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This report presents a study on the procedures for the determination of scenario earthquakes for seismic
design of nuclear power plants(NPPs) based on probabilistic seismic hazard analysis (PSHA).

In the recent years, the use of PSHA, which is a part of seismic probabilistic safety assessment (PSA),
to determine the design basis earthquake motions for NPPs has been proposed. The identified earthquakes
are called probability-based scenario earthquakes (PBSEs). The concept of PBSEs originates both from the
study of US NRC and from Ishikawa & Kameda. The assessment of PBSEs is composed of seismic hazard
analysis and identification of dominant earthquakes.

The objectives of this study are to formulate the concept of PBSEs and to examine the procedures for
determining the PBSEs for a domestic NPP site. This report consists of three parts, namely, procedures to
compile analytical conditions for PBSEs, an assessment to identify PBSEs for a model site using the
Ishikawa’s concept and the examination of uncertainties involved in analytical conditions.

The results obtained from the examination of PBSEs using Ishikawa’s concept are as follows.

(a) Since PBSEs are expressed by hazard-consistent magnitude and distance in terms of a prescribed
reference probability, it is easy to obtain a concrete image of earthquakes that determine the ground
response spectrum to be considered in the design of NPPs.

(b) Source contribution factors provide the information on the importance of the earthquake source
regions and/or active faults, and allows the selection of a couple of PBSEs based on their

importance to the site.

*  (Ohsaki Research Institute, Inc.
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(c) Since analytical conditions involve uncertainty, sensitivity analyses on uncertainties that would
affect seismic hazard curves and identification of PBSEs were performed on various aspects and
provided useful insights for assessment of PBSEs. A result from this sensitivity analysis was that,
although the difference in selection of attenuation équations led to a significant difference in

seismic hazard curves, no remarkable difference was found in the parameters of selected PBSEs.
The results from this study confirmed that the procedures based on Ishikawa’s concept provide a useful

evaluation technique to determine scenario earthquakes for seismic design considering uncertainties

involved in analytical conditions.

Keyword: Seismic PSA, Probabilistic Seismic Hazard Analysis, Scenario Earthquake, Control Earthquake,
Basic Earthquake Ground Motions
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PERBBEDRE LTHEELILILH D, Thbh, #iSEIOBRISH OB IEMIEIC
B3 2+ 2 5R/E - BEIFHICEI THREBBSRE S TORIE, 25 OKEIEEHED
RECRKBENEI LR, DY T, BEHRS LV EKLEhEZ IR D, &5, A
MoDFEIZINIE, BEREE SNHBESREIC, TORRETICIC . THREEEARY ML
FREBFRETAIEITRRTH S,
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2. 2.3 K¥EDOHEIC L ABEEHROBRETE

*EOHEL AEEHBETORESF EZ, REYHHEERNOHHITEST 1.165 (Regulatory Guide
1.165 : R.G. 1.165)*"DfH5k c IITREN TV B, RIHTIZ, BABOFHEHEL BT 5 HWT,
FAXEICORENTWAHEEMROREFIHLER TS,

A5 v 71 B A+ EE ORI E GRS 2
(a) mewiﬁ“mb6wuwmm$&m %owtm$m%ﬂﬁﬁﬁﬁﬂﬁ%%mﬁéo
OB, ERENDLVIEBOERESEL L, IDEARS (], 25,5, 10, 25H2)B & U
F BT B B AHED N3 EE (Peak ground acceleration : PGA) 2B 5 fERRBEE MR 2 HiL§ 5, :Hi!,
REBEOTHRHMEY Y =F2— N3 508 ThH D, Tz, ORI RERBERITIC
FREHEOFMbI ST T RITER 5%V,
(b) HADHESHIEICHLT, UTONT A—5 OHMRAERERBERDS,
- BRE (BHEE 50%) OfEbREE R
- L4l O fi R BT AR
- FZHEE 85% D fe R AR
- BHEUE 15% DI BRBE MR

A7y 72 BEERIINCTIHREHIDOEE

@ RG 1165"Df1§B TEH SN TV 2 BBHEFA0YE)ZAVT, A7y 71 TROLR
I fEREMBORREN S, 1,25, 5 BLU 10 Hz COMEEARY PUIZIE U RE L
NNV EFHET 5,

(b) 1HzBIU25Hz DARY FVILEBEDOFEME, B XU SHz & 10Hz DA b VALEE
DFENEERET 5o

R/ =F 21— l~ &EENEI:EE@%n%nUD%EL.OV\T SRR REIRBERT 2 KT %o

AF v 74 BRERERICHYTLHESL VO

AF v T3DMEBFESEY L. B/ =F 22— FRBIHLT. AT v 72@TND 1,25,
5,10 Hz ZNEFNDARY MUVIEEICIE L RE LAV B R 5 FEBHROTREZ ILE
Tho ZOMEY Hyy EEF o Hug ®BAVT, 1Hz B U 25Hz DL L TORRAERE AR
WMThH, BHE~YS=F2— FREB L UEERMOFESE P(nd), £ KA THET 5,
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CTIC, Ll BIU 203, FREFN IHZ B LU 25H2 1D LA-$BIER R ¥, SHz B L U 10Hz
DFHE L TOBRERBEHBIINT L. 7/ =F 22— FREB L UEERXEOFSE P(n,d),
XX TEET 5,

P(m,d)2 =

Mlm

H,,

—

2

~

£3
T, I BIU L2, FREFNSHZ B XU 10HZ (S L8R R T,

AT v 75 FEEMAKMEOCXEOILE

100km D EBEN - A B ROMBEREHRNOFERENFKEIVDL LI 0 E2BEBT L /20
IZVHz BL U 25Hz DFHICHTIHR Y = F2— FLEBOFSROGHEFAL.d L.
100km Ll EOEEHEDOMROFSHEN 5% B2 TV B HE121E, 100km U EDOEEROHE~
7 =F 2— FLEHEDDA Paigomay % AV T XEHE % B 5 720 OB 24T o Psiooma
BAATEHHE SIS,

P(m,d),

P (m’d)l ="2 Z P(m,d)l

m d>100
EOREOEMREE RS MV OEREKERE LR 5 THIEO S b ERAREL FET
AT EThHb,

.................... L I (223,3)
/N

A7 276 HEMBOFHT/=F 2— KL CPHEROHE
ATy 72 TRDI SHz BLU 10Hz DFHDARY M IVIIEE I TEEERDOGHENS,
RREBHCTEY~ S =F 2— F M(5-10H) 2 BH$ 5,

Mc (5—10HZ) = ZmZP(m,d)2 e e e (2.2.3-4)
m d
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T m BB F a2 - FREOREY T =F2— FiEL T 5, £k, SEERA04E)
WCHIET LR LAV EBZ SBWREPEBETAIEHE TOFSETEAMIT I NI =Fa
— FOL&BHHRETH 5,

