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SUBJECT:. COMMENTS ON PROPOSED REVISION TO 10 CFR PART 100, (j
APPENDIX A AND ASSOCIATED DOCUMENTS !
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El I
In response to your July 3,1991 memorandum, the Structural and

'

. . ,

|
Geosciences Branch has reviewed the documents associated with the proposed !

-revision of Appendix A "Sei nic and Geologic Siting Criteria for Nuclear Power
,

, Plants." Enclosed is a markup of the text with our comments. These comments

Ywere prepared by Robert Rothman, Section Chief, Geosciences Section,

Phyllis Sobel, Geophysicist and Sang Bo Kim, Structural Engineer.
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James E. Richardson,. Director
Division of Engineering Technology
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-
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MEMORANDUM FOR:
J. E. Richardson, Director
Division of Engineering Technology, NRR
A. C. Thadant, Director
Division of Systems Technology, NRR
D. M. Crutchfield

~

Director
Division of Advanc,ed Reactors, NRR
W. Minners, Director
Division of Safety Issue Resolution, RES

S. A. Treby, Assistant General Counsel
for Rulemaking and Fuel Cycle, OGC

FROM:
L. C. Shao, Director
Division of Engineering, RES

SUBJECT:

100, APPENDIX ARULEMAKING REVIEW REQUEST, PROPOSED REVISION OF3

1

proposed revision of AYour assistance is requested in reviewing th
' 10 CFR PART i

" Seismic and Geologic Siting Criteria fore documents associated with theNuclear Power Plants " ppendix A,
to 10 CFR Part 100,

comments will be cons,idered for input into the pack" Reactor Siting Criteria."for Office-level concurrence. Your
to be reviewed; Enclosure 2 is the rulemakinEnclosure 1 is a list of the documents that aage that will be circulatedg package. re
The current version of Appendix A to Part 100 willplants.

The proposed rulemaking, which is applicable toremain in effect for existinga CP after the effective date of the rule
Earthquake Engineering Criteria.on Seismic and Geologic Siting Criteria, and a neapplicants applying for

, covers a new Appendix B to Part 100
w Appendir. S to Part 50 on

Several basic assumptions or guidelines were udocuments. They are-
sed in the preparation of these ,

1.

The Commission safety goal policy states that th
1

power pla a s taken as a group are at an appropriate le current nuclear \

that is, Se current plants are safe enough and fevel of safety, !
maintain that level of safety. uture plants should

2. To the
maximum extent practical,

the technical guidance forstandard review plan sections. complying with the regulation will be in the regulato
ry guides or

3.

deterministic and probabilistic techniques to mThe new seismic and geological siting criteria willmake use of both
eet the regulation.

;
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i The current package represents the current status of the proposed rulemaking on |Appendix B .to Part 100 and S to Part 50 with only a few technical duails4
:requiring verification, for instance, the one-third' factor associated with the !L elimination of the Operat!ng Basis Earthquake (08E) response anslysis. These I

L details will be available over the next several weeks (before #CRS and CRGR !I review) as input is received from our contractor and peer panel.
|

|

A significant industry interest in the Appendix A revision has been expressed
,

1

j| through the Nuclear Management and Resources Council (NUMARC) and the Electric
PowerResearchInstitute(EPRI). The staff had two public meetings (March 6 andj- April 17,1891). Based on industry presentations made at the second meeting,
there is major philosophical agreement between industry and staff regarding the,

i regulation revision. The staff has not received the written suggestions that
i NUMARC said would be forthcoming in May.
.

L There are two specific items pertaining to the Draft Federal Register Notice tN
!. I want to call to your attention.
1 -

~

*

1 1. Section VII, Future Regulatory Action, notes that several existing
| regulatory guides will be revised to incorporate editorial changes
! or maintain the existing design or analysis philosophy. These
i guides will be issued coincident with the publication of the final i

,

; regulations unless additional changes are made to the technical i
-

position which would require a public comment period. During your
review of the rulemaking package please indicate if any of the noted

| guides need to have their technical position changed. !

2. Only one paragraph within Part 100 is re' vised to cite the new
; Appendix B.
i

Your review and comments are needed by the July 16, 1991 so that Office review
t

and concurrence can be obtained by the seneduled date of August 1, 1991.
e
P

E h|- Aw
; L.C. Shao, Director
i Division of Engineering, RES

Enclosures: As Stated (2) i
i

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

cc: E. S. Beckjord, RES i

T. P. Speis, RES :

C. J. Heltenes, RES I

D. L. Meyer, ADM/RP8 i
M. A. Cunningham, RES/PRA8 |
C. E. Ader, RES/SAIB '

__.___-______J
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Enclosure 1

i

CONTENTS OF THE RULEMAKING PACKAGE, !
PROPOSED REVISION TO 10 CFR PART 100, APPENDIX A

" SEISMIC AND GECLOGIC SITING CRITERIA FOR NUCLEAR POWER PLANTS"

i'

JA.S. DESCRIPTION

1. 10 CFR Part 100, Appendix B, " Seismic and Geologic Siting Criteria for
INuclear Power Plants" (Reduced Text Version) I

; 2. 10 CFR Part 50, Appendix S, " Earthquake Engineering Criteria fer Nuclear
1

'

Power Plants"| (Reduced Text Version

; 0. 10 CFR Part 100, Appendix B - Comparative Text Version

4. 10 CFR Part 50, Appendix S - Comparative Text Version

5. Draft Federal Register Notice, " Seismic Siting and Engineering Criteria |
for Nuclear Power Plants" g

;

)

6. Draft Regulatory Guide EG-1015, " Identification and Characterization of
<

Seismic Sources"

7. Standard Revieu Plan 2.5.2, Proposed Revision 3, " Vibratory Ground Motion"

8. Appendix A to Proposed Rev yion 3 to Standard Review Plan 2.5.2,
"Probabilistic Consideration u Estimates of Vibratory Ground Motion"

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

i10. Draft Regulatory L ide DG-1017, " Pre-Earthquake Planning and Immediate iNuclear Power Plant Operator Post-Earthquake Actions" 'tiso included are jthe standards endorsed by the guide).

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

!
12. Draft kegulatory Analysis, Proposed Revision of 10 CFR Part 100,

Appendix A -

13. Draft Environmental Assesm% and Finding of No Significant Impact,
Proposed Revision of 10 CFR Part 100, Appendix A.

:

!
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APPENDIX A,
; " SEISMIC AND GEOLOGIC SITING!

i CRITERIA FOR NUCLEAR POWER i

: PLANTS" |

'

;

!

TO
:
i

| 10 CFR PART 100,
" REACTOR SITING CRITERIA".
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TABLE OF CONTENTS
i

PROPOSED REVISION OF 10 CFR PART 100, APPENDIX A

i

TAB NO. DFSCRIPTION
;

. 1 10 CFR Part 100, Appendix B - Reduced Text
i

(Seismic and Geologic Siting Criteria)

2 10 CFR Part 50, Appendix S - Reduced Text
;

(Earthquake Engineering Criteria)
'

3 10 CFR Part 100, Appendix B - Comparative Text
>

.

4 10 CFR Part 50, Appendix S - Comparative Text1

5 Draft Federal Register Notice

6 Draft Regulatory Guide - Seismic Sources.

4 - 7 Draft SRP Section 2.5.2 - Vibratory Ground
Motion

8 Appendix A to Draft SRP Section 2.5.2 -
!

Probabilistic Considerations !

.

: !

9 Draft Regulatory Guide - Seismic Instrumentation,

10 Draft Regulatory Guide - Plant Shutdown

11 Draft P.egulatory Guide - Plant Restart.

12 Draft Regulatory Analysis ;
-

. ,

| 13 Draft Environmental Assessment and Finding of
; No Significant Impact
.

|
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; 1 10 CFR Part 100, Appendix B i

!

| Appendix 8 -- Seir> and Geologic Siting Criteria for Nuclear Power Plants
; ,

. 5 GENERAL INFORMATION
i 6

| 7 This appendix applies to applicants who apply for a construction permit on or
i 8 after [ EFFECTIVE DATE OF THIS REGULATION). Prior to [ EFFECTIVE DATE OF THIS
! 9 REGULATION] applicable seismic and geologic siting criteria, including
i 10 application to engineering design, for nuclear power plants are contained in
i 11 Appendix A to Part 100 of this chapter. ( d 1')

Criteria not associated with the selection of the site or establishment of the
14 safe shutdown earthquake ground motion has been placed into Appendix 5 to t
15 50 of this chapter, emist-at win na locatiaa t= . W :mi nian Wlt.

j 16 design requirements. The effective date of Appendix S is als"o [ EFFECTIVE DATE % w
17 0F THIS REGULATION). Taken together, this appendix and Appendix 5 to Part 50
18 provide the seismic, geologic and earthquake engineering criteria for nuclear.

j 19 power plants.
i 20 *

21 Chat,ges that were made to Appendix A to Part 100, as reflected in this appendix,
; 22 in general, are clarifications and state-of-the-art advancements in the
! 23 geosciences, for instance, the use of probabilistic analyses. Nuclear power
; 24 plants licensed before these revisions to the regulation pose no undue risk to-

25 public health and safety and there is no present basis for immediate action on;
: 26 any regulatory requirements for these plants.'
l 27
| I. PURPOSE
e
j av General Design Criterion 2 of Appendix A to Part 50 of this chapter requires that s
i 31 nuclear power plant structures, systems, and components important to safety be \
! 32 designed to withstand the effects of natural phenomena such as earthquakes, ) |

4

8 33 tornadoes, hurricanes, floeis, tsunami, and seiches without loss of capability |
34 to perform their safety functions. It is the purpose of these criteria to set J

35 forth the principal seismic and geologic considerations which guide the
36 Commission in its evaluation of the suitability of proposed sites for nuclear

(p;|
37 power plants and the suitability of the plant design bases established in
38 consideration of the seismic and geologic characteristics of the proposed

s1tes.* fg pf ))
41 These criteria are based on the current geophysicalyand geologicalainformation '

42 concerning faults and earthquake occurrence and effect. They will be revised as
43 necessary when more complete information becomes available. 1

44 i

45

46 1 U.S. Nuclear Regulatory Commission (USNRC), " Policy Statement on !
47 Severe Accidents," Federal Register, Vol 50, 32138,. August 8, 1985.

48 [ Mderations presented in this regulation are general. Acceptable D
' Q methods and additional discussion are provided in Regulatory Guides 4

h / and Standard Review Plan Sections. __.W
'1:-o 4 _

p 1 July 3, 1991
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II. SCOPE

These criteria, which apply to nuclear power plants, describe the nature of the
.

'
4

investigations required to obtain the geologic and seismic data necessary to5
determine site suitability and provide reasonable assurance that a nuclear power; 6
plant can be constructed and operated at a proposed site without undue risk to'

7
the health and safety of the pubite. Geologic and seismic factors required toi 8
be taken into account in the siting and design of nuclear power plants are9
identified.]

tave$ tigations described in this appendix are within the scope ofi 12
i 13 ttigations permitted by i 50.10(c)(1)f of this chapter.
1 14

Each applicant for a. construction permit shall investigate all seismic and! 15
geologic factors that may affect the design and operation of the proposed nuclear16
power plant irrespective of whether such factors are explicitly included in these17
criteria. Both deterministic and probabilistic evaluations shall be conducted.i 18
Additional investigations and/or more conservative determinations than thosei 19
included in these criteria may be required for sites located in areas having -} 20 complex geology or in areas of high seismicity. If an applicant believes that thee 21
particular seismology and geology of a site indicate that some of these criteria,i 22 or portions thereof, need not be satisfied, the specific sections of thesei 23
criteria should be identified in the license application, and supporting data to- f
justify clearly such departures phall be presented.

/

}i 26 These riteria do noi(address inve igations f volcanic enome required for
" sites cated in areas of volcanic activity. Investigat so he volcanicaspects such sites kill be determin d on a ca -by-case is.set \ le)..

30
III. DEFINITIONS

.

31

32 As used in these criteria:
33

14 (a) The " magnitude" of an carthquake is a measure of the size of an earthquake;5
and is related to the energy released in the form r.f seismic waves.6
" Magnitude" means the numerical value on a stardardized scale such as, but7 not limitad to, Moment Magnitude,

8 Magnitude or Richter Magnitude scales. Surface Wan Magnitude, 8ody Wave
9
0 (b) An " expected maximum earthquake (EME)" is the largest earthquake that can1

reasonably be expected to occur in a given seismic source. The expected2
maximum earthquake is not necessarily associated with any given return3
period. Considerable judgement is involved in estimating the magnitude of4 the expected maximum earthquake.

5
6 (c) The " Safe Shutdown Earthquake Ground Motion (SSE)" is the vibratory7

ground motion for which certain structures, systems, and components shall8 be designed to remain functional. These structures, systems, and9 components are those necessary to assure:
0 (1) The integrity of the reactor coolant pressure boundary,I
'

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

4

2 July 3, 1991
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t

I (3) The capability to prevent or mitigate the consequences of accidents . I
which could result in potential offsite exposures comparable to the_ '
guideline exposures of this part. MM' QAu. R,.

The definition and applicatio% %u(s]hd.7
, -

4 '

5 (d) " Operating Basis Earthquake." .

n of the
6 Operating Basis Earthquake to er.gineering design is discussed in Appendix
7 5 to Part 50 of this chapter,
8,

9- (e) A " fault" is a tectonic structure along which differential slippage of the
10 adjacent earth materials has occurred parallel to the fracture plane. A
11 fault may have gouge or breccia between its two walls and includes any
12 associated monoclinal flexure or other similar geologic structural

feature...

14
15 (f) " Surface faulting" is differential ground displacement at or near the
16 surface caused directly by fault movement and is distinct from nontectonic
17 types of ground disruptions, such as landslides, fissures, and craters.
18

-

19 (g) " Surface deformation" is distortion of soils and rocks at or near ground _
20 surface by the processes of folding, faulting, compression or extension as
21 a result of various earth forces. Tectonic surface deformation is
22 associated with earthquake processes.
23

-

24 (h) A " seismic source" is a general term referring to both seismogenic sources
25 and capable tectonic sources.

(rh # ~ "k /
*.\

26
27 (1) A "seismogenic source" is a portion of the earth s crust which is assumed a

to have uniform earthquake potential (same expected maximum earthquake and
frequency of recurrence) distinct from the earthquake potential of the

30 . surrounding area. A seismogenic source is not expected to cause surface
31 displacements. Seismogenic sources cover a wide range of possibilities
32 from a well-defined tectonic structure to simply a large region of diffuse
33 seismicity (seismotectonic province) thought to be characterized by the
34. same earthquake recurr'. ace model. A seismogenic source is also
35 characterized by its envolvement in the current tectonic regime as
36 reflected in the Quaternary (approximately the last 2 million years).
37
38 (j) A " capable tectonic source" is a tectonic structure which can generate
39 both earthquakes and tectonic surface deformation such as faulting or
40 folding at or near the surface in the present seismotectonic regime. It

,

41 is characterized by at least one of the following chareterhth- )g42
43 (1) Presence of surface or near surface formatio f recurring _natur

1Ti44 of landforms or geologic depositsA th n ast uv,vvv years or
45 at least once in the last 50,000 years.
46
47 (2) A reasonable association with one or more large earthquakes or
48 sustained earthquake activity which are usually accompanied by

i 49 significant surface deformation.
50
51 (3) A structural association with a capable tectonic source acccrding to
52 characteristics (1) of this paragraph such that movement on one

could be reasonably expected to be accompanied by movement on the
other.

Mi

; 3 July 3,1991
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!
1
1

In some cases, the geologic evidence of past activity at or near the
| ground surface along a particular capable tectonic source may be obscured

at a particular site. This might occur, for example, at a site having a! deep overburden. For these cases, evidence may exist elsewhere along the
.

J|, structure from which an evaluation of its characteristics in the vicinity )i
,i of the site can be reasonably based. Such evidence shall be used in

determining whether the structure is a capable tectonic source within
'

,.I this definition. ,
\_

|)
Notwithstanding the foregoing paragraphs III (1), (2) and (3), _ El-[)

o
structural association of a structure with geol ic strudural features

1 which are geologically old (at least pre-Quaternary) such as many of those
2 found in the Eastern region of the United States shall, in the absence et.

3- conflicting evidence, demonstrate that the structure is not a capable!4
: 5 tectonic source within this definition. '

|6 A " response spectrum" is a plot of the maximum responses (acceleration,, 7 (k) velocity or displacement) of a family of idealized single-degree-of-
freedom damped oscillators against natural frequencies (or periods) of the '|- 8

4 9
. escillators to a specified vibratory motion input at their supports.i!0

]!! IV. REQUIRED INVESTIGATIONS
,

|

,

; !2
! !3 seismological and engineering characteristics of a site and itsThe geological,' 24 environs shall be investigated in sufficient scope and detail to-permit an25

adequate evaluation of the proposed site, and to provide sufficient information
to support both probabilistic and deterministic determinations required by these

26!

criteria and to permit adequate engineering solutions to actual or potential
,

| geologic and seismic effects at the proposed site. The size of the region to be
investigated and the type of data pertinent to the investigations shall be!u
determined by the nature of the region surrounding the proposed site. The: 30
investigations shall be carried out by a review of the pertinent literature and Yg! 31

as identified in paragraphs (a) through (d) of this E
i 32

33 field investigations4

j 34 section. (Y
'

j 36 (a) Vibratory Ground Motion j4i 35 g

is to obtain infonnation needed to T >e S)
: 37

The purpose of the investigationsi 38 The \>
describe the Safe Shutdown Earthquake vibratory ground motion.
seismic sources (capable tectonic sources and seismogenic sources) in the p d39

'

idWifi*d =ad evaluated A-# tMW55MLifi 40 $gisap

_

F(a)ysitt reiii- ^=11 haemeW9 Mmieted wig ee;h :=r;; shell M ;;n;;;d. ine ground| 41
the site snnii in. esumateo using the expectea maximum8 42

,poHeir-Tt! 43 sarmada=A those seismic sources whicn couia cause signincani. viv.od gj 44 - ;
~ 45 ast4en ai. i.h. sii.e. 1

46
- --

-
I

47 (b) Tectonic Surface ^ Deformation 'h
,

49 The purpose of the investigations is to determine whether or not there is48 u o
deformation nearlbs-a4t= ..Wir so ps

t e notential for tectonic surface c
o what extient tne nuclear power plant needs to be designed for t50

Ites snou M ow_evyinence'at or near the Jurface of g[/m51 ^

aused byceu rences.'

ornation (pr locg_mnaarneJLJarte earthque-

Quaternary fault movemenelne potentiarf6P surfate tectonic de ornationand local geology and /e// d T
_

tecton c

is defined by an evaluation of the regional
J s)' I

.,o
|

55
July 3,1991
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,

|

!

i

.

I seismicity.
:

i

(c) Non-Tectonic Deformation |
4 |

5 Paragraph (b) concerns investigations required for tectonic surface I6 deformation which can occur coseismically. There are, however, other J7 surface deformations not directly attributable to tectonics sucE as those
J8 associated with subsidence or collapse as in karst terrane, glacially 1

.9 induced offsets, and growth falting. These phenomena can represent !
10 significant surface displacement hazards to a site, but can in many cases
11 be monitored, controlled, or mitigated by engineering, or it can be j

12 demonstrated that conditions that were the cause of the displacements no l
13 longer exist. Thorough geological and geophysical investigations shall be !
14 carried out to identify and define nontectonic deformation features and, i15 where possible, distinguish them from tectonic surface displacements. If

|16 such distinction is not possible, the questionable features shall be
17 treated as tectonic defomation. -

18 '

19 (d) Seismically Induced Floods and Water Waves |
.

20
21 For coastal sites, the potential for nearby and distant tsunamis that

:22 could affect the site must be assessed. Included in this assessment is j
23 also the determination of the potential for undersea slides that could-

i24 generate tsunamis. Information regarding distant and locally generated '
25 waves or tsunamis, which have affecte) the site, and available evidence of |26 runup and drawdown associated with these events shall be analyzed. Local jM features of coastal or undersea topography which could modify tsuna.nl

runup or drawdown must be considered. For sites located near lakes or
rivers, analyses shall include the potential for seismically ' induced j

30 floods or water waves, as, for example, from the failure during an
,

1

31 earthquake of a das upstream or from slides of earth or debris into a
32 nearby lake. 8en e te--!-i: tic t-d g eh M l!: tic s-sly::: :h:11 L u>ed \/33

her:;;1Mee(%gua..* ** 1 MD .4/ S$e c44 g M/
'

*- .

34 # 8 P gP g / NISMI OLOGIC DES GN BASES pv4MP(e) W35
|

36 ^ "| r' " k W l' |

.

37 (a) Det mination of the Expected Maximum Earthquake 1
38

{
39 For each seismogenic and capable tectonte source identified in part IV, |
40 the expected maximum earthquake shall be evaluated using both |
41 deterministic and probabilistic approaches. As a minimum the expected
42 maximum earthquake shall be the maximum historical earthquake in each
43 source. The uncertainty in determining the expected maximum earthquakes
44 shall be accounted for in the probabilistic analysis. For each source the
45 expected maximum earthquake is the mean estimate derived from a
46 distribution of maximum magnitude earthquakes.
47 -

h) 4

;

48 (b) Determination of the Ground Motion from the Expected Maximus E rt uake . #w49 MMPM M
50 The ground motion at the site shall he e insted from the expect ximum
51 earthquake associated with each sourc . Appropriate models including
42 local site conditions, shall be use to account for uncertainty in ,

estimating the ground motion f a site. Tu th; ee.= ..... um iig w s .

ma+ 1::;ted _uMe a pe.14 cult wogenic or capable tectonic sourcesthe A, / .,

55 expected maximum earthquake sh 1 be located at the point of the closest

5 July 3, 1991
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* approach of the source to he site. For the case when the site is located 7within a seismogenic soi rce, the expected maximum arthquake will b
located in the vicinity of the site. The uncertainty hall be accounted

cer;dtewr64he grad,(_ethas determined ie ParMr'one standard deviation (84th percentile) of the
}4

|for by using the mean plu
5

It is.

6 defined by both horizontal and vertical free-field ground mot esponse /7 spectra at the free ground surface or hypothetical rock outcrop. g.F 7<
8

Determination of Earthquake Ground Motion for the Seismic Design tasis [vg ,}
w '

9 (c) b i10
t

11 The Safe Shutdown Earthquake Ground Motion is determined by response
'

|
12 spectra developed from the envelope of the composite of the ground motions l13 determined in Paragraph V(b). Deterministic and probabilistic seismic '

14 hazard analyses shall be used to assess the adequacy of the Safe Shutdown
15 Earthquake Ground Motion. The probability of exceeding the Safe Shutdown )16 Earthquake Ground Motion is considered acceptably low if it is at least ,/ '

4

17 comparable to that of the majority of operating nuclear power plants.
18 X-
19 he orizontal peak grWideiehtien h saf e snutWEarthquak #
20 Givund htLone,shall be at least 0.lg with an appropriate response spectru
21 the foundation-teve

_

)~22 ,

23 (d) Determination %of Need to Design fir Surface Tectonic and Non-Tectonic ~~

24 Deformation )
7.5 '

26 Where it is determined, based on geological, seismological and geophysical
..

' ~ ~ Tir.vestigations,that surface deformation need not be taken into account in" ,

'

~ |the design of a nuclear power plant, sufficient data to clearlygustHv _).

,

d ? |thac determination shall be provided inJhe license application.jwhere it '

30b 't[, ' GHign7 assurance shall be provided that in the event of such deformation,b,
is determinedThatYrface cerormation sfialThe taken into account in the 1

Q1 j
-

|32''it.,< those struc
33 'V y . functionah,tures, systems and components necessary for safety shall remainPMf g6 'M g

'
$ g L c Mce f u

34 L
135iD('mL'e) \ Determination of Design Bases for Seismically Induced Floods and Water / ~Jh

- U'-

\36 ,J ' Waves jy' A:n. .J;'eJ
' '{. m0H9

'

37 p C' @thc
38 ,w f The size of seismically induced floods and water waves which could affect!4 6 / /
39 V '/a site from either locally or distantly generated seismic activity shalli pn6 a40\ \ ,'

, be determined, taking into consideration the results of the investigationj .qj/.4,, )41 ' required by paragraph (d) of section IV. ) ;c 4,j
42 El /
43 (f) Determination of Other Design Conditions {44
45 (1) Soil Stability. Vibratory ground motion associated with the Safe
46 Shutdown Earthquake Ground Motion can cause soil instability due to
47 ground disruption such as fissuring, lateral displacement,
48 differential settlement, and iiquefaction, which is not directly
49 related to surface faulting. Geological features which could affect
50 the foundations of the proposed nuclear power plant structures shall
51 be evaluated, taking into account the information concerning the
52 physical properties of materials underlying the site and the

effects of the Safe Shutdown Earthquake Ground Motion. ,'

$ 71tz .S S6 hn I cm Y /*e Y Y h
62 " 7/ Ydof & s+ d - a #
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1 (2) Slope stability. Stability of all slopes, both natural and
artificial, the failure of which could adversely affect the nuclear;

'
power plant, shall be considered. An assess on shall be made of the

o potential effects of erosion or deposition and of combinations of
5 erosion or deposition with seismic activity, taking into account
6 information concerning the physical properties of the materials
7 underlying the site and the effects of the Safe Shutdown Earthquake
8 Ground Motion.,

9
10 (3) Cooling water supply. Assurance of adequate cooling water supply for
11 emergency and long-term shutdown decay heat removal shall be

i 12 considered in the design of the nuclear power plant, taking i'lo i,)n
: 13 account information concerning the physical properties of We ~

14 materials underlying the site and the effects of the Safe Shutdown,

15 Earthquake Ground Motion and the design basis for' tectonic and
16 nontactonic surface deformation . Consideration of river blockage or

i 17 diversion or other failures which may block the flow of cooling
18 water, coastal uplift or subsidence, or tsunami runup and drawdown,,

'

19 and failure of dass and intake structures shall be included in the .
20 evaluation where appropriate.
21
22 (4) Distant structures. Those structures which are not located in the
23 immediate vicinity of the site but which are safety related shall be-

i- 24 disigned to withstand the effect of the Safe Shutdown Earthquake
25 Ground Motion and the design basis for surface faulting determined'

26 on a comparable basis to that of the nuclear power plant, taking,

i n into account the material . underlying the structures and the
different location with respect to that of the site.

30 VI. APPLICATION TO ENGINEERING DESIGN
31
32 Pursuant to the seismic and geologic design basis requirements of paragraphs v(a) I
33 through (d), applications to engineering design are contained in Appendix S to |
34 Part 50 of this chapter for the following areas:
35
36 (a) Vibratory ground motion
37 |
38 (1) Safe Shutdown Earthquake Ground Motion ;
39 '

40 (2) Operating Basis Earthquake i
41 ;

42 (3) Required Plant Shutdown !
43 1

44 (4) Required Seismic Instrumentation
45
46 (b) Surface Tectonic Deformation
47

.

!.

48 (c) Seismically Induced Floods and Water Waves and Other Design ;

49 Conditions. |
50

|

|
!

|

7 July 3,1991 |
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I 10 CFR Part 50, Appendix S I.

i 2

| 3 Appendix S - Earthquake Engineering Criteria for Nuclear Power Plants
; 4 .

i'
5 |

'

6 I
!

7 GENERAL INFORMATION j
; 8

1

i 9 This appendix applies to applicants who apply for a construction permit on or
j 10 a fter [ EFFECTIVE DATE OF THIS REGULATION). Prior to [ EFFECTIVE DATE OF THIS11 REGULATIDN), applicable earthquake engineering criteria for nuclear power plants;

i 12 are contained in Section VI of Appendix A to Part 100 of this chapter. I! 13

Criteria associated with the selectikof th(e site or establishment of the safe
wJL //'

14
: 15 shutdown earthquake ground motion $ located in Appendix B to Part 100 of this
j 16 chapter, consistent with the location in the regulation of other siting

17 requirements. The effective date of Appendix B is also [ EFFECTIVE DATE OF THIS4

j 18 REGULATION). Taken together, this appendix and Appendix B to Part 100 provide
: 19 the seismic, geologic and earthquake engineering criteria for nuclear power
t 20 plants.
: 21

i 22 Changes that were made to Appendix A to Part 100, as reflected in this appendix, |
| 23 in general, are clarifications and state-of-the-art advancements in earthquake |

24 engineering. Consistent with Appendix B to Part 100, this appendix is general 4
i

i 25 in nature with more detailed information contained in supporting regulatory i26 guides or standard review plan sections. Nuclear power plants licensed before j
27 these revisions to the regulation pose no undue risk to public health and safety,

[ 28 and there is no present basis for immediate action on any regulatory. requirements
29 for these plants.*

i 33 1. INTRODUCTION jj 34
4 35 Each applicant for i construction permit is required by 150.34(a)(12) and
i 36 General Design Criterion 2 of Appendix A to this Part to design nuclear power
i 37 plantstructures,syMtems and components important to safety to withstand the
: 38 effects of natural pHenome,na, such as earthquakes, without loss of capability to
;- 39 perform their safety functions. Also, a condition of all operating licenses for
: 40 nuclear power plants , as specified in 150.54(ee), is plant shutdown if the
: 41 critera in Paragrap a)(3) of this appendix are exceeded. The investigations
! 42 required to obtain he geologic and seismic data necessary to determine site
! 43 suitability are described in Appendix B to Part 100 of this chapter. Also
! 44 identified are the geologic and seismic factors required to be taken into account

in the siting and design of nuclear power pi g
h the purpose of these criteria to set forth the principal considerations

|
} 47
1 48 which guide the Commission in its evaluation of the suitability of the plant
2

49 design bases established in consideration of the seismic event.
i 50
t |

}
I

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

,

i 1 May 1, 1991
4 i
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!

!

Q buP
6dE "f p/,.2 e II. SCOPE:

4 h ' "-i , which apply to nuclear power plants, provide reasonable assurance |
that a nucl(ar power plant can be constructed and operated at a proposed site !

5
6 without undue risk to the health and safety of the public.

1 7 *

The evaluations described in this appendix are within the scope of investigations8
!

9 permitted by 150.10(c)(1) of this chapter. i
10

)

goT LL66 D / N !
III. DEFINITIONS g7 $$2

i 15 As used in these criteria: __ N %
; 16 - --

\; 17 __(a) An " expected maximum earthquake (EME)" is the largest earthquake that can \
: 18 reasonably be expected to occur in a given seismic source. The expected '

19
-

maximum earthquake is not necessarily associated with any given return
'

20 period. Considerable judgement is involved in estimating the magnitude of,

21 the expected maximum earthquake.;
22

_
;

23 (b) The " Safe Shutdown Earthquake Ground Motion (SSE)" is the vibratory
'

; 24 ground motion for which certain structures, systems, and components shall
25 be designed to remain functional. These structures, systems, and
26 components are those necessary to assure:

'

27
28 (1) The integrity of the reactor coolant pressure boundary,
29
30 (2) The capability to shut down the reactor and maintain it in a safe
31 shutdown condition, or

. 32
1 33 (3) The capability to prevent or mitigate the consequences of accidents

34 which could result in potential offsite exposures comparable to the
35 guideline exposures of Part 100 of this chapter.
36-

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

'

40 remain functional.
41.

42 (d) A " response spectrum" is a plot of the maximum responses (acceleration,
43 velocity or displacement) of a family of idealized single-degree-of-
44 freedos damped oscillators against natural frequencies (or periods) of the
45 oscillators to a specified vibratory motion input at their supports.
46

'

47 -
>

48
49. IV. APPLICATION TO ENGINEERING DESIGN,

50
51 The following are pursuant to the seismic and geologic design basis requirements

4 52 of paragraphs V(a) through (f) of Appendix B to Part 100 of this chapter:
53
54

2 May 1, 1991 |
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j

i

!
1 (a) Vibration Ground Motion.

4

2
3 (1) Safe Shutdown Earthquake Ground Motion. The Safe Shutdown4 Earthquake Ground Motion shall be defined by free-field ground,

d

5 motion response spectra at the free ground surface or hypothetical
; 6 rock outcrop. . In view of the limited data available on vibratory: 7 ground motions of strong earthquakes, it usually will be appropriate8 that the design response spectra be smoothed spectra developed from,

; 9 a series of response spectra related to the vibratory motions caused
i lo by more than one earthquake. The horizontal peak ground
1 11 acceleration of the Safe Shutdown Earthquake Ground Motion shall be '

; 12 at least 0.lg with in appropriate rssponse spectrum at the
| 13 foundation level.
i 14

115 The nuclear power plant shall be designed se that, if the Safe ';

16 Shutdown Earthquake Ground Motion occurs, certain structures,
17 systems, and components will remain functional. These structures,4

; 18 systems, and components are those necessary to assure (i) the j
; 19 integrity of the reactor coolant pressu n Laundary. (ii) the '

i 20 capability to shut down the reactor and maintain it in a safe
21 condition, or (iii) the capability to . prevent or mitigate thef 22 consequences of accidents which could result in potential offsite ,

!

| 23 exposures comparable to the guideline exposures of Part 100 of this !

{ 24 chapter. In addition to seismic loads applicable concurrent normal
25 operating, functional and accident-induced loads shall be taken into,

! 26 account in the design of these safety-related structures, systems, |

27 and components. The design of the nuclear power plant shall also
| 28 take into account the possiblo effects of the Safe Shutdown
: 29 Earthquake Ground Motion on the facility foundations by ground

30 disruption, such as fissuring, laterial displacement, differentiali
i

31 settlement, liquefaction, and landsliding, as required in |32 Paragraph V(f) of Appendix B to Part 100 of this chapter. !

