NTEN-2024-4001

NRA £{if/—k

NRA Technical Note Series

BRRZREE T EETHHRHORELE
ARV E A HERERR

—2018 5 2022 FOERIFEERDEI—
Validation of the Standard Response Spectra of Ground Motions

Evaluated Without Specifying Seismic Sources
— Addition of Observation Records from 2018 to 2022 —

BHE #F

TAJIMA Reiko

R - IR ZR AR

Division of Research for Earthquake and Tsunami

LT Ly
EEEERMESRIL—T

Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R) May 2024




RRSIL. BF/HRGITREEBRIERD )L — I o ERERREDRREFEDHCENDTI,
BRFIRHEERE. CNESORRNELSFAASNDCEZHHTUBIKICARIDCEE LU TNET,

JAV:RN 2F$E¢UDWA€E£%J% A FEE LU TEEOREICERIDIHSICE. BIRRFIRR
FIZERDHMNHTIINDCEEBDITT,

NREDNBICEITDE™IE. TalcRENEHhE<ES0),

BRFRHT KRESRE BIESRIIL—T ithEE - 2RAZERT
T106-8450 HREMEXT AR 1-9-97 AR 7—2~EIL
& 56 1 03-5114-2226

27y R:03-5114-2236




NTEN-2024-4001

BREABEETRET 2B OEAEILE AT b LOZ Y VEREZR
—2018 FEN 5 2022 FFE OB D B IN—

R NRET RE BB V—7
= - AR AR
HE  fL+

U

HLWIZBE T~ [BRAZFEETRET DHEST OFEMELE AT S B
IZED AND T2, SR 344 A 21 BiC TERARERIRIF RO ORHE itk ONLE .
HEIE K OV iR 0 LB B9~ 2 LR OfiEIR | F o — A BE S iz,

FEHEISE AT Mk, RO ERESO ERZFESTRET 2 HESICET S
BETTF— L) 128V T, IR 97.7% (CF¥+20) DIGE AT RV KO FE D %24 %
FERBAE RIZEEDS W T, BFOCE 8 HICHRE S Ne, Z OIFMEMERICE A7 Myid, 18
E%(mm$~mn$)Kéﬁft%tﬁ@ﬂ%ﬁﬂ%(mwmﬁj&g)@%ﬁﬁ&
D HFEFEAAR Y I B 52Ok ML L TR bz,

iy, FRIRRETT— ATl EESE A7 MUVIZB L THEMICERD e~ X ffko
MEEICOW T b STz, TOMED 1 D& LT, HIck & 2 IUE S E oI
FlA BN LT fENTE A ATV, EMINCAE IR A AT M ~ORBHEREZITH) 2L OEE
MERZE T BT,

AHFIETIE, BEHEISE AT MV ERE LT RERFZE D S L 0 # 0 5 4[] (2018
FE~2022 ) (T & TR OBIRIRESR 2 | AR DO SRR O FIEIC K INE BB L7z 1T
fRNT 2 AT o 72, T OFREREEROT — 21 v MBI L, 23 4/ (2000 4-~2022 4)
DT — & % HWTHREHLEZ ATV, FFREMERIIGE A7 MV AR LT, 18RO
FER L LT,

ZDRER . ARUFIE R OTERMF TR BV TR L7 i R RN E A7 bV, &
1 REL Lo RBACTIEARFEOERDO FRNDOT IS NE OO, 1ZIE RSO R F
Elpole, LTED-> T, ABFRICET 5 5 FER OFLERZ BN L - MEEHLERFE R 23, BlATO
BHEIGE AR MVIZE R DEBITRVWE NI BT, FAXRT MAPRZYETHDL I L%
flEsd L7,

ARG 7 — ME, Bie e B 2 BN U CREGHLERE R & B2 Z L0 K D HEHES
AR NIV DFZBPEMEGRICAR D — ORI ONWTITY £ OO Th D,



NTEN-2024-4001

Validation of the Standard Response Spectra of Ground Motions Evaluated Without Specifying
Seismic Sources

— Addition of Observation Records from 2018 to 2022 —

TAJIMA Reiko
Division of Research for Earthquake and Tsunami,
Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

In order to incorporate the standard response spectra of “ground-motions evaluated
without specifying seismic sources” that shall be commonly considered throughout Japan into the
regulation, a part of the Regulatory Guide of the Nuclear Regulation Authority (NRA) Rule on
“Standards for the Location, Structure, and Equipment of Commercial Power Reactors” was revised
on April 21, 2021.