Fo. V= Fa - FLHEBEOXHEAROFESEOGTH LR TITIIOBEERLHVT, XE#H
BROEBEORBIEHrELT S,

Ln{Dc (5 _ 10Hz)}= ZLn(d)ZP(m’d)z ........................ (2.2.3-5)
m d

L, L3BEANEERT, £k, SBERN0VE)ICHETIHEH L AVEBIL IR
BERET L EETOFERTEAMTIT SN EBON KT 5 &4 SHHETH 5,

A7y 77 BEEAWEOPICXEMENDH LHE

bL, AT v 75 TEERRKBBROXLEVFEERT 55 BLHHEITIE. AT v 72 TRE
SN/, IHz BX U 25Hz DFHIIHTAMRY S =F 22— FLEBOSHLY, FH~T/=F
a— FEEEONETFHE2RNTREET 5,

MC (1—'2.5HZ)=2m z P)m0 (m,d)l .......................... e (2.2.2-6)
m  d>100
Ln {Dc (1 _ 2.5HZ)}= an (d )ztp(m.,d)2 ....................... (2.2.2-7)
m d

AT v 78 FEHEICHKD { SSELEART MV |
RG LIS GEBICTREN-FEICL Y B ERTF v 7 CRIE EN/-XEH#HREA O SSE (Safe
Shutdown Earthquake) IGE& A7 PV ERET b0
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23 ZHEERORECHETAIHNAORE

MERRNICEEHRERET HBICIE, BRERLRETILEND S, AEICBITSHHEE
WROKETIX, ZHERE L T10%104510°D 3 202 HVTWVAY, Zoffid. XETH
i (10°) RL2BEIEEMIIRDLIDOTHY ., 4%, HERW L EEHROFZE L ERL
LT LTI, BREROBREICOVTHRA LBA» S ORFIVLETH S, BESTIE, &
BREERORENSEZLRIMAL LT, UTOLI R0 FoN5,

() REICBIT SR EME

KE NRC (Nuclear Regulatory Commission) ® R.G 1.165°VTi3, £BEER* 10°L LTWw3,
Zhid, B2 IL#HEE) (Safe Shutdown Earthquake Ground Motion: SSE) *8x 5 1 EH/-H D
HRELTHFETIHIDLNBRITIONATSE Y, BEMICIE, BEEBETDO TS Y ML T
SSE B AHERLFFMLA-L Z0FRMEL LTEDHOLR TS (K 23-1), Thbb, K
FOMEIHEHEE L TORBICRO SN0 TR R, Flei 77y ML TR 7S5 >~ b
O SSE DB EHEFRDOFRMEE R TS L ) ISk S MR ETH 5,

Q) BAT0#e BT 2 R AR L R HRALE
[(RERREFERERICET 2T RESTELRS T3, EEFE As 7 7 A0MRICOVWTIE, &

SHARBHRL I URHERABRICLARRBICHAZI L LS TE), REtHRGBBLEL

BREARSHEIL, TREAUTOL ) 2EXHCETEBESA TV,

1) RETARMELE

FEfRsHT,
[BERHERPOBEICBVTEBIZFORECEELS A EEZONAIBBABURID.,
Bih B L ZOADIRABROF B EZ2BETNOHLHR,. BIUEVRREICEEYS X
L5BENDHLBEHEORBVENBICLIBBDOI) b ORIFEBDOREVDDERET 5,
LR IN TV, FRBLFMTABEOBEE LTiE, BHRICUTORBED 5,

i) BRERICID, ARICHRERBELLEHEESNLDOD

i) ARRIERTEICE L. 10,000 ELLRTLARETEEY L7- b 0, IR OE R AT 10,000 £ ki
DHD

iil) B/NBROBIMICL Y, BB OBREOFHEHHEISTHEICEDLNE LD

ChODERDPE, BERERLOHICEEZL THS,

T [ERMERICESCRIRELEEY S A HELERT L] SOV THTAD, BlL
i (& BABERRRE] 1013, BF 1,000 EULOBRERBAZR I N TV A BER R MR
L BREDBOARZIVEENTVS, A SEDLENHEE LB ERRY D 5 EERRS
ND L) oz Did, TTEEALEDK 400 EREL SO TWVS, Lizdio T, BREEIC
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HOHEARBHRIIHETASBERII2SXIOCEBELEZL I ENTE S,
KIZ, EWRBIZOWTASL &, [10,000 ELIFTLEEE Lb 0, LIHEOHERAM AT 10,000
FERBEOOD| 2FBBTHIELEL-TEY, Mo TAHSBEROR/IMEIX 10* L 25,

2) xETHRRHE

FEEESHICIE,

[HRFH R LR ARG RZ LRAHRICIOVT, AEOHMBOBERKIR., BiHF
MOEMBOBES L UREHEEECE X TENRMBI L ORFTEMR, RLEBOREWV
bOEEET S, ]

[RHEHRE S, 1213, ETHRICIZDDH ZHIZEL.

LR ENTVDS, EHBZFMTI2BENET L LTIk, BHRICUTOILESEH 5,

) Dii) *BE ABRFEHBICEITHHD
ii) BB XU CRIEWRICE L. 50,000 £ LLRTAREIEE) L 72 & . I3 R O FRH A% 50,000
FERFD D D

FREDO L, BEFELOREF2TONE LDIIENRBICETALEHDZTTH b, i) IZ20WT
iZ. 10,000 ELLEEB L TRV A RIEWTRE. 5V ITEREIEA 10,000 £L ED A BRIGHTZ
LRABRHIEHNTELY, BEIHETISEHAERIE, 10 ATLEXLILNTED, —
i) (. 2X10° BSRAME E %2 5%, AL B RIEHE TR O BREBIENSDOTHRE 5,
FREERMOMIIIT, BRYEMB R (F) . Q3-DRATHEETLHII LN TEH L LTS,

R=10(0.6M-1)/8 +cvrerereereruesensaanuitanuinaraina e, e e 2.3-1)

TIT M (Z7=Fa2—F), S (FHEMEE, B mwE) THb,

COBBREED &, BRIGHRE (FHEMEE S 2501~ 1mn/E) T M=6.5 DFHEITIL R 1L 794
~7.940 4£. M=7.0 Tl 1,584~15,840 £, M=7.5 Ti¥ 3,160~31,600 F& %25, 2% ). B #RiHH
ROBEREBOR/MEIZ 1,000 ERETH Y. MIETISBERL10°BEL 25,

(3)JEAG IZ BT A EEMRE DR EHSR

BFHRBH BLHAESEERESE - FEICHE | JEAG 4601 - #-1984y" Tk, iz
WHEL HRE E DM A OHERMFMOE T, XEHRE S, S, DRERELRLTE) (X
23-1). ZHizE T, S, DRAEREEIL 102~5X 107, S, DREAEERIT 5X10%~10° L ShTw
%,

(4) IAEA O Safety Standard Series No. 50-SG-S1 PEWI
IAEA O Safety Standard Series No. 50-SG-S1°® iZi&, FXEtFMER L LT2200R %% LAV
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(SL-1 & SL-2) #FBTHI LM THALEBINTWVD, SL-2 LiX, RBORELHE
{R(ultimate safety requirements)IZXH G35 b DT, MROFERAHBANICBART LIHEN X HLOT/H
L, RETCHVWABER L LTRRKDOLARMTSH Y., —4. SL-11d. SL-2 X ) b EATTEEMAS
BOUSHBRHOM S HEL, B 5 ERMEE (SL2 TRELSHUMREDOATH o72) I2HE L TH
EL)BIDTHHLELTVS, FOLET, FREFNDLNNEEROMIEOHFIL LT, UTD
55 HERAH B,

