It is mentioned
i only as an acceptable methodology.

! 12. Page 11, lines 11-41. The referenced text has been rewritten as follows: ;

"The PSHA should only be updated if the new information indicates that the;

i current version significantly under estimates the hazard and there is a strong
i technical basis that supports such a revision. It may be possible to justify
! a lower hazard estimate with an exceptionally strong technical basis.
2 However, it is expected that large uncertainties in estimating seismic hazard
) in the CEUS will continue to exist in the future, and substantial delays in
,' the licensing process will result in trying to address them with respect to a
j specific site. For most cases, limited scope sensitivity studier should be
; sufficient to demonstrate that the existing data base in the PSHA envelops the
! findings from site-specific investigations. In general, the significant
!- revisions to the LLNL and EPRI data base is to be only undertaken periodically
i (every ten years), or when there is an important new finding or occurrence.
[ The overall revision of the data base will also require a reexamination of the
1 reference probability discussed in Appendix B and used in Step 4 below."

: " Strong technical basis" is used in;tead of " consensus of opinion by the
; scientific community." A decision regarding this issue will more than likely
- be needed long before consensus .rmng the scientific community can be
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obtained. The staff will make the decision based on the strength of the ,

available data and advice from the scientific community, including the USGS. ;

13. Page 12, lines 7-11, and 24. The broader term "information" is preferred
in both contexts, so the suggested change has not been made. We do not .

consider it useful to add the sentence, "For soil sites, the rock hazard
results will be amplified based upon site-specific amplification factors" to
this paragraph.

,

14. Page 12, lines, 35-39, and page 13, lines 1-9. The suggested addition to |
the text was not included because Appendix F discusses options to develop the
SSE.

,

*

15. Page 13, lines 10-42, page 14, lines 1-7, lines 11-12, and lines 16-18. '

All of the changes recommended in these references are based on previously
recommended changes that were not adopted, or on a basic philosophy that ;

differs fr,om that of the NRC staff, and therefore were not mada. ;

. Appendix A ;

1. Page A-1, line 4, and lines 9-11. As suggested, "In" has been struck and '

"As a result of" added on line 4. Reference to deterministic controlling -

earthquakes has been removed from SRP 2.5.2, so there is no need to address :
the concept here. |
2. Page A-1, line 23. " free-field" has been inserted between "the" and -

" vibratory".

3. Page A-2, lines 22-28.- The first sentence in the definition of
Seismogenic Source has been revised to read, "A "seismogenic source" is a :

portion of the earth that we assume has uniform earthquake potential (same ;

expected maximum earthquake and recurrence frequency) distinct from the
seismicity of the surrounding regions."

Appendix B
,

1. Page B-1, lines 17-19. It is inappropriate to refer to the SSHAC program ,

here as " median" as used in that program was for a different intent. ,

;

2. Page B-2, lines 17-18. The statement has been modified as suggested to ,

|read: "Using LLNL, EPRI, or a comparable methodology that is acceptable to the'

'NRC staff, calculate ;
"

;

Appendix C

1. Appendix C has been modified with close consideration of your comments.
!

2. Change all seismic hazard information base to seismic hazard data base. ;

As stated early, we consider it to be more appropriate to use information .

because it includes alternate hypotheses as well as data. ;

;

!
!
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3. Page 1, lines 22-24. the phrase "and the results from the PSHA." has been
added to the paragraph as recommended.

4. Page 1, lines 26-28, and Page 2, lines 4-24. The procedure described in
section L2 (Steps 1-7) has been modified to put the steps in their proper
sequence. '

'
5. Page C-7, lines 29-30. We agree with this comment and Tables C.4-C.7 have
been modified to include actual values for each bin and the total hazard.

Appendix D

1. Page D-1, Lines 4 and 5. The staff does not agree with the investigation ,

distance radii recommended by YAEC for the reasons given in the response to
DG-1032 (now Regulatory Guide 1.165) Comment No. 9 above.

2. Page D-1, lines 31-35. Regional and site specific investigations are !
'

performed and the acquired data are analyzed to evaluate the seismic and
geologic conditions of the site and surrounding region, and to determine
whether significant seismic sources are present in the region that may not be
enveloped by the PSHA database, and to assure that the correct attenuation
values have been used. We assume that your concern is related to the way in :

which this data will be utilized in a deterministic hazard analysis. As
stated in an earlier response, the previous requirement in SRP 2.5.2 for the I

staff to perform a deterministic seismic hazard analysis to compare with the
applicant's PSHA results has been removed.

I3. Page D-7, lines 22 and 23. The existence of an active seismographic
network in the site region may suffice in some cases, but generally not. It

is important, particularly in the CEUS, to be able to record small events,
including microearthquakes, to obtain data that might provide clues to the
nature of the local source. Regional networks, unless they are nearby and are

,

so designed, will not accomplish this. For this reason we did not add the '

recommended sentence.

4. Page D-7, lines 25-31. The subject paragraph has been revised to read:
"The data obtained by monitoring current seismicity will be used, along with
the much larger data base acquired from site investigations, to evaluate site
response and to provide information about whether there are significant
sources of earthquakes within the site vicinity, or to provide data by which
an existing source can be characterized."

5. Page D-7, lines 34-38. The paragraph has been reworded as follows:
" Monitoring should be initiated as soon as practicable at the site, preferably
at least five years prior to construction of a nuclear unit at the site and
should continue at least until the free field seismic monitoring strong ground
motion instrumentation described in Regulatory Guide 1.12 is operational."
Although not pertinent to siting decisions, the presence of a continuously ,

operating free field seismograph could help resolve issues such as occurred at |
the Perry site following the 1986 Astabula (Ohio) Earthquake. One of the
issues arose because there were no free field records to compare with the in-
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plant seismograph records. Also, free-field records would have pravided cluar
to the character of the seismic source, which was also a big issue at the
time.

Appendix E

1...Page E 1, lines 5-27. Updating the input parameters to the PSHA's could ,

be destabilizing to the licensing process, and it is intended that all source
zones, attenuation models, and upper bound magnitudes be frozen until they are
again determinerd ir a consistent manner in ten years. |
If, however, new data indicate th t there is a potential for a significant
change in the harard estimate, such as the discovery of a previous?y unknown j

capable tectonic source at the site, then sensitivity studies will be carried
out to estimate the impact of the new data on the. seismic hazard. If the

resulting value is approximately enveloped by the PSHA database, ne further
fanalysis 1,s necessary.

Anslyses along these lines were performed by NUMAoC (now EI) and EPRI in
regard to the effect on the seismic hazard in the Wabash <4lley as defined by
the LLNL and EPRI PSHA's of the discovery of paleaseismic evidence for a
prehistoric earthquake. of an estimated magnitude of 7.5. They demonstrated
that the occurrence 9f such an event centered at Vincennes, Indiana, was
enve % ped by tne PSHA input, and a new PSHA was not necessary. It is expected
that the results of this analysis of the new information about he Wabash
Valley will be typical of most assessments of new data that initially imply
that there might be a change in the seismic hazard. ]

l

A similer exercise was accomplished regarding new infcreation and its impact
'

on the '9;smic hazard of a site on the Savannah River Reservation. In this
case the sd smic design was impacted by thc new information because of the
sigcificance of new data.

i

Although advice fror the scientific community will be sought, obtaining its j

consensus regarding the significance of new data is a difficult, if not an i
!impossible task. Licent'og act!vities should not be delayad for a substantial

amount of time waiting fa this to come about. The staff will make a j

judgement on the significanc+ of new data based on strong technical evidence, !
and communication with, but not on a consensus of, the scientific community. |

1

In most cases, if it can be shown that the new data only has an impact on the I
site peing evaluated (source zones only applicable to that site), then a new :

reference probability need not be calculated. When more than one site is ,

affected, then it may be necessary to recalculate the seismic hazard at all |

- t iili lif$iiKsites ::d d:='= =. = fem::NkK((t" "TsijiFilHW5idsisilis@h
'

L(jsguijs[@ys{Q M@gMj$$R

The procedure described in-lines 21-23 is similar to the staff's " sanity
check" for the PSHA described in DG 1032. The staff is no longer required to
perform a detemiaistic seirmic hazaro analysis.

