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O Background
- Concerning hazard analysis in Ikata SSHAC, basically particular seismic source is evaluated by GMPEs.

- In WS1, aiming for application to Ikata site, we collected following information and discussed about it.
“Characteristics, range of application, and uncertainty of Each GMPE”
“ GMPE applicable to the fault in the immediate vicinity of the site and hard rock”

- In accord with past discussion, we don't adopt the method building out LT by several existing GMPEs in
hazard analysis. After verification that observed records in Ikata and so on suit existing GMPEs, by
correcting better suitable GMPEs, we suggest site specific GMPE.

- If we adopt GMPE which evaluates only horizontal ground motion, we need to hold a discussion about
estimation vertical motion by horizontal one. Because vertical one is evaluated in Ikata SSHAC.
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<>n¥ﬂ=_\ nlﬂlm\ Current issues

- B NEBEDGMPERIRIES DlChic> T, FA YA MNMIOBEI DBCGMPEZ EDRLDREE, 518
TIEIRT A IXRED,

/In regard to formulation of site specific GMPE, what standards and barometers should be adopted?

- B+ MEBDGMPEZRE I DICHIZ D> TC. R—AERDMEEAEFZ EOXDTERIAREN,

/In regard to formulation of site specific GMPE, what base observed records should be adopted?

- IKEFMNSHEEFORE(CDNTC. EOXRDRFEZZRAIANEN,

/Concerning estimation of vertical ground motion by horizontal one, what method should be applied?
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O Approach

- After verification that observed records in Ikata site suit existing GMPEs, by correcting better suitable

GMPEs as required to comply with Ikata specific, we suggest accurate GMPE.

- On that basis, uncertainty of accurate GMPE is evaluated in the way of single station o , and then we

reflect that uncertainty in hazard analysis.

- Formulation of GMPE is based on evaluation of each type of earthquake such as inter-plate, intra-plate

and inland crustal earthquake.

- In regard to estimation of vertical ground motion by using horizontal one, we invite Mr. Kato to WS2 and

have a discussion with him.
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O HEHIRN
- WM2(CHEWT TIERERERINOFAAOERE (B1t) | (CHULT. FHBGMPEZIERT D128
DT —Atw S KUGMPE EEVRIEEFRD/ NSV F(C DWW TDIRET At Z s LTz,

- WS2Tld. WM2DOOA> hEBFEX., T—45F1Zv b, GMPEDEE. HIFESLINNESDEDE
BICDWTHRST AT OIBIEEZ R,

> Progress

- During a discussion about “Application of attenuation models at Ikata NPP by Si” in WM2, we explained
examination policy about dataset to formulate Ikata specific GMPE and uncertainty of GMPE and
observed records.

- In WS2, we present modified examination policy about dataset, selection of GMPEs, correction term, and
evaluation results of uncertainty based on comment of WM2.
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No. F£AH % dbi& ¥ 23 ESkm)| Mj
1 2001/01/09 13:37 | 33° 353" |132° 214" 46 4.7
2 | 2001/03/24 15:27 | 34° 07.9” [132° 416" 46 6.7
3 | 2001/03/26 5:40 34° 070" |132° 425" 46 52
4 | 2002/03/25 | 22:58 | 33° 494" [132° 36.9” 46 4.7
5 | 2002/04/06 1:57 33° 257" |132° 318" 42 44
6 | 2004/04/20 | 22:26 | 33° 28.1" [132° 146" 48 4.6
7 | 2005/05/25 20:31 33° 194" |132° 17.2” 54 4.6
8 | 2006/06/06 23:28 | 33° 333" [132° 16.1” 49 3.6
9 | 2006/06/12 5:01 33° 081”7 |131° 26.1" 146 6.2
10 | 2006/09/26 7:03 33° 303" |131° 53.0” 70 5.3
11 | 2006/11/19 13:29 | 33° 208" [132° 26.4" 41 44
12 | 2010/06/29 5:34 33° 343" |132° 30.8” 43 4.3
13 | 2012/12/22 15:15 | 33° 31.17 [132° 186" 47 45
14 | 2014/03/14 2:07 33° 415" |131° 534" 78 6.2
15 | 2015/07/13 2:52 32° 595" |131° 51.3" 58 5.7
16 | 2016/04/16 1:25 32° 452" |130° 45.7" 12 7.3