FSL-1 & LT, FBREE 107 & MIETT Tw s B H 5

"SL-2 & LT, FRBREE 10° LN T EEF S5
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#23-1 EEGIREE L EE) L DA OMERSEM
R -1 EEEESNEDEOHE EORIONE
% &£ W B 1 10" 10 10 107 l(‘)" l(}" 107 1(‘3" 1?”
BERED R4 MR
(1/%) . = v
ERHBRYORERE . s
(1/%) : ?
®RER S Em
=
L
o 1 BB S+
% | :
L] S, +1
i. RL G '— """"" 5_ .+ﬁ
D - S +1 3,..,
1 1 8HA Sl
a StV
| R S, +1 ;
1ELA - S,+m
StV
*tm W R SR :
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i |
b 1 LA (S, +Di2 10°LIF &4 B)
B |
L] PS4+
Sl g | 1WMRIA o S+
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2y LS4
5 po S
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1 EBA — SiB
i 1 1 i L [ - 2 “"'§3"”:‘l!"1
#E:(l) REAEOORT
— HAEHLEL D,

<« REMRMICTLUT L DAAEHNRBLNS bD,

(2) BRRYS, OREMPBIZI0 ~ 105/ 1 b - ELWBENIN, CZTREX10~

10%/44 b+ - EERVE,
B RICRTREMBPRAEDARILLZ6DTHS,
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LLNL Median Hazard Values For the SSE

Average of 5 and 10 Hz

1.0 T IIIIII‘I I DTIIIIII 1 ] l‘rTIld l 1 lllllL
o o) ]
- O -
09 - O ~
L lo) 4
- o ]
0.8 o ]
= O ) -
C o) N
» fo) 4
0.7 - (e} ~
[ o 4
= o -
[ o ]
0.6 | S -
- o :
R (o] i
0.5 f---mmmmmmmmmmmeo s 3
E $ ]
- 0% w0 ;
0.4 [ o w 3
o o . -
R o ! [} .
03 | S I 8 .
- o '3 y
5 (o) R 4
0.2 = o ‘ -
L (o] ' 4
- o) ' -
. o " .
0.1 | S : :
» 0 . ' N
0.0 . 1 o3 o reaagd — 11 1tk < 1y el - SR
10 © 10 10 © 10

Composite Probability

Probability of Exceeding SSE

Figure B.2 Probability of Exceeding SSE using Median
LLNL Hazard Estimates

[23-1 KEOSBEERORZEHERD

10



JAERI-Research  2002-009

2QEOBEH

1)
2)

3)
4)
3)
6)
7
8)
9
10)
11)
12)
13)
14)
15)
16)

17)

18)
19)

20)

21)
22)

23)

24)

FHRERRE  FROAEERERE HHKETR], RREARFEHRR, 199%.

FEMEE | BRMED M6.0 UL EDOHES X O EHRORK | 1885~1980 4, HEAFFLATRE,
Vol. 57, pp. 401-463, 1982.

8T WETHATREOETERRNE (1926~1960 F), HRAFHIIME 6 5 ; BLUHEAR
(1961 ££~) ,1982.

KRERE ME  HXOHBEMB ST A S — - NV FT v 7, BEHERE, 1989.
EMTREITZES & | BAROENE—omE & &8, RRAFHHRS, 1980.

ERBMES & . iR BROFENB—5AR & &8, RRAFHHRS, 1991.

RHEBE  RARBEREIC X 2 BAYBOESFH, hRIFFEF TR, Vol. 65, pp. 289-319, 1990.
BaA E L ¢ 1:25,000 AHEERRN, B BABREr 5 —.

200 550 1 EMTBEEET —F > 77 V— 71200 F50 | BARYEIERTEIR ], EHETsE,
¥19%, IEMBIIES, pp3-12, B & URfH#E, 2000.

RIEEAMT | PR T ERE - P 8 EFEHBRRAEMARN ERRBEXTFRE, 19979,
RHEEEATT | 862 EERTERER R RE S TRE, 1998, 11.

RHEHANT © 63 RIERTBRARRERE X TRE, 1999. 11

BHEFHANTT | 4 4 EIENTE RERRBE S TRE, 2000. 11.

TEEM B AL R 7 £ SRR RETBERSE, WEREFMAERE, No. 259,
1996.7.

TEBHBHE AL TP 8 £ EHRBHARETHERSE, W EREFFREFE, No. 303,
1997.8.

TEFNBERERER | T 9 £F BB - THRMARTRERSSE, MWERETER,
no.EQ/98/1, 1998.8.

TR ERET | T 10 £F G - THRARESREREE, BERETER,
n0.EQ/99/3, 1999.9.

FENE & BAFIBOMRE MR T L HRBAEE—, ERBHRE, 1991

HERAL - FHEEE - KEHRE - AEEEZ - XKML | BAFIROMRBAEEX 5 & Tk
REAME, HIEREMFEEES, 1994 EF5FAKETRE, p.302, 19%.
WRATHEHEEATHBEAEEZESE | AROBRETH—HEDRDS O R HIBF OFE—
<BREE>, () HETAOREHAERES, 1999.

FEME BIRE  HROEHR (FE5R), HABEE, 19%.

BAEE, B | Bl OEMTEAERERE % KL L 72BN — FEHEE 7V, TARFERE 55
[ R EFAHT R XM R A, 1-B382,  2000.
HEATHAEEATHRAER B SRIFMTS | QGETRR) RN 2 ER LR DM
FHEIZOWT, 1999.1.

BERE - G4 - BELMT | IEWRE OEEIEREICET 4 B E Z R L REMREESHE, 52
R - R KRKICEE T 2 EMTRIE R CHE, pp. 49-56, 1997,



JAERI-Research 2002-009

25) Wesnousky, S.G, Scholz, CH., Shimazaki, K., and Matsuda, T.: Integration of Geological and
Seismological Data for the Analysis of Seismic Hazard: A Case Study of Japan, BSSA, Vol. 74, No. 2, pp.
687-708, 1984. ‘

26) Fukushima, Y. and Tanaka, T. : A New Attenuation Relation for Peak Horizontal Acceleration of Strong
Earthquake Ground Motion in Japan, Shimizu Technical Research Bulletin, No.10, pp.1-11,  1991.

27) #HEEA BAEXG R BREMEERERZRS ( HENRSHOREHEORE LICHT 5/
THEE, R FORENERGHFIREZESRAERESE, ol22, 1994,

28) &p IE - WIMGICHE - P4 L RBUT 87 BIMRANLSR E VW R KHIBI R DIBE AR MV
HEADRER, TAEEE 24 MR I FMERERIBERLE, pp. 161-164, 1997

29) HAREY S  MBWE—FORRLIFROEE, 322 (5), pp. 82-83, 1987.

