YV ER TR

A T

109 & £ T RS H/R R L BLH B

2% 2R FIRE HIRAE
Safety Impact and Regulatory Technology Research for NPP
Structures/Components under Potential Earthquakes (2020)

3% %% 0 109B009
FAEPMAD MBS AP EEAL ¢
FEASFAELH

B2 T35 1 (06) 2757575 #& 63125

E-mail address : llhong@mail.ncku.edu.tw

il A d BRE-EEE T2 4B
Prfse:? EA®I109F57% 3 109 & 12 ¢

FLER AEW2105 2

REEEes R S 3

FLPH 109127 7p



109 & P T REH/RE LB R
2% 2RPE AR HIBF R
WRATRBIEAITLN BY RS BHE
BT E £ B2 fadl
PR R BB B F AT HEAEE T (D)
PR RAT- 2RS4 FIEEE 3 (D
P TR R w R A IR T (D)

REFEBHOR) MHEE A FTFREEAEE
FELEHL I ELY

BRiiFt kL E  BRECEIZEIZT -HEH
Frde P FA @109 &5 3 109 & 12 8

FLEY AR 270 § A

TR+t g 23273
PERE 09 & 127

(AFIPFHBRIEEBA 2RI 2 B3 S APBHZL L)



B2 BE B oot 1
ADSTIACT ..t 3
B v 2R F I ARET B E et 5
FONFIL P E BB s 13
- CHRATRBMAFLE R R BAPBESEE A
PEZ AR AR e 13

SR RCER I Bra s b peE p
..................................................................................................... 74

T EFARRZPBFNE R AT R A PT(PSHA) B~ g u & &2

B T ettt ettt be et ete e naeenteeteebeeneetenn 83

7~ Ik B R A 7 (SRA)Z Hpr= /*Jc B REIT e 91
E’%&%ﬁﬁ /ﬁmkéiﬁﬁkil J@%&&Wv%m%ﬁ

T ettt ettt ettt b et et neeneeneas 110

A AT R BT T s 125

= Bg@a] ME BT ZO B e 129

A AT F12 VEV R DT 135

1 "MSA 22 B R DT T e 149

L e A BRI ARA (ESEP)Z 2 2 B X G s 211
Lo SRR EPHE T RIER e, 288

Foy A BT oo 310

B~ g:v-@gk ........................................................................................ 317



IR X

ST 07 T Rl 7 PSHASSHAC-3 3+ % » ¢ =2 2R
RN Eal oF LR R YR o ik R Y T
Bt E G R A EE AKARR B R RS OiE
HHrEE A ez G0 o« B B EERY PRG3R HiEe bt
Bdrm £ BRBE U AL S RRicE R APHE S s R Frpkk

A P IS

-

Wl gt RN A A AR B R B R

’

]
BIEHRTE 5 T BEEE o A B 5 TS Y Bic GMPE 607558 ~ H A

Frht i * AR BR g s H - Rl ERR X foiR £ F &
A BY 23 TSN it GMPE 07 N ol - Pl R X
It o HiERRT BEIEOSIfrRERE L AV FEHEE

Hrge #NET o
PR RAT B E A T FIHATET L 0 HR S & BT
SSHAC-3 Rk e 3 Ad » TR e d o LH o BPT Rufaie
2R AR EAETHR YR oA 2 B 2R
Prido B E ARG 2 A TR A M R A0 2 P T RAT-
ol o0 /f%/n\%‘r?# Pt I Hp L AN R R AT Y R A
Bz 4k R#H(GMRS) 2 Huk A # K 3 F R (FIRS):E (7 & Ieh
Bl
AP FEHPO SR RE BAITLFRE R FAT 0 @
AR R RS Pl ~ AW~ F R R 2R
BT H V&V R0 o e § Sl AASE e A Ap R 7
s DS LR A ST~ RS AR EFRE S



AR L & p{%oljlxilﬂ;4i;g‘¢f§?ﬁ,‘ | V&V X 5| i3 e A 47§
AE 2z Av”fl’rﬁ%lﬁ FEERFOHAREERAEAZLRPE -

w2011 &£ p MgH Eecis  FRPEH14 B ¢ (USNRC)#
SRR A 712 3% (Neat-Term Task Force, NTTF) » 14 3 52 +% %
B Fi il T i 4 o AP AR ERT 4 7 I (Electric Power
Research Institute, EPRI)f-# B +% it - ¢ (Nuclear Energy Institute, NEI)
AP RE 2 2 MR AR 4 ik A R = 5 42 F (Expedited Seismic Evaluation
Process, ESEP) ~ % # ;% & % & & (Diverse and Flexible Coping
Strategies, FLEX) 42 e+ 2 & % R v 2= iz (Mitigating Strategies
Assessment, MSA) e = j2 Je B Hjep ik o pt ¢k 5 T 45 AR EPRI-
3002009564 4R 2 i= 2k el R s 4 B f?ln\ SRS e e
FEM & {7en® 73R » M EP R FHE o hd T RF BT R
2 FR BREY B S At R A AT o

MAES (I AR RATRAF B BEE B F A B
BT 2 HGHT 4 RS F e @ W RERARA S F R

R EG  r ER



Abstract

The TPC has executed the PSHA SSHAC-3 on its NPPs, and has
submitted the SSC technical report, GMC technical report, and hazard
input document to the AEC.  This project will investigate the
reasonability on the logic tree of the ground motion characterization for
crustal sources on the later regulatory demand. The ground motion
characterization uses GMPEs to describe the intensity of ground motion
as a function of earthquake magnitude, type of faulting, source-to-site
geometry, and site condition. There are five nodes in the logic tree of
the ground motion characterization for crustal sources, median for foot
wall site, hanging-wall factor, listric fault factor, model of single-station
standard deviation, and mixture model, in order to consider the epistemic
uncertainty associated with GMPEs. However, only the median for foot
wall site and the model of single-station standard deviation own multiple
branches. After investigation, this project offers suggestions on the
branches and weights in the logic tree of the ground motion
characterization for crustal sources.

According to the hazard input data from SSHAC-3, the soil
parameters obtained by field testing together with the unique non-linear
effects on the vertical similar to the horizontal ground motions in Taiwan,
this project will try to collect the existing as well as the up-to-date
techniques and regulatory guidelines for the site-specific ground motion
response spectra (GMRS) and the foundation level response spectra (FIRS)
of NPPs year by year.

This document also reports case studies as well as guidelines for NPP
structures when the soil-structure interaction under seismic excitation
should be considered. Concerns in the response analysis include SSI

effects and the derivation of the FIRS. Prior V&V case studies were
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employed here severing as the demonstration examples that fulfill the
recommendations in ISG-17 guideline. Elevation differences between
the ground surface and the foundation, composition of the soil profiles,
and the consistency of the input spectrum would produce significant
impacts on the results of SSI analysis and should always be considered.
The investigated V&V case studies (three cases) also compare the
influences on the analysis accuracy caused by the initial built/presumed
FEM models as well as the location of the excitation input.

After Japan’s Fukushima Dai-Ichi nuclear power plant accident, U.S.
NRC announces several near-term task force (NTTF) recommendations to
enhance reactor safety against future disaster. In the proposed study,
relevant documents published by EPRI and NEI are reviewed and
examined for the expedited seismic evaluation process (ESEP) and diverse
and flexible coping strategies (FLEX) for its seismic mitigating strategies
assessment (MSA) method. The applicability of the structural analysis
procedure and nonlinear FEM analysis for the fuel pool suggested by
EPRI 3002009564 will be assessed. A thorough understanding of the
methodologies and their underlying scientific foundations may assist

government nuclear agency to accelerate NPP seismic risk evaluations.