!
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2. Page E-2, lines 2-4. Thes2 referenced lines have been modified to read;

risult in a significant increase in the hazard estimate _for a site, and this '|"if new information identified by the site specific investigations would

rRw information is validated by a strong technical basis, the PSHA may have to
tr modified to incorporate the new technical " 'ormation.

a.; general, major recomputations nf the LLNL and EPRI data barse are planned to i4

be undertaken periodically (approximately every ten years), or when there is 1

an important 7.ew finding er occurrnce th:t h::, b:::d en ::n:itivity :tudi :, !

36n : :ignific:nt in=::: in th: h:::rd :ti=tc." ,

3. Page t-2, line 13. The wor j "effect" has been replaced with " affect". ;

4. Page E-2, line 20. ihe phrase "will probably" has been replaced with
"may".

Appendix F,

1. Page F-1, lines 11-27, and page F-2, lines 5-9,16-21, z4-28, and 33-38.
The referenced text has been revised to: "The SSE response spectrum can be
determined by scaling a site-specific shape determined for the controlling
earthquakes or by scaling a standard broad-band spectral shape to envelop the
average of the ground motion levels for 5 and 10 Hz (S.,,.3.), at: 11 and 2.5
(S.,3.,,,) as determined in Step C.2 of Appendix C to this guide.

The recommended sentence on lines 18-21 (also page F-2, lines 5-9) were not
added.

'

2. Page F-2, lines 10 and 11. Changing the phrase "three possible" to
" acceptable" does not improve the text, therefere this was not done. )

I

3. Page F-3, lines 4-7, and 33-M . We do not agree with the suggested
changes of Position 4, therefor % the recommended modifications were not made.

SRP 2.5.2 ,

I

1. Page 2.5.2-1, lines 8-11. The requ'.rement for a deterministic seismic
hazard analysis by the staff has been revised.

2. Page 2.5.2-2, line 7. The word " design" has been inserted between
" represents the" and " earthquake".

i 3. Page 2.5.2-2, line 28. The phrase has been revised to: " including rates
of occurrence of earthquakes "

.

4. Pap 2.5.2-2, line 30, and page 2.5.2-3, lines 6 and 7. "All" has been
i deleted and the "s" in " seismic" has been capitalized.

5. Page 2.5.2-6, line 3 and 7. This part of the text has b:.en rewritten and
the word "all" is no longer included.

!
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6. Page 2.5.2-6, lines 16-18. The word " assumed" has been insertea between
" regions of" nd " uniform" in this statement.

,

7. Page 2.5.2-6s lines 23 and 24. The relationship between seismic source
and seismotectonic province is defined in Regulatory Guide 1.165, Appendix A,
Page A-2, in the definition of seismogenic source, which is a seismic source
that does not rupture ground surface. Seismotectonic province is defined as a
seismogenic source that is a large region of diffused seismicity. The entire
paragraph, lines 1-24, has been rewritten and reorganized based on these and
other comments.

8. Page 2.5.2-6, lines 38-42, and page 2.5.2-7, lines 1 and 2. The
referenced text has been revised. However, in reviewing the results of the
applicant's regional and site investigations and assessina the seismic sources
identified by those investigations, it still may be necessary to develop
realistic models based on this information in order to determine whether those
models have been enveloped by the PSHA used in the estimation of the SSE. The
evaluation guidance described in the referenced paragraph has ben rewritten
with that purpose in mind. Some revisior. of Sections III, REVIEW PROCEDURES,
and Section IV, EVALUATION FINDINGS has also been accomplished to more clearly
define the staff's responsibilities.

9. Page 2.5.2-7, lines 15-21. The following statements have been added to
the referenced sentence for clarification: "For the CEUS sites, when the SSE
is determined using LLNL or EPRI PSHA methodology and Rigulatory Guide 1.165,
in meeting the requirements of Reference 1, this rc be9ction is acceptable when,

adequate information is provided to demonstrate: (1) that a thorough
fnvestigation has been conducted to assess the seismicity and identify seismic
sources that could be significant in estirtting the seismic hazard of the
region if they exist; (2) that existing sources in the PSHA are consistent
with the results of site and regional investigations, or the sources have been
updated in accordance with the Appendix E of regulatory Guide 1.165.

For sites where LLNL or EPR! methods have not been used, and it is necessary
J,o identify and characterize seismic sources in meeting the requirements of
Reference 1, this subsection is acceptable when adequate information is
provided to demonstrate that all seismic sources that are significant in
determining the earthquake potential of the region are identified, or that an

| adequate investigation has been carried out to provide reasonable assurance
that there are no unidentified significant seismic sources."'

.
10. Page 2.5.2-7, lines 36-39. The phrase "(those identified by the

| investigations)" has been inserted between " seismic sources" and "is based on"
in parentheses for clarification.

Comments 11. through 16. Page 2.5.2-9, lines 4, 5, 10, 11, 13-15, 16, 17, 24-
27, 30-32, 39, and 40. These comments pertain to the deterministic seismic
hazard " sanity check" of the applicant's PSHA. This proposed procedure has
been abolished. The description of that procedure has been deleted and
replaced by the following text:
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i "For the CEUS sites relying on LLNL or EPRI methods, the staff will review the '

' applicant's probabilistic seismic hazard analysis, including the underlying ,

assumptions and how the results of the site investigations are used to update ;:

; the existing sources in the probabilistic seismic hazard analysis, how they
1 are used to develop additional sources, or how they are used to develop a new

data base.
,

The staff will review the controlling earthquakes and associated ground !
*

j motions at the site derived from the applicant's probabilistic hazard analysis !

; to be sure that they are either consistent with the controlling i
'

: earthquakes / ground motions used in licensing of (a) other licensed facilities
i at the site, (b) nearby plants, or (c) plants licensed in similar seismogenic

regions, or the reasons they are not consistent are understood. For the CEUS,'

a comparisen of the PSHA results can be made~with the information included as |;

1 Table 1, which is a very general- presentatior, based on technical information ,

i developed over the past two decades of licensing nuclear power plants. j

. 'The applicant's probabilistic analysis, including the derivation of
j . controlling earthquakes, is considered acceptable if it follows the procedure !

in Regulatory Guide 1.165 and its Appendix C (Ref. 9). The incorporation of1

i results of site investigations into the probabilistic analysis is considered
.

j

j acceptable if it follows the procedure outlined in Appendix E of Rcgulatory !

: Guide 1.165 and is consistent with the review findings of Sections 2.5.2.2 and
2.5.2.3. |'

I . For the sites not using LLNL or EPRI methods, the staff will review the
applicant's PSHA or other methods used to derive controlling earthquakes. The -

;

i staff will particularly review the approaches used to address uncertainties.
: The staff will perform an independent evaluation of the earthquake potential
! associated with each seismic source that could affect the site. The staff i

will evaluate the applicant's controlling earthquakes based on historical and I
paleoseismicity. In this evaluation, the controlling earthquakes for each i

i source 'are at least as large as the maximum historic earthquake associated !

with the source." ;

|
|

; 17. Page 2.5.2-11, lines 16-18. The sentence is appropriate because, as
' explained in response to an earlier comment, even at ALWR sites, regional i

'

! c.'aluations are still required.