30) ABFEKER:FEDIERE © RIS & L-EBOFMTE, 55 2 NIRRT L R
THDEET— 7 > a v 7 (MR TFABROMERIET T—HRE4HOFE—] THRE,
NEBFEAE, p29, RUYBEMER, 2001

31) USNRC : Identification and Characterization of Seismic Sources and Determination of Safe Shutdown

Earthquake Ground Motion, Regulatory Guide 1.165, 1997. 3.

32) BHLAMT, Al # . N FEEYT=F 2 — F - REEMIC L 2 HBRERERTONR, +
REEFRICEE, No. 392/1-9, pp.395-402, 1988.4.

33) WHELAMT, A #, BNRE, FRIEAN . HEERHETHROBRS LIEH, TARYEHRITE,
No. 577/1-41, pp.75-87, 1997. 10.

34) Bernreuter, D. L. et al. : Seismic Hazard Analysis, Report NUREG/CR-1582, vols. 1-5, 1981.

35) Bernreuter, D. L, J. B. Savy, R. W. Mensing, and J. C. Chen : Seismic Hazard Characterization of 69
Nuclear Plant Sites East of the Rocky Mountains, Report NUREG/CR-5250, vols. 1-8, 1989.

36) Electric Power Research Institute : Probabilistic Seismic Hazard Evaluations at Nuclear Power Plant Sites
in the Central and Eastern United States : Resolution of the Charleston Earthquake Issue, EPRI Report
NP-6395-D, 1989.

37 HHEEA BAREXWRS | EFHRENREREAMRS (EEESE - FALHE | JEAG
4601 - #§-1984) , pp. 37-38, 1984.

38) IAEA: Earthquakes and Associated Topics in relation to NPP Siting, IAEA Safety Standard Series No.
50-SG-S1 (Revl), 1991.



JAERI-Research  2002-009
3. BEFNVHA b ORERRSE T LG

3 BT, Bt AERAEERICE LY A P EEFVYA e LCRHESRGZEREL. AL
OFER AV CHERSNEEHR Y RET A O0OFM21T2 072 % L THERRIFHEOK R, S
BoN-EERRBOET L . BITOMERTELGSHIED X RERNHED SBE SN HHBROE
T % BT L7z AR O E ERANFIZ. UTO&E) TH A,

31 ETIE, FHESRGICOWTENRS,

CORETIR, ERETTNE HBREEE T VICET A MELS Y RET D, HEREBEETFNT
2. KEETL— FORRAARCERAT S L — b EEHEOHE L RF T2 0RER, REHOERET
RIS CIENRB L UHSRNBEYEET 29 v Y ARBRBOS 3 BEORRESIRZHEL. &
BEEOBRFITFVIEIRT V VB8R L L, HREHET VTR, ERERERL L TEHH(197)
OR Ok HVBZ L L L, FOBOEMIEEIREEREL L, 0k REIHEREMGICED (HETE
FNERREFNERT S, E5IT, BITEFNVE LTHITIRMETVERT S D) 1 BEEERL
72e TOEFNVIE, BATORM BRI ETIRTCED (HBEHTLBE T A7OICHVW R T— N
— 2@ E T LD, FICHEENRELER L. 2 BEOENRE 2 Hlix R & LR —
yR— AR L. ENLUSOFMELICOVTRERETVER—E L7z,

32 Hi Tk, FTRERICOVWTERNS,

B SDOFEE BV, BOICEEREF VIOV T, R S OREL T ENERIEEPGA).
SREEROIRERE AR P VB L URERERONMEELE A RS P& L7358 OMRRN
HMEHROETYEE L. ZHEFHHEICOVT, BINOKERE O N RAREMR. THEH
B, YV =F 21— FEREEEOES ¥R T RS, ET20REIRT L ERE - Y- FE
BT =F a—F - - FESHERE. BLURRE 10% LORRRNEEHROETL LR L,

RICBATHSTE T VI oW THER GBIV EERROETLYEE L. BERETVORE L FARDOESE
i/ A —% &R,

33 HiTik, FMEOERICL AMERRETOLBRFICOVTENS,

AR TIX, HOICBATIRSHC R DWW AERROM T Y BHEHRE) S,S; IS L TRLA, £L
T2 ORERN LMD 5 BE SNIBEHROETL . BUTIREHE 7 VT S % L - HERREY
HEBROETT Y MBS L7ze T 212, BT TR BRE) S,,S, |03 % Fl AR BRI
BREZEENRTWRWOT, SEXMICETZEBBBERLRE L7
3. 1. &M

3. 1. 1914 FORE

ARERIL, YA N KRR B RIET D LT RSN A M A R R B E T 53HE
FHEOER(LE AL DO THDH, EORMNETHDORBTICB O THRY AN BE
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THOLERDD, ARPTIL, RFHEFEOTHEFH~OBEALRITH8. RHRHITAES
NOMBEBATOMBRHABERSHIE SR ERLECHEL LLBRITTHL2ERLT,
RREH AL TCES UMDV AMNERETHIEELT, RFFETET VA bOR L T2 AL HE
FESMKEERCELEZYAMOMEZH 3.1.1-1 ISRL, FOE - BELY. FLFN 141.03° E,
3732° N&¥ 5,

FH A MBETIE, KPETLV— KT L — M2 CORATWAD, UTOBRIESDE
BrEZBTLLENDH D,

D (KEEFL— PR TSL—+D) 71— EEEOHRE
@ {tk7L—1r0) 7L— FHBE

DI, KFEETL— Db CHRALICERTA 7L — M EEHEOBETH 2, —F. O i
BHRDERVBFICTRETL2HBTH S,
Frz, BFNVHA MEBEOMGEHEEX, UTOEB) THA,

cH A MBEOMEIR, BEEREFHOERETHILEBRERGORE THR I TV,
c A N TOERBIERERE L, P T 1600~1900m/s, S ¥ T 450~500m/s TH 5,
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3. 1. 2 FHE&MHOREEE

21 B CTHRARZZFMUS L7z o T, BT, EFVHA MO T3 5HMEiRt 2 ET 5. 2Tl &
HERETLHEYHEICERL 28T,

HERRIREREERIT 21T 172, HRRE] BLU [HRBREHAE] CBT 57 MEAD
Beleh, Thbid, #heh [HRBEETFV] BIU [HREEEEFV] L Lidhs, ER
EETMI, RORENE - B - FESOFM T A - 2RETH LD TH S, —F. HES
EHRET VL, BEIOOEHEEEETI2HAOMREASOBREEFTVLTHIDTH S, R
M BRERERIT TR, ThOE2EFMET I LICE > THREREHEIEETEN S,
BREEETIVIZOWTIE, BB 77— R—27 [BEHET—5] Thorh [[EMET—75 ]
THAEPIZL o TRITFEIRY SN L AHETE HIEZEZHVLHiEL [BERICETHE]
BELTAVLIOR [EMRT— 5 ICEOCHE] LERILET5, HRBEEFVICHT HER
MLRBEGEB L LT, UTHdFons,