33
34 The required safety functions of structures, systems and components

i 35 shall be insured during and after the vibratory ground motion
i 36 associated with the Safe Shutdown Earthquake Ground Motion through
! 37 suitable analysis, testing or qualification method.
! 38
i 39 The evaluation shall take into account soil-structure. interaction ;
i 40 effects and the expected duration of vibratory motion. It is '

t
41 permissible to design for strain limits in excess of yield strain in

: 42 some of these safety-related structures, systems, and components
: 43 during the Safe Shutdown Earthquake Ground Motion and under the
: 44 postulated concurrent condi ions, provided that.the necessary safety |

1 45 ftnctions .ouhdi 6 A be_ % %** " W,are maintained.W%* *+M46 *';

47 (2) Operating Basis Earth {uake. The Operating Basis Ea thquake shall be "g/,

; 48 defined by response spectra. All structures, systems, and components
; 49 of the nuclear power plant necessary for continued operation without;

50 undue risk to the health and safety of the public shall remain
51 functional and within applicable stress and deformation limits when4

i 52 subjected to the effects of the vibratory motion of the Operating
ith nonnal o - 3

*

53 Basis Earthq ak
in combinatiog w % *peratin goap #'~ '54 71a W 6M 4 6 *

55 i. .If the Operating Basis Earthquake is set at one-third of the-

4

3 May 1, 19912
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ua roun tion level, the function of !
2 the Operating Basis Earthquake, as stated above, can be
3 satisfied without, the applicant performing any explicit
4 response analyses.

.

5 l

6 11. If an applicant chooses an Operating Basis Earthquake greater i

,
-

7 than one-third the Safe Shutdown Earthquake Ground Motion an ;
8 explicit suitable analysis and design shall be performed to !9 demonstrate that the function of the Operating Basis

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

11
>

take into account soil-structure interaction effects and the i
12 expected duration of vibratory ground motion. '

13
,

14 (3) Required Plant Shutdown. If vibratory ground motion exceeding that !15 of the Operating Basis Earthquake occurs, shutdown of the nuclear i

'

16 power plant will be required.' The value of the Operating Basis '

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

18 appendix. Prior to resuming operations, the licensee will beh <

19 required to demonstrate to the Commission that no functional damage
20 has occurred to those features necessary for continued operation
21 without undue risk to the health and safety of the public. T|j22

- '

23 '(4) Required Seismic Instrumentation. Suitable instrumentation shall be 4
24 provided so that the recorded seismic response of nuclear power 9r
25 plant features important to safety can be evaluated promptly to
26 permit comparison of such response with that'used as the design
27 basis. Such a comparison is needed to decide whether the plant can
28 continue to be operated safely and to permit such timely action as
29 may be appropriate. y
30 b.;

L31 (b) Surface Deformation.
32
33 The design basis for surface deforwation shall be taken into %34 account in the design of the nuclear power plant by providing y35 m reasonable assurance that in the event of such deformation certain o
36f . structures, systems, and componcr.ts will remain functional. These sw
38 [ cur /ch4 cmp.ymp ' structures, systems, and components are those necessary to assure p
37

(1) the integrity of the reactor coolant pressure boundary, (ii) the 4 ,.39, wf64 ) capability to shut down the reactor and maintain it in a safe 3 2 140 \ \ g/ shutdown condition, or (iii) the capability to prevent or mitigate A
41 '.y tthe ansequences of accidents _which_could_ result in potential- '

42 N offsitt~ exposures 5miisable to the_ guideline exposureslof Parqr
-

*
43 of_ this chantar j In aodttton To soismTc ioadst' including [ ;

44 J aftershocks, applicable concurrent fundtional and accident-induced
45 shall bejt kan into account in the design of such safety
46

i features /.i The v. sign provisformaTT trtranCon~1nTssumption thab |q.

-

A sepIrate analyses to compute structure, equipment and piping /47 2
48 response associated with the Operating Basis Earthquake is not
49 required. Applicable design provisions associated with this ;
50 Operating Basis Earthquake, for instance, fatigue, are discussed in j
51 regulatory guides. :

3 |
52 Plant ' shutdown criteria are provided in a regulatory guide. '

4 May 1, 1991
.
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:

1 the design basis for surface faulting can occur in any direction and
2 azimuth and under any part of the nuclear power plant unless
3 evidence indicates this assumption is not appropriate, and shall
4

take into account the estimated rate at which the surface faulting5 may occur.
6 ;

7 (c) Seismically Induced Floods and Water Waves and Other Design Conditions.
~

8
9 The design basis for seismically induced floods and water waves from

10 either locally or distantly generated seismic activity and other design
,

I11 conditions determined pursuant to Paragraphs V(e) and (f) of Appendix B :12 to Part 100 of this chapter shall be taken into account in the design of13 the nuclear power plant so as to prevent undue risk to the health and
14 safety of the public.
15

|
|

|

.

I

i

|

|

i
r

i

.

.

'

.

c
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l 1

2
3 [7590-01]
4 NUCLEAR REGULATORY COPHISSION
5
6 10 CFR PARTS 50, 52 AND 100
7

8 RIN ITO BE ASSIGNED BY RPB1
9

Seismic Siting and Engineering Criteria for10
11 Nuclear Power Plants
12
13

14 AGENCY: Nuclear Regulatory Comission.
15

16 Action: Proposed ruir.
17

18 $UMMARY:
The Nuclear Regulatory Commission proposes to amend its19

. gulations to
update the crittric 5 r;;;rtr-te seismic siting and engineering]or nuclear power / V20 plants.

Experience gained in the application of the procedures and methods set21

forth in the current regulation, the difficulties encountered, and the rapid22

advancement in the state-of-the-art of earth sciences have made it necessary to23
update the present criteria which were issued in 1973.

The proposed regulations24

reflect industry design practices and the associated staff review procedures that25

have evolved since the regulation was issued. The proposed regulatory action is26

applicable only to applicants that apply for a construction permit on or after27 the effective date of the regulations.
28

29
DATE: Comment period expires _.

Coments received after this30
date will be considered if it is practical to do so, but the Comission is able

.

31

to assure conside ation only for coments received on or before thir date32 .

33 ADDRESSES: Mail written coments to: Secretary, U.S. Nuclear Regulatory34
Comitsion, Washington, DC 20555, Attention:

Docketing and Service Branch.35 Delaer coments to:
11555 Rockville Pike, Rockville, Maryland, between36

7:45 am and 4:15 p's federal workdays.
37

Copies of the regulatory analysis, the environmental assessment and finding38
of no significant impact, and coments received may be examined at:39 the NRC
Public Document Room at 2120 L Street NW. (Lower Level), Washington, DC40 .

41
FOR FURTNER INFORMATION CONTACT:Dr. Andrew J. Murphy, Offiu of Nuclear

1 Jun 25, 1991

_ -
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1 Regulatory Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission,
2 Washington, DC 20555, telephone (301) 492-3860.
3

4 $UPPLEMENTAL INFORMATION

5

| 6 I. Background.
7 II. Objectives.
8 III. Ga esis
9 IV. Alternatives

10 V. Major Changes
11 VI. Related Rrgulatory Guides and Standard Review Plan
12 Section
13 VII. Future Regulatory Action
14. VIII. Finding of No Significant Environmental Impact:
15 Availability
16 IX. Paperwork Reduction Act Statement '

17 X. Regulatory Analysis
18 XI. Regulatory Flexibility Certification
19 XII. Backfit Analysis
13 XIII. Electronic Format

,

21. XIV. List of Subjects in 10 CFR Part 50
22 XV. List of Subjects in 10 CFR Part 52
23 XVI. List of Subjects in 10 CFR Part 100
24

25 1. Background

26

27 Appendix A, " Seismic and Geologic Siting Criteria for Nuclear Power
28 Plants," to 10 CFR Part 100, " Reactor Siting Criteria," was originally issued as
29 a proposed rule on November 25,1971 (36 FR 22601); published as a final rule on
30 November 13,1973 (38 FR 31279); and became effective on December 13, 1973.
31 There have been two amendmente to 10 CFR Part 100, Appendix A. The first
32 amendment, issued November 27,1973 (38 FR 32575), corrected 38 FR 31279 by
33 adding the legend under the diagram. The second amendment resulted from aj

| 34 petition for rule making (PRM 100-1) requesting that an opinion interpreting and

| 35 clarifying Appendix A with respect to the determination of the Safe Shutdown
I 36 Earthquake be issued. A notice of filing of the petition was published on May

37 14,1975 (40 FR 20983). The substance of the petitioner's proposal was accepted

2 Jun 25, 1991

._
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i

t

I and published n an immediately effective final rule on January 10, 1977 (42 FR !
2 2052). !

3 !
4 II. Objectives ;

5 i

6 The objectives of the proposed regulatory action are
7 1. Provide a stable regulatory basis for seismic and geologic siting and
8 applicable earthquake engineering design of nuclear power plants that will avoid

i 9 licensing delays due to unclear regulatory requirements ,nd provide a flexible ;
10 structure to permit consideration of new technical unG. .andings, and

-11 2. Have the revision to the regulation completed prior to the receipt of,

12 an early site application.
13

14 III. Genesis
15

16 The proposed regulatory actions reflect changes intended to (1) benefit *

17 frot the experience gained in applying the existing regulation; (2) resolve
18 interpretative questions; (3) provide needed regulatory flexibility to
Ig incorporate state-of-the-art improvements in the geosciences and earthquake
20 engineerin2; (4) simplify the text language to a more " plain English" text; and
21 (5) acknowledge various internal staff and industry comments.
22 Major points associated with the revision of the regulations are:
23 1. The proposed regulatory action will apply to applicants who apply for
24 a construction permit on or after the effective date of the revised regulation,
25 and

}
26 2. Criteria not associated with the selection of the site or establishment
27 of the safe shutdown earthquake have been placed into Part 50 consistent with the
28 location in the regulation of other design requirements.
29 Since the revision to the regulation will not be backfit, the licensing
30 bases for existing nuclear power plants must re=ain in the regulation.
31 Therefore, the revised regulation on seismic and geologic siting will be
32 designated 10 CFR Part 100, Appendix B. In addition, earthquake engineering
33 criteria will be located in 10 CFR Part 50, Appendix S. Since Appendix S is not
34 self initiating, applicable sections of Part 50 (550.34, 550.54) are revised to
35 reference Appendix S. Also, Parts 52 and 100 (Paragraph 52.17(a)(1)(vi) and
36 Paragraph 100.10(c)(1)) are revised to note Appendix 8 to Part 100.

3 Jun 25, 1991
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1 IV. Alternatives
2

3 The first alternative considered was not to initiate a rulemaking
4 proceeding. This is not an acceptable alternative. Although the siting related
5 issues associated with the current generation of nuclear power plants are

I 6 completed or nearing completion there is a renewed sense of urgency to initiate
7 the proposed regulatory action in light of the current and future staff review
8 of advanced reactor seismic design criteria. The current regulation has created
9 difficulty for applicants and the staff in terms of inhibiting flexibility in

10 applying basic principles to new situations and the use of evolving methods of
11 analysis in the licensing process.
12 A second alternative considered was the deletion of the existing regulation
13 (Appendix A to Part 100). This is not an acceptable alternative since it is the
14 licensing bases for many of the operating nuclear power plants and others that
15 are in various stages of obtaining their operating license.
16 A third alternative considered was the replacement of the regulation with
17 a regulatory guide. This is not acceptable because a regulatory guide is non-
18 mandator.v. The staff believes that there could be an ir. crease in exposure to the
19 public if the siting and earthquake engineering .riteriai were non-mandatory. !
20 The present approach.of revising the regulation was chosen as the best

|
21 mernativa, benefitting all. The public will benefit from a clearer, more
22 uniform and consistent licensing process subject to fewer interpretations. The
23 NRC staff will benefit from improved regulatory implementation (both technical
24 and legal), fewer interpretive debates, and increased regulatory flexibility.
25 Applicants will derive the same benefits in addition to avoiding licensing etelays
26 due to unclear regulatory requirements. A revision to Appendix A would increase
27 the efficiency of regulatory actions associated with any resurgence of licensing
28 activity.

29

30 V. Mrjor Changes

31

32 1he following~are major changes associated with this rulemaking:
33 1. Level of Detail. The level of detail in the proposed reCulations has
34 been limited. The proposed regulations identify requirements; detailed guidance,

| 35 hat is, procedures acceptable to the staff for meeting the requirements, have
36 :een removed and placed in regulatory guides or standard review plan sections.
37 2. Greater Flexibility. The proposed regulations provide a flexible

4 Jun 25, 1991
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I
4 e

I structure that will permit consideration of new technical understandings and
; 2 state of the art advancements.
j 3 3. Interpretations. Changes have been made to resolve past questions of

4 interpretation. As an example, the definitions and required investigations
.

'

-5 sections of the proposed regulations have been significantly changed eliminating'

6 or modifying phrases that were more applicable to only the western United States.
7 4. Text Clarification. The proposed regulations use more explicit
8 teminology. For instance, the Safe Shutdown Earthquake (SSE) is now referenced
9 as the Safe Shutdown Earthquake Ground Motion (SSE). Associated changes within

10 the text highlight that the ground motion used as the design basis is not
11 associated with a single earthquake but a composite of many expected earthquakes.
12 5. Current practices will be reflected. The proposed re,ulations reflect
13 industry design practices and the associated staff review procedures that have J

14, evolved since the initial regulation (Appendix A to Part 100) was issued in 1973.
15 Many of these practices and procedures were incorporated into the revision of ;

16 Standard Review Plan Sections 2.5.2, 3.7.1, 3.7.2 and 3.7.3 associated with the '

i
17 resolution of Unresolved Safety Issue (USI) A 40, '"hismic Design Criteria." |
18 6. Seismic Sources. Better definition of seismic source types and |

19 streamlined procedures for their use in specifying ground motion expected at a
20 plant site will eliminate what has been a major source of licensing delays. !
21 7. Probabilistic Analyses. The use of probabilistic techniques will also
22 permit easier handling of uncertainties associated with the process of defining
23 relevant seismic sources and ground motions associated with them.

t

24 8. Eliminating the many facets of the Operating Basis Earthquake (OBE).
25 The OBE is now only associated with the functionality of structures, equipment !

26 and components. Previously, the OBE was also associated with a likelihood of ;

27 occurrence and a minimum percentage of tha Safe Shutdown Earthquake (SSE). In !
28 some cases, for instance, piping, the multi-facets of the OBE made it possible |
29 for it to have more design significance than the SSE.
30 9. Potential for Reduced Analyses. Applicants that choose to set the
31 Operating Basis Earthquake at one-thud of the Safe Shutdown Earthquake Ground
32 Motion can satisfy OBE functionality requirements without performing any explicit !
33 response analysis. Applicants have the option of selecting an OBE greater than
34 one-third the SSE; however, a suitable analysis and design shall be performed. :

35 10. Required Plant Shutdown. The revised regulations state in Part 50, [
36 consistent Mith other conditions of licenses, that plant shutdown is required if !

37 the Operating Basis Earthquake is exceeded. Specific guidance as to what !

5 Jun 25, 1991 '
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I constitutes an OBE exceedance, thereby requiring plant shutdown is provided. In
2 additica, guidance for an orderly plant shutdown and the re-starting of a plant
3 that has been shut down due to earthquake ground motion is provided.
4

5 VI. Related Regulatory Guides and Standard Review Plan Section
! 6

7 The notice of availability of the following draft regulatory guides and
i

8 standard review plan section is being published elsewhere in this Federal I

9 R;;2tiltr:
i

10 1. DG-1015, " Identification and Characterization of Seismic Sources." The
| 11 draft guide provides general guidance and recommendations, describes acceptable

12 procedures and provides a list of references that present acceptable
13 methodologies to identify and characterize capable tectonic sources and

; 14. seismogenic sources.

j 15 2. DG-1016, Second Proposed Revir,1on 2 to Regulatory Guide 1.12 " Nuclear
| 16 Power Plant Instrumentation for Earthquakes." The draft guide describes seismic '

,

17 instrumentation type and location, opt rability, characteristics, installation, |
| 18 actuation, and maintenance that are acceptable to the NRC staff. '

19 3. DG-1017 " Pre-Earthquake Planning and Immeciate Nuclear Power Plant
20 Operator Post-Earthquake Actions." The draft guide prc,vides guidelines that are
21 acceptable to the NRC staff for a timely evaluation of the recorded seismic
22 instrumentation data and to determine whether or not plant shutdown is required.

| 23 4. DG-1018, " Restart of a Nuclear Power Plant Shut Down Due to a Seismic
3

| 14 Event." The draft guide provides guidelines that are acceptable to the NRC staff
! 25 for performing inspections and tests of nuclear power plant equipment and |

| 26 structures prior to restart of a plant that has been shut down due to a seismic i

| 27 event.

( 28 5. Draft Standard Review Plan Section 2.5.2, Proposed Revision 3
29 " Vibratory Ground Motion." The draft describes procedures to assess the ground
30 motion potential of seismic soure.es at the site and to assess the adequacy of the

'

31 Safe Shutdown Earthquake Ground Motion seismic design.
32

'

33 VII. Future Regulatory Action
34

j 35 Several existing regulatory guides will be revised to incorporate editorial
f 36 changes, or maintain the existing design or analysis philosophy . These guides

37 will be issued coincident with the publication of the final regulations:

6 Jun 25, 1991
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,

I

1 The following regulatory guides will be revised to incorporate editorial !
2 changes, for instance, reference new paragraphs in Appendix B to Part 100 or i

2 Appendix S to Part 50: ;

4 |
\

| 5 1. 1.29 " Seismic Design Classification"
l 6 2. 1.57, " Design Limits and Loading Combinations for Metal Primary |

,

7 Containment System Components" '

8 3. 1.59, " Design Basis Floods for Nuclear Power Plants"
i

9 4. 1.60, " Design Response Spectra for Seismic Design of Nuclear Power
10 Plants"
11 5. 1.83, " Inservice Inspection of Pressurized Water Reactor Steam |

12 Generator Tubes" .i

13 6. 1.92, "Combir,mq Modal Responses and Spatial CompoWs in Seismic !
14 Response Analy:b"
15 7. 1.102, " Flood Protection for Nuclear Power Plants"

|
16 8. 1.121, " Bases for Plugging Degraded PWR Steam Generator Tubes" |
17 9. 1.122, " Development of Floor Response Spectra for Seismic Design of
18 Floor-Supported Equipment or Components"

|
19

20
, The following regulatory guides will be revised to maintain existing design

?1 or analysis philosophy, for instance, change OBE to 1/2 SSE:
22

'

23 1. 1.27, " Ultimate Heat Sink for Nuclear Power Plants"
24 2. 1.100, " Seismic Qualification of Electric and Mechanical Equipment

i

25 for Nuclear Power Plants"
26 3. 1.124, " Service Limits and Loading Combinations for Class 1 Liner-
27 Type Component Supports"

28 4. 1.130, " Service Limits and Loading Combinations for Class 1 Plate-
29 and-Shell-Type Component Supports"

30 5. 1.132, " Site Investigations for Foundations of Nuclear Power Plants"
31 6. 1.138, " Laboratory Investigations of Soils for Engineering Analysis

| 32 and Deitgn of Nuclear Power Plants" |
| 33 7. 1.142, " Safety-Related Concrete Structures for Nuclear Power Plants |
! 34 (Other than Reactor Vessels and Containments)"

35 8. 1.143, " Design Guidance for Radioactive Waste Management Systems,
,

f 36 Structures, and Components Installed in Light-Water-Cooled Nuclear

37 Power Plants"

7 Jun 25, 1991 j
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1 During the revision of the regulatory guides cited above, if additional changes
l' are made, the applicable guide (s) will be distributed for public coment.
3 ,

4- VIII. Finding of No Significant Environmental Impact: Availability f
5

[6 The Comission has determined under the National Environmental Policy Act
7 of 1969, as amended, and the Comission's regulations in Subpart A of 10 CFR Part

.

8 51, this rule, if adopted, would not be a major Federal action significantly |

9 affecting the quality of the human environment and therefore an environmental
10 impact statement is not required. The amendment of Appendix A to 10 CFR Part 100
11 as stated in 10 CFR Part 100, Appendix B and 10 CFR Part 50, Appendix S reflect
12 current licensing practice and will not change the radiological environmental
13 impact offsite. Further, the Policy Statement on Severe Reactor Accidents
14 Regarding Future Designs and Existing Plants, published August 8, 1985 (50 FR
15 32138) affirms the Commission's belief that a new design for a nuclear power
16 plant can be shown to be acceptable for severe accident concerns if the criteria ~

17 and procedural requirements cited in 50 FR 32138 are met. Onsite occupational
18 radiational exposure associated with inspection and maintenance will not change.

1
19 These activities are principally associated with seismic instrumentation. The |
20 proposed amendments do not affect non-radiological plant effluents and have no
21 other environmental impact. The envirms 1 assessment and finding of no
22 significant impact on wSich this ( terminati - is based are available for
23 inspection at the NRC Public Document to m , 21 ) L Street, NW. (Lower Level),
24 Washington, DC. Single e pies of the envirt, . sal assessment and finding of no
25 significant impact are avaliable from Dr. Andrew J. Murphy, Office of Nuclear
26 Regulatory Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Comission,
27 Washington, DC 20555, telephone (301) 492-3860.
28

29 IX. Paperwork Reduction Act Statement
30

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

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

35

16

37
,

8 Jun 25, 1991 i
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|

1 X. Regulatory Analysis
2

3 The Commission has prepared a draft regulatory analysis on this proposed
4 regulation. The analysis examines the costs and benefits of the alternatives
5 considered by the Commission. The draft analysis is available for inspection in
6 the NRC Public Document Room, 2120 L Street, NW. (Lower Level), Washington, DC.
7 Single copies of the environmental assessment and finding of no signiff ant

| 8 impact are available from Dr. Andrew J. Murphy, Office of Nuclear Regulatory
9 Research, Mail Stop NL/S-217A, U.S. Nuclear Regulatory Commission, Washington,

10 DC 20555, telephone (301) 492-3860.
11 The Commission requests public comment on the draft regulatory analysis.
12 Comments on the draft analysis may be submitted to the NRC as indicated under the
13 ADDRESSES heading.

14 ' '

15 XI. Regulatory Flexibility Certification
16 '

17 In accordance with the Regulatory Flexibility Act of 1980, (5 U.S.C.
18 605(b)), the Commission certifies that this rule will not, if promulgated, have
19 a significant economic impact on a substantial number of small entities. This
20 proposed rule affects only the licensing and operation of nuclear power plants.
21 The companies that own these plants do not fall within the scope of the
22 definition of "small entities" set forth 4 the Regulatory Flexibility Act or the
23 Small Business Size Standard set out in regulations issued by the Small Business
24 Administration at 13 CFR Part 121.
25

26 XII. Backfit Analysis
27

28 The NRC has determined that the backfit rule,10 CFR 50.109, does not apply
29 to this proposed rule, and therefore, that a backfit analysis is not required for
30 this proposed rule, because these amendments do not involve any provisions which i

31 would impose backfits as defined in 10 CFR 50.109(a)(1).
i

32
~

33 XIII. Electronic Format Submittal of Public Comments !

34

35 The comment resolutien process will be improved if each comment is identified to I

36 the document title, section heading and paragraph number to which it responds.
37 Commenters may submit, in addition to the original paper copy, a copy of the

|

9 Jun 25, 1991 {
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|
1 letter in an electronic format on IBM PC DOS compatible 3.5 or 5.25 inch double
2 sided double density (DS/DO) diskettes. Data files should be provided in ASCII
3 code, IBM Revisable-Form-Text Document Content Architecture (RFT/DCA) format (if
4 formated text is required) or Wordperfect (including version 5.1).
5

6 XIV. List of Subjects in 10 CFR Part 50
7

8 Antitrust, Classified information, Fire protection, Incorporation by
9 reference, Intergovernmental relations, Nuclear power plants and reactors,

10 Penalty, Radiation protection, Reactor siting criteria, Reporting and
11 recordkeeping requirements.
12

13 XV. List of Subjects in 10 CFR Part 52
14.

15 Administrative practice and procedure, Antitrust, Backfitting, Combined
16 license, Early site permit, Emergency planning, Fees, Inspection, Limited work '

17 authorization, Nuclear power plants and reactors, Probabilistic risk assessment,
18 Prototype, Reactor siting criteria, Redress of site, Reporting and recordkeeping
19 requirements, Standard design, Standard design certification.
20

21 XVI. List of Subjects in 10 CFR Part 100
22

23 Nuclear power plants and reactors, Reactor siting criteria.
24

25

26 For the reasons set out in the preamble and under the authority of the Atomic
27 Energy Act of 1954, as amended, the Energy Reorganization Act of 1974, as
28 amended, and 5 U.S.C. 553, the NRC is proposing to adopt the following amendments
29 to 10 CFR Parts 50, 52 and 100.
30

31 PART 50 - DOMESTIC LICENSING OF |
l 32 PRODUCTION AND UTILIZATION FACILITIES

33

34 1. The authority citation for Part 50 continues to read as foi %rs:
,

35
.

i
; 36. AUTHORITY: Secs.102,103,104,105,161,182,183, IPA 68 Stat. 936, i

37 937, 938, 948, 953, 954, 955, 956, as amended, sec. 234, 83 Stat. 1244, as I
.

10 Jun 25, 1991
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*

;
;

1
amended (42U.S.C.2132,2133,2134,2135,2201,2232,2233,2236,2239,2282); {2 secs. 201, as amended, 202, 206, 88 Stat. 1242, as amended, 1244, 1246, (42

|
| 3 U.S.C. 5841, 5842, 5846).

|t 4
Section 50.7 also issued under Pub. L. 95-601, sec. 10, 92 Stat. 2951 (42

| 5 U.S.C.5851). Sec. 50.10 also issued under secs. 101, 185, 68 Stat. 936, 955 as
; 6 amended (42 U.S.C. 2131, 2235), sec.107, Pub. L. 91-190, 83 Stat. S53 (42 U.S.C.
] 7 4332). Sections 50.13 and 50.54(dd) also issued under sec. 108, 68 Stat. 939,
) 8 as amended (42 U.S.C. 2138). Sections 50.23, 50.35, 50.55, and 50.56 also issued
j 9 under sec.185, 68 Stat. 955 (42 U.S.C. 2235). Sections 50.33a, 50.55a and
i 10 Appendix Q also issued under sec. 102, Pub. L. 91-190, 83 Stat. 853 (42 U.S.C.
| 11 4332). Sections 50.34 and 50.54 also issued under sec. 204, 88 Stat.1245 (42
| 12 U.S.C.5844). Sections 50.58, 50.91 and 50.92 also issued under Pub. L. 97-415,

13 96 Stat. 2073 (42 U.S.C. 2239). Section 50.78 also issued under sec.122, 68,

14 Stat.939(42U.S.C.2152). Sections 50.80 through 50-81 also issued under sec.
15 184, 68 Stat. 954, as amended (42 U.S.C. 2234). Section 50.103 also issued under

j 16 sec. 108, 68 Stat. 939, as amended (42 U.S.C. 2138). Appendix F also issued
| 17 under sec. 187, 68 Stat. 955 (42 U.S.C. 2237).
j 18 For the purposes of sec. 223, 68 Stat. 958, as amended (42 U.S.C. 2273),
i 19 il 50.46(a) and (b), and 50.54(c) are issued under sec. 161b, 68 Stat. 948, as
| 20 amended (42 U.S.C. 2201(b); il 50.7(a), 50.10(a)-(c), 50.34 (a) and (e),

21' 50.44(a)-(c), 50.46(a) and (b), 50.47(b), 50.48(a), (c),(d), and (e), 50.49(a),
22 50.54(a)(i), (i)(1), (1)-(n), (p), (q), (t), (v), and (y), 50.55(f),50.55a(a),
23 (c)-(e),(g),and(h),50.59(c),50.60(a),50.62(c),50.64(b),and50.80(a)and
24 (b) are issued under sec. 1611, 68 Stat. 949, as amended (42 U.S.C. 2201(1); and
25 1850.49d, (h), and (j), 50.54(w),(z),(bb),(cc), and (dd), 50.55(e), 50.59(b),
26 50.61(b), 50.62(d), 50.70(a), 50.71(a)-(c) and (e), 50.72(a), 50.73(a) and (b),
27 50.74, 50.78, and 50.90 are issced under sec. 161(o), 68 Stat. 950, as amended
28 (42 U.S.C. 2201(o)).
29

30 2. In 150.34, paragraph (a)(12) is added to read as- follows:
31 150.34 Contents of anolications: technical information.
32 -

33 (a) * * *

34

35 (12) On or after [ EFFECTIVE DATE OF THIS REGULATION) applicants who apply
36 for construction permits for nuclear power plants, as partial conformance to |

11 Jun 25, 1991
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!

.;

I

:

1 General Design Criteria 2 of Appendix A to this part, shall ir~,iement the
2 earthquake engineering criteria in Appendix S of this part. Prior to [ EFFECTIVE
3 DATE OF THIS REGULATION], applicable earthylake engineering criteria for nuclear

|
4 power plants are contained in Section VI of Appendix A to Part 100 of this !i

j 5 chapter. i
:

6 |

7 * * * * *

| 8 1

l9 3. In 150.54, paragraph (ee) is added to read as follows:
10 E50.54 Conditions of licenses.
11

12 * * * * * -

13

| 14 (ee) For licensee's of nuclear power plants that haa implemented the
15 earthquake engineering criteria in Appendix S of this part, plant shutdown will
16 be required if the criteria in Paragraph IV(a)(3) of Appendix S are exceeded.

~

! 17
|

| 18 * * * * *

19

20 . 4. Add Appendix S to read as follows:
| 21

22 * * * * *

| 23

| 24 Annendir S -- Earthauake Enaineerino Criteria for Nuclear Power Plants
! 25

26 TEXT 0F 10 CFR PART 50, APPEWIX 5 WILL BE INSERTED HERE
l 27

!
; 28 * * * * * |

| 1

l ?.9

30 PART 52 - EARLY SITE PERNITS; STANDARD DESIGN CERTIFICATIONS- '

l

31 AND COM81NED LICENSES FOR NUCLEAR POWER PLANTS
|,

32 1

33 5. The authority citation for Part 52 continues to read as follows:
j 34

| 35 AUTHORITY: Secs. 103, 104, 161, 182, 183, 186, 189, 68 Stat. 936, 948, i

! 36 953, 954, 955, 956, as amended, sec. 236, 83 Stat. 1244, as amended (42 U.S.C.
1

12 Jun 25, 1991 I
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;

*

1
2133, 2201, 2232, 2233, 2236, 2239, 2282); secs. 201, 202, 206, 88 Stat. 1242,

i
2 1244, 1246, as amended (42 U.S.C. 5841, 5842, 5846).
3

4 6. In 152.17, paragraph (vi) is revised to read as follows:;
3

; 5 152.17 Contents of annlications.
6 r

;

7 * * * * *

8

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

;

i

11

12 * * * * * ,

13

14- PART 100 - REACTOR SITE CRITERIA
15

,

16 7. The authority citation for Part 100 continues to read as follows: '

17

18 AUTHORITY: Secs. 103, 104 161, 182, 68 Stat. 936, 937, 948, 953, as
i

19 amended (42 U.S.C. 2133, 2134, 2201, 2232); sec. 201, as amer.ded, 202, 88 Stat.
20 1242, as amended, 1244 (42 U.S.C. 5841, 5842).
21

)
22 8. In 1100.10, paragraph c(1) is revised to read as follows:
23 1100.10 Factors to be considered when evaluatina sites.
24

25 * * * * *

26

27 (c) Physical characteristics of the site, including seismology,
28 meteorology, geology, and hydrology.
29

30 (1) On or after [ EFFECTIVE DATE OF THIS REGULATION) applicants who apply
31 for construction permits fo. uclear power plants shall implement the seismic and

'

32 geologic siting criteria in Appendix 8 of this part. Prior to (EFFECTIVE DATE
33 0F THIS REGULATION), applicable seismic and geologic siting criteria are

i

34 contained in Appendix A of this Part. Both Appendices A 2nd 8 describe the
35 nature of investigations required to obtain the geologic and seismic data
36 necessary to deterufne site suitability and to provide reasonable assurance that

13 Jun 25, 1991
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I a nuclear power plant can be cons tructed and operated at a proposed site without
,

|

| 2
undue risk to +'e health and saf ty of the public. They describe procedures for'

3
determining the quantitative v bratory ground motion design basis at a site due

4
to earthquakes and describe information needed to determine whether and to whatl N

5
extent a nuclear swr plant need be designed to withstand the effects of surface

6 faulting.
'

7

8 * * * * *
9

t10 9. Add Appendix B to read as follows:
11

,

,

12 * * * * *
13 j

l

14
Annendix B -- Seismic and Ger'ocic Sitino Criteria for Nuclear Power Plants

15

16 TEXT OF 10 CFR PART 100, APPE;31.Y p WILL BE INSERTED HERE
'

17

IB * * * * *

19

20 Dated at.Rockville, Maryland, this _ day of ._, 1991.
21

22 For the Nuclear Regulatory Commission.
23

24 Sammuel J. C.9 ck,
25 Secretary of the Comission.
26

4

.

|

.