18. Page 2.5.2-11, lines 25-27. The referenced sentence has been deleted
; from.the SRP Subsection.

! 19. Page 2.5.2-12, lines 1 and 2. The referenced sentence has been modified
! to: "These procedures are also used to make ground motion estimates when the i

probabilistic methods are not used. In the following procedures, 84th
j percentile response spectra are used for both spectral shape as well as ground
] notion estimates.

!
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COMMENT RESOLUTION

Regulatory Guide 1.12, Revision 2 '

Seismic Instrumentation for Nuclear Power Plants I

(Draft was DG-1033) j
f

i

BACKGROUND
.

The first proposed revision of the Reactor Site Criteria Including Seismic and v

' ' Earthquake Engineering Criteria for Nuclear Power Plants (10 CFR Parts 50, 52 ;

and 100) was published for public comment on October 20, 1992, (57 FR 47802). !

The availability of the draft regulatory guides and standard 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 withdrawn and

.,

replaced with the second proposed revision of the regulations published for
public comment on October 17, 1994, (FR 59 52255). The availability of the |
draft guidance documents was published on February 28, 1995, (FR 60 10810). |.

|

'

Nine letters (References I through 9) contained comments on Draft Regulatory j
,

'

Guide DG-1016, " Seismic Instrumentation for Nuclear Power Plants," November

1992. Draft Regulatory Guide DG-IC33, " Seismic Instrumentation for Nuclear
Power Plants," February 1995 reflects the only documentation pertaining to NRC
staff evaluation and implementation of all comments provided in References I
to 9.

i

| Three letters (References 10-12) contained comments on Draft Regulatory Guide
DG-1033, " Seismic Instrumentation for Nuclear Power Plants." A synopsis of

'

the comments and the NRC staff response follows.
4

A. INTRODUCTION

A1. It is not evident why it is necessary to require (1) that nuclear sites
have seismic instrumentation, or (2) that nuclear power plants be
shutdown if the Operating Basis Earthquake Ground Motion (OBE) is
exceeded, if no damage is apparent. It appears that the USGS has
adequate. instrumentation for detecting and reporting earthquakes
anywhere in the United States. Also, if a plant is designed to
withstand an SSE it is more than reasonable that if it survives an OBE
(1/2 SSE or an MMI n) without damage and without tripping, it should he
pemitted.to contihiue to operate without interruption. (Reference 10)

I
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Response to d). The USGS may have adequate instrumentation for

detecting and reporting earthquakes anywhere in the United States; -

however, their instrumentation will not satisfy the Comission's ;

requirements that suitable instrumentation must be provided so that the
iseismic response of nuclear power plant features important to safety can

be evaluated promptly. These requirements will be contained in Appendix
S, " Earthquake Engineering Criteria for Nuclear Power Plants," to 10 CFR
Dart 50, " Domestic Licensing of Production and Utilization Facilities,"

'

ior applications received after the effective date of the final rule.
They are currer.tly contained in Appendix A, " Seismic and Geologic Siting
Criteria for Nuclear Power Plants," to 10 CFR Part 100, " Reactor Site ;

Criteria," for existing plants.
!

Regulatory guides are issued to describe and make available to the
public such information as methods acceptable to the NRC staff for ,

implementing specific phrts of the Comission's regulations. Regulatory

guides are not substitutes for regulations, and compliance with
'

regulatory guides is not required.

iShould an earthquake occur, the instrumentation described in Draft
'

Regulatory Guide DG-1033 satisfies the Comission's regulations by
providing information on the vibratory ground motion and resultant
vibratory responses of representative Seismic Category I structures.
The instrumentation will provide data so that an evaluation can be made
as tr. ") whether or not the design response spectra have been exceeded,
(2) whether or not the calculated vibratory responses used in the design
of the representative seismic Category I structures have been exceeded
at instrumented locations, and (3) the degree of applicability of the
mathematical models used in the seismic analysis of the buildings.

Response to (2). The Comission's regulations cited above also require
shut down of the nuclear power plant if vibratory ground motion
exceeding that of the Operating Basis Earthquake Ground Motion (OBE) -

occurs. Appendix S to Part 50 will also require plant shutdown if
,

significant plant damage occurs.

!
'
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Small, nondamaging earthquakes may exceed the DBE' spectrum in the high-
'

frequency range without causing damage. The January 31, 1986 magnitude
5.0 earthquake near the Perry nuclear power plant is a good example. To
avoid unnecessary plant shutdowns the Electric Power Research Institute-
(EPRI) ~ 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," EPRI NP-6695, " Guidelines for'
Nuclear Plant Response to an Earthquake," and EPRI TR-100082,
" Standardization of Cumulative Absolute Velocity." The regulatory

) position on OBE exceedance in Draft Regulatory Guide DG-1034, " Pre-

j- Earthquake Planning and Immediate Nuclear Power Plant Operator
I Postearthquake Actions," is based on EPRI NP-5930.and EPRI TR-100082

,.

] reports. The following, ' extracted from EPRI NP-5930, is a statement

i about the conservatism deliberately placed in the OBE exceedance
!

j criterion:

" Note that the recommended criterion for determining OBE
_-
| exceedance is purposely conservative. Based on direct correlation

h of the criterion parameters with damage data, ground motions which

{- cause damage to buildings of good design and construction (which
j in general have'1 esser seismic resistant provisions,than nuclear

facilities) are'a factor of at least 1.5 larger than the

|~ recommended threshold values. This means that when the criterion

| is used in the future, and if the OBE is moderately exceeded, it
' is very likely that no significant damage will have occurred."

Thus, the criterion stated in DG-1034 is high enough to avoid needless
shutdowns yet low enough so that plant safety is not compromised.'

!
| The post-shutdown inspections and tests are described in EPRI NP-5695

| and endorsed in Draft Regulatory Guide DG-1034. Section 5.3.2(1)
addresses the situation where the plant was shut down because of OBE'

r,xceedance and the detailed visual inspections of the equipment and'

structures discover no. physical or functional damage.

!
The guide was not changed.

3',
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A2. Guide should be focused on describing the seismic instrumentation a
licensee must have in place if it does not wish to follow guideline
aumber 2 of Appendix A of DG-1034. Since the likelihood of an
earthquake in the eastern United States is so low, it is more prudent
for plants in this region not to install the seismic instrumentation and
shutdown for an inspection if the USGS determines that an earthquake
that exceeds the guidelines occurs. West Coast or Alaska facilities may
find it more prudent to install the instrumentation in order to have an
alternative to guideline number 2 of Appendix A to DG-1034. However, it t

is likely that they too will choose to shutdown and conduct an
inspection if the criteria of guideline number 2 in the Appendix are
exceeded. If that is the case, the seismic instrumentation is not of
benefit too them either. (Reference 10)

Response The regulatory guide describes the type, locations,
oper, ability, characteristics, installation, actuation, remote ;

indication, and maintenance of seismic instrumentation that are
acceptable to the NRC staff for satisfying the requirements in the
Commission's regulations for ensuring the safety of nuclear power
plants. The instrumentation system should be operable and operated at
all times; however, an evaluation of seismic ir.strumentation noted that |
instruments have been out of service during plant shutdown and sometimes !

during plant operation. Therefore, the staff developed the guidelines
in Appendix A to Draft Regulatory Guide DG-1034 to be used if the
seismic instrumentation or data processing hardware and software
necessary to determine whether the OBE has been exceeded is inoperable.
As an incentive to have operable instrumentation, the guidelines on OBE
exceedance in Appendix A to DG-1034 are more conservative than those in

the regulatory position.

The regulatory position was not changed.

B. DISCUSSION

Bl. Page 2, lines 27-30. The sentence " Foundation-level instrumentation i

would provide data on the actual seismic input to the containment and
other buildings and would quantify differences between the vibratory
ground motion at the free-field and at the foundation level." should be
deleted or placed after the next sentence. The current location implies
that the differences between the foundation motion and motions in the
buildings are used in the determination of OBE exceedance, which is
incorrect. (Reference 11)

Response. The sentence was moved.
,

.
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82. Page 2, line 28. Foundation level seismic instrumentation should not be
required at buildings other than seismic category I structures. Revise

-to read ".. to the containment and other seismic category I buildings<

: and would quantify ..." (Reference 11) ;

^

Responst. Agreed. .