The standard response spectra were developed by the NRA’s “study team on evaluation
for ground-motions without identification of seismic sources” in August 2019, based on the response
spectra corresponding to non-exceedance probability (NEP) of 97.7% (mean +2c) and the results
from various validations. These NEP spectra were obtained by statistical processing using many
records on the hard bedrock of inland crustal earthquakes (about Mw 5.0 to 6.5) that had occurred
throughout Japan over 18 years (2000 to 2017).

On the other hand, future issues regarding the standard response spectra that should be
addressed in the medium to long term were also discussed by the study team. One of the important
issues identified was to add and analyze new records of target earthquakes, and to confirm the effects
to the standard response spectra.

In this study, the author collected, organized, and analyzed the ground-motion records of
earthquakes that occurred over five years (2018 to 2022) after the target period of the previous study
for standard response spectra development, using the same conditions and method as those in the
previous one. Then the author added the records to the previous data set, performed statistical
processing using the 23 years (2000 to 2022) of data to calculate the NEP response spectra, and
compared them with the previous ones.

As a result, the NEP response spectra calculated in this study and the previous ones were

almost the same although the present ones were slightly smaller than the previous ones in the long



period range of 1 s or longer. Therefore, the author confirmed the validity of the current standard
response spectra in the sense that the results of the statistical processing added five years of records
in this study had no effect on them.

This technical note summarizes a series of studies related to the validation of the standard
response spectra by adding new observation records and comparing the results from the statistical