10



@  GMPE ([CEAT Di&m oot

1

1

, ﬂ . . GMC#{rR6&E R &Y !
Ground motion prediction equation i B .
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No.| HWEOFELERE BRitg _E BE RS My | BRRE
1| 1999/8/21 5:33|MFLEILE  |34° 01.8° N |135° 28.2° E |66km |M5.6|5 28
2| 2000/6/8 9:32|FEE e A S |32° 415 N |130° 45.7 E |10km |M5.0|5 3
3| 2000/10/6 13:30|2EEFmES  |35° 16.4' N|133° 20.9° E|9km |M7.3 |62
4| 2000/10/8 20:51| BIREHE  |35° 22.1° N|133° 18.6' E |[8km |M5.2|5 %
BAEAOEA RIZHITSE08(E. TEEDAHE 5| 2001/3/24 15.27| %= H 34° 07.9' N|132° 41.6' E |46km |M6.7| 6 53
TEET S, 6| 2001/3/26 5:40| %= 30° 07.0' N|132° 42.5 E |46km|M5.2|53&
7| 2002/11/4 13:36| B % 32° 2477 N|131° 52.1' E|35km |M5.9 5 53
. 8| 2005/3/20 10:53@MEILE T |33° 443 N|130° 105 E|okm |M7.0|633
1. EICEE, FE. RUAMSITHZET 540 o] 2005/4/20 6:11[@EEFER |33 40.6' N|130° 17.2° E |14km |M5.8 |5 %
10| 2006/3/27 11.50| A% 32° 36.1' N|132° 09.4' E |35km |M5.5 5 53
2. thREF-(Lhhh B DHEHBE (X 11| 2007/4/15 12:19| =@ EHRE  |34° 47.4° N|136° 24.4° E|16km |M5.4 5%

Ve dkmis 12| 2011/7/5 19:18|MALELE  |33° 59.4° N|135° 14.0° E |7km |M5.5|5 2

13[2011/11/21 19:16| LB BALEE  |34° 52.3° N |132° 53.6' E |12km |M5.4 528
S BNAMESSMMROP NS gk, 2 Ssssis s o o chheslss
. ): . . m .

A ORIREEREAN 00km AN TH D= & 16| 2015/2/6 10.25| @B EmE  |33° 44.0° N|134° 22.2° E |11km|M5.1|5%
17| 2015/7/13 2:52| A4 Em&8  |32° 59.5° N|131° 51.3' E |58km|M5.7|5 %
18| 2016/4/14 21.26| A Bpe At |32° 445 N|130° 485 E |11km|M6.5|7
19| 2016/4/14 22:07|peABfe At [32° 465 N |130° 50.9' E |8km |M5.8|6 88
20| 2016/4/15 0:03|fEE RAEAHS |32° 42.0° N |130° 46.6' E |7km |M6.4|6 2
21| 2016/4/16 1:25|FE A EAEAHS |32° 452 N |130° 45.77 E |12km [M7.3 |7
22| 2016/4/16 1:45|fEE BAEAHF |32° 51.7 N|130° 53.9° E |11km |M5.9 6 3
23| 2016/4/16 3:03|fEABfRRHA |32° 57.8° N|131° 05.2° E|7km |M5.9 |53
24| 2016/4/16 3:55|fE A BFRRHA |33° 01.5° N |131° 11.4° E|1lkm|M5.8]6 3@
25| 2016/4/16 7:11| k5 EhE 33° 16.2’ N|131° 23.7 E|6km |M5.4 5 53
26| 2016/4/18 20:41|fEAEFRRHA |33° 00.1° N|131° 11.9° E|9km |M5.8]|5 3@
27 2016/10/21 14:07|BTEHE  |35° 22.8' N|133° 51.3' E |L1km |M6.6|6 3
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Yoshimitsu Fukushima

<> %ﬁﬁg_ﬁ Presentation title

[EIEREREINDFRE A ADERA]
/Applicability of GMPEs for Ikata site

<> IEIHHH 11@&51,5 Requests

- FHUA NOFETHDIBFREEORANRER EZX SND3Y A MNaEfE (8km) DMTLAD
BRZBER. FHYA MOBEEITDGMPEC U TEDKIDREDZERT INEMNMCDNTCR
REWEIZEIZU,

/According to hard rock, which is one of Ikata site characteristics, and application to MTL, which has a

dominant influence on ground motion evaluation, in the immediate vicinity of the site(8km), we
would like to have comments about applicability of GMPEs for Ikata site.