. .

: 53. Page 3, lines 3-6. Revise to state that Draft Regulatory Guide DG-1034 .

addresses cases when the installed seismic instrumentation is and is not. |
. operable. (Reference 11) ;

4

<

d

~ Response. Page 3, lines 3-6 discusses a critical. assumption about

; seismic instrumentation operability and data processing capability
pertaining to the development of the regulatory positions in DG-1034. |

,

| Lines 16-19-discusses the NRC staff's position if the seismic !
,

) instrumentation or data processing hardware and software is inoperable. >

>

j- The discussion was not changed.

l .

: B4. . 'Page 3, lines 10-12. Supports the discussion about instrumentation at
multi-unit sites in so far as the same or higher levels of quality are ,

implemented during the construction phase of the follow-on plants.
.

There should be an established means to verify, from a structural
perspective, that the reactors are built to the same quality levels. In'

those. cases where this cannot be demonstrated, separate seismic
instrumentation should be installed in subsequent units. (Reference 12) ;

:
4

! Response. The design and construction methods proposed by an applicant !

[ are described in a safety analysis report that is submitted to the NRC
staff for review and approval. In its review the NRC staff ensures that

,

the proposed design and construction methods are commensurate with

current practices.

,

C. REGULATORY POSITION ,

|

t

C1. Page 5, lines 1-3. The phrase "certain features" should be defined or"

}
more specific language used in its' place. (Reference 11)

,

J

Response. A portion of the statement provided in References 1 and 2 was

i insdvertently omitted. The regulatory position was revised. ;

!

i

a
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C2a. Page 5, lines 24-25. Supports the regulatory position about :

annunciation in separate control rooms, if applicable, for new >

licensees. Recommends an exemption for licensees of existing plants
that may want to voluntarily upgrade their systems and implement the new
standards. (Reference 12) ,

C2b. Page 5, lines 24-25. This implies that annunciation is required in the -

control room. EPRI TR-104239 allows a minimum system where the data is ,

retrieved by hand and processed at a different site. As long as the ,

determination of OBE exceedance can be performed within 4 hours this
should be acceptable to the NRC. Running cables from the instrumentation
to the control room is expensive and may not be cost beneficial to some
utilities. Note that if the operators in the control have not felt an ,

earthquake then for practical considerations an earthquake has not ;

occurred.

Revise the section not to require control room annunciation. (Reference
11) .

Response. Support for the NRC staff's regulatory position for control
room annunciation is contained in several peer reviewed national
standards, most notably, ANSI N18.5, " Earthquake Instrumentation
Criteria for Nuclear Power Plants," (endorsed with exception in

Regulatory Guide 1.12, Revision 1), and ANSI /ANS-2.2-1978 and 1988, ;

" Earthquake Instrumentation Criteria for Nuclear Power Plants." The
regulatory position because it pertains to new plants was not changed.
However, the implementation section of the regulatory guide was revised
to include a voluntary implementation b~ licensees of operating plants.
The implementation section states that partial compliance with the
regulatory positions will be reviewed on a case-by-case basis
recognizing that it may not be cost beneficial for licensees to
implement all aspects of the regulatory positions.

'

C3. Page 6, lines 13-14. State that the instrumentation should record, at
minimum, 3 seconds of low amplitude motion prior to seismic trigger
actuation. Setting for the pre-cuat memory should be correlated with .

the maximum distance to any potential epicenter that can effect a
specific site. The "P" wave may not be recorded at a 3 second setting.
Also, when an event occurs at some distance and the trigger threshold
limit is not exceeded until 15 or 20 seconds into the event, a part f
the record, albeit for a low event, is lost. A 30 second value may be
more appropriate and is within the capabilities of current digital time-

g
history accelerographs. (Reference 12)

L i

k
i
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Response. Agreed. The regulatory position was changed. In addition, a ,

new paragraph was added to the Discussion section addressing the pre-
event memory setting.,

C4. Page 6, lines 21-24. Can not comply with the stated regulatory-

position. It would require equipment to have the capability to record
for 30 days without power. Current capability is for equipment h sense .

and record for no le:s than 24 hours in the absence of power. Loss of i

AC and DC power alarms are optionally available that would notify
personnel if there is a problem with the power system. (Reference 12)

Response. The regulatory position was revised to recommend enough
battery capacity for a minimum of 25 minutes of system operation at any
time over a 24 hour period, without recharging, in combinttion with a ;

battery charger whose line power is connected to an uninteruptable power
supply or a line source with an alarm that is checked, at least every 24 i

hours. It is also stated that other combinations of larger battery
'

capacity and alarm intervals may be used.

C5. Page 7, lines 10-11. The lower range of the seismic trigger actuation
level should be 0.005g (not 0.001g). Our instrumerni. tion is capable of
having a trigger actuation level of 0.001g, however, an actuation level
of 0.005g would avoid spurious triggering of the system. (Reference 12)

ResDonig. What is stated is a range of seismic trigger operability not
a specific setting. If necessary, the actuation level of the seismic
trigger could be set to 0.005g to avoid spurious triggering of the

'

system. Therefore, in response to References 1 and 2, and because the
stated range is available the regulatory position was not changed.

C6. Page 8, lines 4-7. Supports control room annunciation of the free-field
or any foundation level time history accelerograph for new plants.
Recommends an exemption for licensees of existing plants that may want
to voluntarily upgrade their systems and implement the new standards.
(Reference 12)

Resoonse. See response to C2.

C7. Reinstate Regulatory Position 4.3 of DG-1016, "The instrumentation of
the foundation and at elevations within the same building or structure
should be interconnected for common starting and common timing, and the
instrumentation should contain provisions for an external remote alarm
to indicate actuation." In the absence of a common time base for

7
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instruments in the same building or structure, comprehensive post- '

'

earthquake (off-line) dynamic analysis,_ is not possible. (Reference 12)

.
;

Response. The regulatory guide recommends the minimum instrumentation
requirements necessary to meet the Commission's regulations. As noted
in Reference 5, the proposed instrumentation is not sufficient to
identify some of the major vibratory modes of the structure, such as
rocking and torsion. However, the instrumentation described in the
regulatory guide will provide data so that an evaluation can be made as
to (1) whether or not the design response spectra have been exceeded,
(2) whether or not the calculated vibratory responses used in the design !

of the representative seismic Category I structures have been exceeded ,

'

at instrumented locations, and (3) the degrt; of applicability of the
mathematical models used in the seismic analysis of the buildings. [

,

The regulatory position was not changed.

!

APPENDIX ,

AAl. Improve the definition of the Operating Basis Earthquake. First, it is !

not necessarily true that all features necessary for continued operation '

of the plant are seismically designed (circulating water system, sewage
treatment, turbine, reactor coolant pumps, etc.). Systems necessary for
safe shutdown are seismically designed. Second, why require shutdown at i

the OBE if the plant is designed for it? Third, as written, all
earthquakes less than the OBE meet the definition of the OBE. Fourth,
DG-1034 page 8 appears to define the OBE as either an OBE spectra, as
1/3 the SSE, or as .2g. Fifth, Appendix A of DG-1034, guideline number
2 appears to define an OBE as an MMI earthquake within 5 km of the
plant, a Richter 6 felt at the plant, or a Richter 5 within 200 km of i
the plant.