,

14 Jun 25, 1991



. . . _ .m. . _ _ _ . . . . _ _ - . . _ . . _ . . _ . _ _ . . . _ . . . _ _ _ _ - _ _ . ._

|

|

4

1 g

1

0

$

DRAFT REGULATORY GUIDE DG-1015
-

.

SEISMIC SOURCES
.

;

1

.

O

i

.

:
4

4



. _ _ - - . --- - .- ---. - . - - - - . . - . ~ _ _ - --

r

:4

'I

, :

9o DRAFT REGULATORY GUIDE DG-1015

; 1 IDENTIFICATION AND CHARACTERIZATION OF SEISMIC SOURCES
i 2

3 A. INTRODUCTION
,

I 4
i :

5 10 CFR Part 100, Appendix B, " Seismic and Geologic Siting Criteria for Nuclear
) 6 Power Plants," requires that investigations and analyses be performed to

identify and evaluate tectonic structures underlying the site and the region7

a surrounding the site, whether buried or expressed at the surface, to determine
their seismic potential or their potential for causing surface deformation t9

the site and, to what extent the nuclear power plant needs to be designed: 10
r

[
,

11 these hazards. 10 CFR Part 50, Appendix A, " General Design Criteria for i

| 12 Nuclear Power Plants," General Design Criterion 2, " Design Bases for
'|

! 13 Protection Against Natural Phenomena," requires that structures, systems and
24 components important to safety shall be designed to withstand the effects of

{ 15 natural phenomena. This guide provides perd guidance and recommendations. .!
| 16 describes acceptable procedures and provides a list of references that present ;

17 acceptable methodologies to identify and characterize capable tectonic sources
|

18 and seismogenic sources. Standard Review Plan 2.5.2 describes procedures to ;.

{ 19 assesses'the ground motion potential of these seismic sources at the site and |

to assess the adequacy of thE Safe Shutdown Earthquake n 7
,

{ 20

; 21 .c *
|

| 22 The following are definitions of terms used in this regulatory guide.
(

23
,

24 1. 11131- Source
! 25
.

26 A " Seismic Source" is a general term referring to both seismogenic'

j 27 sources and capable tectonic sources.
.

; 28

| 29 2. Seismonenic Source M[ g au
I

i 7 J ] h._., ;30

E'A "seismogenic. source" is a portion of tne earth M which is31

| 32 considered to have uniform seismicity (same expected maximum earthquake

!, of the _, - f33' and frequency of recurrence) distinct from t raismic
! 34 surrounding area. A seismogenic source is no " o cause surface
<

f 35 displacement. Seismo-genic sources cover a wide range of possibilities
. 36 from a well-defined tectonic structure to simply a large region of
'

a

: 1 Jun 26, 1991
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I

| N

diffuse seismicity (seismotectonic province) thought to be characterized1

by the same earthquake recurrence model.2
A seismogenic source is also characterized by development and3

characteristics of the current tectonic ruime that is reflected in th
-

Quaternary (approximately the last 2 million years). g geh4

5 M'p cgi nf 5 ;

6 7, p M M h. |

7 3. Canable Tectonic Source

| 8

A " capable tectonic source" is a tectonic structure which can generate9

both earthquakes and deformation such as faulting or folding at or near10
the surface in the present seismotectonic regime, excluding seismically11

! induced soil deformation such as liquefaction features. It is |
12

characterized by at least one of the following characteristics:13

14 !

15 (a) Presence of surface or near surface defomation of recurring nature'

!

of landforms or geologic deposits within the last 500,000 years or16
at least once in the last 50,000 years.17

18 !

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

'

21

22 (c) A structural association to a capable tectonic source according to
characteristics (a) of this paragraph such that movement on one'

23
could be reasonably expected to be accompanied by movement on the24

25 other.

26
|In some cases, the geologic evidence of past activity at or near the ground27

surface along a particular capable tectonic source may be obscured at a |
28 |

29 particular site. This might occur, for example, at a site having a deep
For these cases, evidence may exist elsewhere along the structure

30 overburden.
from which an evaluation of its characteristics in the vicinity of the site31

32 can be reasonably based. Such evidence shall be used in determining whether
7 the structure is a capable tectonic source within this definition.
! 33

|. Notwithstanding the foregoing paragraphs, structural association of a
34

| 35 j
structure with geologic structural features which are geologically old (at

| 16
least pre-Quaternary) such as many of those found in the Eastern region of thes7

Jun 26, 1991
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|

|

1 United States .ll, in the absence of conflicting evidence, demonstrate that
'

2 the structure l.' s.ot a capable tectonic source within this definition.
3

4 4. Stable Continental Reaion
5

A " stable continental region" (SCR) is comprised of continental crust,6

7 including continental shelves, slopes and attenuated continental crust. It

excludes active plate boundaries and zones of currently active tectonicsa

9 directly influenced by plate margin processes. It exhibits no significant
deformation associated with the major Mesozoic-to-Cenozoic (last 240 million-10

11 years) orogenic belts. It excludes major zones of Neogene (last 25 million
12 years) rifting, volcanism or suturing.
13

14 5. Safe Shutdown Earthouake
15

The ' Safe Shutdown Earthquake Ground Motion" is the vibratory ground motion16

17 for which certain st7uctures, systems, and components shall be designed to
la remain functional.
19

.0 6. Characteristic Earthouake
81

22 Characteristic earthquakes are defined as those earthquakes that are !
23 characteristic for a particular area or fault zone. It is observed that seg-
24 ments (sections of a fault or faults that fail during individual earthquakes)
25 of some fault zones fail repeatedly with earthquakes of similar size and in a
26 similar manner. These earthquakes of similar size are called characteristic !
27 earthquakes, and the characteristic earthquakes are commonly associated with a
28 recurrence interval that can be detemined directly from seismic.
29 paleoseismic, and geological data.
30

,

31 7. Exoected Maximum Earthouake (EME)
32

.

i33 An " expected maximum earthquake" (EME) is the largest earthquake that can |

34 reasonably be expected to occur in a given seismic source. The EME is not
35 necessarily associated with any given return period. Considerable judgment is

| '6 involved in est Mating the magnitude of the EME.
s7

3 Jun 26, 1991
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:

1
a

2 1 8. Random Earthouakes

| 2 hoM M ^

Rand earthquakes are defined as those earthquakes that are not identified1 .

j 4 with elsmic sources. They sometimeskreferred to as " floating earth-
'

5 quakes." This estimats'of marthquake hazard is also referred to as backgroundj
: 6 seismicity and is commonly not related to specific faults.
i y %hWy

-

fin some a D specta I stable continental region (SCR) areas, seismic zones
_,

| 8

9 !can be delineated, Dut the Causative seismogenic structures cannot. A random
10 earthquake can be assigned to these zones. Random earthquake magnitudes are ..

; 11 often determined from historical seismicity and/or by comparing an area to a
;|
,4

12 similar source area for which the seismic hazard is better known. Random '.

;

j 13 . earthquakes are usually small to moderate in size and can occur anywhere in a

f 14 region or area. The larger random earthquakes can have magnitudes in the
!

! 15 range of 5 to 6.5, depending on seismotectonic settings. Since the
'

p,robability of the random earthquake occurring direyct1nder a specific site
16

; |
i 17 is low, the earthquake is sometimes assigned to occur within a prescribed |

3

k distance from the site (he. 27-). f|; 18

,, gu s.. n 5 b $ C'j, -

'
./

I 20 B. DISCUSSION

) 21 -

; 22 1. Purnose of Seismic Sources

83 6h M l
ThehSE)is compared to the expected ground motion from potential future| 24

25 earthquakes around the site of interest. The estimated ground motion at the
; 26 site from each source depends upon the tsagnitude of the expected maximum

earthquake, distance between tha b k N
-- it and27

} 28 the site, earthquake source parameters such as type of mechanisms, stress
: 29 conditions (e.g. static and dynamic stress drop), rupture velocity, etc.,
j 30 transmission path, radiation pattern and possible directivity. effects and
| 31 local site soil and rock conditions. The role of seismic sources is to define
: 32 where the future ear.thquakes are likely to occur, and provides some acceptable
j 33 bases to characterize their source parameters, including EME's.
| 34
'

35 The type, quality and quantity of data needed depends upon the ground motion

j 6 models deemed most appropriate and particularly for each seismogenic source.
i 37 In the. active regions, it is likely that more of the data will be available

o e 4 Jun 26, 1991
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1 than in the SCR. In active tectonic regions the focus will be on the
identification of both capable tectenic sources and seismogenic sources.2

3

In the SCR east of the Rocky Mountains seismogenic source zones play a4

significant role because of the inability to correlate earthouake activity5

with known't kt N siructure. Some seismogenic source zones have been6
,

identified in the SCR (i.e. eastern Tennessee, Charleston and New Madrid) but7

a specific tectonic structures have not been defined.
9

10 2. Deterministic and Probabilistics Analyses
11 g4g g b .-7

The revised Append 4 A states that both deterministic and probabilistic12

13 evaluations shall be considered; that is because both approaches hove the Hv{j
14 strengths and weaknesses. The identification of seismogenic sources for both

'

deterministic and probabilistic evaluations of the SSE follow similar paths. k
15

fThe main difference between the two approaches is that in the probabilistic ,I
16

'
approach, particularly in the SCR, alternative sources are explicitly modeled17

18 and an attempt is made to include alternatives in the final assessment. In f'9 the deterministic approach alternatives are also evaluated, but alternatives /.0 that are considered highly unlikely are eliminated from further evaluation. '
j

A dual approach should be used in areas where significant uncertainty exists /21

about the configuration and characterization of the seismogenic sources.: 22

pu.c14 A s 523 -

24 3. Seismic Sources
,

25

j 26 a. Capable Tectonic Source

27
i

28 (1) General
gy p cm PhKT 100

30 A capable tectonic source is defined in Appendix B as a tectonic structure
i 31 that can generate both earthquakes and deformation such as faulting or folding

32 at or near the surface in the present seismotectonic regime, excluding
33 seismically induced soil deformation such as liquefaction features. Except

i 34 for several regions such as Charlevoix, Quebec, eastern Tennessee, Charleston,
35 South Carolina, and the New Madrid Seismic Zone, seismicity in eastern North

In most of the east 3rn g S. [ $ $ $; 5 America is relatively diffuse. a

J7 sir _uehres at seismogenic depthLE bummen 1. - 4 ; % rs, apparently
5 Jun 26, 1991
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;

I p [19f& W. /
1 bearsno relationship to hiva structures exposed at grotmd surface. Young

faults either do not extend to grM surface or there is insufficienti ?

i 3 geologic material of the appropriate age available to date the faults.
4 Seismogenic faults are not always exposed at ground surface in the western
5 U.S. as demonstrated by the blind reverse sources of the 1983 Coalinga and

] 6 1988 Whittier Narrows earthquakes. These factors emphasize the need to not
; 7 only conduct thorough investigations at the ground surface but also to

s identify structures at seismogenic depths to the extent possible I

i 9 !

1 i

; 10 Investigations of the site and region around the site are necessary to |
1 11 identify capable tectonic sources and determine their potential for generating

12 earthquakes and for causing surface deformation. Where it is detemined that

| 13 surface deformation need not be taken into account, sufficient data to clearly
) 14 justify the detemination should be presented in the license application. The )'

i 15 level of detail of investigations should be governed by the current and late
; 16 Quaternary tectonic regime and the geological complexity of the site and .

.

; 17 region. A detailed geological investigation including the potential for
la surface deformation should be carried out within a radius of 5 miles (8 km)<

19 around the site. A thorough but less detailed investigation should be accom-
'

20 plished out to a radius of 25 miles (40 km). The regional investigations
21 should extend to a radius of 200 miles (320 km). The area of detailed
22 geological investigations may be larger than a 5-mile radius in regions of
23 late Quaternary activity or historical seismic activity (including
24 instrumental data) or where a site is located near a large capable tectonic
25 source such as a fault zone. |

26 |

27 Regional and site information needed to assess the integrity of the site with
28 respect to potential ground motions and surface deformation caused by capable
29 tectonic sources include determination of: (1) the lithologic, stratigraphic, I
30 hydrologic, and structural geologic conditions of the site and the area
31 surrounding the site, including its geologic history; (2) geologic evidence of
32 fault offset or other distortion such as folding at or near ground surface at
33 or near the site; and (1) determination of whether or not any faults or other '

34 tectonic structures any part of which are within a radius of 5 miles (8km) are
35 capable tectonic sources. This information will be used to evaluate tectonic |

36 structures underlying the site, whether buried or expressed at the surface,
37 with regard to their potential for causing surTace deformation at or near the

6 Jun 26, 1991
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i

The evaluation should consider the possible effects caused by hupan
;

i site.
activities such as withdrawal of fluid from or addition of fluid to the2
subsurface, extraction of minerals, or the loading effects of dass or

:3

A reservoirs.
.

,

5
To identify and characterize the hazard of a capable tectonic source the

6

7 following information is needed: *

. .

8 Qsino
9 (a) The b ;th of the structure.

10 :

The strike and dip of that structure including, if possible, its
11 (b)

geometry within the seismogenic zone and the orientation of regional
12

,

and local tectonic stresses. ,

13
i

14
History of Quaternary (last 2 million years) displacements such as

15 (c) j
age of last offset and previous displacements, estimated magnitudes

,

!16
per offset (i.e., characteristic earthquake), rupture length and

17
estimate of rupture area per event, recurrence intervals (including

18
the occurrence of temporal clustering), slip rate, and displacement

I19
history or uplift rates of seismogenic folds..0

ho21- w
Relationship of the fault to regional tectonic structures.

22 (d) I

j23
The possibility of fevk- segmentation, both along strike and down

24 (e) |dip through the seismogenic zone, with the bases for defining the
25

segmentation points included.26
'

27 |

28 (f) Seismicity associated with the structure. }

29

Reconnaissance Investications. Literature Review and Other Sources of30 (2)
Preliminary Information

31

Planning of site and regional investigations and the interpretation of
32

.

data require a thorough understanding of the geology and seismology of
33

34
This understanding can be obtained by field reconnaissances~the site.

and reviews, either pre eding or accompanying the actual field studies,
35

In most16
of available documents and results of previous investigations.

37 Jun 26, 1991
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cases, a preliminary study of the regional and site geology andI

seismicity can be done by reviewing current and historical documents,2

including aerial photographs, satellite imagery and other remote-sensing
3

4 imagery and earthquake catalogues. Possible sources of information may
5 include:
6

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

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

m

s

$ i. (c) U.S. Government agencies such as the U.S. Geological Survey and the -
a
1 U.S. Army Corps of Engineers,,

d >

f'a a Topographic maps,
G ,,

~
<

'

it- sologic and tectonic r ss, particularly those showing Quaternary
,

J tatures, geoph - " ~ ps, structural geology maps, engineering
). s Jaology maps, soli . .vey and hydrogeologic maps,
:'

21 (f) Geological and geophysical cross sections,
22

23 (g) Seismicity catalogs, including maps and cross sections, and
24 historical earthquake records,
25

26 (h) Geological reports and other geological literature,
27

26 (i) Geotechnical reports and other geotechnical literature,
29

30 (j) Water well boring information and water supply reports,
31

32 (k) 011 and gas well recoros,
33

34 (1) Mining history, old mine plans and subsidence records,
35

16 (a) Newspaper records of geological phenomena such as earthquakes,
landslides, floods, subsidence and other events of geologic or37

8 Jun 26, 1991
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1 geotechriical significance,
2

| 3 (n) Records of performance of structures in the vicinity, nd

'

5 (o) Personal communication with local inhabitants and local
| 6 professionals.

7

8 (3) Reaional and Site Investications
9

10 Geological investigations are typically evolutionary. As infomation is .

11 obtained, the next phase of the investigation is planned based on that
12 infomation. The investigator moves from one level of knowledge to the next.
13 Therefore, it is not possible in the beginning to provide guidance that will
14 cover every situation. Many of the procedures listed below will not be
15 applicable to every site. Likewise, situations will occur requiring investi-
16 gations which are not included in the following list, and the state-of-the-art
17 in the geosciences will develop newer technologies. These methods are
la suggested but they are not all-inclusive and investigations should not M
5.9 limited to them. gg 4

4s m= /fe } I ~O Q-20 ~

21 / Investigations should include detailed surface and subsurface exploration of '
22 / the site area within a radius of five miles. Less detailed studies may be
23 required out to a radius of twenty-five miles. Additional detailed investi-
24 gations in areas more remote to the site area may be required to complete the
25 geologic evaluation of the site or to conduct detailed investigations of
26 significant capable tectonic sources beyond the 5-mile radius. After
27 identifying the surface expression of a capable tectonic source it is
28 necessary not only to determine the age of last activity on that structure,
29 but also to estimate its history of Quaternary displacements for use in hazard
30 k characterization analyses.

''
; 31 6 - ~

32 Surface exploration ~needed to assess neotectonic conditions of the site area

33 geology is dependent on the site location and may be carried out with the use
34 of any appropriate combination of geological, geophysical, seismological and

35 geotechnical engineering techniques. Capable tectonic sources are manifested

! 36 at or near ground surf ace, ti.erefore, by utilizing the following methodologies
37 that are applicable to a specific site, even the most subtle evidence of

|

g Jun 26, 1991
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;
.

I surface deformation can likely be identified.
2

3 (a) Detailed mapping of topographic, geologic, geomorphic and hydrologic
features at scales and contour intervals suitable for analysis, par-4

,

; 5 ticularly Quaternary stratigraphy, surface tectonic structures such
! s as fault zones, and Quaternary geomorphic features. For offshore

7 sites, coastal sites, or sites located near lakes or nyers this
s includes topography, geomorphology (particularly mapping marine and
9 fluvial terraces), bathymetry, geophysics (such as seismic j

10 reflection), and hydrographic surveys to the extent needed for |-

11 evaluation.
12

33 (b) Detailed geological interpretations of aerial photographs and other
14, ' remote-sensing imagery, as appropriate for the particular site
15 conditions, to assist in identifying rock outcrops, tectonic
16 features, soil conditions, evidence of past landslides or soil
17 liquefaction, faults, fracture traces, geologic contacts, and
is lineaments.
19

Jo (c) Identification and evaluation of vertical crustal movements'by: (a)
21 geodetic land surveying to identify and measure short term crustal
22 movements, and (b) geological analyses such as analysis of regional
23 dissection and degradation patterns, marine and lacustrine terraces

-24 and shorelines, fluvial adjustments such as changes in stream
25 longitudinal profiles or terraces and other long term changes such |

26 as to lava flows, etc.
27

28 (d) Analysis of stream profiles such as the upstream migration of
29 knickpoints.
30

31 (e) Analysis of offset, displaced or anomalous landforms such as
32 displaced stream channels or changes in stream profiles, abrupt

i
33 changes in fluvial deposits or terraces, changes in paleochannels
34 across a fault, or uplifted, downdropped or laterally displaced |

'

35 marine terraces.
36 :

I

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

10 Jun 26, 1991
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e

|

|
; 1 zones such as fault zones: (a) fault related or fault controlled

1 deposits including sag ponds, graben fill deposits, and colluvial
J wedges formed by the erosion of a fault paleoscarp, and (b) non-

| 4 fault related, but offset deposits including alluvial fans, debris
'

5 cones, fluvial terrace and lake shoreline deposits.
';

7 (g) Identification and analysis of deformation features caused by;

| 8 vibratory ground motions including seismically induced liquefaction

| 9 features (sand boils, explosion craters, lateral spreads,
j 10 settlement, soil flows), mud volcanoes, landslides, rockfalls,

11 deformed lake deposits or soil horizons, shear zones, cracks or

|
12 fissures.

j 13-
-

1

| 14 (h) Estimation of the ages of fault displacements by analysis of the
i 15 morphology of topographic fault scarps associated with or produced
i 16 by surface rupture. Fault scarp morphology is useful in estimating

| 17 age of last displacement, approximate size of the earthquake,

i is recurrence intervals, slip rate and the nature of the causative
j '9 fault at depth.

0

21 (1) Listing of all historically reported earthquakes which can

] 22 reasonably be associated with capable tectonic sources any part of
23 which is within a radius of 200 miles (320 km) of the site.

| 24 including date of occurrence and the following measured or estimated
j 25 data: highest intensity and a plot of the epicenter or region of
| 26 highest intensity, magnitude, hypocenter location, focal mechanisms,
| 27 stress drop, crustal velocity model, etc. Historical seismicity
i 2s includes both historically reported and instrumentally recorded

| 29 data. For purposes of this regulatory guide the magnitude and

| 30 epicenter values should be determined. For historically reported
j 31 data, intwnsity should be converted to magnitude and epicenters

- -32 shall be determined based on c g rs. The intensity data
; 33 should be preserved and tshe 6 , e t it g converted to magnitude
i 34 should be clearly documented.

j 35

f '6 Subsurface investigations that should be accomplished in the site area or
J7 within the region to identify and define capable tectonic sources may include:

11 Jun 26, 1991
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i

|

1 (a) Geophysical investigations such as ground penetrating radar, air or
i

ground magnetic and gravity surveys, borehole geophysics, etc. and2

i3 seismic reflection or seismic refraction surveys.
4

5 (b) Core borings to map subsurface geology and obtain samples for
-

) 6 ' testing such as age dating.
: j,

s (c) Excavating and logging trenches across geological features as part
j

9 of the neotectonic investigation and to obtain samples for age |'

10 dating those features.
t 11 i
'

i

An important part of the geologic investigations to identify and define12

; 13 capable tectonic sources is the age-dating of geologic materials. The '
'

following techniques are useful in dating Quaternary deposits14

15 ;

16 (a) Radiometric Dating Methods: Carbon 14, Potassium-Argon, Uranium -
*

17 Series methods, Fission Track, Thermo-luminescence (TL), and
|18- Electron-spin Resonance (ESR).

19
.

20 (b) Other Quantitative Numerical Methods: Paleomagnetism, Thickness of
:

21' Weathering Rind on Clast Margins, Catton-ratio Dating of Desert !

22
_

Varnish, Tephrochronology, Amino-acid Racemization, Lichenometry,
|23 Soil Profile Ages, and Dendrochronology. '

24 i

25 (c) Relative Age Dating Methods: Relative Degree of Soll Profile
26 Development and Relative Degree of Weathering of Clasts in
27 Sedimentary Deposits. :

28

The above appropriate investigative procedures should also be applied, where29
{

possible, to define offshore structures (specifically faults.or fault zones,30

31 but also including folds, uplift or subsidence related to faulting at depth) !
32 adjacent to coastal' sites or those sites located adjacent to landlocked bodies
33 of water. Investigations of offshore structures will rely heavily on |

seismicity, geophysics and bathymetry rather than conventional geologic34

35 mapping methods which can be used effectively onshore.
36 !

37 !
'

|
4

12 Jun 26, 1991
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i

!
i

i

1 (4) Distinction Between Tectonic and Nontectonic Deformation
2 |

In past licensing activities surface displacements caused by phenomena other3
t

than tectonic phenomena have been confused with tectonically induced faulting. i
4

! 5 Such features include faults, the last displacement of which was induced by |
glaciation or deglaciation, collapse structures such as found in karst

!
6

-

terrane, and growth faulting such as occurgin the Gulf Coastal Plain or in /7

|other deep soil regions subject to extensive subsurface fluid withdrawal. Alls

of these phenomena can pose a substantial hazard to nuclear power plants;9

however, the differences between them and capable tectonic structures shouli10

11 be identified and documented. Glacially induced faults generally do not
'

12 represent a deep seated seismic or fault displacement hazard because the .j
13 conditions that created them are no longer present. However, residual

stresses from Pleistocene glaciation may still be present in glaciated regions14

15' although they are of less concern than active tectonically induced stresses.
These features should be investigated with respect ts their relationship to16

17 current in-situ stresses.
18

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

22

23 Large, naturally occurring growth faults as found in the coastal plain of
24 Texas and Louisiana can pose a surface displacement hazard even though offset

'

25 most likely occurs at a much less rapid rate than that of tectonic faults.
;

26 They are not regarded as having the capacity to generate damaging earthquakes,
27 are easily identified and can be avoided in siting, and their displacements
28 monitored. Antithetic faults related to growth faults are sometimes not

i 29 easily identified; therefore, investigations described above with respect to
30 capable tectonic faults and fault zones should be applied to large scale
31 growth faults. Local human-induced g seth faults tan be monitored and
32 controlled or avoided.
33

34 b. Seismogenic Source

; 35

| 16 A "seismogenic source" is a portion ur the earth's crust which is considered
,

.

to have uniform seismicity (same expected maximum earthquake and frequency of37

13 Jun 26, 1991
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1
ocurrence) distinct from the seismicity of the surrounding area %

Seismogenic |2

sources cover a wide range of possibilities from a well-defined tectonic
.

3

structure to simply a large region of diffuse seismicity (seismotectoric4

province) thought to be characterized by the same earthquake recurrence model5
A seismogenic source is not expected to cause surface deformation.

.

tectonic source" on the other hand, is a fault of A ' capable6

capable of both generating earthquakes and causic tructure that is judged
#

7

Mrface displacement.
Reconnaissance investigations and regional and s u investigations needed to

8

9

identify seismogenic sources are the same as those used to identify capableE tectonic scurces.
However, site investigations will rely more heavily on11

subsurface methods such as geophysics than on surface methods.
12

13 4.
Seismic Sources and Predictino Future Seismicity

14

15 a.
{sfrelation of Seismic Sources and Earthauakes16

17
Section B above provides information on acceptable methods for

18
identifying potential earthquake sources and quantifying recurrence intervals

; 19
This s;ction discusses the relationship between earthquake sources, recurrence

.

30 rates and earthquake magnitudes.
The most accurate earthquake-tectonic31

structural association is possible when the ground is ruptured during the22

earthquake (capable tectonic source) and there are good records of foreshocks,23
the main shock, and aftershocks from which fault mechanisms and hypocenter

locations can be calculated as well as information on the fault surface itself
24

25
such as orientation, attitude, area, stress drop etc.

Even in the western26
U.S. where coseismic surface faulting is comon, it is unusual to have all of27 this information available re rding a specific earthquake. In the eastern
and central U.S. (SCR) data f ,mlimited to relatively poorly located

28

29
hypocenters and focal mechanisms with izwerai ciffer;;t ir.t:r;Wt

30

31
In regions of low seismicity such as the SRC, future seismicity can occur on a

33
strncture with no. previously recognized earthquake potential or a large33
earthquake can occur on a fault with very long n n' hts,r k recurr W

34 interval
Future seismicity can occur by reactivitation of previously35 unrecogni

d or inactive structures by new, amplified or changing stress
! 16

environmen s or development of new plate-stress .iomains assee,tated with_

37
intraplate! crustal and upper plate motions (ductile shear zones, rifts, or

14 Jun 26, 1991
i 'r Y'% T*'



- .. . . - _ - _ - - - - - -.-. - - - .- -. - - - - - - - _ ~

!

J
4

i

] 1 hotspots).
: 2 Precursort of r h rste te !?rna aarth ; & r heue k-e= exter Oly studi:d

quantified uti=g prtbilistic 221i =d stet +stical anal ses3 aj

Intey, ng eartAquake_precursrs reliably requires modal ardamental
i 4

f tectionic pro'c'e's'rEs-thalcrtate/ the earthq'uak ~rces. Adeqyate 'and '5 c

j 6 acceptab]Laodel 7te-r,et ye. leb E,f rer :r: "adarttandings of 4ntraplate
7 tect'onic pro'cisses and-eva able data e oassesscausativeaddelsor

! deshiha i po t er.t i ally-large-earthquakes-w_ - high-degretof-._s

certsh The%J== ars mast Scute-4Fthe-3CR',-t,UtTi~$ 9 lems_ also
j 10 titsrTn~the westerrt.t
j 11 I

'

1 12 b. Fault Ruoture and Seismicity
i
i 13

] 14 Fault models that relate rupture geometry to earthquake magnitude are
li' based on empirical and theoreticci relations between area of fault rupture,

j 16 average fault slip and earthquake magnitude. From this infomation, it is
,

i 17 possible to predict large-scale deformation patterns. There are two types of
; 18 fault geometry-earthquake magnitude methodologies: rupture length to

| 19 magnitude (an empirical correlation between the surface r'upture length during
j 20 an event and the magnitude of the event) and seismic moment (approximate

I 21 linear relation between magnitude and rupture area). Set =i: = :-t := me
| 22 ha =ilet.d 0 : tress diep. 5:imie -r,T. studies preoici the unent of

j 23 -r:pter. :ler.s the '=lt- .

24 The potential rupture area can be predicted by knowing the following |]
25 fault characteristics: length, shape, depth, orientation, area, amount of
26 slip on rupture surface, recurrence interval and history of the source

l
27 structure. The length, shape and surface orientation are determined from the |4

2a topography or bathymetry. The depth and subsurface orientation are determined |
'

29 geophysically (seismologically and by seismic reflection profiling). The area
30 of slip is defined after a coseismic rupture based on the length of surface

1 31 offset, the extent of the seismically active zone during rupture, and the
a

;

1 32 depth of the hypocenter.
:

j 33 These characteristics are not always easy to obtain in parts of the |
{ 34 western U.S., wh.re surface rupture recurrence intervals ex:eed the historic ;

; 35 seismic racord. To determine p g rupture areas for apparent inactive
16 sources, the geometry of the [ nee 44ve rupture should be estimated. This |
37 inactive section of the fault is then used to segment the fault zoae into

J

! 15 Jun 26, 1991
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;

h % fM (t)
assumed to rupture : & h.%kJ

*

c
1 diserate engths 9 - -= = ' l y. A part==t;: fee 4sr of the

| M
total fau t length can also be used to estimate rupture length, for example,2

j 3 1/2 or 1/3. a::e--e .:: i-ter@an be_calculatad 6. hitterk-sat ==itity
4 sad /nr galan=ef:ri:!ty.

In seismic regions, resolution of the seismic potential depends on a
4 5

combination of detailed seismologic information, experience with past earth-s

7 quakes and reliable geologic mapping of potentially active *b The
a methods to be employed depend to a gr at exte on the geological j
9 characteristics of the region, .htuit,v: about the composition |

and fabric of the crustal lithosphere beneath the region and specific site10
-

11 based on h;. r;;:%ti^-' geophysical data, and comparisons with similar
12 features elsewhere.

i

13 %e =n Sch 7;;;; / diniei,e ef eegi.itvows er. 'ased
14 on qualitative ==-t--tions-of possibi yextent of ruotures == a"5-t, tve da q

r, t)MIstate-of-stress of a specific rpgion, ifh be' '.
15 is

,

determJnad. [. W o % quantita[ dici ret
16 ve limits on.effectivahtress relea . -

.Io improys th/ ability t p,w ur.. ie i- le and ermine17
,

Iahnitudes for tecton c structures, more informatio th respect tois maximu
/ \19 the follow 4 requiredv/(1) a better understandin tectonic processes

ao and their/ rela't ship to the generation of ear akes (2) a refinement of
/

agedatIn Ichnique or the Quaternary od; (3) a more complete21

earthqu/ gak historic recor nd pa eismic record; (4) the development of22
' '

23 quantftat'ive landform anal ods; (5) higher resolution of geophysical
I /

24 technjq'ves; (6) new ght into crust s<tructure; (7) increased
25 underYtandin material properties and rhekof the earth's crust; and
26 (8) sta ical methods for evaluating divergent pr tic estimates of
27 - ciense experis.
28

W29 5. Expected Maximum Earthquake Evaluation /
30 mM f

31 a. General, cpAG SSE
32 -

33 Expected aximum earthquakes (EMES) should be assessed for each of the seismic
34 sources (capable tectonic sources and seismogenic sources). KTritical vie is
35 that maximum =>-th;::h r e-a mot randa= eye-t: ;r.d the hi:terk record is an

Madeyveis data ' ass ivr a valid stitistiskE :d prebtbil444e-enslysis,16 p

37 -the.efore, a drierministic evaluation is more appropriut=. *= ether via( is

16 Jun 26, 1991
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1

!
't

1

4

1 thLin the nature med lec:tien cf Tuivre '

j ee,ihquakes, senmis rid cin;;thexpressed in determMic terms and'

greeter r:li =ce :hcM5ii jiiaced en preb;bilisticentlyses. EMES are used in.,

; 4 the deterministic assessment, and, with associated uncertainties, in the

} 5 probabilistic assessment. Several of the following approaches should be used

| 6 for each seismic source and for each approach alternatives should also be
! 7 contidered_ " ea - sek +,L.thess = ;=itd :ti2tiaa naarnachee te ::bjecta
$ s to.uncertaintieshthe 11stte(Mstorical earthquekorecord and available
f 9 geological infe- *tien, un;eiteinti;; nd 59 jacth; j.ds; at 3;,euld be-h

! 10 scia lwWDrthese assessmeTith TM psie .d ;;;;ited :sti;;;tos_are

i 11 the;c th?' 're Mst sehe+?a*4tterby sne available data; nourve ,the e of <

f multiole =aarsectnTwR1{ assess the uncertainties in the EME estimates and f12 -

i 13 identify parameters which could be studied further.

i 14

j is (1) One approach is to consider the maximum historical earthquake

| 16 a.sociated with the fault, structure, or province. The maximum i
,

| 17 historical earthquakes have commonly been used as a lower bound for

| 18 EME estimates. Decause the historical record is usually short, the
,

j '9 pattern and rate of seismic activity may suggest that an EME larger

j thanthemaximumhistoriga,1 ap hquake s g be c gred,g.0

| 21 * seenanake_ cat =lnas and aMarvatiea; cf :r'::: : . . ::t:r-99'O;
s c - n

i 22 2**--""d.
:
4 23
.

| 24 (2) The paleoseismic approach is essentially an extension of the

! 25 historical record by identifying and characterizing prehistorical
,

,
'

: 26 earthquakes. The paleoseismic observations could be along the
I 27 seismic source or in adjacent areas that have been affected by

) 28 paleoseismic events. These studies provide information that can be
29 usedtoestimatetheEME.2 ( ) {

i 30 y-

kf"
,

| 31 (3) Another approach to estimating the EME is based on the physical

| 32 characteristics of the capaM e tectonic source or seismogenic W
b

i 33 source. An EME may be bared on fault parameters such as surface -
4

34 rupture length, surface fault displacement or fault rupture area. I h)
h*k )) 35

! '6 (4) The relative comparison approach compares the seismic source with

! 37 similar seismic sources. This approach extends the limited

i 17 Jun 26, 1991
.
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!
:

i

! I

;i seismicity and geological data available for the seismic source.I

2 The basis for the comparison must be established, such as tectonic
! 3 regime, type of displacement, fault length or size of the
i
j 4 seismotectonic province. Relative comparisons are cosanonly used as
j s corroborative evidence to EMES estimated by other approaches. '

i '

For active tectonic regions al1N|he methods can beS eA S A '
- ^

| ,ed . Howeverl7

{ in the SCR the problem of determination of the appropriate mas:a e.; to uses

! 9{ for the SSE is more difficult. In the SCA a number of significant tectonic
-

.

| 10 . structures exist which could be considered as seismogenic sources. There is
I 11 no clear procedure to follow to characterize the EME magnitude to associttei r

.{f ai 12 with such pc:sible seismogenic sources. First, it is most likely .- Qf 13 that the determination of the seismogen ture of the source will. be y

inferred rather than o m nstrated by strong correlations with seismicity14

; 15 and/or geologic data. In fact, if such strongNorrelations and/or data exist, aAs N /oNJj 16 thenapproachesusedforactivetectonicregionsegbeapplied. The
' g\ [/

.