@ HREHR

@ F—H -2

@ WRBEDRRFIET N - BAERE
@ BENNOHBREEHE

® R

® BEROHEGY

Qi BEDETME (HRREL) PERTREHRONEBLYRETHIHEATHS, I72, BR
WRT— 5 B HETIR, HRBOFEICHETAEFMLILEL 25,

@i3, HRONE - B - FEL L2 EETIHICHVET—IN—RThHb, BHHRICHTS
BT R—AL LT, FRUROBEEMRY IR LFEEN S0 s D, 1885 ELIGEDOHE
WL M6 LLLOMBEPERL7-FEH ¥ a s, 1926 ELUEOBRIGGICE IV ERTH YOy
WSdbo T, EBT— S ICBT BT — ¥ R—R L LT, (¥R BEROENRB] YRl s &
RUTRE ] Y% &9 5,

@D LRRFIET VL, BREEOHBEERTL0ODEFTMETH D, R—DIBIAIZL
TEIEEE [R7V /811 ) TRVWIEER [FERT Vv VBR] L X3, ERT V VBEDEKLk
Bl LT, NBAEERMR T A TVRII L) BEFN L ED Db, $7-. BEFEEIIOWT, B
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FRHREITDRNI L LT 5, EROFEICBVT, HRETHELHRS > ML, BROMEERE
REBVTREFEESHTOUBARN ) b I A5 ICR L EVETSH 2 0.150 8 X 100711 % 58IR
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(2) BEHEREI

LREDERLHETIEBRENREL LT, ¥95 k2% Hv2,
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- AN AUHEAL Gal)

log A=0.606M +0.00459H —2.136 log(R+0.334exp(0.653M))+1.730 - =+ +- (3.14-1)

- JEHA 0.150 B DIEE A R b )V: Sa(0.150) (BAT Gal)
log Sa(0.150) = 0.580M +0.00550H —2.266 log(R+0.334exp(0.653M))+2.417

....................................................................... (3.1.4-2)
1.

- AR 0711 BOILEARZ b Vi Sa0.711) (BAT Gal)
log $a(0.711) = 0.721M +0.00248H — 1.880 log(R+ 0.334exp(0.653M))+0.676
...................................................................... (3.1.4_3)
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Appendix 2 Summary in English

1. Background and Objectives

The Japan Atomic Energy Research Institute (JAERI) has been examining the usefulness of seismic
PSA for application to seismic design as part of the five-year research programs for nuclear installations of
the Nuclear Safety Commission of Japan.

The selection criteria for design basis earthquakes in the current design code for nuclear power plants
(NPPs) of Japan [1] are based on a deterministic approach. On the other hand in the United States (US), a
probabilistic seismic hazard analysis (PSHA) was recognized as an important basis to identify safe
shutdown earthquakes (SSEs) by the NRC Regulatory Guide 1.165[2] in 1997. In parallel with the activity
in the US, another probabilistic approach to identify design earthquakes had been developed by the study
of Ishikawa and Kameda [3] in Japan and the earthquakes identified are called probability-based scenario
earthquakes (PBSEs). Their proposals were not specifically for application to NPPs.

The objectives of this study are to formulate the procedures to determine the PBSEs based on their
concepts and to demonstrate the feasibility of the use of PBSEs in NPP design through an application to a
specific site in Japan. As part of this application study, technical issues in the use of PBSEs are discussed
on the basis of a comparison of the probabilistic and deterministic approaches for determination of design
earthquakes and a set of sensitivity calculations on the effects of uncertainty factors on the PBSEs.

It should be noted that this study deals with the determination of design earthquakes but the
determination of the design earthquake motions at an NPP site is not in the scope of this study.

This report consists of the following contents:

Chapter 2: Procedure for Determination of PBSEs,

Chapter 3: Determination of PBSEs for a Model Site,

Chapter 4: Technical Issues in Incorporating PBSEs into Seismic Design, and

Chapter 5: Concluding Remarks.

2. Procedure for Assessment of PBSEs
2.1 Compilation of Analytical Conditions

Based on a survey of existing works on PSHA, a set of analytical conditions for determining the PBSEs
were selected and compiled in this study. The conditions of the PSHA and the probabilistic model of
PBSEs consist of modeling of earthquake source region and active faults, and attenuation model of
earthquake ground motion. In PSHA, the relationship between the intensity of earthquake ground motion
and annual probability of exceedance is assessed, and the result is expressed by a seismic hazard curve.
Then, in the analysis of PBSEs, the expected values of the conditional earthquake magnitude and distance:

that correspond to a prescribed annual probability of exeedance are evaluated. The conceptual procedure of
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PBSE:s is depicted in Figure A2-1. The characteristics features of the compiled analytical conditions are

summarized in this section.

(1) Models and data of earthquake source regions and active faults

Models, data and conditions compiled for earthquake source regions and active faults are as follows.

(a) Data base

Data of historical earthquakes are compiled for instance from the Usami’s catalog (AD679~1995)[4],
Utsu’s catalog (1881~1980)[5] and JMA’s catalog (1926 to present)[6]. Data of active faults are
compiled for instance from “Active Faults in Japan (1991)”[7] and * Seismogenic Faults (Mastuda
1990)"(8].

(b) Earthquake source regions and active faults

Seismic source regions are categorized into a couple of types of source models according to
earthquake source mechanisms. Inter-plate earthquakes, which are likely to occur at a subduction
zone of the Pacific Plate, are modeled as earthquake source regions with uniform seismicity. Active
faults are represented as line source models or rectangle source models. Since intra-plate earthquakes
occurring in the upper crust cannot be distinguished as individual sources except for those known as
active faults, the earthquakes of this type are modeled by random earthquake source regions.

(c) Occurrence rate and magnitude-frequency relation

In the case of historical earthquakes, magnitude-frequency relation is estimated using the b-value
model derived from the Gutenberg and Richter’s relation taking account of the limit of maximum
magnitude, and the Poisson process is usually adopted as a recurrence model of earthquakes.

In the case of active faults, the hypothesis of maximum magnitude model (Wesnousky et al. 1983)[9]
is adopted and occurrence rate is estimated based on geologically obtained parameters such as long
term average slip rate using for instance the Matsuda’s relationship [10]. The Poisson process is also
adopted as a recurrence model of earthquakes.

(d) Probability distribution of distance

In each of the earthquake source regions, the probability distribution of the location of seismic source
is assumed to be uniform. The depth of seismic source is assumed to be constant and is derived from
the average depth of the past earthquakes that occurred in the earthquake source region. In the case of
an active fault, the epicentral distance or the shortest distance is used.

(e) Combination of historical earthquakes and faults

The results due to historical earthquakes and those due to active faults are combined so that the same

event may not be superposed.
(2) Attenuation model of earthquake ground motion

Attenuation model addresses the relation between the intensity of earthquake ground motion and the

distance from source region to site.
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(a) Selection of attenuation equation

Although mechanistic fault models and propagation equations have been proposed in recent years,
empirical attenuation equations are widely used in PSHA because of simplicity of analysis. It is
necessary to select the most appropriate one in view of characteristics of seismicity for the site of NPP
out of a variety of types of attenuation equations.