A better definition for the OBE is: "An earthquake occurring in the
vicinity of a plant after which the plant is shutdown for detailed
review and evaluations, even if no damage is apparent. The earthquake
must result in an MMI VI or greater within 5 km of the plant. For
plants with calibrated, operable and installed seismic instrumentation, ,

the OBE must also exceed 1/2 of the SSE spectrum." (Reference 10)

Response. With regard to the other OBE related statements, the proposed
regulations and information pertaining to NRC staff positions on the
value of the OBE ground motion, required OBE analysis, and required
plant shutdown are contained in the Federal Reaister notice cited above -

and briefly summarized below.
,

8 ,

|
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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 must ,

remain functional and within applicable stress, strain, and deformation ,

i limits when subjected to the effects of the OBE in combination with
normal operating loads (Paragraph IV(a)(2) of Appendix S to 10 CFR Part

50). The value of the OBE can 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 SSE, where analysis and design are required. In selecting

the value of the OBE the ' applicant should considei- two items: first, the
regulations require plant shutdown if vibratory ground motion exceeding

'that of the OBE occurs (Paragraph IV(a)(3) of Appendix S to 10 CFR Part
,

50), and second, the amount of analyses associated with the OBE. (Refer

to Paragraphs V(B)(5) and V(B)(6) of FR 59 52255 for more discussion.)
4

Since December 1973 (the effective date of Appendix A to 10 CFR Part

100) the Commission's regulations have required that a nuclear power
plant shut down if vibratory ground motion exceeding that of the OBE
occurred. Exceedance is not clearly defined in the regulation or in any !
other regulatory guidance. Interim guidelines as to what constitutes an j

OBE exceedance warranting shutdown were published in Reference 13. The j

cited pages in DG-1034 contain OBE exceedance guidelines for plants with !
;

and without operable seismic instrumentation and data processing
equioment, not additional OBE definitions. Note that the OBE exceedance
criteria has been developed to reflect damage potential of the*

earthquake ground motion at a site and, as such, relates to the 1911
measures. EPRI NP-5930 and EPRI TR-100082 contain details of the

i development of the OBE exceedance criteria.

!

|

!

!

:
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COMMENT RESOLUTION

Regulatory Guide 1.166
Pre-Earthquake Planning and

Immediate Nuclear Power Plant Operator Postearthquake Actions
(Draft was DG-1034)

BACKGROUND

The first proposed revision of the Reactor Site Criteria Including Seismic and
Earthquake Engineering Criteria for Nuclear Power Plants (10 CFR Parts 50, 52
and 100) was published for public comment on October 20, 1992, (57 FR 47802).
The availability of the draft regulatory guides and standard review plan
section th'at 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 quidance documents were withdrawn and
replaced with the second proposed revision of the regulations published for
public comment on October 17, 1994, (FR 59 52255). The availability of the
draft guidance documents was published on February 28, 1995, (FR 60 10810).

Seven letters (References I through 7) contained comments on Draft Regulatory |
Guide DG-1017, " Pre-Earthquake Planning and Immediate Nuclear Power Plant i

Operator Postearthquake Actions," November 1992. Draft Regulatory Guide
DG-1034, " Pre-Earthquake Planning and Immediate Nuclear Power Plant Operator

Postearthquake Actions," February 1995 reflects the only documentation
pertaining to NRC staff evaluation and implementation of all comments provided

in References 1 to 7.

Two letters (References 8-9) contained comments on Draft Regulatory Guide
DG-1034, " Pre-Earthquake Planning and Immediate Nuclear Power Plant Operator .

Postearthquake Actions." A synopsis of the comments and the NRC staff |

response follows.

B. DISCUSSION

Bl. Page 2, lines 23-27. Clarification is needed. First, only the free-
field instrument (or possibly the containment foundation accelerograph,
if the utility elects to only use the response spectrum check) are used
to determine if the plant must be shut down. Second, shutdown by 4

" operational perturbations" does not necessarily mean that OBE

I
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exceedance has occurred and that the plant must go through analytical
steps before the plant can be restarted. (Reference 9)

Response. The sentence starting on line 23 was changed to read: "The
data from the free-field seismic instrumentation, coupled with ..."

The following was added after the words " shut down" on line 30: "(or
'

could restart following a post-trip review, if it tripped off-line
because of the earthquake)."

,

B2. Page 3, lines 6-15. It is not clear why the seismic instrumentation ,

must process the data within four hours when plant walkdowns need not be
comp.leted for eight hours. Suggest changing the data processing
requirements to eight hours. It is also not clear why if the plant has
operated without problems for eight hours following the earthquake, and
no damage is apparent, why the plant is automatically forced to
shutdown. (Reference 8) |

Response. The recommended times for the processing of data from the
seismic instrumentation and the completion of the operator walkdown

inspections was extracted from guidelines published by the Electric
Power Research Institute (EPRI). These guidelines are contained in

#

EPRI NP-6695, " Guidelines for Nuclear Plant Response to an Earthquake,"
Sections 4.3.2, Operator Walkdown Inspections, and 4.3.3, Evaluation of
Ground Motion Records. The following is extracted from the Report

Summary (Approach Section):

"The guidelines were developed by a team with expertise in
system performance, plant operations, and seismic structural
engineering disciplines. Based on the knowledge that
operating and emergency procedures to respond to plant

,

systems are already in place at nuclear power plants, the
team formulated comprehensive guidelines for utilities to
develop plant-specific procedures for response to an
earthquake. Throughout guideline development, a panel of
utility and industry experts on plant operation and
earthquake engineering provided a comprehensive peer

review."

2
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The Commission's regulation (Appendix S, " Earthquake Engineering
Criteria for Nuclear Power Plants," to 10 CFR Part 50, " Domestic
Licensing of Production and Utilization Facilities") require shut down
of the nuclear power plant if vibratory ground motion exceeding that of
the Operating Basis Earthquake Ground Motion (OBE) or significant plant
damage occurs. If no damage is apparent shutdown would only be required

if the OBE were exceeded.

The discussion was not changed.

B3. Page 3, lines 12 to 15. Suggest rewording to "If the seismic
instrumentation or data processing equipment is inoperable, or the
licensee has chosen not to install seismic monitoring instrumentation,
the guidelines in Appendix A to this guide will be used to determine
whether the OBE has been exceeded." (Reference 8)

Resoonse. The installation of seismic monitoring instrumentation is not
optional it is required by the Commission's regulations (Appendix S.
" Earthquake Engineering Criteria for Nuclear Power Plants," to 10 CFR
Part 50, " Domestic Licensing of Production and Utilization Facilities").
The discussion was not expanded to include the phrase "or the licensee"

has chosen not to install seismic monitoring instrumentation."
-

B4. Page 3, lines 20-23. EPRI NP-5930 refers to a single " criterion" with
two checks (i.e., response spectrum and CAV). The NRC should adhere to
this convention to avoid misunderstandings. (Reference 9)

Response. Agreed.

B5. Page 4, lines 1-3. Delete this statement. We are not aware of any

plants where containment isolation valves have malfunctioned during an
earthquake. It is not believed that it is necessary that these valves
be checked by the plant operators during a post-earthquake walkdown.
This would be an appropriate component to review during the restart
phase, if a plant is shutdown due to OBE exceedance or discovery of
significant damage. (Reference 9)

Response. The comment on page 4, lines 1-3 discusses why the NRC staff
took exception to Section 4.3.4 of EPRI NP-6695 and added Regulatory

Position 6.2. Section 4.3.4 of EPRI NP-6695 describes pre-shutdown

inspections that are only performed if it has been determined that the
plant must shut down because the OBE was exceeoed or the operator

3-
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walkdown inspections discovered damage. For the selscted equipment it

is important to perform i. visual inspection focusing on functional
damage that may impair the capability of the damaged item to perform its
safety function. Physical damage wnich does not affer.t equipment

operability is not a major concern in these inspections. Because it is
essential to maintain containment integrity a check of the containment
isolation system was added to the minimum list of eenipment to be

checked.