; 17 historical record and judgment play key roles. The a roach used to -

ic rharacterize the EME for the SSE for a deteministic no el can be [F
..

{
cantly different than for a probabilist,1,c model. / "L

~

;,,

| 19
,..

| 20 - ' N&4 15 N> '77 y j
i 21 Me perrihla app =*haund fo_r__ N e;; ep-ist. - ;; nit fr the StE i= th: SCR N O'

idbebasedonthesizeoftheketonthtructure. However, such b22 w Q
l 23 corre tions based on active tectonic regions are not applicabl or SCR as
i 24 the tect ic structures of interest were developed under, a ' tally different ;
i

; 25 tectonic re than the present regime. The presen /egime is characterized
26 by stability, seismicity and very low rate: deformation and thus the
27 size of tectonic s cture is not-indicativ maximum magnitude of potential

,.

as future earthquakes. siderable judg s required to estimate the
; 29 appropriate magnitude for e earth ak to be used for the development of the
| 30 SSE in the SCR. Factors that lipportant in estimating the EME include:
| 31

| 32 1. Maximum histor al arthquake ociated with the structure. I

l 33 2. Pattern a of seismic activity
j 34 3. Neotect (post-Miocene or about 5 on years and younger)
i 35 dev i nt and characteristics of the sourc
i 36 4. rent stress regime. I

j 37 5 Paleesetnic data. , ylph/

wM 18 Jun 26, 1991
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,

For the most significant seismogenic source zones, i.e., those zones which1

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

developed for instrumentally determined earthquakes such as focal mechanism,
3

stress drop, etc., which would be useful in assessing the ground motion from4

5 earthquakes occurring in the seismogenic source zone.
6

7 Alt native seismogenic-z confjguratip ilibe-asses =d =Lthe
8 sappro rit.

'

"a 6 velopeo gaddruparny 6eitain Ze .;:t va te M--rajecty if
they cogld lea's to a hrger SSE. J g 6 ,h%, k93

: 10
g4 9p Mig11 b. Deterministic Analyses

.
,

12 I
13 (1) Annendix A 10 CFR Part 100 Methodoloav b

, .~ u1A
%9 %15 The investigations and analyses required by Appen ix A 10 CFR, Part 100 $ '

16 are entirely deterministic studies. A methodology has been developed over the d~-
17 past two decades that is in relative accordance with that dre.nent.

Probabilistic methodologies (LLNL,1986 EPRI,1986) have ocen developed sinceIs
. that tisp. However, continued use of deterministic methodologies is still'9

bNt? due to the large Ef esin results bedti.e probabilisticao

methodologies M N * 'ff T # / b b M " GM# f*'b -21

The first step in determining the SSE and EME deterministically is to22

23 identify earthquake sources. This is accomplished by: (1) identifying and
analyzing all significant earth24

proposed site; (2) identifyinhykgs within a racius,of 200 miles of theignificant M Ouctures within a radius25 I
26 of 200 miles of the site; (3) if possible correlating scismicity with teston4e

structures27

stru:turh; e(4) if it isn't possible to associate earthquakes with tector.fc28 fining setsmotectonic provinces; (5) determining the maximum
,

29 earthquake (EME) for each source--(a) for seismotectonic prov nces, this is "^
30 the maximum historic earthquaka or the maximum earthquake estimat3d from
31 paleoseismic information, and (b) for tacton4c structure this h the maximum
32 earthquake that the ' structure is capable of generating based on its
33 characteristics (length, area, seynentation, rupture length, offset per event
34 etc.) The next step is determinir;;t the site ground motions by: (1) assusa.g

thatthemaximumeartfunkeoneachrource(tectonicstructuresand35

6 seismotectonic provinces) can accur at the closest approach of that source to
37 the site (for the host tectonic province the D'I ea:-thquake will be a suhud to

19 Ju:,26, 1991
.
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: .|

occurnearthesiteh;_'(2)(a)estimatinglargestorcontrolgggroundmotions| 1

using intdsity-acceleration relationships or magnitude-[cceleration
'

2

| 3 relationships (these .ru pCer*1erhsea to .eder Re uistory Gu1dev

: 4 N d/r (b) selecting earthquake information from a larger data base
| 5 I (worldwide) from earthquakes of similar sizes as the EME's and located a !, |
j 6 similar distance from recording stations founded on similar foundation '

7 conditions and developing spectra from plots of these data (current practice
.

1

a uses the 84th percentile as SSE ground motions). (See SRP, Section 2.5.2 for
9 iled discussion of ground motion determination). h M177 g[

10 ~~ N _ _ d' gd ntot [ l

11 (1) Historic Seismicity

! 12 eismic source 7ae (seiewi.=tTonic province) is a broad ere t is

13 believed o be characterized by relatively uniform seismicity ra the
14 stap4 point expected maximum earthquake and carthquake r. rrence. Seismic

pts are applied in the ustern and ce dl U.S. because it is15" source zone co
16 as yet not possib to correlate earthquakes with s cific tectonic .

i 17 structures. A basic sumption of this conce j s that future patterns ofpt
I la seismicity will be simila to those of the ist, which is the primary basis I

.
19 for a given seismic source z .

20

21 Much of the assessment of sa source zones in the SCR is based on
22 historic seismicity. Howev , as stated lier, studies of the historic

23 seismic record Y inad unte by themselves in dicting, future seismicity
Ieq$ n H-se '

24 becauie of the sher ess of the record, the R ..tyf ' large earthquakes in
25 the SCR and th imited empirical data base. For this re n, our

726 understand of the controls on maxima earthgulkas-4*-1iisiygconofrom an ;
27 unders ding of theK nutdstrain accumulation and ih effect on

.

*

28 zo o ' weaknesses. j~

29

30 (2) ,Q1easelsricity i

\31

32 In addit to the historic and instrumental seis ecord, another
33 promising method to strain the boundarie eismic source zones and
34 provide some information re etr EME's is to identify and define
35 geologic evidence for storic % uakes. For example, a recent
36 investigatig ek and others,1989) alol he Atlantic Coastal Plain from

NewgeytoGeorgiasearchingforpaleoliquefac n features similar to37

20 Jun 26, 1991
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!

I t ose historic and prehistoric seismically induced liquefaction features
2 mappe the meizoseismal area of the ?386 Charleston Eart ake (Talwani and
3 Cox, 1985; Go and others, 1986; Amick and others 19 found no such
4 evidence outside o th Carolina.

SM A5

6 Other enijeisp paleaseismic s es include those ongoing in the,

!
7 eastern U.S. - paleoliquefacti nv stigations in New England and neotectonic
a studies in the southeast . by Ebasco rvices, Inc., for the NRC, and

*

j 9 paleoliquefaction estigations in the Wabash R Valley by the USGS; and
10 those in the tern U.S., such as paleoseismicity stu leng coastal .

| 11 Washingt and Oregon, and fault (fegmentatigstudies in Califo la by the
~

I 12 USGS 9 gg 4
13

j 14 (4) Precursor Phenomena
''

15" fining potential seismic sources and estimating their EME's Jh the SCR
: 16 is very ifficult. As indicated above, a study of precursors an[essociated

17 deformatio can be important in predicting future earthquake magnitudes on
is potential set ic sources. SuchapredictionisbasedoniddItificationand

'

I19 interpretation o long end short-term precursors from whK models and the
20 assignment of proba lities are derived. Long-term pr cursors include*

21 historic seismicity an crustal strain measurements The usefulness of long-
~

22 term precursors depends or istoric seismicity r ords and knowledge about
) 23 tectonic sources. Recognizin the shortcomin of historic seismicity, the
#

24 historic record may be related t phenomeng) gical or statistical

| relationshipssuchasWeibulldistr.(utjds,seismicgapsandmigrationof25

j 26 seismicity. These factors can be us to help ascertain or somewhat rectify

| 27 historic incompleteness.
28 Measurements of crustal s ain can pro de such information as the
29 accumulation rate of strai the ultimate crus 1 strain, and site-specific
30 and geodetic measuremen Measurement of crusta strain, which requires.

31 repeated geodetic su eys and experiments, probably s greater potential in
32 the future of est ating EME's than analyzing historic ismicity.
33 Short-te precursors in seisaically active areas na include anomalous
34 uplift, cha e fn sea level, tilt, strain, crustal deviator stress,
35 premonit 4..inquakes, geomannetic and geoelectric precursors, eochemical,
16 macros pic phenomena (anima e mior, etc) and seismological pre rsors.
37 Seis logical phenomena are . , important short-term precursors. Such

21 Jun 26, 1991
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1

|

'

i i

: I

| 1 characteristi include foreshocks, anomal seismic activity, seismic gaps, I

i

2 growth and decay o smic activit ource mechanisms, hypocentral migration
!

) 3 of microearthquakes and chan n seismic wave velocities. |
! 4 Other, less impor a at this ti ophysical precursor phenoma are l,

i 5 earthtides, pot al field values such as geom tic and geoelectric and j
i 6 ground wat data.
| 7

I a (5) Reaional State of Stress and Strain
! 9

10 Seismi source zones can be defined and their EME's de ined to some
j 11 extent by es ting regional stress and strain charr ' istics. In order to
} 12 estimate the reg al stress-strain regime, it i ..ssary to determine the

13 characteristics of the-in-situ stress in t ontext of worldwide plate
j 14- tectonics environment, an hen inte e available earthquake information
i 15- into the data set as there is ely to be a relationship between zones of
' 16 weakness and seismicity. eodetica nd geologically observed strain as

17 determined by usi eomorphic and stratigr indicators described in
4

| 18 Section 8 mportant input in defining regional stress and strain.
19j

: 20 (6) Tectonic Processes
! 21
i

j 22 A her proceedure that may be ::teful in defining seismic curce zones
23 and estima ing their EME's is to estimate the tectonic pr sses that may be
24 acting on the ion to generate the measured or obs ed stresses in the |

6

25 region. Tectonic p esses include plate tecto phenomena such as ridge |
26 push or trench pull, the 1 pertabations, lations in crustal and
27 lithospheric thickness, memb e stress caused by variations in the earth's |
28 curvature, erosion and sedimentat , and glacial rebound. Local processes
29 may be stress corrosion due to emica ffects within the lithosphere,
30 localized movement along zo s of different chanical properties,

|
31 inhomogeneities in la and small-scale lithosp ic composition or rheology, !
32 stress amplificatio enhanced fluid pore pressure, h logic weakening of

minerals in thefper lithosphere, stress-induced crack gr33 h and brittle
34 reactivation of previously ductile zones bJ uplift.
35

36

J7

22 Jun 26, 1991
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k

!

!
,

i

{ 1 (7) Tectonic Features
! 2

3 F=jei i::tm.ic sir _. th;sid iis mapp
u_r.f. ace

;

andnearsMeegeologyandsubsurfac crustalandlithhhericstructures| 4

! 5 defined by inteh tation of -knrTt: ht. geophysical dat feetor;; "-t
; 6 shou 1(beconce to define a sou d1Lquantify a in/

earthquake andhed+ct itsMn inMude:| 7 magn duc shear zones
a (upper and at 1 - e), plutons, other li eric inhomogeneities

j 9 such as water at depth and britt e
ones (if zones of weakness can be

'

10 defined), the stresses s around the zo in accumulation and,

j[| 11 mec o failure, and +=cte=t: p;;;;;;; that could caum se ic
; 12 ' Etivity = 2 --

'

N r1 ~-In ere. s h-G q 0- 1j 13 x areas in the western U.S. ths best data set for determining .

| 14 EME recurrence on a tectonic structure or segment of a structure, is a
|

,

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

I

| 16 } offsets. Tt.; ;.;;t ect ra+= it nehlete Ont;r..;s, iv iMTolm !
! 17 4ectonism and relateLsad4meh6tatTBTnT- Other databases can be obtained from i

| 18 stream profile analysis, fault scarp morphology analysis and analysis of
| 19 vertical crustal movements related to tectonism.

_ !
. - ~ . _ . ,

- ~

| j ~ 4ecurrence intervals in seismic areas are d M ined by a combination of A20
|

21 f seismic information along structures, geological mapping and experience with
22 similar features at other locations. Ob" OIC-

_m _ -
- f,

23 Me MArmost of the metnods described above cannot be o
,

,

[ 2ts the lack of a lack of understanding of the cause ty a the /
'

! 25 relation of seismicity and tec et n that region. A possib e / !'

approachthIt/s/ likely to bec creasingly no tant, is to fi st '
I !26

7

fdetermine
;

j 27 e stat e regional stress-strain regime, seco - to
| 28 con r octonic processes that are causing that stress regime, an
; 29 fin y, idaMyinn and defining the maine t=ct=f: fastera! t region.
|_ 30

;

( 31 c. Probabilistic Analysis - SCR {g(5(LLNL) !

! 32
,

j 33 A probabilistic ana is accomplished using the results of the deter- ;
.

l 34 ministic studies ncompassing consideration of recurrence models and

k 35 uncertainties. -= n?-' af da** dle'.nl. ;i::t : rth&:i:0 5" 'k*i" -

| 16 causeiivu .eecces veci i sub n antiaily v. tan . th: eeeturn u.a. ana th rSCR

{ 37 ii,4 elso freur rFgion t~o regioff within-th :: breed ar=es. 'h: efer=, M:::n-

23 Jun 26, 1991
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]
i
:

i

j i ofAMrvsrtirtrWty 'a
';e::tity and quality of ==e41sble dete fr.e. one region'

2 to another 'h: ;;,r v.cF trsed-t+4st.iante seismic potential should be a araded
3 one. T here there ic = 1ar : - rtof ,a

! 4 deterministic alysis should predominate, but whe p ere are larges

: 5 unGe Hainties, t probabilistic analysis ysho predominate. W ie, in
| 6 the SCR where there are extensive unce inties about the nature and location
f 7 of future earth ;;ies' it is -- seey te rely kaavily on probabilistic
:

a analyses. Seismic haza .nalyses, which calculate the probability that some
: 9 level of earthqu ground motica till b. wu.wevea at a site aepend or triput

dattsuch as(identificathen. location and definition of seismic sou_rces,j 10
,

j 11 estin __ ef th: .. 6.yv.n.
y

ivr each source, recurrence intervalsrv..... ..

j 12 estimation of ground motions at the site.
; 13
a

i 14
%" Ranunrancat Modalm
^

v~ ~~

i 15
i

; 16 Recurrence models for each source are determined using historic ' -

} 17 seismicity and paleoseismicity (determined bv neiaa +ke lir.;r . v..ss4on
| 18 ,analyd t ral:tir.; tv ;;rthque'w size ( gr.itet ;r intensity; to i wyuencym fn

'
i '9. atter-aare_, The recurrence models are terminated at the largest earthquake
| 20 expected from each source. T% vi,abiiisi.ic Julrass- that e=-n';"ske
| 21 accurrr:: eith., fellewe & lei..... process or earna" i;; ea ur raTdomly with
f 22 ree ect iv i.i wf.4 .pece withir, e giver, soutca. The ground motion (peak orr

| 23 spectral accelerfion) at the site from the different earthquakes at different
24 distances is estimated using a set of magnitude 'er int:rdty)--ground motion
25 relationships that explicitly incorporate the dispersion of the data around

: 26 such relationships. The effect of different size earthquakes from different
| 27 !scations in different sources is then integrated with the recurrence

28 information and the probabilities that given levels of ground motion will not
29 be exceeded within given time periods are calculated.
30

l'
; 31 (2) Uncertaidiga
) 32 .

33 An acceptable cach to define t c hazard for a speci c area
f. 34 is to: (17 form a panel arth ences exper LNL, 1986) or et of

35 teams of experts (EPRI, I w broad range of expe ) formalize a-

6 methodology for av ting and ranking zard assessmentsanade b ach expert
37 or team; eyelop consistent and general ccepted' methods for as ing.

i N
[ 24 Jun 26, 1991
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E

; 1 p 100 t0 W"dy and (a) tett the analyts@ appl.yina N-t+ch
! 2 t vi dois irrthe u lne ne and ouaternary in d ich histei-ic det.-::cisie

! 3 n' Sil te n; J,eth;r er n:t the =:ly:i: prevides r esoneMrproDaDditiks
f 4 6 airea h cerred.
) 5 Both deterministic and probabilistic approaches are controlled by the
j 6 choices of input parameters. To take into account the uncertainties, expert
j 7

opinion may be convassed for such infomation as choices of igpugrameyts
; a range of parameters, and what credibility could be given them. Sp r+ % may.

then be computed for each expert at each site. GAM experts at each site based9

10 on their self-ranking may then be synthesized. Input tr: ter: TWj i
! 11- cefir,oim vi .;55!c trer:: naes, (2) larvest ear hquatrew ct " h each N %'e

| 12 zo (3) earthquake activity rate and recurrence statistics for ea zone and
13 (4) methods for predicting ground motion in the SCR from an ear quake of aN

! 14 given siz at a given distance.
: 15' Example of the way this deterwinistic data serves input to
!

probabilistic analyses for asses \ ing the seismic haza in the eastern and| 16

central U.S. is th EPRI Seismic zard Study (1965 . The database used in| 17

| 18 this study consiste of that informa ion that ntributed to an understanding
ofthecausesofcrus(1stressinthe(eg , the pre:ent state of stress inj 19

{ do the region, and the ideritity and chara qistics of tectonic features' in the
! 21 region. These data formedh matrix' physttal characteristics of the region

andincludedtectonicmechan)ses, agnitudes a orientations of crustal22

| 23 stresses, crustal and litnosphe' features, surfa e and subsurface geology and
i

24 earthquake history.

i 25 Based on that methodo gy the y to defina the ctonic framework of a
! 26 region is to first ident y tectonic uctures and filt r geologic data using
! 27 preestablished criteri . The criteria in lude size of the feature, the type
} 28 of fault motion exp ted, the potential for rge earthquake , and deep
!

29 crustal expressio . The second step is to deft the specific' physical
! 30 characteristics f each structure. The earthquake otential of each structure
; 31 should be defi ed based on the known stress environne orientation of the

32 structure, d the t.ectonic processes that may act on it. Finally, a
33 probabili that an earthquake of a certain magnitude will o ur on each

structur /is calculated.i 34

35 ch EPRI geosciences team constructed a tectonic framework a auch

16 framework was equally weighted relative to the other framew rks. Eachteam
rhdit: =. e4.r iiss, Th... eli ef the i;&p= fat h;;:-d ::ti ste: 7e37

j

j 25 Jun 26, 1991
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,

:

; i combined by the mechanical aggradation procedure in which a weighted verage ;

2 of the dividual results was computed. This methodology has L ificant
;

3 advantages that it addresses the fact that there is a e ical relationship '

4 between the pro sses and the physical features, i.e. - n earthquake is the
'

5 result of stress re ^ d to ongoing tectonic pro ses acting on a specific '

I 6 feature, and the aggrada n procedure allow or quantitative statistical
,

7 results to be developed for t assess s. The weaknesses of this
.

,

a methodology is that there is poor erstanding of the relevant tectonic
9 processes, a lack of availabl ata for region or a site, and there is

10 little ability to test t probabilistic ren ionship in the real world.
11 As stated abo , the best information to ha in order to predict the f12 seismic hazar of tectonic structures are recurrence based on datable

-

13 stratigr ic sequences in areas where there has been late unternery and
14 H ene tectonism and sedimentation.

|
,

15"
{

'

16 d. Probabilistic M c t _..d Fault Di nlacement Hazard Studies N . iNcsW h h 0 .

17

ProbabilisticevaluationsMouldbeperformedtoestimatetheprobabilityof} 18
;; 19 exceeding the SSE and the probability of surface displacement at the site.

! j
The procedure for estimating the probability of exceeding the SSE is described

{
20

21 in Standard Review Plan Section 2.5.2. This section describes the procedure
|$ 22 for estimating the probability of seismic and fault displacement at the site.,

'

23

24 Probabilistic estimates of the surface displacement hazard for each capable I
i 25 fault 5 miles (8 km) from the site should be calculated. Section 8 3a(2)
| 26 describes those situations where faults further from the site ned to be
i 27 considered. The underlying assumptions and associated uncertainties should be

28 documented to assist in the staff's assessment of the potential for surface<

displacement at the siteNMere@ Mt les: d:t:11r4 Westi;;: tie.. pid29

-breccqlie,',e4 at & : radin of 25 miles ph).e 30 g , ,y mic ,

f
,

investigations should extend to,a radius of N miles . In regions of |31
.

|
32 late Quaternary activity or historical seismic acti (including

instrumente data) or where a site is loc ~ a:: W thin several tens of milfs
33

34 from a large capable tectonic such as a fault zone, it may be necessary )
35 to extend the area ailed investigations substantially beyond 5 mil es ;

'l6 from the o include that structure. This assessment should consider |_

n anrnative sources to boena the unceMainin Oec==t- + hat deterihe i
6<

usCe
26 Jun 26, 1991
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4

i
i

| 1 currently acceptable methodologies y 1 REFERENCES.
.

!

2 I
p
i 3 ( Ob.iectives
i 4

i 5 5 mie sa"e e charactarinHan it na aert :tep iii durining Ud
earthquakh(EME)andsurfacefaultingpotentialtobeusedinasef'saichazard6

| 7
\

analysis and can be accomplished following the definition of seismogenic and
,

| 8 capable tectoni sources using the investigation methodologies described in
i

f 9 Section B. The o (ectives of programs to make then deterni tions in regions |

| where seismogenic sohrees and capable tec. tonic sources ar/e located at or near.
10

ground surface are:11 '

| 12

! 13 1. Utilize the data a d interpretations from ge sciences investigations
i 14 to define the earth uake environment of site.2

,.

; 15

16 2. Incorporate fully the r ,ge of inter stations advocated in the
| 17 s:ientificcommunityandioseder)edfromtheinvestigationswith
! is complete consideration of u ert inties. Proper emphasis should be

} 19 placed on those interpretatio in accordance with the supporting
| 20 data.
j 21..

| 22 3. Develop, when appropriat and the da a call for it, new or approved
23 methods and approaches oward charact izing earthquake sources, in

} 24 order to understand re fully the phys al processes.
! 25
.

26 4. Document intetp tations of source characte ization and their bases
,

! 27 in the geosci nces data.
28-

| 29 5. Present e conclusions in ways that are appropri e for subsequent
j 30 in pro abilistic and deterministics ground motion a lyses.
| 31

32
.

-

33 (2) Back ound and Annroach;
j'

34 i

; 35 haracterization of sources should be closely linked to the
| 16 iny stigations orogram and be driven by the data rather than pie preferr d

cdelt. ThegeoscieNsprogramshouldbefocussedonreducing
;

| 37
1

; 27 Jun 26, 1991
i

a
_ __ __ . _ .-



. . . _ _ . _ _ _ . . _ . _ _ _ . _ _ . . _ _ _ . _ . _ _ _ _ _ . . . _ _ _ _ _ _ _ . _ _ _

| |

:
*

,

; !.
; 1 \ uncertainties with emphasis on t h = st !!;nific:r.t scarces (i.e., c sest, !

>

!- N
2 1 gest,ormostactive).

!

'

| 3 here are two principle aspects for understanding the future havior of !
) thewidelyacceptedrelationshipsbetweenfatdtrupture4 earthqu e sources: ;

| #
length and earthquake magnitude such as fault slip rate and magnf tude, and5

N |j 6 earthquakerecKrenceandmagnitude;andthestillexperimenta aspect of j
| 7 fault charactertiation that includes fault segmentation and eismic folding.

'

Hazard analyse \of sites are usually based on intrepretItions developed) s
|j 9 by experts to assess de range of interpretations and asso ated earthquake '

j lo potential in a variety o(interplate and intraplate tectopic settings (LLNL,-
;

i 11 1985,EPRI,1986). The range of these expert opinions and the uncertainties i4 s / I

| 12 are large. The analyses are focussed on present understanding and not on |
13 gathering data to resolve or re e the uncertaintie . The hazard analyses ~

j 14 recossended here for regions where seismic sources re near ground surface is
.

-

| 15
opposite to this in that studies sho ld be gearedj o reducing uncertainties

f 16 through detailed geosciences investiga ons. Thdre should be ongoing
{ 17 scientific peer review and interactions ith t e scientific community as the
| 18 studies progress.

'9

j .0 The studies should include both det ini tic and probabilistic
: 21 evaluations. The probabliistic analysi should neompass a broad range of

N

physicalcharacteristicsregardingeye sourcesugasrecurrence-related
22

i 23 parameters, multiple sources and ranges of values. Nt should encompass

| 24 uncertainties (scenarios and rel ive credibility of ch) rd sensitivity
J 25 studies. The deterministic st y should define the con rolling source and
j 26 evaluate the largest site gr nd motion parameters relat to the maximum

] 27 segnitude, and a conservat a magnitude selected for that ource. This

] 28 carthquake should then
assumedtorecurattheclosestapgoachofthe

! 29 source to the site. e two studies shnuld be complimentary.

| 30

31 (3) MethodLfgr C aracterizina Seismic Sourcese

twf MhI32 f
i 33 Because Are S ::::r xx;;h geological, seismological and ge hysical
I 34 informati , it is important to incorporate uncertainty into seismic ource
: 35 charact iration analyses. In determining the seismic potential of so rces
; 6 with o recorded history of seismicity, indirect measurer of mi:e, frequency
| J7 a. oca on er eartnquakes must be utilized. The:e measures are based on the
|~

! 28 Jun 26, 1991
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,

i i fault's avior in the recent geological past, which are dete by inte-
| 2 grating avalla geological, seismological and geophysi ata and analogies i

3

i 3 with other similar a . 'There are a great dea uncertainties due to an[ 4 incomplete dataset and alterna e interpr ons of that data. The charac-
'

) 5 terization of the source under co on is based on the synthesis of
; 6 available data, credible rpretations and entific judgement. The proba-
| 7

bilistic approach' ncorporates alternative interprh(' ions (a measure of un-
|. certaina source characterization such as marimum magnitude and earthquake N
{ 9 rec rreC 4 g yy- w
| 10

ne acceptable probabilistic approach that may be used is one based on \)
( iugic trees such as that used by the Pacific Cas and Electric Company's (PME

; 11

! ' Long-Ters Seismic Program (LTSP) for the Diablo Canyon Nuclear Site pf12
. - - - -

! 13 _wmWaf aans and brancites in h aach node represents a
14 choice between a ernative are sequenced to

| 15 provide for condi ional aspects dependencies among parameters an p
16 logical progressio from general t specific so ce char eristics. At eac -

| 17 node, projabJlities y ==>isd4cteach branch th repres nt the relative

likeltfi'ood of that branch being the correct value or' state-of _._ p:rerMi is

19 considered.
20 T Mnode in the LTSP looic tres es styl: Of fesitir,s M euse other

4 21 characte stics of faults in that region are dependent on the mode of

deformation. Qe next node considerec the-uncertainty in fault try.
22

23 Sensitivity stu were carried out to determine the eff of using other
24 characteristics on the st node, such as fault ry. Two nodes farther
25 out on the logic tree conside iternativ hods of estimating recurrence
26 intervals and for assessing maximum tudes, respectively. The LTSP used
27 the seismic moment and recur e rate techn s to estimate recurrence
28 intervals. For maxi gnitude assessment PEE u the results of rupture
29 length-magnitu , rupture area-magaitude, total-fault len -magnitude,
30 maximum ace displacement-scenitude taimmic =-- nt, =d ;; A - historic

Ne%quanaassociatedwithfaultmethodsinitslogictree.31

32 Th proach used to assess the maximum earthquake magnitudeJAs called
33 the multifactor . cach (fault characteristics correlate vtTh magnitude).a

34 The resulting maximum a ude is based on thes t characteristics--
35 magnitude relationships, the ca ation magnitude given these fault
16 characteristics, and scientific eme h regarding the weight of evidence,
n applicability of var ata sets, and exper M arding historic

29 Jun 26, 1991
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:

!
!

!

| 1 earthguAkra.

2 In a' bility analys full ributionOfmaximun[magitudesfor|
3 various faults an

ributionthatincer(oratesunce
inty in rameterj

; 4 values, relati redibi and multiple techM(ues for estima magnitude

| 5 should sed. In a determinisKc analysis, a maxim 6m magnitude for the
i 6 rolling source s o 1 be sels.ted-c - -

-

I Ruoture tenath and Seamentation 4 64 /s

,* b e i h! -r e W4
% relationship between magnitude and rupture length,%;j 10| Tha H a %

perefore, to estimate future earthquakes on a fault, maximum rupture lengthsi 11 L

f ?.2 must be determined. Faults rarely rupture their entire length during an

| 13 earthquake so the portion of that total fault length most likely to rupture

{ 14,, i during a maximum earthquake should be estimated. There are two methods of

15 , estimating rupture length during a maximum earthquake: (1) fractional fault )

! 16 i length such as one-half or one-fifth of the total length is assumed to rupture -

17 during the maximum earthquake (EME); or (2) the fault is considered to be |
; 18 segmented by geometric or geologic features.!

! 19 Such features that may segment a fault include changes in surface trends, j
,

20 ! the presence of major range front salients along the fault, intersecting;

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

j 22 ; gravity data, and geodetic changes along the fault.
23 | A number of characteristics of rupture end points have been identified.j

! 24 | Those which most commonly characterize both strike and reverse slip end points

! 25[ are releasing and restraining double bends, en echelon stepovers, changes in i

j 26 ! senses of. slip, fault and fold branches and crossfaults and folds. Those
j 27 which most commonly characterize strike-slip rupture temination points are en

2a echelon stepovers and changes in sense of slip. Single bends in fault traces || :
i

-29 are common termination points for reverse faults. Other characteristics of ]
30 t segmentation points are changes in slip rate, fault creep, changes in elapsed j

31 time (recency of slip), changes in trace complexity, fault terminations, gaps, |

32 changes in basemen't terranes, and basin boundaries. |,

33 It should be pointed out that most characteristics of end points occurred )

34 at. rupture termination points in only 25 to 35% of the cases examined. In the i ,

I f35 remaining cases, they were ruptured through. Although no study has been com-

36 plated that examines the effect on rupture termination of multi- |

37/ characteristics, preliminary observations indicate that a combination of j

30 Jun 26, 1991 !
'

__ -



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

|
|
|

1 several characteristics of certain kinds can more effectively control fault.

'
2 rupture. '

g

3 \ |
'

4 (5) Emoirical Maoni+ude Relationshios
I5

.'
6/ A multifactor approach should be used in determining magnitude. The | |

.

I Y\ following empirical relationships are suggested: magnitude-fault rupture fsI length, magnitude-fault rupture area, magnitude-displacement per event, 1

(magnitude-seismicmomentandhistoricmagnitude. !9

10 \- |-
_

11 (6) Characteristics of Seismic Sources
i i
,

<

; 12
. .

i 13 Characteristics of western U.S. seismic sources that should be factored
14 into the hazard analysis, (logic tree) are: sense of slip, dip, depth of

i

15" faulting, total length, rupture length (segmented or fractional), average !
16 displacement per event, maximum historical earthquake, magnitude techniques ..