processing.
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Table 2.2 Number of collected earthquakes and observation records
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Table 2.4 List of earthquakes collected and organized in this study
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Table 2.5 List of earthquakes collected and organized in the previous study (reference) (1/3)
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Table 2.5 List of earthquakes collected and organized in the previous study (reference) (2/3)
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42 | Hb A 2011/03/19-08:49:31.45 36737 | 140605 | 50 [ 53 | 51 1954 59;31 -85;-99 E HWHA | EWE AR R RETE 17 2 4 8 4
43 | HbR A 2011/03/19-18:56:48.06 36784 | 140572 | 54 | 61 | 58 | 141,327 48,42 -94;-86 B WHA | EWE A | RETE S 16 7 4 8 4
44 | IiiE 2011/03/23-07:12:28.78 37085 | 140788 | 7.6 | 60 | 57 191;20 64;27 -94;-82 B WAA | EWE AT | EWE A 6 16 2 4 2
45 |fEEIRisE Y 2011/03/23-07:13:52.77 37.035 | 140769 | 09 | 58 | 52 | 179,337 65,27 -80;-110 E HAA | EkrE RE |G ERE 1 18 2 4 2
46 |t I iEE D 2011/03/23-07:34:56.09 37.098 | 140796 | 67 | 55 | 50 | 164,349 57,34 -93;-86 E WAA | EWE RIE (B BWEE 8 15 2 4 2
A7 | IS 2011/03/23-07:36:31.31 37063 | 140771 | 7.3 | 58 | 54 | 179,360 55;35 -90;-90 E HHA | ElE RE (B EwEE 3 18 2 4 2
48 2011/04/11-17:16:12.02 36946 | 140673 | 64 | 70 | 66 | 132,301 50;41 -82;-99 A WHA | EWE ARTE [FEF RIS 3 5 3 6 3
49 |t I iEiE D 2011/04/11-20:42:35.16 36966 | 140635 | 106 [ 59 | 55 264,89 62,28 -92;-86 D HHA | EkrE RE [HEREER 6 5 2 4 2
50 [EEFRALE 2011/04/12-07:26:16.87 36819 | 138606 | 00 | 56 | 54 105,14 88,85 -175;-2 ¢ HHEA | BiTh RE | RE AT E S 14 27 3 3 1
51 |w@ERiEiEy 2011/04/12-14:07:42.28 37.053 | 140644 | 151 | 64 | 59 76,167 89;51 141;2 B HAAR | BETh RIE |FTRETE 2 15 3 6 3
52 | EsSimiE 2011/04/13-10:07:58.05 36915 | 140707 | 45 | 57 | 54 | 180,357 57,33 -89;-92 E WHA | EWE RIE | FEERTRE S 6 3 6 3
53 | i@y 2011/04/14-12:08:58.35 36984 | 140773 | 108 | 54 | 50 227,79 49,46 -113;-66 E HWHA | EWE RIE (B B 4 15 1 2 1
54 | REFEE 2011/06/30-08:16:37.06 36189 | 137.955 | 4.3 54 5.0 349;254 78,70 20;167 ¢ EHA [ #Fh AT [T A AR R 4 7 14 6
55 | FskiL R AbE 2011/07/05-19:18:43.44 33991 | 135234 | 73 [ 55 | 50 9,233 52,48 59;124 o] EHA | AT | R A 30 22 1 2 1
56 | F s b 2011/09/07-22:29:43.08 42261 | 142589 | 102 | 51 | 50 | 144,295 72;20 100;63 E FAAR | WwrE AE L — 5 1 2 1
57 2011/09/21-22:30:57.12 36737 | 140577 | 86 | 52 | 51 | 163340 58;32 -88;-93 E HAAR | EWE AT | EWES 18 3 4 8 4
58 2011/09/29-19:05:05.66 37133 | 140870 | 88 | 54 | 51 244;69 63,27 -92,-85 E HHA | EkrE KE | owmEs 3 12 2 4 2
59 | LR s 2011/10/05-18:59:58.75 36533 | 137650 | 07 | 54 | 53 | 279,186 83;65 -155;-7 ¢ BAHA | BEFh ARE e 11 9 4 8 4
60 [&i LD 2011/10/05-19:06:10.19 36549 | 137647 | 00 | 52 | 52 | 269,177 84,67 -157;-7 ¢ WHA | #iFh RE |[4uwEs 12 8 3 6 3
e,

MUTE & R OWR M ORI L7 REi T 2, BENIRCERD BT RIC & 1) AT & L 7Rk (59)

1) KT L7z 2007 el (MR No.31) 131, ERIUERAE 30km LAPIC 1 BLALR R

+ PSIEHRERD N2\ IR DR o DU Tl TIVEERREOK 3 oy =it & 7207202 LI
SN, PS BYBRERDANZDITIEE & VTSI TERNZ LD, TR SR D I3 ST,
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Table 2.5 List of earthquakes collected and organized in the previous study (reference) (3/3)