(b) Deviation of attenuation equation

Since uncertainty is involved in empirical attenuation equations, the standard deviation of attenuation

equation is estimated on the assumption of logarithmic normal distribution.
2.2 Theoretical Background

The concept of the PBSE originates both from McGuire’s studies [2,11] and from Ishikawa and
Kameda(12,13]. Both of the methods are composed of seismic hazard analysis and analysis of PBSEs. In
the procedure presented in RG1.165, a PBSE is defined as the expected values of the conditional
earthquake magnitude and distance when a specified annual probability of exceedance is assigned on a
seismic hazard curve. In the Ishikawa’s procedure, the PBSE is defined by “a source contribution factor”
and “a hazard-consistent magnitude and distance” with respect to an earthquake source region, which are
determined for the assigned annual probability of exceedance.

The soutce contribution factor means the conditional probability that, when an earthquake occurred at
the site with a ground motion amplitude higher than the given amplitude a, the earthquake is generated by

the is k-th earthquake source region and is defined by equation (2.2-1),

- W (a) _
c(a)= S (a) .2-1)

k

where wy(a) is the annual rate for the k-th earthquake source region to produce a ground motion
amplitude higher than the given amplitude a at the site. This definition is expressed by the following

equation.
Wk (a) = ZZlkPk("ll )Pk(rj ))k (almi, rj) (22-2)
i j _

where A is the annual rate of earthquakes in the k-th earthquake source region, and Px(m;) and Pi(r;)
are the probability density functions of magnitute and distance, respectively, at in the k-th earthquake
source region. Py(alm;, r;) is the conditional probability that an earthquake of magnitute m; at distance r;

produces a ground motion amplitude at the k-th earthquake source region which is greater than a.
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The total annual rate of the event that the ground motion amplitude exceeds the given ampliiude a at the

site can be described as an aggregation of wy(a).

Ala) = %wk(a) (2.2-3)

In numerical analysis, since the source contribution factor is derived in terms of a ground motion
amplitude a(p,) corresponding to the assigned annual probability of exceedance po, the equation (2.2-1) is

converted to equation (2.2-4).

c.(alp, ))=% (2.2:4)

k

The magnitude and distance of the scenario earthquake of the k-th seismic source are expressed by
conditional means M,* and 4", namely, * a hazard-consistent magnitude and distance” defined by the

following equation.

M; = E,(M|A 2 a(p, )= ZZm;- B(m;, rla = a(p,)) 2.2-5)
& = E,(RlA= alpy))=Z Zr; - B (s, rlaza(m)) 2.2-6)

Where P(m, r;| AZa(p,)) is a conditional probability that the magnitude and distance of the k-th

earthquake source region respectively take m, and r, when the ground motion amplitude A exceeds a(p,).
3. Assessment of PBSEs for a Model Site
3.1 Conditions for Assessment of PBSEs

The assessment to identify PBSEs for the model site based on the Ishikawa’s concept was performed.
The model site is located in the eastern seashore of Japanese Island. The vicinity of the site has a threat
both from inter-plate earthquakes occurring in offshore area and intra-plate ones occurring in the upper
crust. The region around the site is divided according to the Hagiwara’s seismo-tectonic structure [14] as
shown in Figure A3-1. Figure A3-2 indicates the earthquake source region corresponding to the subduction
zone, and Figure A3-3 shows the random earthquake source region in the upper crust due to intra-plate
earthquakes. Figure A3-4 depicts the spatial distribution of seismogenic faults [8]. - The data of
earthquake source regions are assembled from the earthquake catalog compiled by JMA (1926 to 1995)[6],

while those of seismic faults are evaluated based on the geological knowledge. Occurrence rate,
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magnitude-frequency relation and probability distribution of distance are determined according to
analytical conditions as previously described in section 2.1(1).

~ The following three expressions of the ground motion intensity are used: PGA (peak ground
acceleration), and spectral responses at T=0.15 and 0.71sec. The attenuation equations proposed by Annaka,
et al.(1997)[15] are chosen for each index of expression. These attenuation equations are developed based
on the observation data for the gfound conditions of the range from 300 to 600ns in shear velocity. The
uncertainty of the attenuation equations is taken as the logarithmic standard deviatidn 0.5. The above set of

analytical conditions is designated as the base model of PBSEs.
3.2 Analytical Results

The Ishikawa’s concet was applied for the base model of PBSEs. Figure A3-5 shows the probabilistic
seismic hazard curve for the case of spectral response at T=0.15sec, whose response accelerations for three
different reference probabilities 10°, 10 and 10°° are shown in Table A3-1. Figure A3-6 shows the source
contribution factors of the earthquake source regions and active faults for spectral response at T=0.15sec.
This figure indicates that dominant earthquake source regions vary depending on reference probabilities
(10'3 , 10*, and 107 ). Table A3-2 shows the PBSEs from those sources in terms of the hazard consistent
magnitude and the shortest distance when source contribution factors not less than 10% are taken for the
reference probabilities. It was confirmed that the Ishikawa’s procedure could provide parameters of PBSEs
reflecting the seismic source environment in the vicinity of the model site [16]. Target response spectra for
these parameters were estimated using the mean of attenuation equation proposed by Annaka et al. (1997).
Figure A3-7 depicts the shape of the target response spectra for the reference probability 10”. This result

reveals that a couple of PBSEs with different characteristics could be identified [17].
3.3 Comparison of Identification for Design Earthquakes between the Deterministic Approach and PBSEs

A trial comparison was performed between the current deterministic approach and probabilistic
approach using PBSEs. In Japan, evaluation of the seismic motion used for seismic design of nuclear
reactor facilities is performed to satisfy “Evaluation Guidelines”[1]. The site-specific earthquake ground
motions are called * the basic design earthquake ground motions” S; and S,. The maximum design
earthquake S, is determined based on past earthquakes, earthquakes due to active faults with frequent
activity. The extreme design earthquake S, is determined based on earthquakes due to active faults,
earthquake based on the seismo-tectonic structure and a shallow earthquake, which is defined on the
postulation that an earthquake of magnitude up to 6.5 could take place at any place in Japanese Island.

In the deterministic approach in this study, magnitude and distance for design earthquakes were
selected by the same procedure as the basic design earthquake ground motions.

Prior to performing the analysis by the probabilistic approach, the data base of historical earthquakes

and active faults was set up to be common to that of the deterministic approach. Then the data of the base
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model were modified to consider just two active faults, fault A and fault D, among four active faults
previously shown in Figure A3-3 and to consider additional active faults discovered in offshore area.
Spectral responses at T=0.15sec were used as the index to express the ground motion intensity.
Furthermore the reference probabilities corresponding to the maximum design earthquake S, and the
extreme design earthquake S, were assumed as follows according to “Evaluation Guidelines™[1].
(a) Reference probability corresponding to the design earthquake S;:
10° (the middle point of the annual probability range shown in Ref [1] 10710 5x10'4), and
(b) Reference probability corresponding to the design earthquake S»:
10 (the middle of the annual probability range shown in Ref [1] 5x10 o 10°%).
The result of comparison is shown in Table A3-4 and is summarized as follows.
1) Conceming design earthquake S;, magnitude and distance of PBSEs were similar to those of
the corresponding design earthquakes detemined on the basis of earthquakes.
2) Concering design earthquake S,, magnitude and distance of PBSEs were simiiar to those of
the corresponding design earthquakes determined on the basis of selected from the
earthquakes in the category of seismo-techtonic structure and that of shallow earthquake .