17 used with relative weights indicating credibility, recurrence method-seismic
18 moment (slip rate, total length and depth of faulting), slip rate, and
19 magnitude distribution (i.e., exponential and characteristic earthquake
20 model(s).
21 These elements are used to determine the EME for each source. A
22 probability distribution is constructed for each source by repeating the

;

23 calculation for all end branches of the logic tree and combining similar
24 estimates. As-en =aan of th= distrAtion is ite i, .t i>U m.te i,f the ~

25 ma&? =; .!!edLand the lails-ef-se sistrit>ut10ii m. -- in
26 the offe-trae the mean value plus one standard dautath o (iiiiWe)c

27 is regarded as the nrobabilistic_DE 'Ms1nrece. The deterministic EME
28 is the maximum magnitude on the controlling structure based on an evaluation
29 of the characeristics of that structure. -

30

gg fpq31 (7) Earthauake Recurrence _

g 7] f(5~rf f~ /N ''f|NS' 350ey
*

32 * '

Two approaches may be used [n de[emining earthquake recurrence. Moment '

33

34 rate is a method where estimated slip of a fault is used to infer the rate of
35 seismic moment release on the fault. From this the estimated rate of seismic
36 moment release can be translated into earthquake frequency by using the
37 relationship between seismic moment and magnitude and a magnitude-distribution

31 Jun 26, 1991
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i

!
'

;

1 model. Two forms of earthquake magnitude may be used: (1) truncated
,

j 2 exponential distribution and (2) characteristic magnitude distribution.
; 3 The second approach should be a direct assessment of the frequency of
j 4 surface rupturing events based on paleoseismic data (each event is considered
j 5 to be within 0.5 magnitude units of the maximum event). The frequency of

,

I 6 smaller events should then be specified by the appropriate form of the'

magnitude distribution anchored at the specified frequency of M.,, 0.5
7

a magnitude events. The results should be compared with world-wide data.
9

10 (8} Maximum Earthouake Maanitude on\ ontro11ina Source h65 N6[C

& & Q(- f ( f f? O 3 0 & L q~ C
11

-

12 Th deterministicaQy defined EME is ased on fau length, fa it

sggN_.

13 segmentati
orfractiona%rupturelength,po(entialfaul displac t and

14 other factors \ \ '

15"

16 (9)sInout to subseauent Seismic Hazard Analysis
,

17

la The log trees should model all uncertaint s considered in'

charaderizing thKseismic potential of selspenic sources. The logTE tree
19

2c information may then used directly on t seismic hazard analysis in '

21 condensed form.
22 Logic trees may be conden b combining those elements of the logic

I

23 tree used to estimate various par 4 ers of maximum magnitude and earthquake
24 recurrence into a single ,-Je or maxi magnitude and frequency of events of

.

25 moment magnitude of M,5.0 o greater.
26 The nodes for certa characteristics suc as rupture length, maximum |
27 displacement, average isplacement, maximum histor earthquake and magnitude

{28 determination tech que may be combined to produce a crete distribution for
29 maximum magnitud conditioned on a particular sense of si dip, maximum
30 depth and tot length.
31 The n s for recurrence mathodology and slip rate /recurrenc ate may be
32 combined o produce a discrete distribution for annual frequency of evqnts

,

33 greate an M,5.0 conditioned on a particular fault ama and maximuc.
magnit$de.34

35

'6

37

32 Jun 26, IDI
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|
1 C. REGULATORY POSITION

2 i
3 1. During the site selection phase, preferred sites are those where there is

i

minimum likelihood of surface or near surface deformation, or the !
4

occurrence of earthquakes on faults in the site vicinity.5 '.

i 6

i 7 2. A site will be considered suitsble if after thorough and currently
acceptable investigations and analyses (deterministic and probabilistic); 8

: 9 are conducted and there is reasonable assurance that: ;

; 10
"

There are no capable tectonic sources in the site vicinity- or |
11 a.

12 '

| 13 b. There are capable tectonic sources in the site vicinity but (1)
l ,

14 there is no potertial for surface or near surface fault induced !4 15" deformation beneath the plant foundations, and (2) the probable,
{ 16 significant ground motions are, or can b6 enveloped by the site

.

. 17 design basis spectra as prescribed in SRP Section 2.5.2.
18

:

j 19 3. Regional investigations such as geological reconnaissances and literature
j reviews (including remote sensing imagery) should be conducted w'ithin a20

! 21 radius of 200 miles (320km) of the site to identify seismogenic and
| 22 capable tectonic sources.
4

23

24 4. Detailed geological, seismological, and geophysical investigations should
. 25 be conducted within a radius of 5 miles (8km) of the site to determine

26 the potential for tectonic deformation at or near ground surface in the4

27 site vicinity.

28

29 5. A less detailed geological, seismological, and geophysical investigation
; 30 should be carried out within a radius of 25 miles (40km).to identify and

31 characterize the seismic potential of capable tectonic and seismogenic>

'32 sources, or demonstrate that such structures are not present. i
'

1 33

! 34 6. Sites that are located such that there are capable and/or seismogenic
35 faults within a radius of 25 miles, or within the near fleid, will

4 T6 require more extensive geologic and seismic investigations and analyses

{ 37 (similar to those within a 5 mile radius) and thus will require a more
i
: 33 Jun 26, 1991
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1 extended and intensified licensing process.
2

3 7. Wherever possible earthquakes should be associated with seismogenicsm% /sources (tectonic structures or zones) or capable tectonic sources.4
7N

5

6 8. Deterministic studies, using state-of-the-art methodologies, should be
7 conducted to reduce uncertainties and enlarge the data base. A
s

deterministic EME should be determined. As a minimum the EME should be.

the maximum historic earthquake or the maximum late Quaternary earthquake9

10 as determined by paleoseismic studies. Acceptable methodologies are
.

11 described in this guide or in the documents listed under references.
12

g , -f , ,o Stq6 ci W b Sq 6
i 13 9.

Forqe SCR, probability evaluayons should be conducted ~similar'tg the
LLNL an( EPRI Seisahzard StudlesQLNL,1989dEPRI,1989).14

.. y
15

16 10. Enra ite: M.iea in nip ;eh:!c r^ght: se h :: the weiturn U.S.,-both
.

dete =inkth SM pechhility Inalyses should be accomplished to17

la det:traine the potential for the EME and for surface deformation.4

1,9 Agggp(gh]s deter Jmjetic and Drobabilistic ,,,sihedpiggiva .sw these
.0 describwd in the Diablo canyon i.ong seriii Seismic MFTm7inai Report;

'

21 (PGtEr1988).
22

,

23 11. An acceptable level of conservatism in determining the EME for both
24 deterministic and probabilistic analyses is the mean,
25 #4?t h: (!4th perc=tils). Howmreca;.1:b; th; diffhclty in

! 26 day 3 aning = L distripui. ion for the 00", en eccept.ble pracT. ice of1
-

-

27 -epplyi^g ce;;n.i.i>= is iv .ie th: Mth pr:rtth ph: =: standard
28 htM- a' th: expectre mu;u arth;nt: gr0=d etiaa. Jiaqbd-

| 29

30 D. IMPLEMENTATION;

'

| 31

1 32 TM purpose of this regulatory guide is to provide guidance to applicants and
33 licensees regarding the NRC staff's review of capable tectonic sources and
34 other active structures. The methods described herein will be used in the
35 evaluation of construction permit applications docketed after May 1,1991.

[[.u
G

J7 ?

34 Jun 26, 1991
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!
!

! 1 STANDARD REVIEW PLAN 2.5.2
2 PROPOSED REVISION 3

,

:

; 3 2.5.2 VIBRATORY GROUND MOTION
,

j 4 REVIEW RESPONSIBILITIES
i .

j S Primary - Structural and Geosciences Branch (ESGB)
4

6 Secondary - None

| 7 AREAS OF REVIEW
1
i

j 8 The Structural and Geosciences Branch review covers the
j 9 seismological a1d geological investigations carried out to

10 esteM4eh evaluste th; :: 21:r;ti:n f:r the safe shutdown ;11 earthquake (SSE) cnd th; :p;r: ting h::i: ;rths;;h: (tt:) for the |12 site. "'h ::f: Ohutd:=. ::rths;;h: i: th:t ::rths;;h: th:t i:
: 13 h:::d ;;:n :n v:10 ti:n ;f th; :::irr ;;rt'.g;;he p;t:nti:1
| 14.- cen;id: ring the r ;ien:1 :nd 12:21 ;;;1;;y :nd ;;i:::ingy :nd
i 15 :;::ifi chcr;;t:rictic: f 1:::1 :;t: rf :: ::t:ri:1. It i: th:t
{ 16 eeethe rh: th:t pr:d:::: th :::ir vihr;t:ry g ;;nd ;ti:n f;r
( 17 rhich : f;ty r:1 ted :tructur;;, cy:t;;;, nd :: ;:.:nt: ;;;

*

| 18 d::ign d t: rr rin functi:::1. "'h; :p: : ting h::i; ::rths;;h: is '

} 19 2. t Orths2;h: th t, ;;;;id::ing th; :;i:n:1 :nd 12:21 ;;;1;gy,
/ 20 ::irc 1;;y, :nd :p;;ifi: chcr :ter1:ti:: Of 1:::1 ::t:::f:::
! 'l ::teri:1, :: 1d rc:::nchly h: :^g::tsd t: Off::t th: pl:nt ;it:
1 2 during th; :p::: ting lif: Of th: pl:nt; it-ic th:t ::rths;;h: th:t
! 23 prod ::: the vihr:t:ry gr und ;;ti:n f;r chich th::: f::tur : f
; 24 th; nn:1::: ;;r pl:nt n::::: ry f: ::ntinued :p;;;ti:n uith: t
i 25 und : rich t: 2.; h::lth :nd ::f:ty Of O.; puhli ::: d::ign:d t:
! 26 ::::in functicn:1. The F JE represents the potential for earthquake
i 27 ground motion at the site and is the vibratory ground motion for
| 28 which all safety related structures, syst. ass and components are
j 29 designed to ensure public safety. The SsE is based upon a detailed
- 30 evaluation of the expected maximum earthquake (EKE) potential,
i 31 thking into account regional and local geology, seismicity, and
'

32 specifio characteristics of local subsurface material. It is
33 defined as the free-field ground response spectra at the plant site
34 and is descTibed by horisontal and vertical response spectra
35 corresponding to the expected ground motion at the free-field
36 ground surfaos or.a hypothetical rock outcrop.

37 seismological and geological investigations are aescribed in
38 Regulatory Guide 1.xxx, Identification and Charact=Jisation of
39 seismic Sources. These investigations deccribe the seismicity of
.40 the site region and correlation of earthquake activity with seismic
41 sources. seismic sources are identified and characterised,
42 including the EKE magnitude asuociated with each seismic source. |
43 All seismic sources, any part of which is within K ailes of the |
44 site, must be identified. Sources at larger distancas which are '

1 .1 , 1

p.(9() fV7 |
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:

1 capable of earthquakes large enough to affect the site must also be2

2 identified. seismic sources can be capable tectonic sources or ,

seismogenio sources; a seismotectonic province is a type of |
| 4 seismogenio source. |

,

5 The principal regulation used by the staff in determining the scope,

i 6 and adequacy of the submitted seismologic and geologic information
'

7 and. attendant procedures and analyses is Appendix A, " Seismic and i
,

8 Geologic Siting Criterla for Nuclear Power Plants" to 10 CFR Part |

9 100 (Ref.1) . Additionti guidance (regulations, regulatory guides,<

10 and reports) is providec to the staff through References 2 through

|
11 8.

.

12 Specific areas of review include seismicity (subsection 2.5.2.1), I

13 geologic and tectonic characcaristics of the site and region
14 (Subsection 2.5.2.2), correlation of earthquake activity with ,

'

15 geologic struct"Te or tectonic provinces (Subsection 2.5.2.3), |

16 maximum earthquake potential (Subsection 2.5.2.4), seismic wave |

I17 transmission characteristics of the site (Subsection 2.5.2.5), and
18 safe shutdown earthquake (subsection 2.5.2.6), d M |

19' ::rthg h: '0:5:::01 2.5.0.7,. Both deterministic and !

20 probabilistic evaluations are used to assess the SSE. i

21 The geotechnical engineering aspects of the site and the models and )
22 methods employed in the analysis of soil and foundation response to j

23 the ground motion environment are reviewed under SRP Section 2.5.4.
24 The results of the geosciences review are used in SRP Sections

5 3.7.1 and 3.7.2.

26 II. ACCEPTANCE CRITERIA
|

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

|

30 1. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting j
31 Criteria for Nuclear Power Plants." These criteria describe |

32 the kinds of geologic and seismic information needed to )
33 determine site suitability and identify geologic and seismic

'

34 factors required to be taken into account in the siting and
35 design of nuclear power plants (Ref. 1).

36 2. 10 CFR Part 50, Appendix A, " General Design Criteria for
37 Nuclear Power Plants"; General Design Criterion 2, " Design
38 Bases for Protaction Against Natural Phenomena." This
39 criterion requires that safety-related portions of the
40 structures, systems, and components important to safety shall
41 be designed to withstand the effects of earthquakes, tsunami,
42 and seiches without loss of capability to perform their safety
43 functions (Ref. 2).
44 3. 10 CFR Part 100, " Reactor Site Criteria." This part describes

2
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i

i

:

i

i criteria that guide the evaluation of the suitability of
. 2 proposed sites for nuclear power and testing reactors (Ref.
j 3 3).
a

) 4 4. Regulatory Guide 1.132, " Site Investigations for Foundations
1 5 of Nuclear Power Plants." This guide describes programs of
j 6 site investigations related to geotechnical aspects that would

7 normally meet the needs for evaluating the safety of the site
i 8 from the standpoint of the performance of foundations under

9 anticipated loading conditions including earthquake. It
,

| 10 provides general guidance and recommendations for developing
i 11 site-specific investigation programs as well as specific
j 12 guidance for conducting subsurface investigations, including
; 13 the spacing and depth of borings as well as sampling intervals
j 14 (Ref. 4).
i
'

15 5. ReguL: tor. aide 4.7, " General Site Suitability Criteria for
i 16 Nuclear Power Stat'ons." This guida discusses the major site
; 17 characteristics related to public health and safety which the
i la NRC staff considers in determining the suitability of sites
! 19' for nuclear power stations (Ref. 5).
J
; 20 6. Regulatory Guide 1.60, " Design Response Spectra for Seismic .

! 21 Design of Nuclear Power Plants." "'hi guid; gin :n; ;;th:d
i 22 ::::pt:ble t th: P"O :t:ff f;; d: fining th: :::;:n:: ;;;t:0
i 23 ::::::p nding t th: ;;;;;t;d ;;rir= g :;nd :::10 :ti:n
! 24 p f. C) . C: 01:n For design purposes smoothed response

S5 spectra are generally used - for example, a standard spectral
.6 shape which has been used in the past is Regulatory Guide 1.60
27, (Ref. 6). These smoothed spectra are still acceptable when an

1.
28 appropriate peak acceleration is used as the high frequency 1

29 asymptote and the smoothed spectra compare favorable with site {
! 30 specific response spectra derived from the deterministic and

|| 31 probabilistic procedures discussed in Subsection 2.5.2.6.
|
:

32 The primary required investigations are described in 10 CFR Part |
33 100, Section IV(a) of Appendix A (Ref. 1). The acceptable !
34 procedures for determining the seismic design bases are given in i35 Section V(a) and Section VI(a) of the appendix. The seismic design

! 36 bases are predicated on a reasonable, conservative determination of ;

! 37 the SSE and4he-OBE. As defined in Section 111 of 10 CFR Part 100, '

| 38 Appendix A (Ref. 1), the SSE end-GBE-eee is based on consideration l
! 39 of the regional and local geology and seismology and on the |
! 40 characteristics of the subsurface materials at the site and eee is !
i 41 described in terms of the vibratory ground motion 2.:t th::( ;;;1d
i 42 peeduce at the site. No comprehensive definitive rules can be I
i 43 promulgated regarding the investigations needed to establish the
! 44 seismic design bases; the requirements vary from site to site.

|
4' 4

j 45 2.5.2.1 Seismicity. In meeting the requirement of Reference !

! 46 1, this subsection is accepted when the complete historical racord
j 47 of earthquakes in the rsgion is listed and when all available ,

:

| 3 3

: :
| |
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! !

:: 1 parameters are given for each earthquake in the historical record. !j 2 The listing should include all earthquakes having Modified Mercalli '
3 3 Intensity (MMI) greater than or equal to IV or magnitude greater
i 4 than or equal to 3.0 that have been reported in 211 t::t nij 5 g prev +nees for all seismic sources, any parts of which are within

!

;

: 6 4 , a%9j-ite miles of the site. A regional-scale map should be
!

v

{ 7 presented showing all listed earthquake epicanters and should be
i8 supplemented by a larger-scale map showing earthquake epicenters of I

,

| 9 all known events within 50 miles of the site. The following !! 10 information concerning each earthquake is required whenever it is
!: 11 available: epicenter coordinates, depth of focus, origin time, ij 12 highest intensity, magnitude, seismic moment, source mechanism, i13 source dimensions, distance from the site, and any strong-motion ii 14 recordings (references from which the information was obtainedj 15 should be identified). All magnitude designations such as m., M , !
i

| 16 M, M,, , etc., should be identified. In addition, any reported !

t

j 17 earthquake-induced geologic failure, such as liquefaction, !18 landsliding, landspreading, and lurching should be described '

19 completely, including the level of strong motion that induced
|: 20 failure and the physical properties of the materials. The '

i 21' completeness of the earthquake history of the region is determined
i 22 by comparison to published sources of information (e.g., Refs. 9
i 23 through 13). When conflicting descriptions of individual

:

} 24 earthquakes are found in the published referer nu, the staff should
!
!4

j 25 determine which is appropriate for licensin;; decisions.
I
i 26 2.5.2.2 Geolocic and Tectonic Characteristics of Site andj 7 Region. In meeting the requirements of References 1,.2, and 3,
i 8 this subsection is accepted when all g::1:gi; tructur : rithin th: || 29 ::gi:n :nd t::t:ni: ::tivity seismic sources that are significant '

! 30 in determining the earthquake potential of the region are
; 31 identified, or when an adequate investigation has been carried out
j 32 to provide reasonable assurance that all significant teetense
' 33 etemeteres seismic sources have been identified. Information34 presented in Section 2.5.1 of the applicant's safety analysis
; 35 report (SAR) and information from other sources (e.g., Refs. 9 and
; 36 14 through 18) dealing with the current tectonic regime should be
! 37 developed into a coherent, well-documented discussion to be used as
i 38 the basis for determining seismotectonic provinces and the
; 39 earthquake-generating potential of seismogenic sources and capable
: 40 tectonic sources th: id:ntifi d ;;;1:gic tructur;;. Specifically,
| 41 each t::t ni pr: vin:: seismic source, any part of which is within
j 42 440 46eNiles of the site, must be identified. The staff (v!
! 43 interprets seismotectonic provinces to be regions of uniform '

:
} 44 : rthp h: p;t:nti:1 (::i:::t :t:ni: p : vin:::) seismicity (same
! 45 expected earthquake and frequency of recurrence) distinct from the
j 46 seismicity of the surrounding area. The proposed seismotectonic

i
3 47 provinces may be based on seismicity studies, differences in
{ 48 geologic history, differences in the current tectonic regime, etc.
! 49 The staff considers that the most important factors for the
j 50 determination of seismotectonic provinces include both (1)
4,

4

4a,

|

I

I
. . _ - _ ___ .
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s

i i development and characteristics of the current tectonic regime of f
! 2 the region that is most likely reflected in the neoteeteni : (r::t- i

3 "i :::: :: 05:2t 5 current tectonic regime, that is retlected in ,;

i 4 the Quaternary (approximately the last 2 million years and younger !
I

i 5 geologic history) and (2) the pattern and level of historical
| 6 seismicity. Those characteristics of geologic structure, tectonic
j 7 history, present and past stress regimes, and seismicity that !

j 8 distinguish the various seismotectonic provinces and the particular
'

: 9 areas within those provinces where historical earthquakes have i

j 10 occurred should be described. Alternative regional tectonic models |
; 11 derived from available literature sources, including previous SARs

'

j 12 and NRC staff Safety Evaluation Reports (SERs), should be i

i 13 discussed. The model that best conforms to the observed data is
| 14 accepted. In addition, in those areas where there are capable i

! 15 deuhe tectonic sources, the results of the additional
| 16 investigative requirements described in 10 t*" " rt 100, A;;;; din i

| 17 A, C::ti:n !"( )(0) (" f. 1), SRP Section 2.5.1 must be presented.
18 The discussion should be augmented by a regional-scale map showing i

19 the t :toni: p ::in::: seismic sources, earthquake epicenters, i

20 g locations of geologic structures and other features that I

i 2V$ characterize the seismotectonic provinces, and the locations of any )
12 capable deehe tectonio sources.

~

| 23 d) 2.5.2.3 correlation of Earthauake Act-
Seismomenio Sources. Canable Tactonio sources or !

24,fSeismoTectonicProvinces.
;

In meeting the requirements of Reference| 25
1, acceptance of this subsection is based on the development of the /26 ,$ relationship between the histors- of earthquake activity and the

j 9
17| v)28 Vjylwiuastmture. w weismeir.we swie previs.;;s of a region. The
29 applicant's presentation is accept.ad when the earthquakes discussed
30 in Subsection 2.5.2.1 of the SAR are shown to be associated with
31 either ;;;1:gi: t ::tu : :: t :t ni: p : vin : capable tectonic
32 sources or seismogenic sources. Whenever an earthquake hypocenter
33 or concentration of earthquake hypocenters can be reasonably
34 correlated with geologic structures, the rationale for the
35 association should be developed considering the characteristics of
36 the geologic structure (including geologic and geophysical data,
37 seismicity, and the tectonic history) and the regional tectonic
38 model. The discussion should include identification of the methods
39 used to locate the earthquake hypocenters, an estimate of their
40 accuracy, and a detailed account that compares and contrasts the
41 geologic structure involved in the earthquake activity with other
42 areas within the seismotectonic province. Particular attention
43 should be given to determining the capability of faults with which
44 instrumentally located earthquake hypocenters are associated.

The presentation should be aug ented by regional maps, all of the q</
s me+= 5 %

45
46 same scale, showing the esione est:ric,p e=i - , the earthquake -

47 epicenters, and the locations of geologic structures and
48 measurements used to define provinces. Acceptance

49 of the proposed W--"47.ic provinces is based on the staf f's /
50 independent review of the geologic and seismic information.

W.)
1 .

5
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1 2.5.2.4 I2 requirements of Maximum Eartheruake Potentig),. In meeting the3

motion due to the meni :: Reference 1, this subsection is accepted when tht.

Or:dibi; : rthq::k: e vibratory ground5 each g2:1;gi tructur Or th: :: inu; EME associated with6 eec:: int d rith hi:t:ri::::h t::t:ni pr:cin;; seismic : rthq=ke7
assessad and when the earthquake (s) source has been p8 most severe vibratory that would produce the me*4 eve9 determined. The

gr
me* 4e w s g gu d_ :dg.hi;

: rthq :%e is the largest * l% v
notion at the site has been .10

ctre:ture given seismic source in the current tectonicearthquake that can reasonioly be expected to occur on
11
12

EME is not necessarily associated with may given
a g::1:gis

13 regime. The
considerable judgement is involved in estimating the magnitudthe EME. return period.14

Regulatory GuideSuggested precedures for estFtating de EME15 e of1.xxx. C::1:gi Or16

";;rr:nt : ;;;i :: : rthsnk: 1;;;;r th n tl4 nui :: hi t
is

are given in::i ::Is;ini :;id:n :17 : rthsch;.c ny
teet:nic pr:cirn seismic source mustEarthquakea associated with each geel:gi: truct18

19 earthquake ?s be identified. ur; ;r
20 :::dibi: associated with geologic structu;a, the :: in;;Where an

the type of the faultbe evaluated, taking into account significant factseie W uehe EME that could occur on that structure should
t21'

22

length, rupture area, ing, fault length, fault slip rate, ruptureors, for exarple,23
24 moment,19 through 22). and earthquake history (e.g. , Refs..

.

25
In order to determine the :: i:::26 cocid occur on th :::dib1: nrthsnh EME thattectonic sources,ose faults that are shown or assumed to '>e capable

'7

the staff accepts conservative values based
8

historic experience in the region and specific con id29 the earthquake history -"4 geologic history
on

30 s erations offaults. Where the earts of movement on the31
historicaos are associated with a seismotectonicprovince, the largest32 should be identified. earthquake within the province

the most significant earthquakes.Isoseismal maps should also be presented for
33
34 should be ovaluated The ground motion a35 the siteassuming apprq *iate seismActransmission effects and assuming that36 energyassociated with each g 1 i tr:AeW %=i::: ::rthsnk EME,17 pr: tin::

the structure or province to the site. seismic source :o:cc;;rs:at the po.* >.c of closest approach ofwr rith :::t t::t:nis38 u
39

provided in Subsection 2.5.2.6.) (Further description iss

40 The
earthquake (s) that would produce41

ground motion at the site should bethe most severe vibratory42

potential earthquakes would produce the sort severe grounddefined. If different43 in different frequency bands, these earthquakes should be
44 motionspecifi'

include che maximum intensity or magnitude and thThe descr.iption of the potential earthquake (s)
.45

is to40

the assumed location of the potential earthquake ( )e distance from47
For the seismotectonic province surrounding the sits to the site.48
assumed to occur randomly within !?5 e, the EME is49 independently evaluates km of the site.the site The staff50

1:rg :t ;;rthquehe EME associated with each g;;1;gi:e,dund motion produced by the
:tri r: ;r

6

I

- en
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: 1 t :t:ni g vin : seismic source. Acceptance of the description of f! 2 the potential earthquake (s) that would produce the largest ground
) 1 imotion at the site is based on ^he staff's judapendent analysis. !
,

i

4 2.5.2.5 Seismic Wave Transmission Characteristics of the Site. ;5 In meeting the requirements of Reference 1, this subsection is || 6 accepted when the seismic wave transmission characteristics J7 (amplification or deamplification) of the materials overlying |bedrock at the site are described as a function of the significant !
8
9 frequencies. The following material properties should be

.

| 10 determined for each stratum under the site: seismic compressional
; 11 and shear wave velocities, bulk densities, soil index properties
| 12 and classification,- shear modulus and damping variations with

13 strain level, and water table elevation and its variation. In each
,

j 14 case, methods used to determine the properties should be described
15 in Subsection 2.5.4 of the SAR and cross-referenced in this.

'

16 subsection. For the new&oue-eee4hquehe EMI, determined in17 subsection 2.5.2.4, the free-field ground motion (including
significant frequencies) must be determined, and an analysis should18

19 be performed to determine the site effects on different seismic-

20, wave types in the significant frequency bands. If appropriate, the
,

! 21 analysis should consider the effects of site conditions and
i 22 material property variations upon wave propagation and frequency
1 23 content.

| 24 The free-field ground motion (also referred to as control motion)
; 75 should be defined.to be on a ground surface and should be based on
; '6 data obtained in the free field. Two cases are identified

depending on the roil characteristics at the site and subject to*

48 availability of r .ropriate recorded ground-motion data. When data
29 are available, I ? example, for relatively uniform sites of soil or
30 rock with swc,1% variation of properties with depth, the control
31 point (location at which the control motion is applied) should be
32 specified on the soil surface at the top of the finished grade.
33 The free-field ground motion or control motion should be consistent
34 with the properties of the soil profile. For sites composed of one
35 or more thin soil layers overlying a competent material, or in case
36 of insufficient recorded ground-motion data, the control point is
37 specified on an outcrop or a hypothetical outcrop at a location on
38 the top of the competent material. The control motion specified
39 should be consistent with the properties of the competent material.

1

40 Where vert;cally propagating shear waves may produce the maximum
41 ground motion, a One-dimensional equivalent-linear analysis (e.g.,
42 Ref. 23 or 24) or nonlinear analysis (e.V., Refs. 25, 26, and 27)
43 may be appropriate and is reviewed in conjunction with geotechnical
44 and structural engineering. Where horizontally propagating shear
45 waves, compressional waves, or surface waves may produce the |46 maximum ground motion, other methods of analysis (e.g., Refs. 28 i
47 and 29) may be more appropriate. However, since some of the !48 variables are not well defined and the techniques are still in the |

.49 developmental stage, no generally agreed-upon procedures can be l

I

7

|

-- .. . _ _ _ _ . -
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1 promulgated at this time. Hence, the staff must use discretion in
i 2 reviewing any method of analysis. To insure appropriateness, site
| 3 response characteristics determined from analytical procedures
i 4 should be compared with historical and instrumental earthquake

5 data, when available.

6 2.5.2.6 Safe Shutdown Earthauake. In meeting the
j 7 requirements of
$ 8 Reference 1, this subsection is accepted when the vibratory ground

motion specified for the SSE is described in terms of the free-9,

| 10 field response spectrum and is at least as conservative as that
j 11 which would result at the site from the new4muur-*M4hquehe EKES' (determined in Subsection 2.5.2.4) considering the site i

12
j 13 transmission effects (determined in Subsection 2.5.2.5). If; 14 several different :::inct p t ti:1 ::rthquch : EMES produce the
i 15 largest ground motions in different frequency bands (as noted in
i 16 Subsection 2.5.2.4), the vibratory ground motion specified for the
i 17 SSE must be as conservative in each frequency band as that for each
| 18 earthquake.

i 19' The staff reviews the free-field response spectra of engineering
j 20 significance (at appropriate damping values). Ground motion may
; 21 vary for different foundation conditions at the site. When the -

! 22 site effects are significant, this review is made 'n ccnjunction
j 23 with the review of the design response spectra in Section
: 24 3.7.1 to ensure consistency with the free-field motion. The staff ;
} 25 normally evaluates response spectra on a case-by-case basis. The i
! 6 staff considers compliance with the following conditions acceptable
j 7 in the evaluation of the SSE. In all these procedures, the
i 28 proposed free-field response spectra shall be considered acceptable
j 29 ^ if they equal or exceed the estimated 84th percentile
; 30 ground-motion spectra from the :::irr er ::ntr:lling : rths;;h:
| 31 EMES described in Subsection 2.5.2.4.
4

32 The following steps summarize 'e s staff review of the SSE.
.

! 33 1. Both horizontal and vertical component site-specific response
34 spectra should be developed statistically from response !35 spectra of racorded strong motion records that are selected to i

j 36 have similar source, propagation path, and recording site
j 37 properties as the controlling earthquake (s). It must be
i 38 ensured that the recorded motions represent free-field ii 39 conditions and are free of or corrected for any soil-structure |3 40 interaction effects that may be present because of locations i
l 41 and/or housing of recording instruments. Important source
| 42 properties include magnitude and, if possible, fault type, and |43 tectonic environment. Propagation path properties include

44 distance, depth, and attenuation. Reicvant site properties
45 it.clude shear velocity profile and other factors that affect
46 the amplitude of waves at different frequencies. A
47 sufficiently large number of site-specific time histories
48 and/or response spectre should be used to obtain an adequately

8

,
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broadband spectrum to encompass the uncertainties in these1
2 parameters. An 84th percentile response spectrum for the3 records should be presented for each damping value of interest4 and compared to the SSE free-field and design response5 spectrum (e.g., Refs. 30, 31, 32, and J3). The str.ffconsiders direct estimates of spectral ordir.ates preferable to6

! 7 acaling of spectra to peak accelerations. In the EasternUnited States, relatively little information is available em8
9 mapitudes for the larger historic earthquakes; hence, it may10 be appropriate to rely on intensity observations (descriptionsd 11 cf earthquake effects) to estimate magnitudes of historic! 12 events (e.g. , Refs. 34 and 35) . If the dath for site-specific13 response spectra were not obtained under geologic conditions

i 14 similar to those at the site, corrections for site effects15 should be included in the development of the site-specific16 spectra.
i

17 2. Where a 1 trge enough useable of strong-motion records is not -18 available, response spectra may be approximated by scaling19 that ensemble of strong-motion data that represent the best
1 20- estimate of source, propagation path, and site properties21 (e.g., Ref. 36). Sensitivity studies should show the effects
j 22 of scaling.
!
! 23 3. If strong-motion records are not available, site-specific peaki 24 ground acceleration, velocity, and displacement (if necessary)
,

25 should be determined for appropriate magnitude, distance, and
! '6 foundation conditions. Then response spectra may be

.

pj 7 determined by scaling the acceleration, velocity, and; 28
, displacement values by appropriate amplification factors

i 2. (e.g., Ref. 37). "h;r: caly ::t H t:: Of ;: t ;;; ndl , , ~";i 30
::::1 r;ti:n ;r: cr;ilchic, it i: ::::;tchic t: ;;1;;t : ;;;h31 ::::1;;;ti:n nl 2:: thi: ;rit ::::1;;; tion :: th: high yi 32 fr:p ;;y ::y;;t;t; t: :t:rf:rdi::d ::p;n : ;;;tr: :: h ::th; Qi 33 d:: rited in n;;;10t:ry tuid: 1.00 '* f. f) f;r h;th

j 34 hori::nt:1 :nd :sti=1 ::1;;;;nt: Of :ti:n ri'i th Li 35 :;;r:grict: r;1ific ti:n f::t:r;. For each ::ntr:lling36 eme4hquehe EKE, the peak ground motions should be determined
37 uaing current relations between acceleration, velocity, and,
38 if necessary, displacesant, earthquake size (magnitude or
39 intensity), and source distance. peak ground motion should be
40 determined from state-of-the-art relationships. Relationships
41 between magnitude and ground motion are found, for example, in
42 References 38, 39, 40, and 41 and relationships between ground
43 motion and intensity are found, for example, in' References 41,
44 42, and 43. Dx to the limited data for high intensities
45 greater than Modified Mercalli Intensity (MMI) VIII, the
46 available- empirical relationships between intensity and peak
47 ground motion may not be cuitable for determining the* 48 appropriate reference acceleration for seismic design.
49 4. Responst spectra developed by theoretical-empirical modeling

9
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I of
1 of ground motion may be used t pplement site-specifie

| 2 %r,,4, model are thoroughly documentedspectra if the input paramsters arthe appropriateness of the
1 (e.g., Refs. 19, 44, 45 eed,

; 4 J . "46 and 53)~.~Qod_eling is partied arly useful for sites near
_

t
LWLeapable ded4e y ectohil5Vsourceshthat may experience ground| 5 t

D'g motionithat_is.jdifferent in term 7 of fraquency content end; 6 ,

j 7 wave type from ground motion caubad bi' more di.stant s
: 8 earth
| (rluN,n/ quakes.