KGIT—TEALBIR A 4 v 7 Fnetic L2 BIRO A H = X LEWR | BRORE HEDORE (7 AT HESL 7V —F 515 TR T8I FE S 2
i E B s SE 5] e L B AR =0 4 3K
o . /1521 ey | mee | | w | | e | o |70 S RS | | s - : %%*W% T ke AT
(km) ©) (Rassm | k| 2T | pa7 (%i;tﬁﬁrfﬁ% ool | e b o | EEE | xops| - Fw
BEAE(km) | 9 5% B (km)
61 |ZmRALE 2011/11/20-10:23:40.78 36711 | 140588 [ 90 | 53 | 50 | 169;307 52,47 -61;-122 E WHEAR | EkrE AT | RETE S 20 1 4 8 4
62 |/ Es AL 2011/11/21-19:16:29.59 34872 | 132894 | 117 | 54 | 52 | 241;331 89;80 170;1 ¢ BHA | B&h AFE |=L — — 4 8 4
63 [HLiALHD - LT 2012/01/28-07:43:14.09 35489 | 138977 | 182 | 54 | 52 54;190 64;34 113,52 D HAA | W AT SR 12 5 7 14 7
64 | HIEALES 2012/03/10-02:25:30.65 36718 | 140613 | 65 | 54 | 52 | 155340 53;37 -93;-87 E HAA | EWE AT T RRE S 18 0 4 8 4
65 |TuEkaih 2012/03/14-21:05:04.32 35748 | 140932 | 151 [ 61 | 58 165;30 52,48 -122;-56 D WHEA | EWE AE L - - 2 4 2
66 |RuFiALE 2012/07/10-12:48:57.44 36832 | 138388 | 85 | 52 | 51 82,343 81;45 -134-13 E HAAR [ #iFh AR | R PR 3 10 6 10 5
67 [WikWALED 2013/02/25-16:23:53.58 36874 | 139413 | 28 | 63 | 58 | 165258 80,75 -15;-170 B HAA | BEFh A | H S 18 13 5 10 5
68  |wkiHs BT 2013/04/13-05:33:17.75 34419 | 134829 | 149 | 6.3 58 179;333 65,27 102;66 B HAA | E AT [N 7 3 2 4 2
69 |k RiEiEY 2013/09/20-02:25:08.36 37.051 | 140695 | 167 | 59 | 54 | 272,180 83,74 -164;-7 ¢ WEAR | BN ARIE  [FEF RIS 0 15 4 6 3
70 [HhRALED 2013/12/31-10:03:00.15 36602 | 140629 | 66 | 54 | 50 | 170,292 57,50 -50;-135 E HHA | BiTh AE [HFREER 20 3 4 6 3
71 (Mg A7 e 2014/07/08-18:05:24.29 42650 | 141267 | 32 56 5.4 240;7 59,45 124;46 E WHEA | B0 PN B IR S A 40 - 3 6 3
72 RS 2014/09/03-16:24:18.94 36874 | 139523 | 71 [ 51 | 50 58;168 77,35 123;23 E HAAR | BiTh A | AR S A 26 15 5 10 5
73 | BB R 2014/11/22-22:08:17.90 36603 | 137891 | 46 | 67 | 63 25,241 50,47 65;117 B BHA | Wi ES N ES VIR ik ki 2 4 6 11 6
T4 |REAR AN ) 2016/04/14-21:26:34.43 32742 | 130809 | 114 | 65 | 61 | 122212 74:89 -1;-164 B EA | T ATEE |- B2 AR 0 6 6 12 6
75 |REASLAEAH ST 2016/04/14-22:07:35.29 32776 | 130850 | 83 5.8 54 23,293 86,88 -178;-4 ¢ HAA | BT RAE [ A AR 1 10 4 8 4
76 |REAGAEA N 2016/04/15-00:03:46.45 32701 | 130778 | 67 | 64 | 60 | 119211 62,86 -4;-152 [¢ AR | PN NTE (AR A AR 0 11 4 8 4
TT  |eAR L AEA T 2016/04/16-01:45:55.45 32863 | 130899 | 106 [ 59 | 57 286,81 35,57 -70;-104 D PHA | EWE S [FEI- B A ATE 3 2 4 8 4
T8 |AEAAEA ST 2016/04/16-03:03:10.78 32964 | 131087 | 69 | 59 | 55 | 209,116 60;85 -174;-30 D BHA | BEFh RIE RS 8 8 3 6 3
79 |REAAEA ST 2016/04/16-03:55:53.08 33027 | 131191 | 109 | 58 | 55 | 220,126 72,78 -167;-19 D THA | T AT | B H R A 10 3 3 6 3
80 | Koy 2016/04/16-07:11:37.48 33272 | 131396 | 57 | 54 | 51 291,96 29;61 7,97 E WHA | EWE R DR HOI TR 1 3 1 2 1
81 |fEASILAEA ST 2016/04/16-09:48:32.68 32847 | 130835 | 159 [ 54 | 52 230,77 38,55 -112;-73 ¢ WHA | EkE Py S INEP YN 5 7 4 8 4
82 |AEAIRAEA ST 2016/04/16-16:02:01.03 32699 | 130720 | 123 | 54 | 51 255,72 30;60 -88;-91 E TEHA | EWE SR |- B ARAN R 5 5 3 6 3
83 |AEASILAEA S 2016/04/18-20:41:57.94 33002 | 131200 | 86 | 58 | 55 | 314,224 86,87 3,176 D EHA | fETh BB | BT 13 2 2 4 2
84 |fEARIRAEA ST 2016/04/19-17:52:13.69 32535 | 130635 | 100 | 55 | 53 | 221,126 60;81 -169;-30 ¢ WHA [ #3&h MR (A - B AR 3 8 4 8 4
85 | B 2016/10/21-14:07:22.57 35381 | 133856 | 106 | 6.6 6.2 342;250 80;81 9,170 B PEHA | BT AE [ErEE 18 7 3 6 3
86 |kt 2016/12/28-21:38:49.04 36720 | 140574 | 108 | 63 | 59 | 324,160 29,62 -105;-82 B HAA | EkE KE  [PEERmE 20 2 6 10 5
87 |REFEFHE 2017/06/25-07:02:15.36 35868 | 137587 | 67 | 56 | 5.2 219;13 40;53 111,73 [¢ PHEA | WE AT | v 8 13 6 12 6
88 |l 2017/07/11-11:56:35.47 31384 | 130620 | 102 | 53 | 53 83;179 56,82 -10;-146 E TWHA | BiPTh AT |BL — — 2 4 2
89 [HIRIALED 2017/08/02-02:02:07.51 36804 | 140535 | 87 | 55 | 51 | 123,284 41;51 -76;-102 E HAAR | EWE ARIE  [FEF RIS 18 5 5 8 4
90 [EEFRHD 2017/12/06-00:13:49.38 36377 | 137.973 | 104 | 53 | 51 | 352,248 43,77 19;131 E WHA [ B3&h A |- A R A 3 14 5 10 5
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Figure 3.1 Conceptual diagram of “outcropping analysis” to remove effects of the surface layer