Key words: Probabilistic Seismic Hazard Analysis, Ground Motion
Characterization, Site Response Analysis, Site Investigation, Soil-
Structure Interaction, Foundation Input Response Spectrum, Expedited
Seismic Evaluation Process, Mitigating Strategies Assessment, Spent Fuel

Pool
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Mitigating Strategies Seismic Hazard Information

Seismic Hazard Curves
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« CDFM
o HCLPF

Upgrade Component
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risk insights
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Document Expedited
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(ESEL)

No
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Don't Pass

11

Frequency (Hz)

7

Y

No further
evaluation required
for the ESEP*

Yes

Notes:

* The remainder of the
EPRI 1025287
evaluations should
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applicable.
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Receive Updated Site-
Specific Seismic
Hazards and GMRS

GMRS < SSE
Between
1Hz and 10Hz

Only
Narrow Band
GMRS to SSE
Exceedances*

No

Limit the Expedited
Seismic Equipment List
(ESEL) items to items
with f, S f_< 2.5 Hz**

Low Seismic
azard screen met**

No
Screening Notes:
Perform HCLPF * Section 2.2.1.2
Evaluations * Section 2.2.1.1
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a, <0 F]pt » ¥ @5 9 £f6F GMPE H 4t 9 £ 3
GMPE » £ @ 3 > fwdrd i 0.01s - 2s pF > [14adj f~ Chaol8 £
HEFE L o A58 GMPE 2+ 4ol 1-2 #55F o
5. %g#(Random) GMPE :

A 11 B a falicfe2 BRAA K ZFAARL TIPSR TR
KE BT EAG > E3, 2% GMPE > 9 i54/6+ GMPE 52 %
3] 5* GMPE 7 & * % #% GMPE 4 &~ GMPE - 24 @ F]%{ % GMPE
chi B ABcr 9 B A o F A NEY GMPE ¢ 13 B fadicen T
Pgee £ ic3 R EEL G THRAE > SRR SN GMPE otk &
GMPE -

#-an it 23616 ,E'ﬁ%l > St~ 95+ GMPE ¢ > & =5 ~

=

\\\Xr

B@ P9 B PSA ¥ A €4pl o A7 GMPE £ 4 ik 2 g i o
7 K4 £ A5 GMPE e ® > & % %% A PSHA SSHAC-3 3+ %
(NCREE, 2019b)% e iz 9 1 PSA ¥ ficeh £ B - H g5 4cfp o &
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# FheT ()9 iEfE+ GMPE (hInPSA P H P 3 B s > 7 i fiF
2554 36 f8 - (b) & 85 GMPE 7 InPSA #4230 = fAfE € & o
£ 2 %(0.25,0.75) ~ (0.5,0.5) ~ 4(0.75,0.25) = (¢) % & (a)r(b) » &

)
W

i~ 5B B2 A A & InPSA £3+ 108 @
b dt % - Ao & 15 50 23616 2 InPSA & 7 2Ra e fFA 4T

2

Frje Aok 35 GMPE 3 3 2 &2 InPSA kg7t 424 108
EX AN GMPE » 4+ £ 9 1546+ GMPE ¥ jb % v @ keh 9 i

315X GMPE > &35 117 i % k358 GMPE > 7 ¥ £ = 4] 5%
GMPE i B taficd 3 117 B A E 0 % 12 R2h e Gl ik

Bl P L 13T 08 R0 13 143 % B e nig 3t
B id 23 5 T P 7 B PSHA SSHAC-3 3+ 4 GMC #4538 2 (NCREE,
2019b) 17+ Fit4k B o

117 £ FA5 GMPE § 5 R4 9%+ GMPE p 2 & ¢h
EH o mA Kk E GMPE i 2 et > s Bk = B AN
GMPE 113 B i4#cs 13 ¥ A F > %2 455 GMPE 4R 5 £ 18
GMPE ; 2 & L2 fo= % 13 BREd Rl 4 5 o % Hpep i
Moo i1 A%k GMPE charii 4 gE %4 > # 2 CBR & 5| TDI > #&
i A 5 60 GMPE 22 1 e A & ehth d GMPE B~ 1% o Bt > & JF
¥ 744 % £45# GMPE ¢4 4 GMPE » % 7 | fhlicin® o 4] 3
GMPE - igdt ~ £ &2 4 ¢hd I+ 3|38 GMPE ¢ 13 i ek g5 117 %

£ A48 GMPE *f &3 ehT odks £ o %P BB L hgis 4 4 o

AL 13 B g o H LA g

5 W iE 2k BoAe oA BT iR

)

gL A 4447 B
® 0 () a+58,<0 4 (g)

a,+a,In\fa’ >0 o & 5E s GMPE % » GMPE 3 & 2000 ff » &
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itk &~ GMPE 0 13 i % #ic@ 733t & % 2 % B PSHA SSHAC-3 3+
% GMC #jt¥48 2 (NCREE, 2019b):1 3 F ¥4 C o B Hlm = » ik de
¥ 0.01 s ¥ > 2000 24k~ GMPE 713 B ik & > Bl&? 9 1544
<+ GMPE #t & 0% F 3] ;% GMPE % #ic2 vt #ide ] 1-3 #951 o

6. Sammon’s map -

* I 3] 58 GMPE mii%] »58F MR~ Zig » Frey ~ R #
51 > 43V (1.1)#751 2000 24k &~ GMPE ¢ PSA ? #icip - B € " ¥
B S U o @ AR R R AR > T AR AR B B
A S A K AR 2000 B om oo Flpt %—%%E" Sammon =7Ip%
B e(Sammon, 1969) > 3 B AR W & X 2 AR A (T g
GE) B Ao fLE Sammon B o et - ko & - ik A GMPE 3K 5
wTw - 8 > {35 GMPE ¥ i3 TDI ¢ CBR -

A A+ » GMPE mﬁi%]% B s FH 57 et Sammon B
S E B Ry~ SRCHATT o gt b BN PR R S R
PooHeEEATR ﬁ)ﬁ%ﬁi»y mﬁ;‘] » S Bcirig D PSA P R LS R
MR o T HBFEE R B A T RATIRE B 2 R HCH 1 L
SHcgpicit B 14 feR IS5 e PR RT =001s a3 &2

>/

T RE M-~ R, ~frZy, 2 472 BI(NCREE, 2019b) » % £ Sammon ]
9 GMPE 3achiy » 5855 22 B W Ha? v Bk R TR
%(a) Zyor <35kme(b) Ry, >Zgo(c) 122 Bz Fpy =1-Fy, =0
BT Ry =1 Ry =0 £35 55 2926 ledichi » S8
#3217 2000 2.1% > GMPE 4r 9 i% 46+ GMPE % 5 2. % F 4] 5 GMPE

1 InPSA 3 S HE -
B R AR e E B Y 8% 2000 24 ~ GMPE 4r 9 i
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8+ GMPE # /&2 £ I 4];% GMPE 7 InPSA & R 40 A & Svendk
MARRE T 5 B L g AT F B2 It hs AR
o S M K AE (T AR o Y P R ledeT

1 AIGMPE Amap
E= ZAGMPE Z( : AGMPE ) (1.2)

I<J

i<j
e APYPELe AT A ] 5 A B GMPE (i )¢ InPSA B im it i &

R AR b Sfe T 5 R AR SRR o L ASE 5 b AT

ACMPE — \/Zw (S}, ~InS;,) (1.3)

k=1
£¢ > InS), 5 GMPE i éh% k i InPSA B w3t @ ; Ng=2926 -
A HRTR ~ S dic (7 InPSA BURHGR B E) oW A HEE > 1
SSREIE

1
W, OCDEG(Mk’Rrup,k’ZTOR,k)+N_ (1.4)
S

# ¢ 0 DEG(M Ry Zir) » % k B & %c B » % %
(M, Rop i Zrop ) ¥4 B o 3 B vt G 4o ] 1-4 o ] 1-5 9557 -
FRPEIBE &) L FRAEY > K% H @] 30107 pF(NCREE,
2019b) » ik b & & o 9 2 B AR EE - P50 5 B Sammon B -

z A&7 B>t T =0.01s 0 Sammon Bl4-® 1-6 #7577 (NCREE,
2019b) » 9 %+ GMPE %52 £ F 458 GMPE &= @i 25 §
= [f) > 2000 24~ GMPE ch- B85 % % < F > i 2009 B