-
. ur p /m % % v re k / & r. 4: n s e orme .r wr e-r L. - |,

vnhhv ?

| 9 5. Probabilistic estimatas of seismic hazard should be calculated
j 10 (e.g., Refs. 41 and 47) and the underlying assumptions and ,

! 11 associated uncertainties should be documentaci to assist in the! 12 staff's overall deterministic approach. Ths pronabilisticj 13 studies should highlight which seismic sources are significan.t
| 14 to the site. Ur.if: ; h:: rd 2;;;tr; ( ;;;tr; th t h:v; :
1 15 nif;r; pr;i;iility ;f :::::d:n : ;;;r th: fr;;;;;;y : ng; ::

16 int:r;;t; ;h: ring ::::rt:inti ch::1d 5: ::1 :1 tad f:: 0.01,
17 t.001, 2nd 0.0001 :nnt:1 pr:t tilitic: ;f :::::f: :: :t th:

: 18 sher The probability of exceeding the SSE response spectra' 19 should also be estimated and comparison of results made with
! 20< other probabilistic studies. Suggested procedures arej 21 contained in Appendiz & to this SRP Section.
4

1

| 22 The time duration and number of cycles of strong ground motion is '

! 23 required for analysis of site foundation liquefaction potential and
j 24 for design of many plant components. The adequacy of the time

25 history for structural analysis is reviewed under SRP Section
i '4 3.7.1. The time history is reviewed in this SRP section to confira
j that it is compatible with ~the seismological and geological

48 conditions in the site vicinity and with the accepted SSE model.
29 At present, models for deterministically computing the time history

, 30 of strong ground motion from a given source-site configuration may
| 31 be limited. It is therefore acceptable to use an ensemble of
| 32 ground-motion time histories from earthquakes with similar size,
1 33 site-source characteristics, and spectral characteristics orj 34 results of a statistical analysis of such an ensemble. Total
1 35 duration of the motion is acceptable when it is as conservative as
; 36 values determined using current studies such as References 48, 49,
! 37 50, and 51.

38 2.5.2.? 02:r: tin: 5::i: 5:rth =1h:. In ::: ting 4he
3 39 r;scirc;;nt: Of
| 40 n:fOr:n : 1, thi: ::i ::t1:n i: ::::;t:bi: hen th: vitr;.t;rg
! 41 gr; nd ::ticr f:: th: OS: i: d::;rit:d :nd the r;;;;;;: ;;;tr;;
j 42 (:t :ppr:prie:: d:r, ring v:12;:) ;t t'.; cit: ;;;ifi;d. r:25:5111ty

43 001:21:ti:n (;.g., 0;f:. 41, 47, :d 50; ch::1d i; ::d t:
} 44 ::ti :t: th: pr i;iility ;f :::::: ding th: O!! during O.:
j 45 :;;r: ting lif: Of th; pl:nt. *'h; :::i = viir;t:r; gr; nd ;; tion.

j 46 Of th; OS: ch::1d i: :t 1:::t 2;; 5:1f th; :::i :: viir:t:r; ;;; nd
{ 47 ::ti:n f O.; :: unic : : 1:r:: 055 ::n 5: j :tifi d :: O.: i;;i:
1 48 Of pr intility : 10 10ti:n:. It h:: i::n Ot:ff pr;;ti;; t: ::::Pt
j 49 th: 05: if t'.: r; turn p;ried i: n th; ;rd:: Of hundr:d: ;f y;;r;
1

i 10
4
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i 1 ( .g., 3;f. 21). !

,

j 2 III. REVIEW PROCEDURES
1 \

3 Upon receiving the applicant's fAR
an acceptance review f, s

.

+
i4 conducted to determine compliance, with the investigative k

! 5
requirements of 10 CFR Part 100, Appendix A (Ref.1.;

6

could result in extended delays in completing the reviewaleo identifies any site-specific problems, the reso)lution of whi h
t

The reviewer: 7 j| c
I

,

4

After r,AR acceptance and docketing, those areas are identified
]

.

! 9 where additional information is required to determine the

1

{ 10 '

earthquake hazard.
, requesta for additional information.These are transmitted to the applic, ant as draftj 11
1

; 12
A site visit may be conducted during which the reviewer i1 13
the geologic conditions at the site and region around th| 14 nspects
shown in outcrops, borings e site as
geologic conditions expose,d during construction if the review igeophysical data, trenches, and thosa

15.

i 16 for an operating license.
The reviewer also discusses the

1,1, s
questions with the applicant and his consultants so that it is

,

i 13

clearly understood what additional information is required by thei 19
staff to continue the review.j 20 Following the site visit, a revisedset of requests for additional} 21 information, including anyvisit, is formally transmitted to the applicant. additional questions that may have been developed during the sit

.
.

! 22
1 e
! '3

The reviewer evaluates the applicant's response'to the que ti; i
prepares requests for additional clarifying information, and

s ons,j .45
formulates positions that may agree or dir m e with thosej 26 applican',

These are formally transmitte; ' s the applicant.of the!

* 27
The safety analysis report and amendments responding to the28

the information presented by the applicant is acceptable accordirequests for additional information are reviewed to determine tant
29
30

to the criteria described in Section II (Acceptance Criteria)ngj 31 above.
Based on information supplied by the applicant,( 32

from site visits or from staff consultants or literature sourcesobtained4 33 the reviewer inde
::irc: ::t:ni; ;;; pendently identifies and evaluates the relevant{34 ,

;in:::

evaluates the capability of faults in the reseismogenio sources and capable tectonio
i35 sources,
i36

determines the earthquake potential for each ;;;;in : gion, andi37 ::p hl: f:;1t :: t :t:ni: :::h
tectonio source using procedures noted in Section II:t ::tur; seismogenic source or:nd

138
capable!39 Criteria) above.

The reviewer evalubcos the vibratory ground
(Acceptance!40 notion that the ;:t :ti:1 :::thq :h::!41

cite and de64ees. compares that ground motion to the safe shutdownE32s could produce at thejt2 carthquak: :nd :;;;; ting inci; :::thquih .i
33 IV. EVALUATION FINDINGS
\
:14

i If the evaluation by the staff, on completion of the review of the
[^ 11
i

i

i
!
i
5
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|

|
| 1 geologic and seismologic aspects of the plant site, confirms that !j 2 the applicant has met the requirements or guidance of applicableportions of References 1 through 6, the conclusion in the SER
4 3 ,

'

i 4 states that the information provided and investigations performed
i 5 support the applicant's egnelusions regarding the seismic integrity
} 6 of the subject nuclear site. In addition to thethis sectioq[ power plant* 7 conclusion, of the SER includes (1) de'initi::: an} 8 evaluation of t::t: i: pr;"in :: seismogenic sources and capable

.j 9 tectonic sources; (2) evaluations of the capability of geologic '

{ 10
structuresintheregion;hfree-field (3) deseemine44ene evaluation of the sesi 11 eeN BtEs and response spectra based on

i 12 evaluation of the potential earthquakes; and (4) time history of13 strong ground motion, -' " - ^"" "--- ''-''
.

{ 14 r;;;:::: ;;;tr . Staff reservations about any significantj 15 deficiency presented in the applicant's SAR are stated in isufficient detail to make clear the precise nature of the concern.i 16
| 17 |

The above evaluation determinations or redeterminations are made by
.

'

18 the staCf during both the construction permit (CP) and operating19 licence (OL) phases of review.
! 20' OL applications are reviewed for any new information developed ;i 21 subsequent to the CP safety evaluation report (SER). The review |
t 22 will also determine whether the CP recommendations have been
{ 23 implemented. -

1

| 24 A typical OL-stage summary ff . ding for this section of the SER'

25 follows:
.

,

|

j 5 In our review of the seismologic aspects of the plant site we |; 27 have considered pe.tinent information gathered since our
j 28 initial seismologic review which was made in conjunction with
i 29 the issuance of the Construction Permit. This new information i

<

! 30 includes data gained from both site and near-site I

j 31 investigations as well as from a review of recently published
!! 32 literature. '

.

I
; 33 As a result of our recent review of the seismologic
! 34 information, we have determined that our earlier conclusion
j 35 regarding the safety of the plant from a seismological' 36 standpoint remains valid. These conclusions can be summarized
i 37 as follows:
!

| 38 1. seismologic information provided by the applicant and
} 39 required by Appendix A to 10 CFR Part 100 provides an
{ 40 adequate basis to est. lish that no ::p:bi; ': it:

41 seismic sources '.xist in the plant site area which would
j 42 cause earthquakas to be centered there.

|

43 2. The response spectrum proposed for the safe shutdown
i 44 eat hquake is the appropriate free-field response

45 spectrum in conformance with Appendix A to 10 CFR Part
j 46 100.
;
.

! 12
'a

I i

;

4
._ _ _
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i; 1 The new information reviewed for the proposed nuclear power't plant is discussed in Safety Evaluation Report Section 2.5.2.
i

' ,

J The staff concludes that the site is acceptable from a '

4 seismologic standpoint and meets the requirements of (1) 10,

', CFR Part 50, Appendix A (General Design Criterion 2), (2) 10T
6 CFR Part 100, and (3) 10 CFR Part 100, Appendix A. This

{ 7 conclusion is based on tae following:
;

8 1. The applicant has met the requirements of:
4

9 a. 10 CFR Part 50, Appendix A (General Designj 10 Criterion 2) with respect to protection against
| 11 natural phenomena such as faulting.
:

12 b. 10 CFR Part 100 (Reactor Site Criteria) withi 13 respect to the identification of geologic and
i 14 seismic information used in determining the| 15 suitability of the site.

|1

i
j 16 c. 10 CFR Part 100, Appendix A (Seismic and Geologic17 Siting Criteria for Nuclear Power Plants) with
,

I 18 respect . to obtaining the geologic and seismic
;

ji 19 information necessary to determine (1) site ;

-

j 20 suicability and (2) the appropriate design of the '

i 21 plent. Guidance for complying with this regulatien v
j 22 is contained in Regulator *r Guide 1.132, " Site '

| Investigations f o.~ Foundations of Nuclear Poweri Plants," Regulatory Guide 4.7, " General Site
.

i 25 Suitability for Nuclear Power Statioins," and
,j 26 Regulatory Guide 1.60, " Design Response Spectra for

; 27 Seismic Design of Nuclear Power Plants." ;
1

28 V. IMPLEMENTATION
|

23 The following is intended to provide guidance to applicants and
30 license =L regarding the NRC staff's plans for using this SRP

,31 section. I

132 Except in those cases in which the applicant / licensee proposes an '

33 acceptable alternative method for complying with specific portions !

34 of the Commission's regulations, the methods described herein will
35. be used by the staff in its evaluation of conformance with !
36 Commission regulations.

i

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

,

40 The provisions of this SRP section apply to reviews of construction
41 permit (CP), operating license (OL), preliminary design approval

,42 (PDA), final design approval (FDA), and combined license (CP/OL) !,
!

[ 13 |

: !

l !

! i

: 1

I
'
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1

1 applications docketed after the date of issuance of this SRP
-

2 section.
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7 NOTES: Need to revise reference list to add EPRI and LLNL8 probability study and other referen':es that are9 significant. Also some of the older references could be10 deleted.
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|.. Anoendir A to SRP Section 2.5.2

Probabilistic Considerations in Istimates'

of Vibratory Ground Mot 19D

} Introduction

} Probabilistic estimates of seismic hazard should be calculated and: the underlying as.sumptions and associated uncertainties should be
documented to aasist in the staff's overall evaluation of the site! and the proposed design basis. The probabilistic criteria are not

1 to be interpreted as a strict "go -no go" criteria in terms ofI

determining the final site suitability or adequacy of the design
basis.; They provide additional perspective to form overall i

; judgement and guidance on further investigations or revisions to
4 design basis.

|
;

; Uniform hazard spectra (spectra that have a uniform probability of
! exceedance over the frequency range of interest) should be'

calculated to estimate the probability of exceeding the SSE
response spectrum. Probabilistic hazard estimates (peak ground,

iacceleration vs. annual probability of exceedance) sho_uld als;

j docutente here are tnrae major purposes for carrying out the
gpfobabilis c hazard analysis: )

.-._ _ _

Purposes
. _ _ _ -

i (1) The first purpose is to systematically Lt * & into account
i uncertainties which exist in various factors (such as seismic

sources, seismicity, and ground motion attenuation characteristics)
involved in estimating ground motion and hazar p)
The probabilistic method allows for consideration of alternate
hypotheses and diverse expert opinions which exist in estimating
these factors in a qug h )thesefactors.9&fher__.g.._ .. .,r.Mjon displaying the influence of . (f ,Lg. 14 =+ i- h:::rd enely;is vi-ll /r Wg I

i r:v :1 significant contributions in terms of magnitude and'

distance, and identify seismic sources significant to the site.
Wh inhetir ::n v:etly iagove-ths staff 4 ebility ^ ===ess
t W ct of discrepancies between the proposed th design
response spo a for the site and the site-specif spectra derived
from the consi ions discussed in this section. (Given
that the standardize , with a suo

designspectraselectedg)much before a site select'lon,. more likely to be a next-
generation af plants, these con 51 ons become more important as
the opportunity to a design.spe or to alter a plant
design is sin ed. Furthermore, explic ccounting for
various esos and opinions earlier should re into a*

smoo and stable licensing process with ._ the avoida of
-iq reny q"crti-ons-en-these- alternste views duringh.ne.ag

App. A-1
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d

,

' p e. Nan if a new information not consideredMh* nr%alp bilistic analysis emerges, a framework ;

structured approaghwill a which an assessment of i of this new informationon the desig s ground not
can be quickly made avoidi$g bextensive unnecessa esvaluations. For future plcate,

results of the proba ic
*

a s s e s s m e n t a n d p l a n t c a p a c i t i e'p |

,

.'
will be availabl , his information co with the probabilistib |hazard in ' tion can provide a quick assess of impact of the !mic lnformation-fron-the-public-health- . safety __ view i

*new-
Pei t.)
3 .y M

i(R) The sacend purpose is to demonstrate that the probability of [v/
exceeding the SSE compares favorably (i.e. similar to that shown ,

i

for the lower half of the population) to that at operating nuclear
power plants. A procedure for such an demonstration is described
later.

!

(d_
*

'

i ( ) The hhird purpose of a probabilistic hazard analysis is toff /
!provide hazard estimates for use (or to demonstrate adequacy of the

hazard estimates used at the design stage) in the seismicprobabilistic risk assessments (PRA).
Review Procedure,

.f.

#

fThe following procedure is one acceptable approach to assure that
jthe probability of exceeding the SSE compares favorably to that at hhr,

i (operating nuclear power plants.T~ It must De~eniphasfEBd-thaltThe
iS)pr65&Binty of excesuing the design basis can not be translated

directly into probabilities of seismically-induced core damageA
frequencies or other risk indices. A plant's ability to cope with S -

'

a seismic event depends on many factc.rs including the plant's.,design, site-specific features, and oparational characteristics. ' k
A plant designed with a design basis exhibiting relatively higher y ;(
probability of exceedance may very well have a higher seismic % j

' margin against the design basis. Mean estimates of core damage and $e
risks are governed by the uncertainties in the hazard and shape ^..G;

(slope characteristics) of overall hazard curve. The probability $\
of exceeding the design basis discussed here, essentially, only 4 n
represents a single acceleration value on an hazard curve. The use N
of hazard curves in a PRA, therefore, requires different*S 3
considerttions than the steps outlined below to estimate the K f ;robability of exceeding the design basis. A'

,
;

L Eastern U.S. Sites. There are two state-of-the-art approaches
(LLNL and EPRI) current y (July 1991) available to calculate the

. probabilistic seismic hazard for any site in the Eastern U.S. east
*

of the Rockies (EUS) . These approaches, however, produce different
j results for a given site. Als;o, the seismic hazard calculations
; exhibit large uncertitinH ' ; indicating a wide range of expert
i opinions,. Therefore, staff is recommending tha following-

j p ?W"-* ~ 5 = inter Lh 'r icedureytil th; J[fferences between the
b App. A- [ kl

.
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1

l
g

Mh
two hazard methops are resolved. This procedure relies on relative
measures to ass re that the annual probability of exceeding thedesign basis is omparable to theb perating plants. The procedureis based on stud a conducted for the Eastern Seismicity Issue andthe IPEEE progra (NUREG-1407). Although the following procedure
is stated in terms of the LLNL method, the EPRI method can also be
used in conjunction with the EPRI specific criteria stated in Step
4(c).

j
Step 1.

Theseismicsourceandgroundmotiondatadevelopedin,)the LLNL program should be used as inputs to the LLNL(f
probabilistic seismic hazard methodology.tc Gara-ire /

,

overa ll - prah=h 414 ==tk nah.,

Step 2. Since the above will produce probabilistic ground motion
results compatible with generic site characteristics,
these results should be modified for the proposed site,
taking into account local site profile and properties, -

topographic features, and local geology, including
uncertainties inherent in the parameters and
calculations.

Step 3. The hazard should be calculated as Uniform HazardResponse Spectra (UHRS) with various probabilities of
exceedances and associated with various statistical
measures (e.g. , mean, median, and 85th percentile) . Such
results are shown in X graphical form in Figure 1. The JUHRS should be developed for the same location as the
location of the SSE (i.e. either at the i'ree ground
surface or at a hypothetical rock outcrop)..

Step 4. The following procedure should be used to calculate a
composite annual probability of exceeding the design
basis ground motion. The procedure is 11ustrated in
Figure 2. a+J t6 co-p hr +v N %
(a) Estimate the annua probability of exceeding the

design spectrum at two discrete frequencies (5.0
and 10 Hz) using the UHRS.

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

4

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

where al and a2 represent annual probabilities of
exceeding design basis spectral ordinates at 5 and
10 Hz, respectively.4

1
'

Example: From Fig. 2, for mean UHRS, at points al
i and a2 corresponding to 5 and 10 Hz:

i

! .t) . A-3
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i

Comp. Prob. = 1/2(4E-4)+1/2(8E-4)i

= 6E-4.;.
i

Since composite probabilities should be calculated;
for maan, median, and 85th percentile UHRS, thist

will result in three measures of compositei probabilities. For the above example, thesemeasures make look like the following:
, Mean Median 85 percentilei

compositei
Probability 6E-4 SE-5 8E-4

(c) Figs. 3(a), (b), and (c), respectively, showdistributions of mean, 85 percentile, and median,

i
probabilities of exceeding design basis for sites

'

with currently operating plants using LLNL hazard (" ~estimates. These figures also show limits whicha) r telf represent values below which 0% of cage <.e curren y operating plants or the
above, * D)\'

.

hypothetical example presented in Step (b)
the selected SSE is adequate in terms of the
prchability of exceeding it when compared to the
limits shown in the figures.

For the hypothetical example, *

Limit

Mean prob. of exceedance = 6E-4 < .2E-3
Median prob. of exceedance = SE-5 < 1E-4
85 4 prob. of exceedance = 8E-4.< 2E-3

Commentary on the Above Proq33Lugg

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

App. A-4
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,

'

f
.

uncertainty at a constant level of assurance. [

Some other observations with regards to theinformation presented in these figures are also
pertinent. For example, Fig. 3 (a) indicates that i

for ninety percent of sites, the mean' probability iof-exceeding the current design basis is less than
or. equal to-5E-3/yr. Other observat %ns from these {figures are as follows: (1) 80% k che population
lies between a relatively narrow range of 2E-4/yr
to SE-3/yr; (2) A relatively small change in the ,

range of probability of exceedance encompasses a
significant number or plants; and (3) because of
large uncertainties in these estimates difference
between a site with a high probability of
exceedance and a site with an average probabilityof exceedance is t best a

4 lg n WeJative me s be.b,
{-Q)

p. & Scar Pr%M *t

Figs. 4(a), (b), and (c) present eene informatio %;

resulting from ahe use offe EPRI UHRS estimates. l' y
f7'

These should be ued when tTie EPRI method is used ,V)
to calculate the probability of exceeding the SSE.

-

It shot.ld be noted that estimates of probability of //q

exceedance(particularly mean estimates) from these h b-
two methods differ significantly. However, some Nrobustness exists in ranking of the sites in that 3the top groups (groups exhibiting relatively higher
probability of exceedance compared to the. rest of h| the population) is generally consistent using'

either LLNL or EPRI method or using mean, median,
! or 85 percentile statistics. It must be emphasized
i

|
that strict numerical ranking is not implied here;
given the uncertainties in these estimates, there

! is essentially no - difference between, say
probability of exceedance being 8E-3 vs. being 2E-2

|
I or a numerical ranking obtained therefrom. Because

of the above findings, a use of one hazard method
_ is considered adequate for this purpose.

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

eg nformation (sn cIn summary, the staff will us i ,p gpresented in either Figs. 3(a) through (c) or Figs. f4 (a) through (c), sad O.; inIw.mation cc pd-G in /i

{ S'r; 1 = hee h judge the adequacy of an SSE for a
site . fsont the p pestive of preh=hility Ofs

i

[ asceediny li.

App. A-5
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I

i
;

,

'
,

L Western U.S. Sites. For the Western U.S. (WUS) sites, a
j

probabilistic data base, such as that compiled in the LLNL and EPRIstudies, is not available. To date no procedure exists, similar to
that described above, to compare the probability of exceeding the

,

) SSE to other sites in the WUS. In addition, the probabilistic f;

hazardatasiteintheWUSmay{begovernedbyclearly__ identifiable (Sp#seismic sources, such as faults observid~at'the surfice, wideli~haiTe ,

better defined seismicity characteristics. Therefore, for the WUS ,

sites, a site-specific analysis using suitable methodologies should
be carried out to calculate the probability of exceeding the SSE i

| and to identify significant contributions to the hazard (Example- ;
i

Diablo SSER). )

i tHazard Curves for PRA
!

! For the purposes' of carrying out a seismic PRA, the staff| recommends (as an interim position) that for the EUS, hazard
i;

' estimates obtained from the use of both the LLNL and EPRI methodsbe used. This is necessary to fully display uncertainties
!

,

| currently present in these estimates. The bottom line results,i such as core damsge frequencies or frequencies of large releases,
;

{ are dominated by estimates of uncertainties in the hazard
. estimates. For the WUS, azard estimates developed as discussed i

| earlier should be used i PRA.
:[
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1 DRAFT REGULATORY GUIDE DG-10164

2 SECOND PROPOSED REVISION 2 TO REGULATORY GUIDE 1.12.
-

] 3 NUCLEAR POWER PLANT INSTRUMENTATION FOR EARTHQUAKES .

i 4
2

5
; 6 !

7 A. INTRODUCTION i
; 8 (! 9 Paragraph (c) of 120.1, " General Purpose," to 10 CFR Part 20. " Standards for
! 10 Protection Against Radiation," requires licensees to make every reasonable effort'

11 to maintain radiation exposures, and release of radioactive materials in
; 12 effluents to unrestricted areas, as low as is reasonably achievable. Paragraph; 13 (c) of 150.36, " Technical Specifications," to 10 CFR Part 50 " Domestic
| 14 Licensing of Production and Utilization Facilities," requires the technical

15 specifications of a facility to include surveillance requirements to ensure that,
'

16 the necessary quality of systems and components is maintained, that facility
i 17 operation will be within safety limits, and that the limiting conditions of
{ 18 operation will be met. Paragraph IV(a)(4) of Appendix S, " Earthquake Engineering

19 Criteria for Nuclear Power Plants," to 10 CFR Part 50 requires that suitable
20 instrumentation shall be provided so that the recorded seismic response of
21' nuclear power plant features important to safety can be evaluate promptly to

j 22 permit comparison of such response with that used as the design basis.
23 (Paragraph VI of Appendix B, " Seismic and Geslogic Siting Criteria for Nuclear .

24 Power Plants," to 10 CFR Part 100, Reactor Site Criteria," also cites Appendi.<,

25 S to 10 CFR Part 50). Paragraph (IV)(a)(3) of Appendix 5 to 10 CFR Part 50 also
26 requires that if vibratory ground motion exceeding that of the Operating Basis.

27 Earthquake (OBE) occurs shutdown of the nuclear power plant will be required.'3

| '8 This guide describes seismic instrumentation that is acceptable to the NRC staff
| .:9 as satisfying the above-stated requirements of Parts 20, 50 and Appendix S to
! 30 Part 50. -

i 31
! 32
! 33
! 34 B. DISCUSSION

35
'

36 When an earthquake occurs, it is important to assess immediately the effects of
i 37 the earthquake at the ni: lear power plant. State-of-the-art solid-state digital
| 38 time-history accelerographs installed at appropriate location will provide data
,

39 on the frequency, amplitude, and phase relationship of the seismic response of
| 40 the free-field, containment structure, and other Category I structures so that
i 41 a comparison and evaluation of such response with that used as the design basis
| 42 can be made.

Q,.---ka.ho00*h
~ ~ L' &| 43

actors that should be considered in selecting the location for the instrumentsMAW| 44
i 45 are highlighted. 'y% hW
! 46 s #9
; 47 It may not be necessary that each of two or more identical nuclear power units
; 48 on a given site be provided with seismic instrumentation if essentially the same
j 49 seismic response at each of the several units is expected from a given
j

% ' Draft Regulatory Guide DG-1017, " Pre-Earthquake Planning and Immediate
; .il Nuclear Power Plant Operator Post-Earthquake Actions," provides plant

52 shutdown criteria..
.

i

i 1 m m 14, 1991
,

:
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~

.

1 earthquake. .

,

2

Time limits associated with an immediate evaluation of seismic instrumentation
3

data are quantified.4,

5
6 Based upon an evaluation of seismic instrumentation operational experience, it

'

7 was noted that instruments have been known to be out of service during plant
>

! B shutdown. The instrumentation system should be operable at all times. The[ 9 guidelines that will be followed by the NRC staff if the seismic instrumentation
10 is inoperable are identified.'

; 11
: 17 Information pertaining to instrumentation characteristics, installation,'

13 activation, remote indication and maintenance is provided to ensure (1) that the
14 data provided are comparable with that used in the design of the nuclear power

; 15
plant, (2) that exceedance of the Operating Basis Earthquake can be determined,

| 16 and (3) that the equipment will perform as required.
i 17
! 18
'

19
20 C. REGULATORY POSITION

{ 21,
; 22 1. Seismic Instrumentation Type and Location.

23
3

'

24 a. The use of state-of-the-art solid-state digital instrumentation *

1 25 enabling quick data processing at the plant site is required.
! 26
! 27 a. A triaxial time-history accelerograph shall be provided at each of' '8 the following locations:
'

1

; s0 (1) Free-field'

31
32 (ii) Containment foundation

; 33
! 34 (iii) Two elevations (excluding the foundation) on the internal

35 containment structure,

} 36
; 37 (iv) Two independent Category I structure foundations, for38 instance, the Diesel Generator Building and the Auxiliary>

| 39 Building, where the response is different from that of thei 40 containment structure.
; 41
i 42 (v) An elevation (excluding the foundation) on the independent
i 43 Category I structures selected in C(1)(b)(iv) above.
; 44
j 45 (vi) If seismic isolators are used, instrumentation should be

46 placed on the rigid and isolated portions of the structures at
47 approximately the same elevations.'.

48
49 c. The specific locations shall be determined by the nuclear plant
50 designer to obtain the most pertinent information. Maintaining
51 occupational radiation exposures as low as reasonably achievable
52 (ALARA) for the beation, installation and maintenance of seismic
*1 instrJmentation should be considered in accordance with 10 CFR Part

2 man 14, 1991
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1 !

2 20.1(c) and Regu?atory 6a. 2.8'. In general:
3

(1) an ALARA design review of location,
installation and

4

maintenance of proposed instrumentation should be performed in5

the planning stage by the facili+y in accordance with6
7 Regulatory Guide 8.8.
8 (ii)

as is practical, consistent with other requir m nts. instrumentation should be locited in as low a dose rate area
9

10
11

(iii) instruments should be selected which require minimal
12

maintenance and in-service inspection, .nd minimal time and13

numbers of personnel to conduct installation and maintenance.14
15 (iv)

consistent with the requirements of this Regulatory Positio'n,16

instrunientation should be located to facilitate maintenance
17

1.1siallation and removal; to minimelly impact other
c 18

maintenance and operations; and to require the minimal degree
,i

19 of plant modification20
21' interferences).

.e.g., removal / replacement of
22
23 2.

Instrumentation Required at Multi-Unit Sites.24
25

be required if essentially the same swismic response is expected at thI't.strumentstion in addition to that installed for a single unst will not
.

26
27

other units based on the seismic analysis used in the seismic design of4 ethe plant. However,
in case of separate control rooms,.9

requirements ',pecified in C(7) shall be applicable to both control roomsa.tnunciator/ 30,
i 31 .

32 3.
Seismic Instrumentation Operability.33

36 a.
Draft Regulatory Guide DG-1017,

" Pre-Earthquake Planning and
35

based on the assumption that the nuclear rcwer plant has optr41eImmediate Nuclear Pcwer Plant 9erator Post-Earthqueke Actions:" is
y

36
37

seismic instrumentation', including the equipment and software38

required to process the data within four hours after an earthquaka39

This is necenary to compara the recorded data against OBE40

valkdown inspections within eight hours of tne event.exceedance criterion and to evaluate the results of the operator
41
42
43 i

Wrumentation should be maintained in operation during periods of44
H .nt shutdown.

The maintenance and repair procedures shall make
_r.,

45 7

Rad'stion Exposures at Nuclear. aRegulatory Guide 8.8, "Information Relevant to Ensurira that Occupational46
47

ower Stations Will ' Be As low As IsReassnably Achievable."

48 *

If the seismic instrumer,tation is inoperable tha guidelines described in19

Appendix A to D. aft Regulatory Guide DG-1017, "Fre-Earthquake Planning and3 30

Immediate Nuclear Power 'lant Operator Fost-Earthquake Actions " will be51

used to dettirmine if the Opertting Basis Earthquake has been ex,ceeded
.

| 3
Jun 14,1991
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|

1 provisions for keeping the maximum number of instruments in service2 during plant operation and shutdown.
3
4

, 5 4. Instrumentation Characteristics
6

=7 a. In-service testing provisions shall be included in the design.8
These instruments shall be capable of periodic channel checks during9 normal plant operation.

10
11 b. The instruments shall have the capability for in-place functional

| 12 testing.
13
14 c.

The instrumentation of the foundation and at elevation within the15
same building / structure shall be interconnected for common starting16 and common timing, and shall contain provisions for an external '

i

: 17 remote alarm to indicate actuation.
i 18

19
~

20 5. Instrumentation Installation
21>
22 a. The instrumentation shall be designed and installed so that the !23 vibratory transmissibility over the amplified region of the design j24 spectra frequency range is essentially unity, that is, rigid.

,

25 '

26 b. The instrumentation shall be oriented so that the horizontal axes
,

27 are parallel to the orthogonal horizontal axes assumed in the'8 seismic analysis.
I

30 .c . Protection shall be provided against accidental impa.ts..

31 - j
'

32
I33 6 Instrumentation Actuation

34 j

35 a. Soth vertical and horizontal input vibratory ground motion shall
36 actuate the same time-history accelerograph.
37

,

I
38 b. Spurious triggering should be avoided.
39
40 c. The actuation mechanisms of the time-history accelerograph shall be |41 set for a threshold ground acceleration of not more than 0.02g. 142 '

43
! 44 7. Remote Indication

45 i
1

46 Upon actuation of any time-history accelerograph a remote indication in
47 the control room shall be activated.
48 :
49 3

50 8. Maintenance !
51
52 a. The purpose of the maintenance program is to assure that the !
'3 equipment will perform as rJquired. As stated in C(4)(b), the !

4 maintenance and repair procedures shall make provisions for keeping '

55 the maximum number af instruments in service during plant operation :

4 Jur.14, 1991
i
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:|

*.

,

; I and shutdown.
4

2
j 3 b. The frequency cf maintenance is:

4

1 5 (i) Channel Checks:' Every Month
i 6 ,'

i7 (ii) Channel Functional Test: Every 6 Months
|1 8
lg (iii) Channel Calibration: Refueling ii 10

11
j 12
'

13 D. IMPLEMENTATION
. 14
! 15 The purpose of this section is to provide guidance to applicants and licensees

16 regarding the NRC staff's plans for using this regulatory guide.
i 17
| 18 Except in those cases in which the applicant proposes an acceptable alternative
j 19 method for complying with the specified portions of the Commission's regulations,
i 20

the method described herein will be used in the evaluation of submittals docketedi 21' after i date 1 If an applicant or licensee wishes to use this regulatory guide1
22 for submittals docketed before I date 1, the pertinent portions of the

i 23 application will be evaluated on the basis of this guide.
24 .-

| 25
,

.

I

26 * Systems shall be given channel checks every two weeks for the initial
27 three months of service after startup. Failures of active devices
28 normally occur during the initial hours of operation. Successful results
'9 in at least three consecutive checks is sufficient to revert to the
J monthly channel check. The monthly channel check shall include checking

31 the batteries.