above the downhole seismometer
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Table 3.1 Example of set underground structure model

&= T}E&E Vs Vp BE -
(m) (;) (m/s) (m/s) (glcm?) i
2 2 150 300 1.29
4 6 420 1500 1.93
4 10 600 2300 2.15
30 40 890 2300 2.15
40 80 1350 2920 2.28
24 104 1630 3820 2.44 VBT B
- 1630 3820 2.44

1) BEEEBIIBLAIGEGR Z & 2o L7e L TRE L7,
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Figure 3.3  Example of derived outcroppimg motion: record at the KiK-net Asahi (YMTH13) station during the Yamagata-oki, Japan earthquake (Mw6.4) on June 18, 2019

(fault shortest distance: 28.9 km, Depth of downhole seismometer: 104 m, underground Vs: 1630 m/s, Vp: 3820m/s)
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Figure 3.4 Example of adjustment of damping constant on the analysis to derive outcropping

motion: the record at the KiK-net Asahi (YMTH]13) station during the Yamagata-oki, Japan

earthquake on June 18, 2019
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Figure 5.1 Frequency distribution of magnitude for analyzed earthquakes color-coded by focal

depth group
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Figure 5.2 Frequency distribution of magnitude for analyzed earthquakes color-coded by

group of region in which earthquake occurred
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Figure 5.3 Frequency distribution of magnitude for analyzed earthquakes color-coded by fault
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Figure 5.4 Frequency distribution of magnitude for analyzed earthquakes color-coded by group
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Figure 5.5 Calculation example of the distance from the nearest active fault
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Figure 5.16 Comparison of response spectra for each group based on labeling “® shortest
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Figure 7.12 Comparison of response spectra for each non-exceedance probability calculated in
this study and the previous study: case 2’a (Mw < 6.5 and reduction of weight for groups
containing features due to artificial factors among characteristic ground motions (Group A=1, B=1,