P (B S SE A 2 ) A G F3) 2 2926 e ddchy » Sl &
ZI o LB 0 T4 ()9 15483 GMPE # k2 £ F 4] 8 GMPE
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- BREEET G PR T ER R - e TR Jr*l’*’f & BE %
& Fe A EE T o (b) 2000 A GMPE eh- A g fLEEA Gt 9
i=f+ GMPE R L 8 * & 3|38 GMPE 13 B %dicens % 2
BOEL A 2 A B H AP REE o 23 B R HE GMPE e
CBR 9 iff+ GMPE $ /&2 = Ir 3] ;* GMPE - % & SLenff
MfrAa 8 CB (¢ ®fcid) 3 B > 2000 24 % GMPE %= %
i sena e R (FF) 3 M > s GMPE ¢hCBRiE % TDI > 3
& Sammon B ¥ P~ Fl> 3] 4 % 015 ) * & (Representive) GMPE-
Flr N2 FFMRAREL ST E - AR ERESpHE g
® Sammon BIFF > F =& 5% RS Atkdho Bl 1-6 P < B
A% B~ 9 ixfE+ GMPE $f &2 & IF 33X GMPE &5 - fa 5 R
T E2E 0 £ 2926 T35 InPSA " MAE R 2 S % 0 RisHry - A
TR 2 AR AR gk, 7 T A BT #0 Ak & Sammon B R B o
LT 33 9 548+ GMPE # 52 % F 35 GMPE &% — 46 InPSA
B R R £ 0 #2026 3 T 35 InPSA A B 4e A BHEEF
PREFFERAEREF LS > TE - AR EREE A2 fr A2 {Rot o £ B
A2 fr A-2 2 8 S5 R T dih o ¥ B3R A2 AT D R b o $ET(R =
R M BEE (7 A 4R % SUESE o ) 1-6 T 5 A R-T # fo e g 18 ¢h Sammon
Bl ZEA A2 fr A2 i B ANE Y o
K,értﬁ bR 3B AT EEz ¢k 5’75 6 B RFEE R BT
Sammon Bl ® ° i& 6 B 5% 84 = 3 2> & Wk T InPSA 4 -
LA~ foigEEAE SR o B M EBEA AR S R TR %kﬁbt} A2
2926 1 T3 InPSA 4 K L AR F2 0 WP NT L (a)
gL A 2. 2926 B T 32 InPSA 4 ~ FEiEa > T - BAEEY S+
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S4E7 o (b) BLA 2 2926 1 L 35 InPSA 4 ~ & M » #718 = kfE
L2 M+fe M=%t o (c) BEA 2 2926 T 32 InPSA #4v ~ 3 YR
i - g R gk R+fe R-#&7 o B~ (a, B, ) =(0.5,0.06,0.0075) >
iz 6 BRETES TR TE 1-6 ¢ o A Sammon Bl¥ » Fix 6 B
4 BE B RS TF ART & A5 GMPE 57 InPSA FERE ~ AL
TrigBEdE = E 2 3 iFghe o
% ¢ & Sammon R ¥ »#-9 i 8+ GMPE /&2 £ I 4] 5* GMPE
RS RT3 e 0 G 2T BE Mg w2 AR
B 1-6 ¢ o
7. % % (Representative) GMPE :
% Sammon B ® - #c® GMPE ¢ CBR £ 3 TDI:> 2 %[ 1-6 ¢
EEE A RS FERES §9FERAF GMPE#H 2 £ I 3]3¢ GMPE
Z ERRE, w2 R F ATy 2000 ek & GMPE - Ak fREk e
% % % % f PSHA SSHAC-3 3+ % (NCREE, 2019b)% % % 37 4 B
TRE Kk 7 9+ GMPE &2 £ Al GMPE - B
g 2 27 BRFE P FRT UK G - R AR TR
AR R frEMERT  ZH G A TR 0 B FAcR] 1-6

iz d ‘ﬂ’fsﬁ’”r'f‘["°

GMPE 7 CBR & i 3 TDI - j& F & R0 v* B] 1-6 chiz ¢ S4r
Fl~ > &% 1% % B PSHA SSHAC-3 3+ % (NCREE, 2019b)#-%= ¢ jp &%

FFRehE s mdh i @ 30% 0 375 ¥ A5 GMPEmV’—‘#’
% 5B 1-6 % d B < F A

LBl 1-6 % d B AHEFIY 45 01 8 4 GMPE 7% 40T 1 (a)
R S EE o BN 2T P % 45 R sk eE % HE T
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AA 8BRS (D) MEhAFMLE - EMA Y EHE 27.24%
(I=O/17) > 4 - B¢ 45 o () - HZ & ~ Eihd ui5E
75.75% (1-1/17)» % - B 14 [ o (d) T HRAZ P ~ 7 AT
8 i phrd 2 A L E XV FFFIR 8 i ph 2 A 0 A3k A HF A 2
217 BIEGF D] TR () F Bl REZ PN ERALITT
< itk &~ GMPE i 5 * & GMPE -
8. % GMPE éhig ¢ :

L3R 17 i 4 GMPE éhfg € » § i Bdp b B Tl friast &
N BB FALL LSS 2 I GLBHTW (£ F 4 2 8) fr TW( 548 )>

% 0 GLB % p NGA-West2 FHE » iF & 5 A 4 50 o Fad ot

g BATHEZLF L o 3 —‘F*]‘E'v"JTW PEPBEFERS 7 iEHEF GMPE
feg BEFP 205485 GMPE th A 4 554 $ T4 > fe b TW eipb
EAE R R AR o EF PSA b £ 4 0 GLBHTW #4357 2842 1
3590 kT b B L %ég%éé?;ii’ TW ¥e:iE 7 6874 1 7743 -k
T g AR R B TR o L 0.01s 5 B0 B ma s B TR AR
BACRESE A 5w ¥ B 1-7 -

% SWUS 2* % (GeoPentech, 2015)® > % i i£ * & GMPE =g &

Ve B B Ao

¢ TH | X L Sammon B 0% i

B
¥ JiER A GMPE> A Z % 1B/ %¥&he ff > &5 T 1% F PSHA

A
o AR - HEoNSE 0 B RSP A GMPE diikd -
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SWUS 3* % (GeoPentech, 2015)¢ » S, 7 = f8E# » Flm A2 11T =

8™ & GMPE g & ¢ 6 18 ¢

N;
Wy ey (1.6)
i 71| 5Be. j|+0.0075

ﬁNI A N;
Wyjoe ZLL —min % ZLLJ. (1.7)

i J= i =1

N;
3P (1.8)
Ni j= J

P oSBe 5 F I B RPN Y jIEHEAGMPE 2 F 2 T 305 B
EAREDRE TR & GLBHTW & TW; LL & % j R+
GMPE % i #c2 % i (likelihood) s ¥ * $dci® 5 P, 5 % | ik &
GMPE & filfcz 5 pAR - A&+ > 1/%e,ﬁrLLjfﬁlﬁ,§? j iR A

GMPE 11 GLB+TW & TW #cdgpir 207G S 2R .!z. 2% b B Hic

VAW o W, 1T F 0B RPN etk A GMPE B ¥t 17 B T

17
3 ) 973 4% & GMPE B #ieernt 5] > N, /DN,

i=1
B 1-8 B2 7= B it 0.01 s s GLB+TW ( Z |3 B ) &
TW (+ ]S B) #5577 6Be; (+ > A W) foll; (7= 5 @)
FEAE o A Bl 2 AET OB =008k 0 RIETHIT R A
GMPE $i% @ ificdy 7 F 6 i & R o LLL @R BT 2 ehT 15 5
Mo eT A BILL B x Eehd e et Bl 2 A Blae 2T 74P
i 0 FW 0 1/6Befr Ll &7 b chitit E 0 ¥ 2 % A% & GMPE o
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B ARR o

F1# 26 Frs (1.7) > e Bk bodcdy o v EH 4 BRE E -
B s wey O s wpt s W s few! o i 4 BHEE S SRS S I
FRAY) EEFFSBRELEE HT AW, M EESENSRE B
L35S BHRE EFR 17 i~ 4 GMPE # € 2. B{E#-ct# € 4o F 1-9
T o B 1-9 G £ K 22 5 T 47 7 B PSHA SSHAC-3 3+ 4% TI B4
FHET AT 3B RFI(L) LA F R T s Fedi
¥ Q) By fddhs * N F BEAT GMPE » fr(3) pat i B
Bdp i * 3tH L GMPE B> 1t % sz = Bi- A8 GMPE & (4 iz
FpRE S ORET L IR L &S BRSSO ERE L
0.8c & F »d ¥ GLBHTW ¢ 3 f 5 #3 B 5 3 R T3 3
BB S EEREBPEE 06