B6. -Page 4, lines 4-10. The NRC position that nuclear power plants be
automatically shutdown following an OBE, even if the plant is stable and
no damage 's observed, precludes prudent operators in earthquake prone
zones such as-the West Coast and Alaska from building nuclear power
plants. This decision will limit nuclear power facilities to low
seismic zones such as the eastern United States, where the likelihood of
an earthquake is so low that shutdown of the power plant for a post OBE
inspection is moot anyway. (Reference 8)

Response. The requirement associated with the OBE is that all
structures, systems, and components of the nuclear power plant necessary
for continued operation without undee risk to the health and safety of
the public must remain functional and within applicable stress, strain,
and deformation limits when subjected to the effects of the OBE in
combination with normal operating loads (Paragraph IV(a)(2) of Appendix

S to 10 CFR Part 50). The value of the OBE can 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 SSE, where analysis and design are
required. In selecting the value of the OBE the applicant should
consider two items: first, the regulations require plant shutdown if
vibratory ground motion exceeding that of the OBE occurs (Paragraph
IV(a)(3) of Appendix S to 10 CFR Part 50), and second, the amount of
analyses associated with the OBE. (Refer to Paragraphs V(B)(5) and
V(B)(6) of FR 59 52255 for more discussion.) The regulations do not
preclude prudent operators in earthquake prone zones such as the West

Coast and Alas! com building nuclear power plants.

Shutdown of the power plant for a post OBE inspection is not a moot
point for eastern United States power plants. Small, nondamaging

4 -
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earthquakes have exceeded the OBE spectrum in the high-frequency range
,

'
without causing damage. In 1978 and 1979 a series of earthquakes

occurred near the Virgil C. Summer plant in South Carolina, in 1986 an -

earthquake occurred near the Perry plant in Ohio, in 1987 an earthquake
that occurred in southern Illinois was either felt of triggered '

instruments at six plants. To avoid unnecessary plant shutdowns the
'

Electric Power Research Institute (EPRI) 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," :

EPRI NP-6695, " Guidelines for Nuclear Plant Response to an Earthquake,"
and EPRI TR-100082, " Standardization of Cumulative Absolute Velocity."

The regulatory position on OBE exceedance in Draft Regulatory Guide DG-
1034, " Pre-Earthquake Planning and Immediate Nuclear Power Plant '

Operator Postearthquake Actions," is based on EPRI NP-5930 and EPRI TR-

100082 reports.

C. PEGULATORY POSITION
I

C1. Page 5, line 4. Add a statement that the requirements for service
history of seismic instrumentation should not be more restrictive than j
requirements for other plant equipment. (Reference 9) 1

Response. Agreed.

C2. Page 5, lines 8-11. It should be made clear that the same earthquake
time-history used for the calibration check should be used for all
accelerometers. This will avoid someone thinking that the response of
the structure from a dynamic analysis should be used to check 1

accelerometers high up in the building.

The request in lines 11, 12 and 13 (listed above) seems inconsistent.
It would be more appropriate if each accelerometer were treated
independently. A calibration check should be performed for an
instrument after servicing, but there is no need to require a check (of
all instruments) after only the free-field instrument is serviced.
(Reference 9)

Response. The intent of this Position is to have sufficient information

available at the plant so that the licensee can ascertain that the time-
history analysis hardware and software were functioning properly. .

!

5
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Regulatory Positions 1.1(4) and 4.3 were modified to clarify this point.
The following was added to the Discussion section of the guide:

"Because free-field seismic instrumentation data are used in the
plant shutdown determination, it is important to ascertain that
the time-history analysis hardware and software were functiening
pr perly. Therefore, the response spectrum and cumulative
absolute velocity (CAV) should be calculated using a suitable
earthquake time-history or manufactures calibration standard after
the initial installation and each servicing of the free-field
instrumentation. After an earthquake at the plant site, the
response spectrum and CAV should be calculated using the time--

history or calibration standard that was used during the last
servicing (or initial instrumentation installation if no servicing
has been performed) and the results compared with the latest data
on file at the plant."

This Position is not addressing seismic instrumentation maintenance.
The maintenance of the accelerometers is described in Regulatory Guide
1.12 " Nuclear Power Plant Instrumentation for Earthquakes," Revision 2

(Draft was DG-1033).

C3. Page 5, lines 15-18. Sections 5.3.1 and 5.3.2.1 of EPRI NP-6695 are for
" post-shutdown inspections and tests" assuming that the plant has been
shut down due to OBE exceedance or discovery of significant damage
during the operator walkdown. This section should be revised to refer
to Section 4.3.2 of EPRI NP-6695. This latter section refers to Section
5.3.2.1, but it says: "In performing these inspections, consideration
(underline added for emphasis) should be given to the specific list of
equipment selected for focused inspections described in Section 5.3.2.1
of this report.

The key word here is " consideration." Section 5.3.2.1 guidance relies
on a very major inspection procedure that is beyond the scope of post
earthqu:ke inspection guidance of Section 4 of EPRI NP-6695. The post
earthquake walkdown is performed by plant operators, while the post-
shutdown review in Section 5 is performed by engineers. The operator
walkdown after a felt earthquake should be kept simple. (Reference 9)

Response. Regulatory Position 1.2 discusses pre-earthquake actions,
that is, the upfront planning that is needed to perform the
postearthquake inspections. Section 5 of EPRI NP-6695 is titled,

G
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" Guidelines for Post-Shutdown Inspections and Tests," howr nr. 'on ;

5.3.1 is titled, " Pre-Event Actions," and describes the s .n of !

equipment and structures for inspections and the base line ..spections. |

-Section 5.3.2.1 of EPRI NP-6695 was cited because it is mentioned in ,

'

Section 5.3.1 and the NRC staff wanted to make it clear that it was also
accepted. In retrospect this is not necessary, exceptions to a section,
if any, are noted (see Regulatory Position 2). The text was modified to
state that the Position pertains to pre-earthquake actions, and the !

reference to Section 5.3.2.1 was removed.
;

,

C4. Page 5, lines 22-24. See comment C3 above. There should not be a ,

direct reference to Section 5 in EPRI NP-6695 since this refers to post-
shutdown actions. Revise this Section so it does not refer to Section 5
in EPRI NP-6695, which refers to post-shutdown earthquake actions. |

(Reference 9)
'

Response. Agreed, the parenthetical statement was removed. See
response to Comment C3 for the rational as to why the parenthetical
statement was made.

C5. Page 7, lines 7-10. The option should be permitted to allow the
containment basemat location to be used in the same manner as a free-
field station for plants founded on rock sites. This is specifically
allowed for this in the EPRI NP-5930 report, because flexibility was
conservatively included in the OBE exceedance criterion to account for
variability between free field r.nd containment basemat responses at rock
sites. (Reference 9)

Response. NRC staff approval of an applicants standard design
certification submittal pursuant to 10 CFR Part 52 means that the design
is usable for a multiple number of units or at a multiple number of
sites without reopening or repeating the review. In the design
certification applications that have been reviewed and approved by the
NRC staff (System 80+, NUREG-1462 and Advanced Boiling Water Reactor,

NUREG-1503), the applicant has committed to the location and
characteristics of the seismic instrumentation, OBE exceedance criter ion

(using data from free-field seismic instrumentation), and plant shutdown
and restart procedures. Deviations from these comitments can not be
made after site selection and still have the design characterized as a
certified standard design. In addition, an application for a

7
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construction permit or operating license pursuant to Appendix S of Part'

50 has the SSE characterized by free-field ground motion response

spectra at the free ground surface. Thus, the free-field seismic
instrumentation data would be used to compare measured response to the

engineering evaluations used to determine the design input motions to
the structures. -

In a 10 CFR Part 50 application the characteristics of the design and
site are reviewed simultaneously. The applicant's commitments to the
location and characteristics of the seismic instrumentation, OBE
exceedance criterion, and plant shutdown and restart procedures are made ;

with explicit siting conditions known. However, an application for a
construction permit or operating license pursuant to Appendix S of Part
50 has the SSE characterized by free-field ground motion response

spectra at the free ground surface. The free-field seismic
instrumentation data would be used to ccmpare measured response to the

engineering evaluations used to determine the design input motions to
the structures.