5 Jun 14,1991
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9
|

1 APPENDIX A
!! 2 DEFINITIONS

3 |
4
5 1. Acceleration Sensor. An instrument capable of sensing absolute6 acceleration and transmitting the data to a recorder.
I

8 2. Channel Calibration (Primary Calibration). The determination and
.

9
adjustment, if required, of an instrument, sensor, or system such that it I^; 10
responds within a specific range and accuracy to an acceleration, velocity11 or displacement input, as applicable, traceable to the National Institute12
of Standards and Technology (NIST), or an acceptable physical constant.13

14 3. Channel Check. The qualitative verification of the functional status of,

15 the instrument sensor. This check is an "in-situ" test and may be the16 same as channel functional test.
17
18 4. Channel Functional Test (Secondary Calibration . The determinationwithout adjustment that an instrument, sensor, o)r system responds to a19
20 Known input, not necessarily traced to the htional Institute of Standa;ds

.

21' and Technology (NIST , of such character that it will verify theinstrument, sensor or ) system is functioning in a calibratible manner.
,

22
23,

. !24 5.
'

Containment - See Primary Containment and Secondary Containment. |
.

; 25
! 26 6. Containment Foundation. The foundation of the containment or reactor27 building. For the foundation which supports more than just the
; '' 8 containment structure or reactor building, the area which is within the; )

close proximity of the containment shell shall also be considered as partJ0 of the containment foundation.f 31
32 7. Internal Containment Structure. A structure internal to the Primary or33 Secondary Containment and supported by the Containment Foundation.
34
35 8. Operating Basis Earthquake (08E). The Operating Basis Earthquake produces36 the vibratory ground motion for which those features of the nuclear power37 plant necessary for continued operation without undue risk to the health
38 and safety of the public shall remain functional.
39
40 9. Primary Containment. The principle structure of a unit that acts as the
41 barrier, s *ter the fuel cladding and reactor pressure boundary, to control
42 the releass of radioactive material. It includes (1) the containment43 structure, and its access openings, penetrations, and appurtenances, (2)44 those valves, pipes, closed systems, ar.d other components used to effect
45 isolation of the containment atmosphere from the environment, and (3)46 those systems or portions of systems that, b

extend the containment structure boundary (e.g.y their system functions,47 , the connecting steam and48 feedwater piping) and provide effective isolation.
49
50 10. Recorder. An instrument capable of simultaneously recording the data
51 versus time from acceleration sensor (s).
52
' 11. Remote Indicating Instruments. Instruments whose output is transmitted to

a location seperate from the sensor.
25

6 Jun 14,1991
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,

;

; 1 12. Safe Shutdown Earthquake Ground Motion (SSE). The Safe Shutdown i
2 Earthquake Ground Motion (SSE) is the vibratory ground motion for which i

*

3 certain structures, systems, and components shall be designed to remain !,

! 4 functional. Thase structures, systems, and components are those necessary |

5 to assure:
! 6 I
; .7 (a). The integrity of the reactor coolant pressure boundary, ;

8,

'

! 9 (b) he capability to shut down the reactor and maintain it in a safe
|

: 10 shutdown condition, or :
L 11 !

i 12 (c) The capability to prevent or mitigate the consequences of accidents
| 13 which could result in potential offsite exposures comparable to the
3 14 guideline exposures exceeding allowable amounts.

15
i 16 13. Secondary Containment. The structure surrounding the primary containment |
i. 17 that acts as a further barrier to control the release of radioactive I

! 18 material.
19 .

! 20 14. Seismic Isolator. A device, for instance, laminated elastomer and steel, I
- 21' installed between the structure and its foundation to reduce the |

i 22 acceleration of the isolated structure the attached equipment and i
'

23 components. '

-

24 i;

J 25 15. Shall, Should, and May. The word "shall" is used to denote a requirement; I

t 26 the word "should" to denote a recommendation; and the word "may" to denote )
: 27 permission, neither a requirement nor a recommendation. !

;- '8
| 29 16. Time-History Accelerograph. An instrument capable of measuring and

30 . permanently recording the absolute acceleration versus time.,

31
i 32 17. Triaxial. Describes the function of an instrument or group of instr; rants
; 33 in three mutually orthogcaal directions, one of which is vertica;.
i 34
1

i

i

1

-

!
,

!
i

)

i. .

1

!.
E

\
:
;

i

i
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! 1 DRAFT REGULATORY GUIDF OG-1017
| 2

PRE-EARTHQUAKE PLANNING AND IPtifr .IE NUCLEAR POWER !
; 3 PLANT OPERATOR POST-EARTI' M E ACTIONS'

4

| 5
6 '

7 A. INTRODUCTION,

i 8
i 9 Paragraph IV(a)(4) of Appendix S, " Earthquake Engineening Criteria for Nuclear '!{ 10 Power Plants," to 10 CFR Part 50, " Domestic Licensing of Production and

i; 11 Utilization Facilities," requires that suitable instrumentation * shall be ;12 provided so that the recorded seismic response of nuclear power plant features '

13 important to safety can be evaluated promptly to permit comparison of such
'

'

i 14 response with that used as the design basis. Such a comparison is needed to
| 15 decide whether the plant can continue to be operated safely and to permit such
;. 16 timely action as may be appropriate. (Paragt sph VI of Appendix 3. " Seismic and !
i 17 Geologic Siting Criteria for Nuclear Power Plants," to 10 CFP. Part 100, " Reactor
i 18 Site Criteria," also cites Appendix 5 to 10 CFR Part 50). Paragraph IV(a)(3) of
; 19 Appendix 5 to 10 CFR Part 50 also requires that If vibratory ground motion

20 exceeding that of the Operating Basis Earthquake occurs, shutdown of the nuclear
'

21< power plant will be required. The value of the Operating Basis Earthquake is set
22 pursuant to Paragraph IV(a)(2)(1) or (ii) of Appendix S to Part 50. This guide
23 provides guidelines that are acceptable to the NRC staff for a timely evaluation
24 of the recorded instrumentation data and to determine whether or not plant

.

25 shutdown is required as satisfying the above-stated requirement of Appendix S to
26 10 CFR P rt 50.
27
'8

9 -

30 8. DISCUSSION
31
32 When an earthquake occurs, ground motion data are recorded by the seismic
33 instrumentation.' These data are used to 'make an early determination of the
34 degree of severity of the seismic event. The data from the seismic
35 instrumentation, coupled with information obtained from a plant walkdown, are
36 used to make the initial detarmination of whether the plant should be shut down.
37 if :t has not already been shut down due to operational perturbations resulting
38 from the seismic event. If, on the basis of these initial evaluations
39 (instrumentation data and walkdown), it is concluded that the plant shutdown
40 criteria have not been exceeded, it is presumed that the plant will not be shut
41 down. Post-shutdown inspections and plant restart are covered elsewhere.'
42
43 Working Group ANS-2.10 of Subcommittet ANS-2, Site Evaluation, of the American
44 Nuclear Society Standards Committee has developed a standard that contains
45 guidelines for the retrieval, and the subsequent processing, handling, storage

46 ' Draft Regulatory Guide DG-1016, Second Proposed Revision 2 to Regulatory
47 Guide 1.12, "Nuclea. Power Plant Instrumentation for Earthquakes,"
48 describes seismic instrumentation acceptable to the NRC staff.

'9 8 Draft Regulatory Guide DG-1018, " Restart of a Nuclear Power Plant Shut
J Down Due to a Seismic Event" describes inspections and tests acceptable to

51 the NRC staff.
i
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i

i

| 1 and evaluation of data obtained from nuclear power plant seismic instrumentation.
i 2 This standard was approved and designated ANSI /ANS-2.10-1991, " Guidelines for
j 1 Handling and Preliminary Evaluation of Records from Nuclear Power Plant Seismic
j 4 Instrumentation,"* by the American Standards Institute on I date 1
i 5
i 6 The Electric Power Research Institute has developed guidelices that will enable
i 7 licensees to quickly identify and assess earthquake effects on nuclear power
! 8 plants. This report is designated EPRI NP-6695, " Guidelines for Nuclear Plant i? Response to an Earthquake,"' December 1989. Post-shutdown inspections and plant
.

I

! 10 restart are covered elsewhere.'
11

i 12 The Regulatory Position merges the pre-earthquake actions, immediate post-
j 13 earthquake operator actions, eperator walkdown inspections, and pre-shutdown
i 14 inspection that are contained in EPRI NP-6695 with the retrieval, and the'

15 subsequent processing, handling, storage and evaluation of data obtained from
i 16 nuclear power plant seismic instrumentation contained in ANSI /ANS-2.10-1991.
I 17

18 This guide is based on the assumption that the nuclear power plant has operable
: 19 seisatic ir trumentation. If the seismic instrumentation is inoperable the
| 20 guideline: t hat will be followed by the NRC staff are identified.
; 21'
: 22 Applicable portions of 10 CFR Part 50, Appendix 5 are ramted to highlight the
{ 23 changes 5 philosophy pertaining to the Operating Basis Eaanquake that were made
1 24 during the creation of 10 CFP Part 50, Apper. dix S and 10 CFR Part 100. Appendix

.

j 25 B (revision of 10 CFR Part 100, Appendix A).
; 26
a 27 The definitions of Safe Shutdown Earthquake Ground Motion (SSE) and Operating
j '8 Basis Earthquake in ANSI /ANS-2.10-1991 and EPRI NP-6695 are replaced to reflect
i ) changes that have been made during the creation of 10 CFR Part 50, Appendix 3 and
j .s0 10 CFR Part 100, Appendix B (revision of 10 CFR Part 100, Appendix A).
4 - 31 -
} 32 ANSI /ANS-2.10-1991 is supplemented by quantifying time limits associated with a
i 33 prompt evaluation of seismic instrumentation dats. The timeliness is consistent
| 34 with Figure 1 of ANSI /ANS-2.10 and EPRI NP-6695.

35'

! 36 ANSI /ANS-2.10-1991 is supplemented by adding a definition of a Felt Earthquake.
[ 37 The revision provides, in one location within ANSI /MS-2.10, what constitutes a !
: 38 felt earthquake and provides for consistency between ANSI /ANS-2.10 and EPRI NP-
; 39 6C95. The applicable paragraph within the text, Figure 1 and Table 1 of
1 40 ANSI /ANS-2.10 have been revised accordingly.

41.

| 42 As stated in ANSI /ANS-2.10-1991, the Response Spectrum Check associated with !
43 determining if the Operating Basis Earthquake has been exceeded requires eight i44 frequency points between 2 and 10 Hz to be evaluated. However, some structures |
45 may have fundamental frequencies less than 2 Hz, therefore, the range of
46 frequencies that need to be evaluated has been expanded.

.

47 !
,

,

48 8 Copies may be obtained from the American Nuclear Society, 555 North
49 ~Kensington Avenue, La Grange Park, Illinois 60525.

*
J Copies may be obtained from the Research Reports Center (RRC), Box 50490,

51 Palo Alto, California 94303.
|
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1 Supplemental information on the calculation of the Cumulative Absolute Velocity
2 (CAV) is provided in the referenced document.
3
4 The definition of 'elt Earthquake in EPRI NP-6695, is revised, deleting the
5 phrase pertaining t " plants with operable seismic instrumentation." Nuclear
6 power plants shoulJ have operable seismic instrumentation; further, the
7 instrumentation shall be functioning in all modes of operation. If the seismic
8 instrumentation is inoperable the guidelines that will be followed by the NRC
9 staff are identified.

10
11 The staff does not support the philosophy discussed in EPRI NP-6695, Section
12 4.3.4 (first paragraph, last sentence), pertaining to plant shutdown
13 considerations following an earthquake based on the need for continued power
!4 generation in the region. Decisions on continued operation will be made by the
lh licensee in conjunction with the staff on a case-by-case basis consistent with
is applicable regulations.
17
18
19

_

20 C. REGULATORY POSITION i
21>

22 1. This guide is based on the assumption that the nuclear power plant 'nas
23 operable seismic instrumentation. If the seismic instrumentatica is
24 inoperable the guidelines described in Appendix A will be used to

|

.

25 determine if the Operating Basis Earthquake has been exceeded.
|26
i27

18
.9 2. The following segments of 10 CFR Part 50, Appendix S, Paragraph IV(a)(2)

30 are repeated to highlight changes in the regulation pertaining to the 1'

31 Operating Basis Earthquake that are net consistent with those contained in '

32 ANSI /ANS-2.10-1991 and EPRI NP-6695. !33
34 "The Operating Basis Earthquake shall be defined by !
35 response spectra. All structures, systems, and j
36 components of the nuclear power plant necessary for

!
37 continued operation without undue risk to the health and
38 safety of the public shall remain functional and within

;

39 applicable stress and deformation limits when subjected !
,

40 to the effects of the vibratory motion of the Operating j
,

41 Casis Earthquake in combination with normal operating '

42 loads.
43
44 1. If the Operating Basis Earthquake is set at one-
45 third of the Safe Shutdown Earthqeake ground
46 motion level, the function of the Operating Basis
47 Earthquake, as stated above, can be satisfied
48 without the applicant performing any explicit

,

49 response analyses.'

3 50 * A seperate analyses to compute structure, equipment and piping re- ;e
,1 associated with the Operating Basis Earthquake is not re M red.
52 Applicable design provisions associated with this Operating Basis

3 Jun 25, 1991
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!
;

i
!

I 11. If an applicant chooses an Operating Basis !
2 Earthquake greater than one-third the Safe

i3 Shutdown Earthquake an explicit suitable analysis
4 and design shall be performed to demonstrate that
5 the fur.cti a of the Operating Basis Earthquake,
6 as stated above, is satisfied. The design shall !

,

'. 7 take into account soil-structure interaction
8 effects and the expected duration of vibratory
9 motion. ,

4

10 ;'

11,

12 '

! 13 3. Guidelines for the retrieval, and the subsequent processing, handling,'

14 storage and evaluation of data obtained from nuclear power plant seism 4c '

;

: 15 instrumentation specified in ANSI /ANS-2.10-1991, " Guidelines for Handling
16 and Preliminary Evaluation of kecords from Nuclear Power Plant Seismic
17 Instrumentation," are acceptable to the NRC staff for satisfying the

i 18 evaluation requirements indicated in Paragraphs IV(a)(3) and (4) of 10 CF4I :
19 Part 50, Appendix S for ensuring the safety of nuclear power pir..ti,
20 suMect to the following:'4

i 21'
; 22 a. Section 1, at the end of the second paragraph add:
i 23 :

i-

! 24 It is recommended that the calibration standuds, computer software,
; 25 record analyzers, etc., required to process the records from the

<

i 26 seismic instruments be on hand at the site so that the records can
i 27 be processed within a time period of four hours. This is necessary
i '8 to compare the recorded data against the Operating Basis Earthquake
j 29 exceedance criterion and to evaluate the results of the operatorj 30 walkdown inspections within eight hours of the event.'

31
1 32 b. Section 2, the following definitions should be added
! 33 supersede those, in the Standard: '

to, or i

34
*

35 1. felt earthquake. An earthquake of sufficient intensity such
36 that:
37
3! (i) the vibratcry ground motion is felt at the nuclear power
39 plant site and recognized as an earthquake based on a
40 consensus of the control room operators on duty at the
41 time, or
42
43- (ii) the seismic instruments installed at the giant are

44 Earthquake, for instance, fatigue, are discussed in regulatory guinis.

45 * Specific exceptions to the standard are noted. Not all of the
46 definitions, instrumentation or steps discussed in the standard are
'7 applicable since they relate to instrumentation not described in Draft
.8 Regulatory Guide DG-1016, Second Proposed Revision 2 to Regulatory Guide
49 1.12, " Nuclear Power Plant Instrumentation for Earthquckes."

4 Jun 25, 1991
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E

;. ,

;

I activated.'.

| 2
| 3 2. operating basis earthquake (08E). The " Operating Basist

4 Earthquake" produces the vibratory ground motion for which '

t 5 those features of tha nuclear power plant necessary for6 continued operation without undue risk to the health and'
7 safety of the public shall remain functional.

!

,

8
i 9 3. safe shutdown earthquake ground motion (SSE). The " Safe

'

; 10
Shutdown Earthquake Ground Motion" (SSE) is the vibratory ,

! 11
'

ground motion for which certain structures, systems, and I
i 12 components shall be designed to remain functional. These; 13

structures, systems, and components are those necessary to
i 14 assure:

15 |

; 16 (1) The integrity of the reactor coolant pressurcj 17 boundary,
; 18 i

i19 (ii) The capability to shut down the reactor anf<
; 20 maintain it in a safe shutdown condition, or'

21'
)22

(iii) The capability to prevent or mitigata the :i 23 consequences of accidents which could result in *

24 potential offsite axposures comparable to the
.

! 25 iguideline exposures exceeding allowable amounts. |26
1

27 c Section 3. Replace the first paragraph with the fcilowing:
; '8 '

; .9 After any felt earthquak'e (see item 2 of Table 0 at a nuclear power
! 30 |plant, the owner shall take appropriate action to determine if the ,

31 OBE has been exceeded. The specific activities, their timing and }32 the associated criteria are set forth graphically in Figure 1 - |
e

: 33 Preliminary Evaluation (level 1) Flowchart and in Table 1 1

i 34 Activities Description.
|

-

35
j36 d. Section 4.5.2(1)(b), Response Snectrum theck. Change as follows.

37 !
'

38 Resoonse Soectrum check. For the response spectrum check, spectral
39 ordinates computed at a minimum of Il frequency points approximately
40 evenly spaced on a logarithmic scale between 1 and 10 Hz (e.g.,1.0,
41 1.3,1.6, 2.0, 2.5, 3.0, 4.0, 5.0, 6.5, 8.0, and 10.0 hz), should be
42 compared ...
43 j

44 e. Section 4.5.2(1)(c), Cumulative Absolute Velocity (CAV) Check. Add
45 the following paragraph at the end of the section:
46
47 Additional guidance on how to determine the CAV is provided in "A
48 Method to Standardize the Calculation of the Cumulative Absolute
49 Velocity for Use With the EPRI OBE Exceedance Criterion" [7].

_

'O ' Spurious activation that can be clearly linked to a nonseismic event, for
,1 example, vehicular movement or construction, does not denote seismic
52 instrumentation activation.

5 Jun 25, 1991

_. _ - ._



_ __ ._ ___ ___ ___ _._ _ ___ _ _ -

,

4

i

i
i

1 1 f. Section 5, References. Add the following:j 2
( 3 [7] Electric Power Research Institute, NP-????, "A Method to; 4

Standardize the Calculation of the Cumulative Absolute Velocity for5 Use With the EPRI OBE Exceedance Criterion," January 1991.,

6-<

. 7 g. Figure 1. Preliminary Evaluation (Level 1) Flowchart.!' 8 2 to: Felt Earthquake. Change Block
| 9

! 10 h. Figure 2. OBE Exceedance (Level 1) Flowchart.
i 11

12 1. Block I and footnote 1. Change to reflect that 11 frequency'

13 values approximately evenly spaced on a logarithmic scale: 14 between 1 and 10 Hz should t.t evaluated.; 15
16 2. Footnote 2. Remove 11 and 111.

4

'

17
18 i. Table 1 - Activities Description, Item 2. Change description to:

<

i 19
: 20 Felt earthquake.
! ! 21'
; 22 Go to item 3
| 23.
; 24 .

j 25
26 4. The Definitions Section and the guidelines for pre-earthquake planning and27 immediate post-earthquake actions specified in Sections 5.3.1 (includes'8 Section 5.3.2.1), 4.3.1, 4.3.2 (includes Section 5.3.2.1 and items 7 and

9
8 of Table 5-1) and 4.3.4 of EPRI NP-6695 " Guidelines for Nuclear Plant30 Response to an Earthquake," are acceptable to the NRC staff for satisfying

31 .the evaluation requirements indicated in Paragraph IV(a)(2) of 10 CFR Part
'32 50, Appendix 5 for ensuring the safety of nuclear power plants, subject to
33 the following:
34
35 a. Definitions, the following definitions should be added to, or
36 supersede those, in the report:
37
38 1. felt earthquake. An earthquake of sufficient intensity such
39 that:
40
41 (1) the vibratory ground irotion is felt at the nuclear power
42 plant site and recognized as an earthquake based on a
43 consensus of the control room operators on duty at the
44 time, or
45
46 (ii) the seismic instruments installed at the plant are
47 activated.'
48 *

49 2. operating basis earthquake (OBE). The " Operating Basis
50 Earthquake" produces the vibratory ground motion for which
51 those features of the nuclear power plant necessary for
52 continued operation without undue risk to the health and
'l safety of the puMic shall remain functional.

4

55 3. safe shutdown earthquake ground motion (SSE). The "Stfa

6 Jun 25, 1991
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1

! 1 Shutun Earthquake Ground Motion" (SSE) is the vibratory2 ground motion for which certain structures, systems, and,

i 3 components shall be designed to remain functional. These
L 4 structures, systems, and components are those necessary to'

5 assure:
.6

7 (i) The integrity of the reactor coolant pressurs8 boundary,
1 ?

10 (ii) The capability to shut Swn the reactor and11
-

maintain it in a safe shutdown condition, or
12
13 (iii) The -capability to prevent or mitigate the

| 14 consequences of accidents which.could result inL 15 potential offsite exposures comparable to the
16 guideline exposures exceeding allowable amounts.
17

i 18
i 19 b. Section 4.3.4, Tre-Shutdown Insnections. Delete the last sentence
i 20 in the first paragraph.

21'4

22
23,

24 5. Plant Shutdown criteria
; 25 4

{; 26 a. OBE Exceedance. If the Response Spectrum Check and the Time History
|| 27 (CAV) Check, perfomed in accordance with Section 4.5.2 of ANSI /ANS-

'S 2.10-1991 as modified per this Guide, were exceeded, than the OBE-,
d 3- was exceeded and plant shutdown is required. If either check does30 not exceed the criterion, the earthquake motion did not exceed the
; 31 - DBE.'

32 i

)L 33 The determination of whether or not the 0BE has been exceeded should
; 34 be performed even if the plant automatically trips off-line as a

35 result of the earthquake.
i 36
i 37 or

38-

; 39 b. Damagg. Shutdown of the plant is required if the walkdown |j 40 inspections, performed in accordance with Section 4.3.2 of EPRI NP-
;41 6695, discover damage.
!j#

42
1'43 Paragraph C(4) of this Regu'atory Position endorses the pre-shutdown

44 inspections deteribed Section U .4 of EPRI NP-6695. However, they are
45 repeated below for emphasis.

- 46 ;

i

47 Prior to initiating plant shutdown, visual inspections and control
48' board checks of safe shut h , systems should be performed by plant
49 operations personn:1, and Lu availability of off-site and emergency
50 power sources should be determined. The purpose of ticse

|51 inspections is to determine the effect of the earthquake on
52- essential safe shutdown equipment which is not normally in use

1 during plant operation so that any resets or repairs required as a
i

4 result of the earthquake can be performed, or alternate equipment '

55 can be readied, prior to initiating shutdown activities.

7 Jun 25, 1991 i
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.

i

.

1 In order to ascertain possible fuel and reactor internal damage, the
| 2 checks noted in Section 4.3.4 of EPRI NP-6695 should be made, if3 possible, before plant shutdown is initiated.'

4
5 !.f the OBE was not exceeded and the walkdown inspection indicates no
6 damage to the nuclear power plant, then shutdown of the plant is not
7 required. The plant may continue to operate (or restart following a post-8 trip review, if it tripped off-line due to the earthquake).<

9
10
11>

12 D. IMPLEMENTATION
!13

14 The purpose of this section is to provide guidance to applicants and licenseesj 15 regarding the NRC staff's plans for using this regulatory guide. ,

16 ;
,

17 Except in those cases in which the applicant proposes an acceptable altir'.ative t;

|; 18 method for complying with the specified portions of the Commission's regiscuens, -!- 19
the method described herein will be used in the evaluation of submittals oacketed'

20 after i date 1. If an applicant or licensee wishes to use this regulatory guide21' for submittals docketed before I date 1, the pertinent portions of the
22 application will be evaluated on the basis of this guide.
23
24 ,

1

;

e

i

.

! !
.

i

I

|

i

! -

.

) '

)

;

i

8 Jun 25, 1991
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i i ,

3

i

!

! 1 APPENDIX A4
2

INTERIM OPERATING BASIS EARTHQUAKE (OBE) EXCEEDANCE GUIDELINES: 3
i 4
i S. 1. For plants at which only instrumentally determined foundation level data

6 are available, the Cumulative Absolute Velocity (CAV) Check is non
-

7 applicable, and a determination of Operating Basis Earthquake (OBE;,

i 8 excecdance is based on the Response Spectrum Check described in Se:tior
i 9 C(3)(d) of this regulatory guide. A comparison is made between the

10 fourdation level spectral accelerations used in design and those obtained,

; 11 from the foundation 7evel instruments. If the Response Spectrum Check at
< 12

one foundation level is exceeded the OBE is exceedId and shutdown is! 13 warranted. |

} 14
1 15
j 16 2. For plants at which no instrumental data are available, the OBE will be i

j 17
considered to have been exceeded and shutdown to be warranted if the: 18 earthquake:

i 19
i 20 a. was felt within the plant and resulted in 194I VI' or greater within

21' 5 km* of the plant g
: 22

23 b. was felt within the plant and was of magnitude 6.0* or greater n 1
'

; 24
-

i 25 c. was felt within the plant, was of magnitude 5.0" or greater, and
26 occurred within 200 ka' of the plant. ' ;

27
28
29 3. A rott-earthquake plant walkdown should be conducted. A procedure
30 acceptable to the NRC staff is described in Paragrapi; C(4) of this
31 regulatory guide.
32
33
34 4. If plant shutdown is warranted under the above guidelines, the plant
35 should be shut down in an orderly manner. A procedure acceptable to the
36 staff is described in Paragraph C(5) of this regulatory guide.
37

.

38 * In these guidelines the U. S. Geological Survey, Nation *,1 Carthquake
39 Information Center determinations of epicentral location, magnitude, and
40 intensity will usually take precedence over other estimates; however,
41 reg. anal and local dettrainations will be used if they are con::1dered to
12 be more accurate. Also, higher quality damage or lack of damage reports
43 from the nuclear power plant site or its immediate vicinity will take
44 precedence over more distant reports.

9 Jun 25, 1991
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l
!j 1 DRAFT REGULATORY GUIDE DG-1018
'

! 2 RESTART OF A NUCLEAR POWER PLANT SHUT DOWN'

DUE TO A SEISMIC EVENT,

$ +

! 5-
! 6

A. 1NTRODUCTION

9 Paragraph (IV)(a)(3) of Appendix S, " Earthquake Engin2ering Criteria for Nuclear
10 Power Plants" to 10 CFR Part 50, " Domestic Licensing of Production and

I! 11 Utilization Facilities," requires that if vibratory ground motion s::caedino that '

12 of the Operating Basis Earthquake occurs, shutdown of the nuclear power' plant
i 13 will be required.8 The value of the Operating Sasis Earthquake is set pursuant' 1a Paragraph IV(a)(2)(1) or (ii) of Appendix S to Part 50. Prior to resuming4

j wations, the licensee will be required to demonstrate to the Commission that
functional damage has occurred to those features necessary for continued1 lo u

i 17 operation without undue risk to the health and safety of the public. This guide
i 18 provides guidelines that are acceptable to the NRC staff for performing
! 19 inspections and tests of nuclear power plant equipment and structures prior to
j 20 restart of a plant that has been shutdown due to a seismic event as satisfying
j 21' the above-stated requirements of Appendix S to.10 CFR Part SC.
; 22

| 23
; 24 *

! 25 B. DISCUSSION
! 26

| 27 Data from seismic instrumentation' and.a walkdown of the nuclear power plant
i 9 were used to make the initial determination of whether the plant should be shut "

| down, if it is not already shut down due to operational pertubations resulting
j .,0 from the seismic event.'

31'
'

32 The Electric Power Research Institute has developed guidelines that will enable ,
a 33 licer. sees to quickly identify and assess earthquake effects on nuclear power' plants. This report is desi34

Response to an Earthquake,"*gnated EPRI NP-6695, " Guidelines for Nuclear Plant; 35 December 1989. This guide is addressing sections
i 36 'that relate to post-shutdown inspectica. and tests, inspection criteria,
! 37 inspection personnel, documentation, and long-term evaluations. '

t 38
I 35, Applicable portions of 10 CFR Fart 50, Appendix 5 are repeated in the Regulatory
|. 40 Position to highlight the changes in philosophy pertaining to the Operating
i 42 Casis Earthquake that were made during the creation of 10 CFR Part 50, Appendix !

] 42 S and 10 CFR Part 100, Appendix B (revision of 10 CFR Part 100, Appendix A). t

;

i t

i

! -43 8 Draft Regulatory Guide DG-1017, " Pre-Earthquake Planning and Immediate
;'

44 Nuclear Power Plant Operator Post-Earthquake Actions," provides plant
j 45 shutdown criteria.
,

t

i 46 2 Draft Regulatory Guide DG-1016, Second Proposed Revision 2 to Regut
i 47 Guide 1.12, " Nuclear Pr.wer Plant Instrumentation for Earthqua'
i 48 descrf bes seismic instrumectation acceptable to the NRC staff.

j Copies may be obtained from the Research Reports Center (RRC), Box 50490,*

{. 30 Palo Alto, California 94303.

j 1 Jun 14, 1991 ;
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|

|
,

i 1 The Rcgulatory Position replaces the definitions of Safe Shutdown Earthquakei
2 Ground Motion (SSE) and Operating Basis Earthquake in EPRI NP-6695 to reflect

j changes that have been made during the creation of 10 CFR Part 50, Appendix 5 and
'

10 CFR Part 100, Appendix B (revision of 10 CFR Part 100, Appendix A).+

5
i

6,

: 7
8 C. REGULATORY POSITION

i 9
7 10 1. The following segments of 10 CFR Part 50, Appendix S, Paragraph IV(a)(2)
: 11 are repeated to highlight changes in the regulation pertaining to the
; 12 Operating Basis Earthquake that are not consistent with those contained in
i 13 EPRI NP-6695:
| 14

'_ 15 "The Operating Basis Earthquake shall be defined by
j 16 response spectra. All structures, systems, and
j 17 components of the nuclear power plant necessary for
| 18 continued operation without undue risk to the health and -

j 19 safety of the public shall remain functional and within
20 applicable stress and deformation limits when subjected
21' to the effects of the vibratory motion of the Operating

; 22 Basis Earthquake in combination with normal operating
) 23 loads.

24
,

,

j 25 1. If the Operating Basis Earthquake is set at one-
26 third of the Safe Shutdown Earthquake Ground,

i 27 Motion level, the function of the Oper& ting Basis
! '9 Earthquake, as stated above, can be satisfied ~

1
i

| without the applicant performing any explicit,

1 40 response analyses.'
i 31

! 32 11. If an applicant chooses an Operating Basis
; 33 Earthquake greater than one-third the Safe !

; 34 Shutdown Earthquake Ground Motion an explicit
35 suitable analysis and design shall be performed

'

{ 36 to demonstrate that the function of the Operating
j 37 Basis Earthquake, as stated above, is satisfied.
j 38 The design shall take into account soil-structure

39 interaction effects ano the expected duration of.

40 vibratory motion. |i

1 41
i 42
| 43 2. The Definitions Section and the guidelines for post-shutdown inspections
'

44 and tests, and long-term evaluations specified in Sections 5.3.2 (includss
45 Tables 2-1, 2-2 and 5-1), 5.3.3 (incledes Table 5-1), 5.3.4, 5.3.5, and
46 6.3 (all sections and subsectior.s) of EPRI NP-6695 are acceptable to the
47 NRC staff for satisfying the evaluation requirements indicated in i

,

48 Paragraph IV(a)(2) of 10 CFR Part 50, Appendix S for ensuring the safety

'
.

49 * A seperate analys2s to compute structure, equipment and piping response
1 associated with the Operating Basis Earthquake is not required.

Applicable design provisions r.ssociated with this Operating Basis.

52 Earthquake, for. instance, fatigue, are discussed in regu'tatory guides.

2 Jun 14, 1991
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1

1 cf nuclear power plants, subject to the following:
2
3 Definitions, the following definitions should be added to, or supersede
4 those, in the report:
5
6 1. felt earthquake. An earthquake of sufficient intensity such that:
7
8 (1) the vibratory ground motion is felt at the nuclear power plat.t9 site and recognized as an earthquake based on a consensus of

10 the centrol room operators on duty at the time, and
: 11

12 (ii) the seismic switches installed at the plant are
13 activated.
14
15 2. operating basis earthquake (OBE). The " Operating Basis Earthquake"; 16 produces the vibratory ground motion for which those features of the

; 17 ruclear power plant necessary for continued operation without undue
18 risk to the health and safety of the public shall remain fur.ctional.

i 19
20
21' 3. safe shutdown earthquake ground motion (SSE). The " Safe Shutdown

j 22 Earthquake Ground Motion (SSE)" is the vibratory ground motion for
1 23 which certain structures, systems, and components shall be designed; 24 to remain functional. These structures, systems, and components are

.