EYp B 1-9 2 BIERMoEE > 17 F A& GMPE € e & 2 2 5%
4T

W, =0.16Wg; +0.24wg' % +0.16W.; +0.24w""" +0.2w,, ; (1.9)

d (B2 B S S BREFE A2t HAEET <o
VUYL Z s b o X 0.01s pF oo 17 158 & GMPE 15 fﬁ%ﬁ:a‘.fr&%é
LT 2 B AeB 1-10 9757 o RSB F| (1) ¥ 15 EA L
GMPE =w/""" fo % 10 i & & GMPE chw; 245 M- B 7 B-% 3

WP B ERORTOA TP RS FAARE R - RS

% 10 75~ & GMPE=(2) # € % 4 £ - i % & GMPE e wy|
2 Wgi 2H B0 (3) T4 F 15 iR & GMPE ehw] P 2 i 0 H B

fsm EE T /mMa e > % 10iE X~ % GMPE 4g4cf > &7 5B
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HEE N2 X B o(4) 4B 1-8477 » % 17 B | F & #*> Sammon
Blind £ % 17 54k & GMPE fhw, I R #5935 > 7* I Sammon

B¢ o] Bt i GMPE ¥ A £ 4 RB i F R RP » 2 7

Sammon Bk B~ & 5 - A ;Y GMPE 2. 2926 R T
95 @ 25— A8 GMPE 2 13 B taficenT 5 o

() tEFpthicnigd

¥i = /a?;jfrﬁi )| PE RN SRR A e A I S gl SRR 52 A
Fo R AH R e - KA T AP IERT o b B dveil
#F PSA € v T EHnk 5 5 8 NGA-West] GMPE (Powers % £ ,2008)

P 424 g f GMPE v » b 45037 < 5 3 ey ~ 1 & 0 f<* GMPE
b AE s E 0 — B 7 HP SWUS 2+ F (GeoPentech, 2015)3% =
GBE N T P s penivd A et B AL 5 iE o LY B3
h 58 %ﬁx%i WOARE R B AT D R e B 0 F
SWUS 3 et o s 80 5 B 3704 &2 & 7 1% T f PSHA

SSHAC-3 2+ % (NCREE, 2019b)F£ 5 8 $£3] & 4 b 4% »c iy 2 5 7
FE TN o

SWUS 3% (GeoPentech, 2015) et &S ficd 4 * T 7 Sk
dr ool

fw (M, Dip,W, R, Rig, Ryps Z1og)

ZCICOS(Dip)|: +(1-C,)tanh } [1+C,(M =7)] (1.10)

W cos(Dlp)

X I—R—J x max(0,1— i)
o] 12 km

oAb fy 5 RIEM e Sodie 0 5 & Dip > BEHLIE Ryp, Zigg (R
gx,g(o L] f,"ﬁﬂtcl”ﬁ 5 FiE & g\,J i)@mfrd,z F!L,Ai,]v_}‘o
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AN (1.10)¢ o f, S it d tanh SBcdr ] B3 S
SHH R B G Rz R TEERR o B -1 o R - BT
fry SER, % 1L+ $-F & 4% W cos(Dip) Aur Flot H-nk 3 =3 47k
BB G kTR fy, 2 R S8k B R fy, 5 R GRS
B Bl 1-11 eh 58 RS A P B ro o r mafhsigs it » ik
#C 3 SBE-

21 EENLINEZRE* N LBE ROt BTk ST PR R
PSHA SSHAC-3 3+ % (NCREE, 2019b) i ¥} 7 1 & iF i 12 » &4 M > 5
Ziog <12km ~ R <50km ~ fr& - » RF #1355 10 Biplap e &
PR IR EEE S PET 0L S RER

A

BRlek G s RER TR R 10 8 0 B & Ltk

rTE-mREEEISL 3 3 RREk A b oo R - i f8+ GMPE
(4 Va0 pig ) 4% E- 8 BE #5218 InPSA e B (s
WY REEP KRN SRS 2 Bl anT o B R R

"TR 2 ® i o

7921 ¥ ¥ #{rfaF GMPEASKI4adj & 6> ¥ 2 & ¢ %
Moz 7% EHER D% ho @] 1-12 995 o 2t B+ IR T 7 AL 2 kT
PR o E TR 2 R AT ST AL A L E AR S
=R FL3BEH2 INPSAR BER D > B Zixpd M
B 41 B 1-11 22 HW1-HW3 o HWS» % C BT 1 ¢ fgfot 120

10 &4 2% 40 9 %46+ GMPE # 12B] 1-12 ch#75 B3 75 %
¥ 5% +% % fu PSHA SSHAC-3 3% GMC #ji3F 4 (NCREE, 2019b)
R F e Lo S ROE T LT L2 b2 RO TR g TR
R % > 5 km> 5 % + % B PSHA SSHAC-3 * 3 B %
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Okm<R <5kmz @%b > 322 SWUS 3% (GeoPentech, 2015)
b FOTRACAE Y 2 B B Ha o Ry e

FE-ERAGMPE ¥ ¥ g1 RS AL > g R
EERZH - PR REA S 5 B #& SWUS 3 (GeoPentech,
2015 E 5 - P GO RECA L E - EX A GMPE; L SR T
i PSHA SSHAC-3 3+ 3% (NCREE, 2019b)z 12 % ## 1 5 fle 4 $£ 774 2
- P ERWALE - 518 & GMPE o 10 LBrETE 5 B2
T PSA L 6|0 = BEH 17 5% & GMPE $5ie 5 8+ 4 >0l i
“T18 85 B PSA Eerh Fon 3t H 1-13 + = > B B %A G 73t F
1-13 7 = o

TRl 1-13 5002 F 8 PSA 5 bl P 4 2 F - il
%4 GMPE ehfie #4477 » #eclg S B 1-14° 2B 1-14 ¢ > Y $h 3
RBWFF - BREH 5 185 Bfe— BIEH-5 84/85 % 7 4 g3 &
Y $he12/85 % 83/85 2 3o L 1T B RAFWF HE o0 T F
PRI RABIFERY vtk AR5 GMPE v HW ehfie $f o 4o %
44— GMPE ff e s % e et Rlec 5 PR i b
FHEF? S RITEL ¥y AR (i GMPE ket o B 1-14
¢ 5 RT MY 17 B GMPE fr HW chpie 8L > 35 17 i85k T & 4

e BEEAE > N AFHBA L RAB T R S BT o EATH 1T

# GMPE fr HW thfe$tgbic & B g5 - 1 & 85 B R4nBan
Wk F— g R At 1-14 o

AR A 0 B 114558 2 B 1-15° 2R 1-15 ¢ - 17 if
X 4 GMPE 4r HW thfie §tghec ) - BE4E 7 30 1 3 T 3 | 4 fefta
fs e PSA A S o BB 1-15> ¥ 4 17 i5 % & GMPE £ fie
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AR A e A B R 5 - A
it 85 & GMPE {r HW ¢he & ff i 2 § - GMPE fr ¥ -
HW 0 17 Baest > B - 38 5 2 > 4oB 1-15 9757 o 51 {i&- #
fjivpestie s > 5745 % F PSHA SSHAC-3 3+ 4 (NCREE, 2019b)%
JoH-02 Fyikdpenfie st £ % 20 H U o 0 LYrETR Y R
53 PSA & B> #7F i ¥ ¢85 f& GMPE {v HW . & 2_ 53+ PSA
*F R AR 1216 Arom o g P R AR 22 0.2 ik AR oehfe
Hiw s > 117 #5184 GMPE i3 PSA thik % » 7 A7 3§ 1-16
JF v g o Bl 1-16 7 5 85 46 GMPE 4r HW % £ 2 23+ PSA # 3+
BETBEE R MR T - BHREL R X8 - REE
L 17 R A GMPE 32 PSA 2 4p e 2 % T vb i o LR I-
16> ¥ 4rd & enT 9E ot £ A% B35 7 02 f)a ¥ e
TR H v FH o NEFEE P Z R ET PSA RS A

CN

HW $3) > &7 % i
(z) 522580k e &
& 2+ 7 i PSHA SSHAC-3 3+ 3 (NCREE, 2019b) ¢ SSC #3¢ #-
Loy e ST-IL a8 11552580k (V1 & SERTR IR A B0 ) B -
& ¥ a et o 4o® 1-17 77 - SWUS 3+ &

$ie b e @D P R IIL B  o

AP EA B

b

(GeoPentech, 2015) 7+ s | % 4-d T o %7k (H - & ) E

ko BT E AR ER i 2 5% R f PSHA SSHAC-
3+ % (NCREE, 2019b)kcds — 38 Lo %ris k4% = Foehde 6 5088 ot