A discussion on the insight from this comparison will be given in chapter 4.
3.4 Sensitivity Analysis on Uncertainties in PSHA and PBSEs

Since uncertainty of analytical conditions may provide potential effect to PSHA and identification of
PBSEs, it is recommended to perform uncertainty analysis. In recent years, methodology for uncertainty
analysis in PSHA has been studied by many organizations and the use of logic trees with weighting
functions based on the elicitation of expert’s opinions has become a standard procedure. However, due to
the relatively high cost of such analysis, a series of sensitivity studies on uncertainties that would affect
PSHA and identification of PBSEs were performed from various aspects, and some useful insights for
determining PBSEs were obtained. As one of sensitivity studies for uncertain terms, uncertainty involved
in the process to select an attenuation equation was examined, and the analytical conditions and the results

are summarized as follows.

(1) Analytical conditions

In this sensitivity study, PGA was used as the index to express the earthquake ground motion intensity
in lieu of the index of spectral responses at 0.15sec, which was used in the base model as previously
described in section 3.1. A model whose analytical conditions are the same as those of the base model
except for the above index is prepared. This model is designated as the base model with the index of PGA.

Two types of attenuation equations are compared. One is the base model with the index of PGA of the
attenuation equation by Annaka et al. (1997)[15]. The other one is the sensitivity analysis model with PGA
of the attenuation equation by Fukushima-tanaka [18] using the value scaled by 0.6 times of the original

values considering the condition of rock site.
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Parameters of hazard-consistent magnitude and distance of which source contribution factors are not

less than 10% are assessed for PBSEs for the reference probabilities 10~, 10™ and 107,

(2) Analytical results

Two seismic hazard curves derived from the base model and the sensitivity analysis model are
compared in Figure A3-8 using PGA as an index. The comparison of the source contribution factors and
parameters of PBSEs are shown in Figure A3-9 and Table A3-4, respectively.

A significant difference was found between two hazard curves as shown in Figure A3-8. On the other
hand in the comparison of the source contribution factors in Figure A3-9, as the value of reference
probability is reduced, the source contribution factor of the earthquake source region No.6 decreases and
the contribution of fault B increases on the contrary. This trend is seen more clearly in the results from the
sensitivity analysis model than in the base model.

Table A3-4 shows no remarkable difference between the results of selected PBSEs by two models
except that the rank of source region No.6 was lowered at reference probability 10~.

As a result, although two seismic hazard curves showed a significant difference depending on the type
of attenuation equation, no remarkable difference was found in the parameters of PBSEs between two

models.
4. Technical Issues in Incorporating PBSEs into Seismic Design

(1) Relation between PBSEs and the basic earthquake ground motions

The procedure to determine PBSEs was compared with that to determine the basic earthquake ground
motions prescribed in the selection criteria in the “ Evaluation Guidelines ”[1]. Relation between PBSEs
and the basic earthquake ground motions is delineated in Figure A4-1. It is shown here that the
probabilistic approach and the deterministic approach use essentially common data base for earthquake
sources.

As compared with the deterministic approach, it may be stated that the probabilistic approach is a more
rational approach because it reflects more directly the design purpose of prevention of accident at the plant

site by earthquakes in the following aspects:

(2) In the determination of design earthquakes by the current deterministic approach, the range of the
earthquakes which should be taken into consideration is limited by the return periods of the
earthquake sources, while, in the probabilistic approach in this study, all sources of earthquakes
except for those that do not produce seismic motions larger than that corresponds to the response
probability in the hazard curve.

(b) The probabilistic method takes into account the effects of uncertainties in the models of
earthquake sources and the attenuation relationship in an explicit and consistent manner using the

haiard curve and the contribution factor as measures of contribution to the risk.
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(c) The probabilistic approach has a more sophisticated framework to consider the risk due to the
possibility of existence of earthquake sources that are not in the historical records or not revealed
by the faults but may affect the site in the future than the deterministic approach where such

earthquakes are represented by a shallow earthquake with Magnitude 6.5 and depth of 10 km.

As described in section 3.3 above, the results from the two approaches had quite similar values of
magnitude and distance when the reference probabilities of 10" and 10™* were used. These results may be
interpreted as, for this particular site, the current deterministic approach has been supported by the more
rational approach. The reason for this similarity in the results may be explained partly by the commonality
in the information basis for earthquake sources.

It should be noted that the use of Ishikawa and Kameda’s methods, where the PBSEs are expressed by
hazard-consistent magnitudes and distances, has merits that concrete images of earthquakes that produce
the ground response spectrum predicted to threaten the site and that the source contribution factors

indicates relative importance of each earthquake source region and active faults.

(2) Technical issues of PBSEs for application to seismic design
Examination to clarify technical issues in incorporating PBSEs into seismic design was performed. An
overview of the result is shown schematically in Figure A4-2, and main technical issues are as follows.

(a) How the values of reference probabilities corresponding to the design earthquakes S; and S;
could be appropriately estimated?

(b) Since intra-plate earthquakes of the upper crust occurring in the vicinity of a site cannot be
distinguished except for those known as active faults, it was demonstrated through the analyses
that this type of earthquake could be addressed as a random earthquake source region.

In the case of the Western Tottori Earthquake in 2000 (M7.3 JMA) , there were no reports of
evidence of large rupture at initial stages of the investigation of the earthquake, and recently some
parts of discontinuous cracks and surface deformation were dctcctéd at several rock outcrops [20].
However, these detected data are not enough to provide the reason for the uncompatible relation
between the fault length and the value of magnitude. Therefore, when the parameters of PBSEs are
assessed according to the model provided, it is recommended to examine the necessity to take
account of extra margin to the parameters of PBSEs for the application to seismic design.

(c) How the intensity of earthquake ground motion could be estimated in scaling an earthquake
ground motion based on the parameters of PBSEs? This issue should be examined from the both
aspects of characteristics of seismicity in Japan and the potential effect to total safety of the plant
in view of the relation between design earthquake ground motion and seismic margins of
structures and equipment.

(d) It is recommended to use a more precise evaluation technology for the case where seismic source
region can be identified. The method is one reflecting recent results of rapidly progressing

researches in seismology based on rupture theory of source process in earthquake fauits and
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-simulation techniques of wave propagation in irregular sedimentary layers. One of typical
methods is the so called Empirical-Pseudo Green function method [19]. In this process, it is also
necessary to account for uncertainty involved in parameters of rupture faults. One approach to
reflect this procedure to the integration of design earthquake ground motions is to combine the

result with that developed from PBSEs.