C=0.5, and D=0))
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Figure 7.13 Comparison of response spectra for each non-exceedance probability calculated in
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Appended Figure 1.3 Comparison of response spectra for each non-exceedance probability
when the method of the source-station distance adjustment is changed: case 1 (all data with

adjustment)
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Appended Figure 1.4 Comparison of response spectra for each non-exceedance probability

when the method of the source-station distance adjustment is changed: case 2 (Mw < 6.5)
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Appended Figure 1.5 Comparison of response spectra for each non-exceedance probability
when the method of the source-station distance adjustment is changed: case 3 (weighting

following the G-R law)
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Appended Figure 1.6 Comparison of response spectra for each non-exceedance probability
when the method of the source-station distance adjustment is changed: case 4a (reduction of

weight for groups containing features due to artificial factors among characteristic ground

motions (Group A=1, B=1, C=0.5, and D=0))
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Appended Figure 1.7 Comparison of response spectra for each non-exceedance probability
when the method of the source-station distance adjustment is changed: case 4b (reduction of

weight for groups containing features due to artificial factors among characteristic ground

motions (Group A=1, B=1, C=0, and D=0))
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Appended Figure 1.8 Comparison of response spectra for each non-exceedance probability
when the method of the source-station distance adjustment is changed: case 5 (only data on the

ground with Vs > 2000 m/s)
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Appended Figure 1.9 Comparison of response spectra for each non-exceedance probability
when the method of the source-station distance adjustment is changed: case 2’a (Mw < 6.5 and
reduction of weight for groups containing features due to artificial factors among characteristic

ground motions (Group A=1, B=1, C=0.5, and D=0))
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Appended Figure 1.10 Comparison of response spectra for each non-exceedance probability
when the method of the source-station distance adjustment is changed: case 2’b (Mw < 6.5 and

reduction of weight for groups containing features due to artificial factors among characteristic

ground motions (Group A=1, B=1, C=0, and D=0))
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Appended Figure 1.11 Comparison of response spectra for each non-exceedance probability
when the method of the source-station distance adjustment is changed: case 4’ (twice the

downhole records)
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Appended Table 2.1

157 2.1

TS & LT REPIR - I RIS ORFFE IR M OBIRCE DT — 5

List of earthquake swarms around the border between Nagano and Gifu prefectures targeted for analysis and their ground-motion records

HuE RS B ‘ EOLIERE | WERSE | HUERt | MBSt | HUEET
No. R FAEA (km) MW SR Bl (km) FEEfEkm) | EREE(M) | Vs(mis) | Vp(mis)
GIFH14 b 13 13 100 2700 5100
NGNH30 | %)l 18 16 101 1000 3000
97 | Ryl BIREEFHT | 2020/04/23-13:44 27 5.1
NGNH31 | i 28 26 218 1100 2500
NGNH32 | A 30 29 100 1340 3090
GIFH14 b 11 10 100 2700 5100
98 | FHp-lsi BIREEAHT | 2020/05/19-13:12 25 5.2 NGNH30 M 25 23 101 1000 3000
GIFH10 Hiffi] 25 25 100 2940 5940
GIFH14 b= 11 11 100 2700 5100
99 | REp-Is RIAEEAHET | 2020/05/29-19:05 37 5.1 NGNH30 ZM 22 21 101 1000 3000
GIFH10 Hflie] 27 26 100 2940 5940
GIFH14 b= 14 12 100 2700 5100
101 | IsgERFREBMS | 202009/19-17:18 | 0.0 5.1 GIFH10 Hefit] 23 22 100 2940 5940
NGNH34 | KHTrH 27 26 106 970 3100
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Appended Figure 2.2  Comparison between ground motion records of an earthquake swarm (an earthquake occurred around the border between Nagano and Gifu

prefectures on April 23, 2020: No. 97; Mw5.1) and estimated values by the ground-motion model