: 25 those necessary to assure:
1 26

-

27 (i) The integrity of the reactor coolant pressure boundary,
?8 ,

!
3 (ii) The capability to shut down the reactor and maintain it

.,0 in a safe shutdowa condition, cc
31
32 (iii) The capability to prevent or mitigate the consequences
33 of accidents which could result in potential offsite

{34 exposures comparable to the guideline exposures !35 exceeding allowable amounts.
36
37
38
39 D. IMPLEMENTATION
40
41 The purpose of this section is to provids guidance to ?pplicants and licensees
42 regarding the NRC staff's plans for using this regulatory guide.
43
44 Except in those cases in which the applictnt proposes sn acceptable kiternative
45 method for complying with the specified portions of the Commission's regulations,
46 the method described herein will be used in the evaluation of submittals docketed
47 after i data 1. If an apnitcant or licensee wishes to use this regulatory guide

148 for submittals docketeo before I date 1, the pertinent portions of the j49 application will be evaluated on the basis of this guide.
50 !

'

<

'
1
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i |
!

.

i
I DRAFT REGULATORY ANALYSIS :

.

2 PROPOSED REVISION OF 10 CFR PART 100. APPENDIX A
i 3 !
j' 4 ;

5'

"

6
: 7 STATEMENTOFTHEPROB@
; 8

:i a
. Appendix A, " Seismic and Geologic Siting Criteria for Nuclear Power Plants," to

| 10 10 CFR Part 100, " Reactor Siting Criteria," sets forth a framework that guides
-

Ij 11 the staff in its evaluation of the adequacy of applicants' invertigations of
{ 12 geologic and earthquake phenomena and proposed plant design parameters. The13 issuance of Appendix A was an important step in establishing a definitive,

;
14 regulatory framework for dealing with earth science issues in the licensing of: 15 nuclear power plants. The Appe dix contains the following statement:

| 16
1 17 "These criterir are based on the limited geophysical and geological

18 infomation available to date concerning faults and earthquake
19 occurrence and effect. They will be revised as necessary when more20' . complete information becomes available."-

{ 21
i 22 The bases for Appendix A were established in the late 1960's and it became || 23 effect',ve Dece:aber 13, 1973. Since then, with advances in the sciences of

{

.

{ 24 seismology and geology, along with the occurrence of some issues in licensing
1. 25 :cases not foreseen in the development of Appendix A, a number of significant
! 26 i

difficulties have arisen in the application of this regulation. Specific
j '7 problematic areas include the following:
; 3

49 1. In making geoscience assessments, there is a need for considerable
30 - latitude and judgement. This latitude and judgement is required
31 because of limitations in data, the state of the art of geologic and '

{ 32 seismic analyses, and the rapid evolution taking place in the
: 33 geosciences in terms of accumulating knowledge and in modifying
j 34 concepts. This need appears to have been r whatn pen g,35 A was developed. However, having W ssessments etail

36 and cast in Appendix A, a regulation, has created difficu ty for (m ,s,

i 37 applicants and the staff in terms of inhibiting the use of needed ~
i. 38 judgement and latitude. Also, it has inhibited 3exibility in

'g
! 39 applying basic pr'nciples to new situations and the ce of evolving
! 40 methods of analyses in the licensing process.
! ~41
; 42 2. Various sections of Appenuix A lack clarity and are subject to
{ O different interpretations and dispute. Also, some sections in the

44 Appendix do not provide sufficient information for implementation.
1 45 As a result of being both overly detailed in some areas and not
} 45 detailed. enough in others, the Appendix has been the source of
1 47 licensing delays and debate and has inhibited the use of some types
j 48 of analyses
; 49
; 50 3. In other siting areas, such as hydrology, regulatory guidance has
i 51 been handled effectively through use of regulatory guides. Many
} t problems encountered in implementing Appendix A could best be
; J alleviated through the use of regulatory guides and a program for
: :i4 continuous updating.
1

'

j 1 Jun 14, 1991
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i .

I

I 4. In the existing regulation, the Operating Basis Earthquake (OBE) is
2 associated with function.lity. likelihood of occurrence, and a'

; ) minimum fraction of the Safe Shutdown Earthquake (SSE). These
| 4 multi-aspects have resulted in seismic criteria that have led to

5 overly :, tiff piping systems and excessive use of snubbers and
6 supports which, in fact, could result in less reliable piping
7 systems,

i
8

'

9 5. 'the stipulation in Appendix A that the Safe Shutdown Earthquake
10 GSE) response spectra be defined at the foundation of the nuclear
11 power plant structures has often led to confrontations with many in,

; 12 the engineering community who regard this stipulation as
*

13 inconsistent with sound practice.
i 14
1 15
'

16

i 17 OBJECTIVES
18 -

2

! 19 The objectives of the proposed regulatory action are:
! 20

21' l. Provide a stable regulatory basis for seismic and geologic siting
: .22 and applicable earthquake engineering design of nuclear power
i 23 plants, .

24-
'

I 25 a. avoid licensing delays due to unclear regulatory requirements,
26

i.
27 b. provide a flexible structure to permit consideration of new
'8 technical understandings, and

1 .9
j 30

- -2. Have the revision to the regulation completed prior to the receipt
i 31 of an early site application.
! 32
1 33.
i 34 The major points associated with the revision of the regulation are:
4 35
2 36 1. . The proposed regulatory action will apply to applicants who apply
i. 37 for a construction permit on or after the effective date of the

revised regulation. 9
T 40 2. Criteria not associated with the selection of the site or

41 establishment of the safe shutdown earthquake been placed into /
42 Part 50 consistent with the location in the regulation of other
43 design requirements.
44
45 .tince the revision to the regulation will not be backfit, the licensing bases for
46 existing nuclear power plants must remain in the regulation. Therefore, the
47 revised regulation on seismic and geologic siting will be designated 10 CFS Part
48- 100, Appendix B.
49

-50 Earthquake engineering criteria will be located in 10 CFR Part 50, Appendix 5.o

51 Since Appendix 5 is not self-initiating, applicable sections of Part 50 (for'

52 instance, 550.34, 550.54) will be revised to reference Appendix S.
n
54 In . addition, Part 52, Paragraph 52.17(a)(1)(vi) and Part 100, Paragraph

2 Jun 14, 1991
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4

1

)
! 1 100.10(c)(1), are revised to note Appadix B to Part 100.
i 2
| 1 Finally, in support of the above changes, regulatory guides and select standard
| 4 review plan sections will be revised or developed.
l 5

<

i

6 !
'

] 7 i

h,}8 ALTERNATIVES
4
: 9 eL

Since thetproblems errwith implementing the existing regulation, the only /i 10
i

I

j 11 satisfactory alternative is to revise the regulation. i
124

13 Deletion of the existing regulation (Appendix A to Part 100) is not being.

: 14 considered since it is the licensing bases for many of the operating nuclear
15 power plants and others that are in various stages of obtaining their operating J

; 16 license.
: 37 Q (p J aw ,b)b- n

]! 18 Replacement of thegegulation with a regulatory guide is not being considered
j 19 because a regulatory guide is non-mandatory. The staff believes that there could

.

; 20 be an increase in exposure to the public if the siting and earthquake engineering _|criteria were non-mandatory. ,A y p (awt !

! 23 Doing nothing is also not an acceptable alternative. Although the siting related
| 24 issues associated with the current generation are completed or nearing completion

.

s
i 25 there is a renewed sense of urgency to initiate the proposed regulatory action
i 26 in light of the current and future staff review of advanced reactor seismic
: 27 design criteria, A revision to Appendix A would increase the efficiency of
; 9 regulatory actions associated with any resurgence of licensing activity.
: 1

30 Finally, the following memoranda or reports provide further support for a
i 31 revision to Appendix A to Part 100:
i 32 '

33 1. Staff Requirements Memorandum from Chilk to Taylor dated January 25,,_

; 34 1991, Subject: SECY-90-341 - Staff Study on Source Term Update and
,

'

i 35 Decoupling Siting from Design.
: 36
: 37 "The staff should further ensure that the

38 revisions to Appendix A of Part 100 are. '

; 39 available to support the time schedule ;

] 40 shown in the paper [ Commission Briefing on
41 Source Term Update and Decoupling Siting

,

'

'
42 from Design (SECY-90-341), dated December
43 13, 1990) for option 2, and are technically'

44 supportable with the information that will
,

j 45 be available at the time the draft comes
! 46 forward for Commission action."
'

47
48 2. Memorandian from Taylor to Beckjord dated September 6,1990, Subject: !'
49 Revision of Appendix A,10 CFR Part 100, " Seismic and Geologic
50 Siting Criteria for Nuclear Power Plants."#

513

52 "I approve of your plan to begin work on,

i 1 the development of a revised regulation and I

4 4 this activity should be assigned a high
55 priority status." i

3

1

3 Jun 14, 1991
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i

i
j

I 1 3. NUREG-0625, Siting Policy Task Force.
: g .

; 3 " Revise Appendix A to 10 CFR Part 100 to ;
4 better reflect the evolving technology in

t
4 5 assessing seismic hazards." !

6,

7 4. NUREG-1061, " Report of the U.S. Nuclear Regulatory Comission Piping,

'

8 Review Comittee," Vol 5, April 1985.
:

a 9 *

i 10 "The Comittee recomends that
; 11 |

12 o Rul ? nking amending Appendix A to 10 |
13 CFR .* art 100 be undertaken to permit '

'

: 14 decoupling of the OBE and SSE. " i....

: 15
|; 16 '

; 17
j 18 CONSEQUENCES

19
) 20 a. Costs and Benefits !

21' i

22 Benefits ;
.

23.

; 24 The revision of Appendix A to Part 100 will be beneficial to all. The public
~

25 will benefit from a clearer, more uniform and consistent licensing process
26 subject to fewer interpretations. The NRC staff will benefit from improved
27 regulatory implementation (both technical and legal), fewer interpretive debates, ;
'8 and increased regulatory flexibility. Applicants will derive the same benefits
.9 in addition to avoiding licensing delays due to unclear regulatory requirements. |
30 1

31 The revised regulations (Appendix B to Part 100 and Appendix 5 to Part 50)
32 reflect changes resulting from (1) experience in applying the existing
33 regulation; (2) interpretative questions; (3) needed regulatory flexibility to
34 incorporate state of the art improvements in the geosciences and earthquake
35 engineering; (4) simplifying the text language to a more ";, lain English" text;
36 and (5) various internal staff and industry comments.
37

Benefits to applicants or NRC staff will result from(the following changes:
38

-b PM ;<'N </39
40 1. Level of Detail The level of detail in the proposed regulations
41 has been limite . The proposed regulation identifies requirements;
42 detailed guidan , that is, procedures acceptable to the staff for
43 meeting the requirements, has been removed and placed in regulatory
44 guides or standard review plan sections.
45
46 2. Greater Flexibility. The proposed regulations provide a flexible
47 structure that will permit consideration of new technical

,

40 understandings and state of the art advancements. !

49
50 3. Interpretations. Changes have been made to resolve past questions
51 of interpretations. As an example, the definitions and required

'

,

52 investigations sections of the proposed ' egulations have M
'i3 significantly changed eliminating or modifying phrases that web
54 more applicable to only the western United States.
55 1
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I 1 4. Text Clarification. The proposed regulations use more explicit
i 2 terminology. For instance, the Safe Shutdown Earthquake (SSE) is
| 3 now referenced as the Safe Shutdown Earthquake Ground Motion (SSE).
: 4 Associated changes within the text highlight that the ground motion
| 5 used as the' design basis is not associated with a single earthquake

6 but a composite of many expected earthquakes.
'

j

! 7

| 8 5. Current practices will be reflected. The proposed regulations
1 9 reflect industry design practices and the associated staff review
! 10 procedures that have evolved since the initial regulation (Appendix
) 11 A to Part 100) was issued in 1973. Many of these practices and
i 12 procedures were incorporated into the revision of Standard Review
j 13 Plan Sections 2.5.2, 3.7.1, 3.7.2 and 3.7.3 associated with the
j 14 resolution of Unresolved Safety Issue (USI) A-40, " Seismic Design
t 15 Criteria."
i 16
; _17 6. Seismic Sources. Better definition of seismic source types and
i 18- streamlined procedures for their use iri specifying ground motion
| 19 expected at a plant site will eliminate what has been a major source
i 20 of licensing delays.
i 21'
; 22 7. Probabilistic Analyses. The use of probabilistic techniques will
j 23 also permit easier handling of uncertainties associated with the .

( 24 process of defining relevant seismic sources and ground motions
j 25 associated with them.

,

i 26 |

j 27 8. Eliminating the many facets of the 0parating Basis Earthquake (OBE). I

i 18 The OBE is now only associated with the functionality of structures,
! 29 equipment and components. Pre'tiously, the L ' was also associated
j 30 with a likelihood of occurrence and a minimum percentage of the Safe

31 ShutdownEarthquake(SSE). In some cases, for instance, piping, the
| 32 multi-facets of the OBE made it possible for it to have more design
r 33 significance than the SSE.

{ 34
35 9. Potential for Reduced Analyses. Applicants that choose to set the,

! 36 Operating Basis Earthquake at one-third of the Safe Shutdown
! 37' Earthquake Ground Motion can satisfy OBE functionality requirements
: 38- without performing any explicit response analysis. Applicants have
? 39 the option of selecting an DBE greater than one-third the SSE;

40 however, a suitable analyses and design shall be performed.
41
42 10. Required Plant Shutdown. The revised regulations has placed into
43 Part 50, consistent with other conditions of licenses, that plant
44 shutdown is required if the Operating Basis Earthquake is exceeded.
45 Specific guidance as to what constitutes an OBE exceedance, thereby
46 requiring plant shutdown is provided. In addition, guidance for an
47 orderly, plant shutdown and the re-starting .a plant that has been
48 shutdown due to earthquake ground motion is provided.
49
50 1
51 in311

'

52
53 The costs associated with the revised regulations are subdivided into two
54 categories; the first is associated with the geosciences and site investigations
55 (Appendix B to Part 100), the second is associated with earthquake engineering

5 Jun 14, 1991
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a ;
,

i

I (Appendix S to Part 50). !
; 2 !

3 |
; 4 Appendix B to Part 100

i
5,

As substantiated below, the overall cost impact associated with revising the6
7 geosciences and site investigation aspects of the regulation are neutral.!

i 8 Specific examples include:
e

9<

10 1. Reduced Licensing Delays. The licensing process will be enhanced
i11 because information needed for the staff review can be incorporated

i 12 in the safety analysis reports at the time of docketing instead of' '
13 later through staff questions and applicant responses.

.I14
i 15 2. Probabilistic Analyses. Probabilistic analyses to determine i16 vibratory ground motion, surface tectonic deformation, and

'

17 seismically induced floods and water waves will marginally increase :18 the cost required for plant site investigations. However, the !19 proposed revisions reflect what is already current staff practice.
20 For sites in the eastern U.S., the availability of probabilistic !21' methods may actually simplify the task of analyzing earthquake- :

4

22 induced ground motion. Furthermore, probabilistic analysis will '

23 make it possible to more readily incorporate additional data that !
| 24 may become available during site review.

-

25
26 3. Seismic Sources. The new approach towards seismic sources using
27 sei:.mogenic sources instead of tectonic provinces, better definition

|'8 of the location to be used for sources in the site vicinity, and
9 other streamlining in tne licensing approach are expected to reduce

30 time and costs required for obtaining site approval.
*

31 * .

'

32
|33 Appendix 5 to Part 50

34 :
!35 As substantiated below, the overall cost impact associated with revising the

36 earthquake engineering aspects of the regulation are neutral or reduced.
37 Specific examples include:

i 38
39 1. Reduced OBE Analysis. The response analyses associated with the
40 Operating Basis Earthquake (OBE) may be eliminated if the applicant
41 sets the OBE at one-third of the Safe Shutdown Earthquake Ground

'

i 42 Motion (SSE). Selecting an OBE value greater than one-third of the
i 43 SSE does not increase the analytical effort above current
i 44 requirements.

45
46 2. Control Point Location. Changing the location of the control point
47 (the point at which the vibratory ground motion is applied) from the
48 foundation level to the free-field does not affect costs. The
49 following discussion from Section 2.1.1.4 of NUREC-1233 (pages 13
50 and 14) is applicable:

i 51
j 52 "A number of recent plants were designed to

1 the 1975 Standard Review Plan requirements-

! 4 which specified the free-field motion at
j 55 the free-surface for soil-structure

6 Jun 14, 1991
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i

i
;

i
j 1. interaction analysis. During the operating '

! 2 license (OL) review, the implementation of
j 3 the current position of input motion at the
| 4 foundation level in the free field resulted
{ 5 in a modification of some structural floor
: 6 beams of seismic Category I structures at
} 7 one plant. No hardware changes resulted at
t 8 other plants. (Note that the staff's
! 9 investigation was limited to the Safe
| 10 shutdown systems and structures that housed
; 11 them, and allowance was made for tested

,

{ 12 strength values in s,<. sses.)"
i 13

14 3. Plant Shutdown. Although the new seismic instrumer.tation
! 15 requirements are different, the cost is essentially the same as that
t 16 currently used in operating plants. The maintenance and calibration
* . 17 costs with the new solid-state seismic instrumentation should be
i 18 less than that associated with the current instrumentation. The .,
. 19 time associated with the processing of instrumentation data will be
| 20 less since data will not be shipped from the site for evaluation,
i 21' thereby reducing the potential for prolonged plant shutdown while

22 data are being evaluated. In general, the ability to expediti;usly.

23 assess the effects of the earthqurke on the plant will save both .

24 staff and licensee resources.4

1 25
| 26
{ 27 b. Impact on Other Requirements
; '8
! 3 Other NRC Proarams
j 30 .

j 31 Although Appendix A to 10 CFR Part 100 is titled " Seismic and Geologic Siting
: 32 Criteria for Nuclear Power Plants," it is also referenced in twe other Parts of
j 33 the regulation. They are (1) Part 40, " Domestic Licensing of Source Material,"
! 34 Appendix A, " Criteria Relating to the Operation of Uranium Mills and the
! 35 Disposition of Tailings or Waste Produced by the Extraction or Concentration of
! 36 Source Material from 0res Processed Primarily for Their Source Material Content,"
i 37 Section I, Criterion 4(e), and (2) Part 72, " Licensing Requirements for the
i 38 Independent Storage of Spent Nuclear Fuel and High-Level Radioactive Waste,"
! 39 Paragraphs (a)(2)(b) and (a)(2)(f)(1) of 572.102. The revised regulation,
| 40 Appendix B to Part 100, is still applicable only to nuclear power ~ plants. The

41 need to revise Part 72 and Appendix A to Part 40, subject to the implementation'

! 42- of Appendix B to Part 100, should be a separate rulemaking initiative.
i 43
] 44 Other Government Aoencies
1 45
! 46 Since the seismic design review and acceatance for nuclear power plants is
! -47 carried out solely by NRC staff, no impact is projected on other government
j 48 agencies.

49,

i. 50
! 51 c.- Constraints
'

52
i '3 None.
1 4
i
;

! 7 Jun 14, 1991
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.

:
i
;

! 1 DECISJON RATIONALE
! 2
1 3 The recommendations to revise the regulations pertaining to the geosciences and
} 4 site investigations (Appendix B to Part 100), and earthquake engineering
i 5 (Appendix 5 to Part 50) are based primarily on the deterministic and qualitative
! 6 arguments. The staff's evaluation augments the regulatory analysis associated
i 7 with the implementation of Unresolved Safety Issue (USI) A-40. Wismic Design
i 8 Criteria (NUREG-1233). USI A-40 was implemented in August 19o9 through the
; 9 revision of Standard Review Plan Sections 3.7.1, Seismic Design Parameters,
i 10 3.7.2, Seismic System Analysis, 3.7.3, Seismic Subsystem Analysis, and 2.5.2,
i 11 Vibratory Ground Motion.
i 12

13 The staff's conclusion is that for operating reactor and operating license,

14 applicants, the proposed changes to the regulations would have little effect on.

| 15 risk. Operating plants have generally been, and will be, seismically upgraded'

16 by plant-specific actions such as implementation of the Systematic Evaluation
17 Program (SEP), the implementation of Generic Letter 88-20, Supplement 4,

,18 Individual Plant Examinations of External Events (IPEEE) for Severe Accident )19 Vulnerabilities, the proposed implementation of USI A-46, Verification of Seismic
20, Adequacy of Equipment in Operating Plants, and NRC Bulletin programs. Therefore,
21 this regulatory action will be " forward-fit" applicable only to applicants who
22 apply for a construction permit on or after the effective date of the revised
23 regulations. -

24
25 For new construction permit, preliminary design approval, final design approval,
26 and combined license applicants, no significant increases in custs are envisioned
27 to implement the revised regulations. The proposed revisions reflect current
'8 staff practice and most applicants are aware of these requirements. In addition,
.9 the proposed revisions to the regulations will reduce delays in the licensing
30 process because information needed for the staff review can be incorporated in
31 the safety analysis reports at the time of docketing instead of later through
32 staff questions and applicant responses. Implementation of the proposed
33 regulations will lead to more uniform safety margins. Therefore, the staff
34 proposed that all new applicants be required to comply with the revised
35 regulations.
36 ;

'

37 The revised regulations will not reduce risk, but will improve the description
38 in the regulation of current staff practice in licensing.
39
40
41 Current Reaulatory Action
42 <

43 The current regulatory action consists of the following:
44 '

45 1. Revisions to 550.34,150.54, and 552.17
46
47 2. New Appendix B to k art 100, Seismic and Geologic Siting Criteria for
48 Nuclear Power Plants
49
50 3. New Appendix 5 to Part 50, Earthquake Engineering Criteria for i
51 Nuclear Power Plants '

52
3 4. New Regulatory Guides:

s4

8 Jun 14, 1991
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1 a. DG-1015
' Identification and Charactorization of Seismic2 Sources",, ,

3
a

ur b.
DG-1017, " Pre-Ea hquake Planning and immediate Nuclear Power5 Plant Operator ~ Earthquake Actions"r"

6
7 c. DG-1018, "Restat.

Seistdic Event" ' a Nuclear Power Plant Shut Down Due to aa

h.
.

9 '

10 5. Revised Regulatory Guide:
11

17 DG-1016,

" Nuclear Power Plant Instrumentation for Earthquakes"Second Proposed Revision 2 to Regulatory Guide 1.12,
' 13

14-

7 15 6.g 16 Revised Standard Review Fitn Sectio.:
3 17

18 2.5.2, Vibratory F ound Motion
19
20 Future Reaulctory Action

-

21'
22

maintain the existing design er analysis philosophy.Several regulatory goides will be revised to incorporate edicorial changes or23
a 24

be issued coincident with the publication of the final regulattens:The following guides will
,

25
26 1. Incorporate Editorial "hanges, for instance, reference new27

paragraphs in Appendix B to Part 100 or Appendir S to Part 50.'C
--

D

JO RG 1.29, Seismic 3esign Classificationa.

6 31 b.
.

RG 1.57, Dcsign Limits and Loading Combinations for Metalr 32
Primary Containment System Components23,

34
RG 1.59, Design basis ."::ods for Nuclear Power Plants

c.'

35
36 d.

RG 1.60, Design Response Spectra for Seismic Design o? Nuclear37
Power Plants-

38
-

39
RG 1.83, Inservice Inspection of Pressurized Water Rear *

e.
4C

Steam Generator Tubes
*

41
42 f. RG 1.cQ

Seisure, Response 'nalysisCombining Modal Responses and Spatial Components in. 43
_

44
45

RG 1.102, Flood Protecti>n Ter Nuclear Power Plants
g.

46
47 h.

RG 1.121, Bases for livgging Degraded FWR Steam Generatoro 48 Tubes: 49
50 1.

RG 1,122. Development of Floor Response Spectra for Seismic51
Desier of floor-Supported Equipment or Components

- 52
p- ~3 2.

Maintain Existing Ph'' sophy, for instance, change OBE to 1/2 SSE4

55
RG 1.27, Ultimate Heat Sinn for Nuclear Power Plants

_ a.

9 Jun 14, 1991
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I

.

'i
I b. RG 1.100, Seismic Qualification of Electric and Mechanical: 2 Equipment for Nuclear Power Plants
3 .

4 c. RG 1.124, Service Limits and Loading Combinationt for Class 1
1 5 Liner-Type Component Supports

6'

7 d. RG 1.130, Service Limits and Loading Combinations for Class 18 Plate-and-Shell-Type Component Supports;
3

10 e. RG 1.132, Site Investigations for Foundations of Nuclear Power
. 11 Plants
I 12
1

13 f. RG 1.138, Laboratory Investigations of soils for Engineering'
14 Analysis and Design of Nuclear Power Plants

| 15

i 16 g. RG 1.142, Safety N1ated Concrete Structures for Nuclear Power
; 17

Plants (Other than Reactor Vessels and Containments)i 18
: Ig h. RG 1.143, Design Guidance for Radio ctive W&ste Management| 20 Systems, Structures, and Components Installed in Light-Water-21' Cooled Nuclear Power Plantsa

i 22
23 During the revision of the reouiatory guides cited above, if additional changes

.

| 24
-

are made, the applicable ocide(s) will be distributed for public comment.~

; 25
26'

27 IMPLEMENTATION
-

! '8
!2

This regulatory action is applicable only to applicants that apply for a3
'

40 construction permit on or after the effective date of the regulation.
31

i
i

!

!
i.
i

!
<

.

.

I
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DRAFT ENVIRONMENTAL ASSESSMENT *ND FINDING OF NO SIGNIFICANTIMPACT

2
PROPOSED REVISIf N OF 10 CFR PART 100. APPENDIX A

i 3
I 4
I 5
1

6-
i 7

The Nuclear Regulatory Commission is amending its regulations to update the8
criteria used in the seismic and geologic siting, and earthquake engineering for9 nuclear power plants..

; 10
; 11

12
i 13 ' Identification of Proposed Action
! 14
i 15

Appendix A, " Seismic and Geologic Siting Criteria for Nuclear Power Plants," to| 16
10 CFR Part 100, " Reactor Siting Criteria," was originally issued as a proposed; 17 rule on November 25, 1971 (36 FR 22(01); published as a final rule on November! 18 13,1973 (38 FR 31279); and became effective on December 13,19'3. There havei 19 been two amendments to 10 CFR Part 100 Appendix A. The first amendment, issued20
November 27,1973 (38 FR 32575), correc,ted 38 FR 31279 by adding the legend under

| 21'
the diagram. The second amendment resulted from a petition for rule making (PRM

! 22 100-1) requesting that an opinion interpreting and clarifying Appendix A with
: 23 respect to the determination ci the Safe Shutdown Earthquake be issued. A notice
| 24 of filing of the petition was published on May 14, 1975 (40 FR 20983). The

-

j 25 substance of the petitioner's proposal was accepted and published as an26 immediately effective final rule on January 10, 1977 (42 FR 2052)'.
!
1

1 27
; '8 The proposed amendment will apply to applicants who apply for a constructior. !

-

: 3 permit on or after the effective date .'' the reviseo regulation. Since thei 30 revision to the regulation will not be backfit, the licensing bases for existingj. 31 nuclear power plants must ~ remain in the regulation. Therefore, the revised j} 32 regulation on seismic and geologic siting will be designated 10 CFR Part 100,.33 Appendix 8. |
:

! 34 1

j 35
Criteria not associated with the selection of the site or establishment of the ;i 36 safe shutdown earthquake has been placed into Part 50 consistent with the |'

37 location in the regulation of other design requirements. Hence, earthquake38 engintering criteria is located in 10 CFR Part 50, Appendix 5.
39
40 The proposed amendments to the regulations (Appendix B to Fart 100 and Appendix
41 S to Part 50) reflect changes resulting from (1) experience in applying the42 existing regulation; (2) interpretative questions; (3) needed regulatory ,

43 flexibility to incorporate state of the att improvements in the geoscler.ces and
44 earthquake engineerlag; (4) simplifying the text lenguage to a more " plain45 English" text; and (E) various internal staff and industry caraents. :

46
47 .

48
49 Need for the Pronosed Action >

50
51 The experience gained in the application of the procedures and methods set feeth i

V 52 in .the current regulation, the difficulties encountered, and tie rapid'

adyncer*nt in thz state-of-the-an of earth sciences have made it necessary touplate the 1973 criteria.,

1 Jun 14, 1991
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'
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! :

I !1 Environmental Imoacts of the Pronosed Action
-

| 2
;

3 Appendix B to Part 100 contains the seismic and geologic considerations which,
'

!4 guide the Commission in its evaluation of the suitability of proposed sites for
!

nuclear power plants. Appendix 5 to Part 50 contains the earthquake engineering54

I
i 6 considerations which guide the Commission in its evaluation of the suitability ii 7 of the plant design bases. The amendment of Appendix A to 10 CFR Part 100 as; 8 stated in Appendices B anc S reflect current licensing practice and will not
| 9 change the radiological env1ronmental impa:t effsite. Fur +her, the Policy

1

10 Statement on Severe Reactor Accidents Regarding Future Designs and Existingj~
12
11 Plants, publishc1 August 8, 1985 (50 FR 32138) affirms the Commission's belief

that a new design for a nuclear power plant can be shown to be acceptable for
i

. 13 severe accident concerns if the criteria and procedural requirements cited in 50
! 14 FA 32138 are met. Stated differently, the proposed regulatory actions (Appendix

>

i 15 B to Part 100 and Appendix S to Part 50) are pecircally based on maintaining! 16 the present level of risk of radiological releases, thus havin i

compared to the regulation (Appendix A to Part 100) the" replace.g zero effect !
'

17
! 18

19 Onsite occupational radiational exposure associated with inspection andi 20 maintenance will not change. These activities are principally associated with
. 21, seismic instrumentation. .The regulatory guide 12rtaining to seismic! 22 instrumentation (Second Proposed Revision to Regulatory Guide 1.12, Nuclear Power
i 23 Plant Instrumention for Earthquakes) specifically cites occupational radiation^

24 j
exposure as a consideration in selecting the location of the instruments. '

25 ,

. 26 The proposed amendments do not affect non-radiological plant effluents and haveI
27 no other environmental impact. Therefore, the Commission concludes that there
28 are also no significant non-radiological environmental impacts associated with

b 1 the proposed amendments to the regulations.
.s 0

;

t 31
2 32

33 Alternatives to the Proposed Action4

34

i 35 As required by Section 102(2)(E) of NEPA (42 U.S.C.A. 4332(2)(E)), the staff has
i 36 considered possible alternatives to the proposed sction. One alternative was not
: 37 to initiate a rulemaking proceeding. This is not an acceptable alternetive.
j 30 Althot:gh the siting related issues associated with the current generation of
j 39 nuclear power plants are completed or nearing completion there is a renewed sense

!

i 40 of urgency to initiate the proposed cegulatory action in light of the current and Ij 41 future staff review of advanced reactor seismic design criteria. The current 1

-

42 regulation has created difficulty for applicants and the staff 5 terms of
43 inhibiting flexibility in applying basic principles to new situations and the use-

1 44 of evolving methods of analyses in the licensing process.
r 45
'

46 A second alternative considered was the deletion of the existing regulation
47 (Appendix A to Part 100). This is not an acceptable alternative since it is the,

;
48 licensing bases foe many of the operating nuclear power plants and others that s

are in various stages of obtaining their operating license gf,hJ) ;
,

) 51 A third alternGive considered was the replaceent of the regulation with an
52 reguietony guide. This ~is not acceptable becau a regulatory Cuide is non-
53 mai.datory. The staff believes that there could be an increase in exposur6 to the

public if the siting and earthquake engineering criteria were non-mandat)ry.
( s5
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$

i
i

1 The present approach of revising the regulation was chosen as the best
i 2 alternative, benefitting all. The public will benefit from a clearer, more

3 uniform and consistent licensing process subject to fewer interpretations. The'
4 NRC staff will benefit from improved regulatory implementation (both technical: 5 and legal), fewer interpretive debates, and increased regulatory flexibility.

| E Applicants will derive the same benefits in addition to avoiding licensing delays
i 7 due to unclear regulatory requirements. A revision to Appendix A would increase
! 8 the efficiency of regulatory actions associated with any resurgence of licensing! 9 activity.
! 10
! 11

12
13 Alternative Use of Resources,

14'

15 No alternative use of resources was considered.
'

-

; 16
'

17
i 18

19 Aaencies and Persons Consulted.

20
'

<

i 21, Staff developed reports incorporating contractor evaluations are the bases for
22 the Commission's rc.ommendations.

| 23
! 24

~

! 25
i 26 e'ndina of No Sionificant Imnact

27
! 28 Tae Commission has determined under the National Environmental Policy Act of'9 1969, as amended, that the proposed amendments to 10 CFR Parts 50 and 100,,

; .,0 ;
specifying seismic and geologic siting, and earthquake enginaering criteria for '

31 nuclear power plants, if adopted, would not have a significant effect on the
32 quality of the human environment and that an environmental impact statement is
33 not required.
34
35 This determination is based on the following:
36
37 1. The proposed amendments to the regulations reflect current practice
38 achieved through the the staff's evaluation of applicants safety analysis
39 reports at .he time of docketing and applicant's response to staff ,

!40 initiated questions based on their review of submitted information and the j41 results of re:earch in the earthsciences and seismic engineering. '

42
43 2. The foregoing environmental assessment.
44 '

45 3. The qualitative, deterministic and probabilistic assessments pertaining to
46 the seismic ovent in the cited references.
47
46 4. The Policy Statement on Severe Reactor Accidents Regarding Future Designe |
49 and Existing Plants, published August 8,1985 (50 FR 32138

Commission's belief that a new design for a nuclear powe)r pitnt can beaffirming the50
51 shown te be acceptable for severe accident concerns if the criteria and
52 proccdural requirements cited in 50 FR 32138 are met.
53

t
..

.# J

.
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