5. Concluding Remarks

Procedures to determine PBSEs were examined and the results obtained are summarized as follows.
(1) Procedures for assessment of PBSEs

The concept of PBSE proposed by Ishikawa and Kameda was examined and the procedures to compile
analytical conditions for an arbitrary domestic site were developed. The procedures consist of modeling of
earthquake source regions and active faults and that of ground motion attenuation. It is expected that these

procedures will be useful as a guide for determination of PBSEs.

(2) Determination of PBSEs for a model site

The procedures for the determibation of PBSEs based on the concept of Ishikawa and Kameda was
applied to a model site located in the eastern seashore of Japanese Island. In the analysis, spectral response
in addition to PGA was recognized to be important as an index to express ground motion intensity
considering frequency characteristics. The analytical results revealed some characteristic features. Since
the outcome of PBSEs is expressed by hazard-consistent magnitude and distance for prescribed reference
probabilities, the concept has a merit that it gives us a concrete image of earthquakes predicted to threaten
the site. The source contribution factor indicates relative importance of earthquake source regions and/or
active faults, and the contributions of individual sources vary depending on prescribed reference

probability.

(3) Comparison between the current deterministic approach and the probabilistic approach

A comparison was performed to identify the differences between the design earthquakes determined by
the current deterministic approach and that by the probabilistic approach, i.e. PBSEs. Data base of
historical earthquakes and active faults was set up to be common between two approaches, and reference
probabilities were also assumed to be in the ranges similar to those of the design earthquakes S; and S,
estimated in the Evaluation Guidelines[1] .

For the case of design earthquake S, the magnitude and distance of the PBSEs were close to those of
the earthquakes selected by the deterministic approach for the category of past earthquakes and, for the
case of design earthquake S, the magnitude and distance of PBSEs were close to those of the earthquakes
selected from the category of seismo-tectonic structure and that of shallow earthquake. The similarity in
the results may be interpreted that the adequacy of the deterministic approach is demonstrated by a more

rational approach under the condition that the occurrence frequencies of S; and S, estimated in the
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Evaluation Guidelines[1] are adequate.

(4) Sensitivity analysis of uncertainties for PSHA and PBSEs

Since analytical conditions may involve uncertainties, sensitivity studies on uncertainty that would
affect PSHA and identification of PBSEs were performed from various aspects. A useful result from this
sensitivity analysis was that, although the difference in selection of attenuation equations led to a
significant difference in seismic hazard curves, no remarkable difference was found in the parameters of
selected PBSEs.

The sensitivity analyses in this study suggested that the procedures to obtaine PBSEs based on the
concept of Ishikawa and Kameda provide a useful evaluation technique to identify design earthquakes in
the sense that it is not too sensitive to the uncertainties involved in data and modeling for seismic hazard

analysis.

Concerning technical issues of PBSESs, the refinements of data and procedures are desirable especially
in the area of incorporation of new active fault data, new observation data on earthquake ground motions

and recurrence model of earthquakes.
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Figure A2-1 Procedure of probability-based scenario earthquakes
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Figure A3-5 Seismic hazard curve of model site for spectral response at natural period T = 0.15sec

Table A3-1 Response accelerations at natural period T=0.15sec for different reference probabilities

(Base model)

Reference probability Acceleration (Gal)
108 840
10* 1380
10° - 2080
--=— No. 4 "=~ No. 10
— — No.6 Fault B

See Figs. A3-2t0 A3-4

Annual probability of exceedance

0 0.2 0.4 0.6 0.8 1
Source contribution factor

Figure A3-6 Source contribution factors at natural period T=0.15sec (Base model)
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Table A3-2 Parameters of PBSEs at natural period T=0.15sec (Base model)

Reference . . J Contribution
probability Source region M R (km) factor (%)
——— —
1073 No. 6 7.6 52.9 43.2
(840Gal) No. 10 6.1 14.3 39.9
No. 10 6.3 13.4 39.9
104
(1380Gal) No. 6 7.7 51.0 31.7
Fault B 6.5 7.7 21.9
No. 10 6.4 13.0 37.3
10°
(2080Gal) Fault B 6.5 7.7 35.3
No. 6 7.7 49.9 21.6

See Figs. A3-2 to A3-4
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Figure A3-7 Target response spectra at reference probability 107

- 217 —



JAERI-Research  2002-009

Table A3-3  Comparison of parameters of the design earthquakes obtained by the current deterministic
approach and those of by PBSEs
Basic Parameters of earthquakes by Parameters by PBSEs
earthquake | deterministic approach {Assumzption for4reference probability }
ground Si: 107, 8,0 10°
motions | M A(km) | Remark M R’(km) | Contribution | Remarks
factor
7.7 64 Past earthquake 7.5 53.1 50.3 No. 6
7.4 54 Past earthquake
Sy 7.0 35 Active faults in
offshore area
6.1 14.3 45.3 No. 10
7.8 50 Seismo-tectonic 7.6 51.2 442 No. 6
structure
32 1.5 75 Active faults &
seismo-tectonic
structure
6.8 43 Active faults in
offshore area
6.5 723 Shallow 6.2 13.5 534 No. 10
earthquake

— The base model with the index
of PGA by Annaka et al. (1977)

The sensitivity analysis model with

index of PGA by Fukushima-Tanaka

Annual probability of exceedance

Figure A3-8
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(a) The base model with the index of PGA
Figure A3-9 Comparison of source contribution factors of PBSEs between the model with the index
of PGA by Annaka et al. (1977) and that with index of PGA by Fukushima-tanaka

Annual probability of exceedance

"=~ No.10

Fault B
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]
VT
.......... ]
A
RS -
-------- S SR SRR
................................ e
0 0.2 0.4 0.6 0.8 1

Source contribution factor

(b) The sensitivity analysis model

Table A3-4- Comparison of the parameters of PBSEs obtained between the model with the index of PGA
by Annaka et al. (1977) and that with index of PGA by Fukushima-tanaka
(a) The base model with the index of PGA

(b) The sensitivity analysis model

Reference I . [_. Icontribution] | Reference . . | . |contribution]
probability Source reglonl M |R(km) factor (%) probability Source reglonl M  |R(km) factor (%)
1073 No. 6 76 | 53.8| 56.0 103 No. 6 76 | 545| 475
(420Gal) No. 10 62 | 146] 264 (280Gal) No. 10 64 | 167 | 30.1

No. 6 77 | 517} 482 No. 6 77 | 524 | 347

10 10
(700Gal) No. 10 65| 137| 269 (460Gal) No. 10 66 | 152 33.1
Fault B 65| 77| 174 Fault B 65 | 77| 203
) No. 6 78 | 504 39.9 . No. 10 67 | 142| 340

10° 10°

(1040Gal) |__No- 10 66 | 132]| 270 (700Gal) Fault B 65 | 77 | 318
Fault B 65| 77| 266 No. 6 77 | 511 | 228
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|
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Figure A4-1 Relation between PBSEs and the current basic earthquake ground motions
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Figure A4-2 Technical issues in applying PBSEs to seismic design
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