L oMAT 3 e B e Ce RI5BA T B 5% ER N

$r P L5 4o LG BB FEM Moy % iE B354 (1.10) 0 H -

upper

T*Eiﬁis?]% S¥co ¥kt L g 0t & Dipl ~ %74 T L 5 o0F & Dip2 -
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AEA B NTIOE o oB] 1-18 #1770 $T R M A h L e P
T Ry PSHA shig % 848 0] » & & & %% B PSHA SSHAC-3 %
(NCREE,2019b)mfgf4 PR ARk bk ERE - i
kY R IR o
() E- Pl EELaEL

— A o R BB AN R ET TR AT

A, =B, +35S2S_+ WS, (1.11)
FP oA GER e RS TRARE OB iEEARE (FEAFA
) > 5S2S, hplsk (F RPN PIEEAE) A E 0 WS, 5 k&R &
(B pH- plebAE) o fivfFAh 1722 InPSA ¢H GMPE > %

Baplab el iz B B ER SR g R ¥ 5 Tiak

LOhF pmfi > BFRFLABET ST ¢szs'fr¢ss owpe © FIHY 0 &
PE R TR BT OS28BS H - R A

Oss GMPE — \/72 + ¢528,GMPE (1.12)

T3 H - PR A oG guee @ R & ¥ A B OB,k A E OWS,
% 5 GMPE # » #4z4p B 31

H - Pl L Oy gype 5773 F A TP A3 T e g qype £T7
TR TN A A Rrihar A R o SR L g g
TER Ak B RFE I LR > & 1’5%%':@‘_ SWUS 2+ 3%
(GeoPentech, 2015) 17 B §E 4> SWUS 3+ % (GeoPentech, 2015):#:5’»—2'2 =g
AT A FE L H2e+ 3 4 1 (Scaled Chi-Squared Distribution) - -
w7 SUEERTIT C fop d B ko d T () o B K

V() it
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_V@) k _2AEE@)T
2E(7%)’ V(%)

(1.13)

& SWUS 3* % (GeoPentech, 2015)¢ » f]* 5 i GPME % 3* E(¢%)fr
V(r? ) H PV (7 )2 w3t e 7 GPME 7% fx 24 fo GPME 2 fF e %
%7 ' M PSHA sn#ci®:+ 5 ¥ » 5 % %% i PSHA SSHAC-3 3+

% (NCREE, 2019b)#-:& 3§ mﬁﬁ%f.% > LR = BLARAT A B o
WHr = Bfo i 15 5 & 45 Keefer and Bodily (1983) » B~ 35 3 f 8 5

5% ~ 50%Fr 95% 7 8L o ¥R S A s L 0.185 ~ 0.63 §r 0.185 » 7+

=R

Thigh = Tosy = \/m,
Teanral = Tson =\ C 2 (0.50), (1.14)
Tiow = Tson =\/C 2 (0.05)
ARG ER S EE RS ) o) ¥/t L N
7 SWUS :* % (GeoPentech, 2015)% » 7 2. & & A M 8 (2 4e

+ _5(12—11) M <7.0
r= 2 (1.15)
7, M2>7.0
P o e, mIpN(L14)A 3 B P oMz BEE Aok 1-1 P75 o
FENAIS)Frdr i 1-1> r EERHEM 2 B Z4cB] 1-19 #7510 o ¥ -
* & » SWUS 3+ % (GeoPentech, 2015):n % r 2. @22 3k Hp m B o
& % 2% B PSHA SSHAC-3 3+ % (NCREE, 2019b) 14 (5 i e
¥ BB ER 1-19 Gug % o 1w BiEH(0.01 50313 F)

SO T 5 BRI 15463 GMPE tr B ARKF F(4.5-5.5>
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5.0-6.0 ~ 5.5-6.5~ 6.0-7.0)#7 18 7 & 22 SWUS > % (GeoPentech, 2015):%
N2 R 120 #rw 0 XM e S #r B & SWUS 3 F 0
By MiEz oo
P REoOATELTEFHAM 0 &% R K PSHA SSHAC-
3 :*4 (NCREE, 2019b)12 & 4% B (5.0-6.0 ~ 6.0-7.0) 5 & » +* i
LWL SWUS S e s e @ 0 4o B 1-21 o @] 1-22 #7
T AL #rEE A SWUS P E B~ MiEL o AE -
20 % B 1-222 v o 5 F 45§ B PSHA SSHAC-3 2+ 4 (NCREE, 2019b)
=5 SWUS 2+ 3 (GeoPentech, 2015)s7 iEiE:k o038 F B 3% 5 %

e
PR o

=

FEm 3 0 B g o PSHA BE* £ N L Gn i £
s rger” B PSS (L12) 0% P - Rl eEE L G e o~ B F
PORBUHITT i R E0 0% REBEAR R T B g e K7~ FHL S F
EReh RoBRBAGEFEPN L Fn i X g 0 7R T30
B g ST FERPET O H - F 2 gL BB bR B S A G
KBl oo

4ol 720 5%+ % B PSHA SSHAC-3 3+ % (NCREE, 2019b) i #X
BR P, b Spret 2 Ao B ¢ fep d Rk 8T 5k
E(d o) fr % & BV (5 ) M - osS (L13) 177 re gy (Bt 2 o B
& % 1% % f PSHA SSHAC-3 3+ % (NCREE, 2019b)# » E(gg; ) ™ ¥ i

ixf8+ GMPE m¢33 GMPE F F- 2 ©
5B G quee ERBAPM 2 FE 0 5 T 2T i PSHA SSHAC-3

3+ % (NCREE, 2019b)#% i 4 B ¥ # 79 #5685 GMPE 2 ¢y goe 2 5
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HoRE T4 B) > 4] 1-23 #7o% o fwgﬁb B > & % +% % & PSHA SSHAC-3
3+ % (NCREE, 2019b)zn %5 4 3 B2 E(ds ) L RHEB -

5B BE D e EHBIMEE 0 5T 12T B PSHA SSHAC-3
++ % (NCREE, 2019b)# # 9 i 46+ GMPE 2 ¢ qpe &2 3k B (2B -
ho B 1-24 757 o R 352 B0 & T +% T fu PSHA SSHAC-3 3+ % (NCREE,
2019b)3n T M B B2 E(¢§S,s)—%i’f$ﬁﬁ AM o WB 1247 > A
T s qupe T IDEATE R E 0 B RE R P quee B 9 FFRT
GMPE v 17 B ik # 2 #5743 o

- 3G o V(s )FHEEYTT Faai AR BRI T
A B BREL B o SWUS 3+ % (GeoPentech, 2015)% 14 5g
P2 3 gy P B R CV (¢ ) >~ T 1% T At PSHA SSHAC-
3 3+ % (NCREE, 2019b) 7= +* BB #4312 > ik $5 H 2  % - P¢E
CV(dss ,)=02 ¢ h% R HHCV (g5 ,) 9 5 CV(dy ) ihd & > 7]
B CV(d ) =04 @ V(i ) E(ds ) ECV (s )= FAeF 1 T
R E(f ) TR BV (f, ) 2 16 0 s s TS cfrp d R KT
FRE N (13) 1 B2 o

ST T G g TR FERALT A P S A R
B s arger B VP AT BT cfop d R K2 B R
B 003N (114) 0 170 g e B 20 0 ST IR BERT g o BFUT 2 12

2B HRA G RY > 4oW 125 o

;‘%' K Eﬁf\gﬁﬁ‘t ‘}’/\ tfx_i-vﬁ /E‘J:é:' E:Li_%g’?» ¢55’3 {?’ Eé’ﬁ—fiz ;Fi E’iﬁhﬁj¢ss,target ’

B EipliE2 15 0 5 % 47 % i PSHA SSHAC-3 3+ % (NCREE, 2019b)-
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TAE PAREH T Bkt 20km 2o Pl abss B cdy o H BB (3002 )
'i*“’l f'!Z'—' -;E"’; ¢SS,target o I ’}:17' - }’;“i :‘% L’l 9 l’ 7}@’3’ GMPE HTI -rr Z_ ¢SS target