In addition, there is a publication on recent Lucerne Valley, California
data (Reference 10) which questions the criteria for classifying a site
as rock. Reference 10 concludes that the use of rock outcrop motion to

develop base rock motion needs further evaluation. The NRC staff is
aware of other unpublished studies with similar conclusions that were
conducted after recent California earthquakes. This will be addressed
in a new NRC sponsored research program to develop revised regulatory

guidance to characterize the vibratory ground motion used for nuclear
power plant design. Results will provide the technical basis to support
a revision to Regulatory Guide 1.60, " Design Response Spectra for
Seismic Design of Nuclear Power Plants," and associated standard review

plan sections.

The final regulatory guide will be used in the evaluation of
applications for construction permits, operating licenses, combined
licenses, or design certifications submitted after the effective date of
Appendix S to 10 CFR Part 50 (the regulatory positions will not be
backfit). Therefore, for the reasons cited above a general option that

8
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!would allow that the containment basemat location could be used in the
same manner as a free-field station for plants founded on rock sites
will not be included. However, applicants have proposed alternative
methods for complying with specific portions of the Commission's
regulations that were accepted by the NRC staff. Recognizing the NRC |
staff's concerns about criteria for classifying a site as rock, an
application submitted pursuant to Part 50 could propose the stated

Ioption with their submittal.

,

C6. Page 8, lines 1-8, EPRI NP-5930 recommends a confirmatory check when
only a single spike exceeds one of the three earthquake component
response spectra. In order to minimize of the likelihood of a spurious
signal indicating falsely that the OBE has been exceeded a confirmation
check should also be allowed consistent with the provisions in EPRI NP-
5930. (Reference 9)

Response. The recommendations in EPRI NP-5930 were developed in part,

based on the data that would be available from the seismic
finstrumentation in the currently operating nuclear power plants. For

the response spectrum check EPRI NP-5930 recommends that spectral- !

ordinates, computed at a minimum of 8 frequency points approximately
evenly spaced on a logarithmic scale, are compared to the criterion
values. The response spectrum check is considered to have been exceeded
if one spectral ordinate from any of the three directions exceeds the
criterion value and one additional spectral ordinate, from a different
frequency of the same direction or any frequency of a different
direction, exceeds two-thirds of the criterion value. For instruments

such as Engdahl recorders which rely on light indicators (i.e., amber
and red) one red light with at least one additional indicator (red or |

amber) from a different oscillator must light for the response spectrum
.

check to have been exceeded. ]

I

The recommendations stated above were intended to minimize the I

likelihood of a spurious signal (a single narrow frequency spectral
acceleration spike) as being interpreted as a damaging earthquake
motion. The solid-state digital instrumentation recommended in
Regulatory Guide 1.12, " Nuclear Power Plant Instrumentation for
Earthquakes," Revision 2 (Draft was DG-1033) will provide spectra data

Ias a continuum, and not be limited to a preselected number of

9
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frequencies. All frequencies between 1 and 10 hertz should be used to
determine if the response spectrum check was exceeded. Upon evaluation
of the data the appearance of a spurious signal would be evident.

The regulatory position was not changed.

C7. Page 8, lines 1-8. Item 4.1.2 in this section provides three criteria
for exceeding the OBE spectra: first, the OBE spectra; second,1/3 of
the SSE; and third, .2g or 6 inches per second as appropriate.
Historically, the criteria for the OBE is 1/2 the SSE. Why the change?
Does the definition of the OBE as 1/3 of the SSE preclude the need for
any OBE design anlysis? Also, does the .2g or 6 inches per second
criteria correlate in any way to an MMI VI within 5 km of the plant?
The pumber of options available in this section is confusing. Why is
the criteria not limited to exceeding 1/2 the SSE roectra? From a
design perspective, it seems prudent for licensees to design only for
the SSE spectra. Then the OBE (either 1/3 or 1/2 the SSE spectra)
becomes simply a trigger for a shutdown and inspection. (Reference 8)

Resoonse. Historically, the criteria for the OBE was 1/2 the SSE.
Appendix S to 10 CFR Part 50 now states that the value of the OBE can 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 SSE, where
analysis and design are required.

The 0.29 spectral acceleration was recommended in the EPRI NP-5930, "A
Criterion for Determining Exceedance of the Operating Basis Earthquake."
The 6 inches per second spectral velocity threshold was also recommended
by EPRI since some structures have fundamental frequencies below the
range specified in EPRI NP-5930. However, the NRC staff recommends 1.0
to 2.0 Hz 'or the range of the spectral velocity limit (EPRI recommended
1.5 to 2.0 Hz) since some structures have fundamental frequencies below
1.5 Hz. The 0.29 and 6 inches per second criteria were established from
the real earthquakes used to er.tablish the OBE exceedance criteria as

discussed in EPRI NP-5930.

C8. Page 9, line 2. Define significant plant damage. Isn't it better

defined and actually already addressed by the Plant Technical

Specifications action statements? (Reference 8) .

10
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Response. Significant damage is defined in EPRI NP-6695, " Guidelines
for Nuclear Plant Response to an. Earthquake."

,

C9. Page 9, lines 6-8. Regulatory Posit' ion 4.4 which addresses inoperable,

instrumentation should be referenced in this Section. (Reference 9)

Response. Agreed. The sentence that started at the end of line 9 was,

expanded to: "If only one limit can be checked, the other limit is
assumed to be exceeded; if neither limit can be checked see Regulatory

. Position 4.4."

C10. Page 9, line 14. What triggers the walkdown inspection? The criteria
for these inspections should be as explicitly defined as the criteria'

for OBE exceedance. (Reference 8)

Response. Actions _ are triggered by a felt earthquake at a nuclear power

plant. EPRI NP-6695 defines a felt earthquake as: "An earthquake of
sufficient intensity such that: (a) the vibratory ground motion is felt
at the nuclear power plant site and is recognized as an earthquake based
on a consensus of the control room operators on duty at the time, and

(b) for plants with operable seismic instrumentation, the seismic
switches installed at the plant are activated. For most plants with
seismic instrumentation, the seismic switches are set at an acceleration
of about 0.01g.

Cll. Page 9, line 15 Define damage. Does this include papers on the floor,*

overturned coffee cups, easily repairable items? Isn't this better ;

addressed through compliance with Technical Specification action
statements? (Reference 8)

.

Response. Damage (functional, physical, and significant) is defined in
EPRI NP-6695, " Guidelines for Nuclear Plant Response to an Earthquake."

APPENDIX A

AAl. Page A-1, lines 8-20. For plants on rock sites the OBE exceedance
instrumentation should be allowed to be located at either a free-field
site or at the top of the containment basemat. The limits of 0.2g or 6
inches per second should not be eliminated from the response spectrum
check. Significant additional conservatism is provided by eliminating
the CAV check. (Reference 9)

I

11
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Resoonse. The criteria in the Appendix are used to determine if the OBE

has been exceeded because the free-field seismic instrumentation is
inoperable, data from the seismic' instrumen ; ion are destroyed, or the-

data processing hardware or s'oftware is inoperable. Also, see response

to Comment C5.