13
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<> $‘ﬁ-ﬁg [l $IE Questions

D EDKDIRGMPENMFA T hOMEEFHE(CFITI D B OMNCBREZWVWEIZEZ0N.
/What GMPE is able to apply to ground motion evaluation of Ikata site?

QFFBICERT %G WFICMTLIGERT ©1%55) ZEEL. ERIEH. WEFRIE CHESN T 2Rz
BEX. FHRMERERZEDCENMREBEEEITVBAN. EDOXRDICRHRUSNDIMN?
/On the basis of facts that ground motion plateaus depending on source distance or magnitude, we consider
that special GMPE should be applied for Ikata site(especially MTL). We would like to have comments about this
concept.

GGMPEDERRAR EMEET /L TH/\—TCED&EHERZHHE. FHY1 hOFHETEDK D ICHAENE
TWKARENTERZSRELLIZUL,
/Based on the applicability limit of GMPEs and fault rapture model, we would like to have comments about
combination of two evaluation approaches in Ikata site.

@GMPEDIESDE (X5 DEDHEHAFIERIRIKTFE) (CODVWTECRRZHENT D,

/We would like to have comments about uncertainty of GMPE (uncertainty depending on of source distance or
magnitude).

OEFHTOGMPEDH FREYIRIAFTEIE] (C DULNVTHEZFALELY,

/Please tell us the recent worldwide research trend about GMPEs.

®FBTA K (Vs=2.6km/s) "NDERZEZXCIHE. TDX DS (CEATESGMPEFD L, HER
FICZDRDIMIGEICEDKIDICHIGELTWVNDDMN? (Vs=2.6km/sETILRLTWLWDDMN?) MRZ
HSEMEFELTZUN,
/0On the basis of facts that GMPE, which is able to be applied to hard rock ( Vs = 2.6km/s), is few. In such case,
on a global basis, how is ground motion evaluation carried out? ( Is GMPE extrapolated to Vs=2.6km/s?)
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<> PE Bﬂ:‘@i’lﬁiﬁ References

- WEEE DIERHREIN (RERTN) (CET D&M ENM
(MEFx, MEL2EE, £46E, £35, 1993)
/Survey of Recent Studies on Attenuation Relation of Strong Ground Motion (Empirical Prediction
Relation)  (Seismological Society of Japan, Zishin 2", 46th, 3rd 1993)

- #IEEN5E =& 5l I DIRERINDOAME - MifE T E A\ DOEAEDIRET
(BERERFRBERHENE, £60E, 54755, 1995)
/AN APPLICABILITY STUDY ON EMPIRICAL PREDICTION OF GROUND MOTION INTENSITY IN NEAR
SOURCE REGION FROM LARGE EVENTS
(J. Struct. Constr. Eng., AlJ, V. 60, No. 475, 1995)

- WX ClEA eI EE DR RN DR FE
(HARZEFStEERm]E, £6045, 2006)
/ATTENUATION RELATION OF JMA SEISMIC INTENSITY APPLICABLE TO NEAR SOURCE REGION
(J. Struct. Constr. Eng., AlJ, No. 604, 201-208, Jun., 2006)
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<> PE Bﬂ:‘@i’lﬁiﬁ References

- Attenuation Relations of Strong Ground Motion in Japan Using Site Classification Based
on Predominant Period
(Seismological Society of America, Vol.96, 2006)

- Ground-Motion Prediction Equations for Subduction Interface Earthquakes in Japan
Using Site Class and Simple Geometric Attenuation Functions
(Bulletin of the Seismological Society of America, Vol.106, 2016)