- e H 2 = N\ 2 . .
TR 1260 2 kT gl | B Bt S A G g L ¢ s A

N (LIR2)T ol - Pl R P o, ST ERRREHEIET 2P
¥ - (?IJ:‘L%'%L gﬁ:¢szs,targeti’fr > Al

O-és :Z-2 +¢323,target (116)
Fpt 0 o h T odcfo g R s w] Lo
E(O-st) = E(T2)+ E(¢st,target)7 V(O-st) :V(72)+V(¢st,target) (117)
AR o F 320G RBzferERtI > a~m opd B EABAd R
-’;‘ff' ° JJ— m T 'fr’¢ss targetmﬂﬁiiq% * G = #E fe o "'IGSS - F’m-— A= I\i
afF i ”‘I*l" IV ANT
o & 1% % K PSHA SSHAC-3 3+ 3 (NCREE, 2019b) i 2% B3k H -
Plb % B dcog Bt S A G RS cfep d & ko Tiodk
E(og) fr® B 8V (0g) m3 % T ¢

_ V(o) K = 2[E(og)T’ (1.18)
2E(og) V(og)
Og el Fagret S 44 2 B BB o hF ¢ e

Mz BEEE T

Oss. migh = Oss, 5% =\ C Xk (0 95),
Oss, central — Oss,50% — V C;(k_l(O.SO), (1.19)
Oss.Low = Oss. 50 =\ C Xk (0 05)

2 13 1/ Y P~ .1 2| » L
d 37 ﬂfr¢ss targetrﬂs“qIJ FEEHEM o o 2 B A -
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Ao r EEAREG Mo TS FIY o o BEE R M 2 B e

L

M -5
+— - M<7.0
USS = 0-551 o) (O-SSZ 0581) (120)

Oss) M>7.0
R O O, RS (1L19)A § & - ¢ foz Bl - AT A -
3o £ N (L19)frde & 130 oy H2 2 H M 2 B fade ] 127 %7 -
(=) REH L

% 72 GMPE 53+ PSA ¥ » -2 3 SE 3 /U - i ¥

__Jg}t
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AR B4 F SR 0 B ¢ #ici GMPE #71 PSA > ¥ b B3t iR
B X oF i+t »GMPE ¥ 14 InPSA i& {7 258 1 aw jF 4 45 0 w35 GMPE
P oeith#ic o F]p o InPSA 12 ¥ AL A % 4R 0 2 GMPE % 30 InPSA
5T 3o ¥ b ip 3t InPSA cR 8 £ o 837 %7 7 (Coppersmith % A |
2014)3 LE & N H - PlaEA EOWS, BB KA s 0 IHE KR ehitg
Brve g A ml o S RRERRROBILAGT S B EASG
(4pfe T o8, 2 BAREZ ) e & RG> 5 R & #5538 (Mixture
Model) » 4c[] 1-28 #757 o B\ [ » 7 4o InPSA HiR & 1 22+ &
- Fkh o - o R s AY AT A EA HER R
SR PPN

H- plab BB I 0T 2FREOB et 20 H - plabA @
OWS,, 7 B > & Hanford 3+ % (Coppersmith & 4 ,2014)7 » &3 3R OWS,
WEHREFHHE 7 OB Ri-¥ LA GHITT o & T 5
K PSHA SSHAC-3 2* 3% (NCREE, 2019b)#-0WS_ - OB, & 118 & #i-

6”}\

st m ! ﬂ’ﬁ"f- InPSA 2 R Z i Bt GI R B AR o BT
1P fedprel - RlE R L o R S5 Y 6 InPSA 2 Mg A AR
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> (Quantile) = * A 3 & i Sk Sofic &0 FIHEREL

B plaihs o]0 5% 5 T B PSHA SSHAC-3 3+ % (NCREE, 2019b)
VR E P H - P aEa B OWS, eI sk e el & RN eIl s a1
b4 = B(Q-Q plot) « 121483 GMPE Chao 18 % ] » 0.01 = 5 #51k £
4 o B2 A TR A Y4B 1-29 4o @] 1-30 #757 > Bl ¢ R & i3t
A d A BEFEA G L 100000 BEEHEE 1 1t bl s a
d oo Ry LA s B 0 5% P % &k PSHA SSHAC-3 3+ %
(NCREE, 2019b)# * =02 (7 0.8 &4 1.2 & H — Bz 8 1 )

P L EEA BE A G ER T A o9t GMPE-e
Fgt > 5%+ % B PSHA SSHAC-3 2+ % (NCREE, 2019b) 12 T 7

R & B4 b GMPE g 8 3 it 2

P(InPSA>2)=0.5 1-d| 2= | |+0.5[1 (1.21)
0.80,
F¢ » 4% GMPE 1 InPSA 53-8 » @ 5 4RI 4 M A i o0 % 48 5 2

& B o

gd WSH#1 9 PSHA %% w4 - & % %% i PSHA SSHAC-3 3+
2 (NCREE, 2019b)#F 4o % e A G NS IR S e B2 R
Fueht PSHA S % 229 #5317 > 2 & & ¥ T fu PSHA SSHAC-3 3
(NCREE, 2019b) 4 % 45 % fi & 5 HC5S 7] 5 A 4 » @35 % 0 & ¥4
- A FHAELEL Lo
(=) rtdpacn Rl K52 6 2 373

Wz BEBEAT T A GRS F WS T A F 2 5 0 Pearson fr
Tukey (1965)F L4z % 4 & G P # i P B> = BRIT 2 = B
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R AR 5%~ 50% ~ fr 95% ¥ 2 g B A W 5 0.185~0.63
fe 0.185 « Megill (1977)#% 41 ¥ — #8= BEiT 0% > Z BEen A A8 5 5
10% ~ 50% ~ 4= 90% > » B> 4 £ 0.3 ~ 0.4 ~ 4= 0.3 - Pearson {v
Tukey 2. 347 = BL3T 0272 77 & Bl4c @] 1-31 #77 » ¢ B & A Gd R
PR 63% TR 0 B MER A BN A S F A ARA  18.5%5F & o
B0 BEARRT S A TR FS S A WRF 0 Aok T ARER Y 48
A fhend BE P BN AA G RY FRBEI(H AR L P
BoMEPAFWFABL1-gqfcq(Hfri 1) » RE A GE AA
BRI L (1-p)/2 43 2 A= B HFHF 5 q-50%
fel—q @ AN RS HEL(A-p)/2 ~p~Je(-p)/2 > 57 2 B4 B
1-32 #7% © Jpd R pirq &> 7 URE R AT BT 002 B

L

* o

Keefer = Bodily (1983) L *t2¥ % P s 4 i# (Beta Distribution)f= ¥+
B W B A e o 305 Pearson v Tukey (1965)e= BEiT 1072 B ifp
T e R R P BTN G AT S rh < AL - &
PSHA ¥ » $#ci A WE 4" > 57 B S8 7EH T8y fr
B 5 oy o & DSl 2 Tokep ol B L o, o b i 2 BT
BT HEY A T e R IR 2V RT A SN
FfEpirg

nE+TE0MmE « 1- —
L =6 :IO efo(e)de = peyy, +Tp(€q +e. )=¢ (1.22)
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of = eZ“‘"E”@%eC’ﬁE 1= j (e pe) Fe(e)de

= P(Esp, — 5) [(5 _5) +(51q_‘9)] (1.23)

2
1-p 1-p
2 2 2 2
= pgSO% + 2 (gq +gl—q)_ pgSO% + 2 (gq + glfq) = SE
-1 v ) 5N
;\1 ¢ gq E b‘;;__r q mﬂéﬁl {"l:' , r'F’g elulnE+o-lnE(D ( D! 2 ‘f;‘%—@#

,@,\ Eﬁr’" ,bk; ﬁ{d)mﬁﬁﬁ,tagﬂfrs /47\‘;?'];«;_:,‘!—.{'.[]//2‘]??\

T iogcfe B @i o
F(1.22) e (123) kB pfrq B4

%glan 1 2 _ 2 _4
= (lez 1) , q=®|In gmNx 77 / Oe
(€7 +1)* +2 2 (1.24)

0'1E

o =i 4 ghe L gi%E |
B BhGFEEy A T2o F Mot GMPE i 6 Hop W
043# 3 0.8 >pd 0.6853# 3% 0.739>qd 3.76%% % 2.70% o ¥ £
Oe %1 0.01 FFop H_0.667°qH_4.16% Ft > ¥ ik b 24
AR I o5 100%05 BLiz -5 Hcw fL A T oo % R B
B2 X Pearson fr Tukey (1965):(p, q)=(0.63,5%) > +* Megill (1977)
(P, ) =(0.4,10%)#F & » &2 pfoq e iz B - LFEH -
£ R B, F s A Ao ERE R P
SRR NSRS St .5 R SR R R S Lt i R
(Utility) S ek 5 B4 2 @i o 2 PSHA S 6] B tEp» R
:i’ Bty [N et S

—Z:Pi‘/it
P(PSA>sint)=1—¢ (1.25)

K RRIPA-IBRZAETRYE NG
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=P(PSA>s)=([[[-d...) fe(e)de (1.26)
P EE 1 GMPE 2 13 %8c fo(e) A H B3R R S8k A p
Kkt A% B GMPE % R T & AT (%5
GMPE % #ic (4rfE3p % ) 2 L ¥ g 2 Tt @ s g & T35 4 F
ViR Ao R YRR R -
T FEAB L2 GMPE ¥ 4 7 40T !