AA2. Page A-1, lines 29-30. Criteria 2 appears to apply to earthquakes of
Richter magnitude 6.0 or greater that occur more than 200 km from the
plant and are " felt" at the plant. Define " felt" since it is
subjective. Better yet, delete this criteria. Also suggest deleting
criteria 3 f.ince it is not directly related to any damage at the plant.
(Reference 13)

Response. Refer to the response to Comment C10. The NRC staff would

use the "(a)" portion of the definition in EPRI NP-6695; the "(b)"
portion is not applicable because the seismic instrumentation is
inoperable

Criteria 2 and 3 will be retained, they are based on information that
would be readily available to the NRC staff and would require shutdowns
when they are consistent with the intent of the regulations, and avoid
shutdowns when they are not. Reference 11 has additional information
pertaining to these criteria.

AA3. Page A-2, lines 3-4. Delete this paragraph since they are better
addre sed in DG-1035. (Reference 8) -

Response. This postearthquake walkdown is recommended after any felt
earthquake ground motion as an added assurance that no damage has

occurred.

12
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COMMENT RESOLUTION

Regulatory Guide 1.167 ;

Restart of a Nuclear Power Plant Shut Down by an Earthquake |

||
(Draft was DG-1035)<

!
.
'

BACKGROUND

The first proposed revision of the Reactor Site Criteria Including Seismic and
!Earthquake Engineering Criteria for Nuclear Power Plants (10 CFR Parts 50, 52

and 100) was published for public coment on October 20, 1992, (57 FR 47802). i
,

The availability of the draft regulatory guides and standard review plaa
'

section tiat were developed to provide guidance on meeting the proposedl
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 coments
the proposed regulations and draft guidance documents were withdrawn and
replaced with the second proposed revision of the regulations published for
public coment on October 17, 1994, (FR 59 52255). The availability of the ;

draft guidance documents was published on February 28, 1995, (FR 60 10810). !
i

Three letters (References 1 through 3) contained coments on Dra. gulatory
Guide DG-1018, " Restart of a Nuclear Power Plant Shut Down by an Earthquake," |
November 1992. Draft Regulatory Guide DG-ID35, " Restart of a Nuclear Power j

Plant Shut Down by an Earthquake," February 1995 reflects the nnly |

; documentation pertaining to NRC staff evaluation and implementation of all |
'

coments provided in References I to 3.

Three letters (References 4-6) contained comments on Draft Regulatory Guide i

DG-1035, " Restart of a Nuclear Power Plant Shut Down by an Earthquake." A
]

synopsis of the coments and the NRC staff response follows.
.

4

A. INTRODUCTION
.

A1. DG 1034 does not provide guidance on what is significant plant damage.
Suggest defining significant plant damage as requiring entry into a i

Plant Technical Specification action statement. (Reference 4)

Response. Significant damage is defined in EPRI NP-6695, " Guidelines
for Nuclear Plant Rerponse to an Earthquake."

1

1
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C. REGULATORY POSITION

C1. The statement in Regulatory Position 1.1 is vague relative to its
applicability. The limitation does not apply to piping, because
Regulatory Position 1.3 states that reanalysis of safety-related piping
is unnecessary. Reanalysis of components designed to ASME Section 11
[Section III] Class MC or ASME Division II should be unnecessary
following an OBE exceedance, because they are designed within ASME
stress limitations for an SSE and demonstrated to have functionality at
seismic margin levels above the OBE, It appears that the evaluations
for potential fatigue considerations should be limited in this paragraph
to ASME vessels and components. Revise to clarify to what vessels and
components the evaluation of limitations of ASME Code Service Level C
apply. (Reference 5)

ResDonse. Regulatory Position 1.3 is withdrawn. The NRC staff does not
take exception to the last paragraph in Section 6.3.4.1 of EPRI NP-6695,
which states "For piping, seismic reanalysis should be limited to ASME
Code Class 1 piping and/or piping which shows evidence of large
displacement or distress. Complete seismic reanalysis of all piping is
not considered necessary. Experience has shown ...."

C2. Given that the earthquake has occurred and restart deliberations are in
progress, a more liberal acceptance criterion in Regulatory Position 1.2
would be appropriate. More specific guidance is needed as to what
constitutes an acceptance criterion. (Reference 5)

*

Response. In general, restart deliberations are not in progrest because
Regulatory Position 1.2 pertains to the long-term evaluation that are [<

,

performed after the nuclear power plant has restarted (EPRI Damage
Intensity 3 is the exception), see Figure 3-2 of EPRI NP-6695. Also,
more liberal acceptance criteria are not warranted because the

,

acceptability consideration noted in the regulatory guide and the others !

noted in Section 6.3.4.1, Item (3), of EPRI NP-6695 are used only if the ;

calculated stresses are greater than allowables for faulted conditions.

'

C3. This i.s in reference to calculated stresses from a seismic event if
these exceed the allowables used for the faulted condition (e.g., ASME
Code Level D service limits). The draft guide DG-1035 adds a sentence
in Regulatory Position 1.2 for functionality: "This evaluation should
address all locations where stresses exceed faulted allowables and

!should include fatigue analysis."

(a) Histrically, seismic events have not produced enough strong
motion cycles to make fatigue an issue for structures, systems and
components. This is especially true for low amplitude, high- '

'

2
;
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cycle, fatigue evaluations. The computed peak stress would have
to be a significant fraction of the ultimate tensile strain to .

initiate a high-amplitude, low-cycle, fatigue failure. For |
engineered systems, structures and components to be susceptible to -

,

low-cycle fatigue effects, the recorded seismic event would have i

to exceed the Safe Shutdown Earthquake Ground Motion (SSE) i
spectrum by a significant margin.

,
,

i(b) The ASME Code currently only requires Code Class I components to
perform fatigue analyses that account for thermal and pressure !
cycles. The plant computer system is nonitoring these systems to !

more accurately assess the effect of operating cycles on the 'ifatigde life of piping components. To do a fatigue analysis for
ASME Code Class 2 and 3 piping systems, it would be necessary to ,

use estimated values for thermal and pressure cycles. The amount i

of conservatism or error introduced by using estimated operating
cycles would be more significant than the computed seismic

,

stresses.
I

Based on the above discussion, the requirement for fatigue analysis
should be limited to ASME Code Class I components and systems.

,

(Reference 6)
1

Response. Agreed, j
f

I

C4. In Regulatory Position 1.3, if reanalysis of piping systems is not
,

considered necessary unless there is observed damage, then why is L

reanalysis to be conducted on a sampling basis? A better position is to !

- require reanalysis of damaged piping and a generic implications study to
determine if other, non-damaged lines, also need to be evaluated.
(Reference 4)

|Response. Regulatory Position 1.3 is withdrawn (see resromme to Comment

Cl). However, it should be noted that Section 6.3.3, Seismic Re-
Evaluations, of EPRI NP-6695, describes considerations that should be
used in thc selection of items for seismic re-evaluation.

C5. The exception in Regulatory Position 1.3 infers that-a'.1 piping showing i

evidence of distress be evaluated, since the draft regulatory guide did
not identify that evaluation be limited to only A!ME Code Class I piping
and/or structures that show evidence of large displacements or distress.

The draft regulatory guide suggests that piping should be evaluated
based on a sampling program. However, the parameters for the design of
a sampling program are not depicted anywhere.

1

It appears that the draft guideline is requiring also an taalytical i

evaluation of non-nuclear safety related components that exhibit signs
of damage. Most non-nuclear safety components do not have deterministic
evaluations to the level of detail of nuclear safety related components,

3 )
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which is particularly. true for systems in the turbine buildings. As a
result, generating analysis for the non-nuclear safety related systems
and components would be very time consuming and expensive with no
benefit with respect to nuclear safety.

Based on the above, we suggest to clarify in the Regulatory Guide
exclusion of the analysis requirement for non-nuclear safety related

. systems and components.- (Reference ~6)

Respone. Regulatory Position 1.3 is withdrawn. See response to
' Comments C1, C2 and C4.
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