61T

GIFH10

100
Ohs EW
1]
g NGNH30
L&) 14 Tk
=
u Obs EW
o 104
GMPE: MF13 -
AV530=385m/s n
D1400=10m E
001 - ; 2 K
0bi ol 1 1o a
Period(s) a
o.H
G I FH14 GMPE: MF13
100 AV530=457m/s
D1400=10m
e 001
Obs EW obi o i 10
Period(s)
1 GIFH19
W
=
S
=
@
[=%
o.H - . . - - .
, 5 O :KiK-net& 8l m (KB L3t R o EREEREI0kmELYIELY)
GMPE: MF13 — = R
AVS30=627m's ARRITIZKAENL
D1 400=80m
001 -
Y o 10
Period(s)

X 23 BRSHIEE (2020 4F5 A 19 H BB - I RSEAHEOHIEE : No. 98, Mwb.2) DOHZEINIETER M ORRREHe= I X D HEEIED g
Appended Figure 2.3  Comparison between ground motion records of an earthquake swarm (an earthquake occurred around the border between Nagano and Gifu
prefectures on May 19, 2020: No. 98; Mw5.2) and estimated values by the ground-motion model



0cT

GIFH10

100
Obs.EW
10 -
w
=
2 H
=
0
[=9
0.1
i GMPE: MF13
AVS30=385m's
D1400=10m
001 r
001 0 i
Period(s)
100
Obs.EW
10 T -
‘-.\\
w By 10E 'H
5 %
o H L
= i
(73] .
A “
0.+ =
GMPE: MF13
AVS30=627m/s
D1400=80m
001 -
ob1 o1 ]
Period(s)

/ NGNH18
e

O:KiK-net&I R (IR & (L R 5} - R EEREI0km & Y5ELY)
AKERTIZKBERL

pSvicm's)

0.

NGNH30

Obs EW

1

GMPE: MF13
AVS30=457m's
D1400=10m

01 1
Period(s)

X 24 BEEHIEE (2020 4F5 A 29 H R - I RIASREAHEOHIEE : No. 99, Mwb.1) OHEZEINIETER M ORRREHe= I X D HEEIED g
Appended Figure 2.4 Comparison between ground motion records of an earthquake swarm (an earthquake occurred around the border between Nagano and Gifu

prefectures on May 29, 2020: No. 99; MwS5.1) and estimated values by the ground-motion model
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Appended Figure 2.5 Comparison between ground motion records of an earthquake swarm (an earthquake occurred in Hida region, Gifu prefecture on September 23,
2021: No. 101; Mw5.1) and estimated values by the ground motion-model
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Appended Figure 2.6 Comparison between response spectra of outcropping motions of the

earthquake swarms around the border between Nagano and Gifu prefectures and other earthquakes
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Appended Figure 2.7 Epicenter distribution of earthquake swarms in Noto region, Ishikawa

prefecture targeted for analysis
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Appended Table 2.2 Specifications of earthquake swarms in Noto region, Ishikawa prefecture targeted for analysis and their ground-motion records

HiE RIRRS B ‘ EOUERE | WERJE | HOERRE HuEER HuEER T
No. R TR (km) MW a—F Bl (km) FREfE(km) | M) Vs(m/s) Vp(m/s)
ISKHO1 RN 3 12 200 630 1970
100 | fJlIURAEXRHS | 2021/09/16-18:42 131 5.0 ISKHO3 PN 18 13 207 870 2180
ISKH02 P 28 14 102 530 2050
ISKHO1 RN 1 11 200 630 1970
104 | AJIRAERHF | 2022/06/19-15:08 131 5.2 ISKHO03 PN 19 13 207 870 2180
ISKHO02 P 27 14 102 530 2050
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Appended Figure 2.8  Comparison between ground motion records of an earthquake swarm (an earthquake occurred in Noto region, Ishikawa prefecture on September 16,
2021: No. 100; Mw5.0) and estimated values by the ground-motion model
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Appended Figure 2.9 Comparison between ground motion records of an earthquake swarm (an earthquake occurred in Noto region, Ishikawa prefecture on June 19, 2022:

No. 104; Mw5.2) and estimated values by the ground-motion mode
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Appended Figure 2.10 Comparison between response spectra of outcropping motions of the

earthquake swarms in Noto region, Ishikawa prefecture and other earthquakes
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