InPSA=InE+a +a,M + f(R,..)=InE+a,M —Inc, (1.27)

rup? *
F¢ o a, % InPSASEARAT M 3 4 2 £ ik f(Rrup,_,,) =73 8v
R (4o %) chadie 72 P R E A e aiRT > 2 £ H
S E-Inc> THIARBRRRT  BRRIES é‘}ifﬂﬁiln\ 4o

e ﬂm e_ﬁmu

PMM>m)=1-F,(m)= S g m,<m<m, (1.28)

AP R, BRI S FEBE S RA BT M om,
fem, = 55 AT e b e
B (12708 (1.28) A » N (126) » P B RR 0 4 - ¥ B2
pERFEG[E N T
= P(PSA>s)=P(InE +a,M —Inc, > Ins)

—J { ln(sc /3)} fE(c‘?)dE—J{l F, {m(S;:J}} fe(e)de

2

B {lnsc Ine

a az:|
e 1 e

2

- (129)

e—ﬂlnsci/azj'gﬁ/a2 fE (€)d8 _ e—ﬂmu
e—ﬂmo _ e—ﬂmu

MN(129) 2 3 E p P R % & GMPE enim 3t 7 mm et (o)

39



fo B R A A 4 ¥ g S e/ A A - Fk=4/a,<2
P a2 fo (o) endiac = BT B3 [/ fu(e)de 0 RALE L

Tk BE 4P I BTN HREGL - TRYPIE BT

0E 20 p i B P A Ao

|:p5:0% + 1_2 P (gcl; +‘91k_q)j|_j3k fe(e)de
Iek fe(e)de

(1.30)

Y By . =04r0o, . =0.65 % &) Pearson v Tukey (1965)
(P, q) = (0.63,5%) £ Megill (1977)7(p, q) = (0.4,10%) &7 = 212
LE 2 PR A B K e A he B 1-33 #7o7 o (8] 1-33 ¢ » 2 #X Pearson
f= Tukey (1965) ¢ (p,q)=(0.63,5%) - E & ** Megill (1977) ¢
(P,q)=(0.4,10%) ; iz § k>7pF > AT = BLIT 202 2 75 3 B Mg 1400
EoeafE A o EELRE100% 0 BFIE KA R TSR
%jgwgemgﬁﬁ%§@%’éiaﬂgﬁ%?ﬁﬂ’”*q RG]l  F

o B QAS%E 10% 0 B R KR BT BT ARG MR A

AP E R BT EF B > B T P ent iR

et SN EeeT

1 _l[ Ine—p,e }2
2
Jgk fE(g)dg:_[gk—e e Jdg
0, N2
(1.31)
oL 1| Ing—{ g, e +(k-Dojpe ]
(k_l)ﬂlnE+5(k_1) Oing 1 2 O
_ j f— ¢ de
EO N2

(L3 A LR & SN A 6 LN (ph,, 0) 0 7€ 5 ATeP8H

HeH A LN (e +(K=Doge, 0y,) £ P8 80 2 B EF £
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1
(k=1) e +=(k=1)* oo

g fadke 2 0

ER s e AR

N
N

\\-:
=
o
|
a1

3

_ 2 _ 2
85,0% — eﬂlnE+(k Done _ eﬂlnE+(k Doing Eops  Esgy = e’ =1
g(; _ pnet(kDone+one® (@) _ atinet(k-Doie . &, = pCne®” (a)
I atineHkD)oie=01,e®7 (@) _ qune kDo, _ aone® (@)
gl_q_e]E InE InE _e]E ]Egl_q, gl_q_e InE
1 2 2
(K=1) g +—(k=1)" oje 1— p
k _ 2 ' ' '
j £t (e)de=e [psso% (e e (1.32)
1.2 > [
Kting +=(K" 1) oise 1- p
_ 2
=€ PEsqe, + (5q + 51—q)
i 2
L > T
Kptne +5 (K>~ oine 1- = o -
=e 2 p+ 2p(e‘71nE(D ()] +e Oime® (CI)):|

1 2 2
> —‘ ¢ = [P 2 - s ¥ klulnE"’i(k 71)O-lnE
&;\(1.32)‘5 b {’ Eé:. [I}/é’- ﬁTm“&J}_ ]:‘»’.‘ﬁ'{b EI"% e 2 °

FHEH 84 5 IN(4,c.0,0) 7 5 0 # ktm s

[ fe(e)de=e"" (1.33)

#30(1.33) 1% ~ 4(1.32) > 7

e’ = pgs()ﬂ/ (‘9 +& q) p+(1_ p)COSh[GlnE(D (q)] (1-34)

£ 321 pfoq bl BN 4o

1 2 1 2
Eo_lnE _ -1 Eo_lnE _

— e COSh[GlnEfII) (q)] , q — CD LCOSh 1 e
1—cosh[o, P ()] Oc 1-p

(1.35)

7 (1.35k p *?5‘(1.31){\?5‘(1.32) vl AR ’ﬁ - ER RN p feq &
-2 v RE T8 F RNA35FE g0 N F 2 e 0 (1.35)F
kﬂlnE+%(k2—1)0'12nE

Bo Mo fE B BT ke RS Ly
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"7 GMPE 3+ PSA pF » Hugs 7 fa T Bk 5 $H8W L 4
o B u . .=00,,9% 0650 & o o rF(1.35) HriFz I
p e q 734 14 g% 4 14> ¥ & Pearson fv Tukey (1965)2
(p,q)=1(0.63,5%) (% 4= T & % 4 2. (p,q)=(0.626,0.05) > & Megill
(1977) 2 (p,q)=(0.4,10%) £ & £ 2_ (p,q)=(0.360,0.10) 7 =%
BE o LA fEHCE R L AR PATAEAC S BRAT 0E 0 F 2 58(1.32)

2L 5,
oo

B B B2 L
Kt (de~| pek 1-p v .«
e fe(e)de =| pegy, +T(5q +‘91—q)
= l: pek/llnE + 1- P (ekﬂlnE+kO_lnEq)71(q) + ek/llnE—kalnEq)l(Q)):| (1 36)
> .