- Ground-Motion Prediction Equations for Subduction Slab Earthquakes in Japan Using Site
Class and Simple Geometric Attenuation Functions
(Bulletin of the Seismological Society of America, Vol.106, 2016)

- Ground-Motion Prediction Equations for Shallow Crustal and Upper-Mantle Earthquakes
in Japan Using Site Class and Simple Geometric Attenuation Functions
(Bulletin of the Seismological Society of America, Vol.106, 2016)
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Proponent Expert : ik tH— / SRSt N JEE_ AT
Kenichi Kato / KOBORI RESEARCH COMPLEX INC.

<> %ﬁﬁg_ﬁ Presentation title

[H/VHEEF(C L DMEMEENOHETE]

/Estimation of vertical ground motion by H/V ratio and so on

<> IEIHHH ﬁ@ﬁ$lﬁ Questions

- IKEENDHDIFEERERDSHEFN T EDLDICHTET DANETMN?2 (CDWVT. CNETCOMERN
BSHEBEZX. BREVCZERU,

/ Concerning estimation of vertical ground motion by horizontal only GMPE , we would like to have
comments in accord with past researches.

17
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<> $‘ﬁ-ﬁg Fﬂﬂ $IE Requests

DEROFENHGDIHEICIE. ZTNESOBEXRICDVWTSERVEIESEZU,

/If there are several methods, please give us advices about their merits and demerits.

OFBDIDIMEEERICERY diFE (M%) °, RIREDERCIE U TODEVET, FRAIC
HIZD BRI DIBENSNUIBNTWELEE 0.

/If we apply H/V ratio to hard rock such as Ikata site, and moreover if H/V ratio has difference
depending on source distance, please give advices in regard to adoption of H/V ratio.

Q/KEEBINSINEEN T UTTFEROZHMECDWVNT., EROKES) S inEE EEH T D5GMPE
U CTER(FBRVDON. CTERVEIZETZ0.
/Relating to validity of results, that is vertical ground motion estimated by horizontal motion, is there

difference compared to GMPE estimating horizontal and vertical motion? Please give your comments
on that.

18
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<> PEE@EKW References

- WENDIKFE LT ANRT NLEEDE — D EERDZMZEE) & RBHAE DARERME DEHR

(HRZRFESRmXE, 57305, 2016)

/Relation between spatial variation in peak periods of horizontal to vertical spectral ratio of
microtremors and irregularly shaped subsurface structure

(J. Struct. Constr. Eng., AlJ, No. 730, 2016)

- BETEHE T (CHITDIEESREDMOHEE | WPORBEMEIOKE/ L TFANRT NUEICE

D < 5l
(BRZERF S RmXE, 5654855, 1996)

/ESTIMATION OF BASE ROCK DEPTH DISTRIBUTION UNDER KOBE URBAN AREA : A study based on
horizontal-to-vertical spectral ratios of long-period microtremors

(J. Struct. Constr. Eng., AlJ, No. 485, 1996)
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Resource Expert : Bi& F— / RN KIGFESTHZTRR
Junichi Miyakoshi / Ohsaki Research Institute, Inc.

<> %ﬁﬁg_ﬁ Presentation title

I EERERE TV ODYF N & E R E ]
/Characteristic and applicable range of GMPEs

<> IEIHHH ﬁ@ﬁ$lﬁ Questions

- WSITOIOAY MelEF A, & E 18D GMPEDHH 45D,

/Based on comment of WM2, please organize the candidate GMPEs and their characteristics.
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<> REE&EKW References

- RS FATUSIEMRIC X DEXFIME/\U — ROEE
(BRMIEFRBETIREMEZAR, 2015)
/Application of Revised Ground Motion Prediction Equation to Probabilistic Seismic Hazard Assessment

(Programme and Abstracts, the Seismological Society of Japan, Fall Meeting, 2015)

- FESR S AU BRI HB X (DAREIE
(BRI ERFESASTIRE, 2011)
/Validation of probabilistic seismic hazard maps for Japan

(Abstracts, Japan Geoscience Union Meeting, 2011)
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