— ek/ulnE |: P+ 1 _2 P (ekU]nE(D_l(q) + e_ko-]nE(D_l(q)):|

Y (1.32) 058 (1.36) » 7 ArATARET S BRAT i i g Bk 1 SR
ey o e FAT R BT fhdco T4t 158 (1.32)r 8 (1.36) B 18 - 5
AR 2 e & BTG TR oo

g A LN (e =0, 0, =0.65) 5 &) > v R e it
Yicz Bzt & ¥ [ fo(e)de i o F A F k=1 pprid
AAcRT Az BT R X SR €40k 0 S (1.30)dp 2 7
WEET o pAr g inE B ARAcB] 1-34 7o 0 Bl P » 2R 54T Pearson
{r Tukey (1965) 2. (p,q)=(0.63,5%) ¥ Megill (1977) 2
(P, 9)=(0.4,10%) - Bl ¥ & 3£37(p,q)=(0.63,0.05) 2= ¢ & B Rik A
(135 T EAPHEL o d B 1-34 ¥ oAt )¢ (k=1) > Pearson
fo Tukey (1965) 2. (p,q)=(0.63,5%) & * Megill (1977) 2
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(p,9)=(0.4,10%) -

Ao mAEK=0m B BTk 3§ [ (e)de i
WL o B 1-35 #757 o gt PF Pearson v Tukey (1965) 2
(p, Q) =(0.63,5%) 22 Megill (1977) 2 (p,q) =(0.4,10%) s14p 4438 £
B AT 100% 0 F Fldedi arig o 0k SHE] 133 -

Bty o B AT BTt B 8 [T (9)de B AL
4@ 1-36 #757 ° T 4 Pearson fr Tukey (1965)2 (p, q) =(0.63,5%) &
PEECEE O Y ATIHAZ BT E > A AT A R k=19

BdF 20 R HATZE BRITOE BB HER Y A~ ek e
B LT s BEATIE A N e Kk B KRS PF o TR
AT N 3t 47 = BRiT W jE > W @& Pearson fr Tukey (1965) 2
(P, q)=(0.63,5%) 2t it e > B EHR T HEL o

AN (1.32)7 o ATHLATZ BRIT IR A BB B & fL(e) g
BT RIpE R A QBT 0 A 2R AR BT 0 A
W fo(e) i@ F e ff RBARETEE o Flt 0 T (o) XY B A
o 7R L PR PEIE o

& & % % B PSHA SSHAC-3 3+ % (NCREE, 2019b) %% SWUS z2*
4 (GeoPentech, 2015)eit;2 » -8 — Plab ¥ B fic (W H — Pl £
S ) ARG gt S A - RIS R i Y e
B RS A W 5% 50% 10 95% £ A H4n 25 0.185-
0.63 ~ = 0.185 > 9 & Pearson fr Tukey (1965)2_ &4z = BhiT 102 o &
3 E oM - R AT S BRIT IR o
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Ao RE et A RS R R S f L0~ TO%E(y)
fo% B #Var(y,) 4o

1
f.(X)=———
4% 2"’T'(n/2)

X" e, x>0; E(y,)=n, Var(y,)=2n(1.37)
¢ 0 T5 Gamma S i o & 5 nfedie®]3 5 cenggiat 2 A
o Rt 0 5 gEh % TIoEEY) c FEEVar(Y) ~ AHEA
R (Y) o g R Sl £, (y) 4o

Y=cy?, ¢>0 = E(Y)=cn, Var(Y)=2c¢n

n/2-1
y 1 y -y/i2¢ (1.38)
E =F,| 2|, f = |2z eV, y>0
') %(cj () 2”/2F(n/2)c(c) y

H-Rleb R R fey sdgat 2 oo H - iR s 5 80 T340
R (Hg) + 2 4 Gl % AHAF IR Q) fHF AR S
# f,(2) 40T

Z*°=Y =cy’, ¢c>0 = Z=+Y=\cp’
2 2\ (1.39)
F,(2)=F, (Z j f(2)=—’ (Z—) e 7 730
C

2" (n/2)c

F(139)%TF $H#s pd & n e FlF co 2 T T A PSHA
SSHAC-3 3* % (NCREE, 2019b):¥ — jpl=b iR £ 2 407 B > 95
213305 wH - bR L KE ¢ @ fog @ik E o 7
WA 1S H- PIHERELIARENY E-frB EEHERIRB T
Bl 4o
5%=F (z /)
50% = F (25, / ©) (1.40)
95% = Flnz(z%% /C)
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FI* N (140)en= iFEN > VAP EF ahpd B n’fr' ZALF] 3 ¢
BFEFPTE 1605 0 mRA 1-64p d R N F]S o2 &AL
Bt 1-6 R L A2 N(1.40) F B H - plabRE L e E P
fed B> BEFI A 1T ik 15404 157> P £ 1-6 (01 4%
,k}_o

BN(129)7 > BRiFA - M B2 pTRED ZEY B GMPE
H— AR Loy, R FERAL Fon, B HERE 2 A G TR (1.38)
Y5 Blo, . T 5 N(1.39)Z - AR ERE E L HEcE A LN(,2)
TINE S 4 &4 GFN@OZ)» R AR Z=0, TP FhH 4o

1 2.2
o I A ok i de= ERG » N » ¥
(1.39)#77% » » sprE o 2 [/ f (e)de=e Ron (1.29) 0

I RTP 2 o T

g Pinsci/a, J' gha fE (E)d c—e P
pi = ,[ e_ﬂmo _ e_ﬂmu

f,(z)dz

g Ainsala, IU "t (e)d 5] f,(z)dz—e "™

- o (1.41)

1 2.2
_ ' ~(Blay)°z _
e ﬂ‘“SC"aZJ'ez U f,(2)dz—e ™
efﬁmo _efﬁmu

2 £, (2) 4 (1.39)#5 7 o
¥4 ' 5 %% F PSHA SSHAC-3 3* % (NCREE, 2019b)%t InE
FOR AW TH - R REL L 08 B0 125 0 BE S

Lo E s S (LADZ [e s f(2)dzE { &4

1 2(127)2
J~|:J- ﬁ/azf (g)dgi| f (Z)dz __J‘|: /3/ z) (0.82)% +e5(ﬂ/ »)(1.22) :| fZ(Z)dZ (1.42)
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£4 0(1.42)2 088 /a,21.28/a, 5 s> R

1 2 1 2 2 n/2-1 ZZ
o —S7Z o —S7Z Z Z -—
j e? f,(zc, n)dz:j e —— | erdz
0 0 2" I'(n/2)cl| ¢

2]
o 2" rmy/2)el ¢
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% 1-1 ¥ 2 L8 £ 5 B % #(NCREE, 2019b)

T — Ty T,
Low value (5" percentile) 0.226 0.226
Central value (50™ 0.386 0.338
percentile)
High value (95™ percentile) 0.539 0.443

Z 1-2 £ pH - plzhiE® X (NCREE, 2019b)

Low value
(5" percentile)

Central value
(50" percentile)

(95" percentile)

High value

¢'SS.target 0.321

0.468

0.634

4 1-3 H - PR X 03 B £ 8i(NCREE, 2019b)

T Css, Css,
Low value
: 0.456 0.443
(5™ percentile)
Central value
: 0.606 0.580
(50™ percentile)
High value
0.770 0.729
(95" percentile)
# 1-4 FTHsc= BTz chpfoq (¥ A 7
g| 0.01 | 0.02 | 0.03 | 0.04 | 0.05 | 0.08 | 0.10 | 0.12 | 0.15
pl0.829(0.772 1 0.722 | 0.674 | 0.626 | 0.474 | 0.360 | 0.232 | 0.0018
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118 ATapAcs BTk hpdoq (N =216t = A

0.15

0.01

0.02

0.03

0.04

0.05

0.08

0.10

0.12

0.816

0.763

0.718

0.674

0.630

0.493

0.390

0.274

0.066

% 19 Frdpicz ghig iz ehpfrq (N =236+ 2 & i

0.01

0.02

0.03

0.04

0.05

0.08

0.10

0.12

0.15

0.816

0.763

0.718

0.674

0.630

0.493

0.390

0.274

0.066

50




Z 1-10 F7THLAc= BEAT 002 Ap ¥ £ (P, q) =(0.63, 5%)
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Median for HW Listric Fault SigmaSS

Foot Wall Site Factor Factor Model Mixture Model
Model 1 Model ...
wi 1.0

Model 2 Model ...

Low
w2 1.0 0.185
Model 3 Model ... Model 1 Central Model 1

Sa(g)

Sa(g)

y

w3 1.0 : 10 663 1.0
Model ... Model ... High

10 0.185
Model 17 Model _.
wi7 ' 1.0

Bl 1-1 3 2 R iRs & 3 1 848 4o £ (NCREE, 2019b)
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Mc1, T 0.01 sec

B 1-32000 4k & = F 3] ;% GMPE % #c2. & * BI(NCREE, 2019b)
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T 001 sec, NPP1, crustal Sources
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Data-Driven / Selected Dataset Selected Statistics

Model-Driven
Global + Taiwan Bet. Event Res.
Data-Driven :
Taiwan Log Likelihood
0.4 05
Model-Driven ) (None) ; Prior
0.2 A 1.0 1.0

Bl 1-9 3= 17 i ©* % GMPE ¢ ¢ 2 444 £ (NCREE, 2019b)

wR-TW+GB, T 0.01 sec, NPP3 o1 wR-TW, T 0.01 sec, NPP3
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Bl 1-10 17 i % GMPE 15 4 # frd {5 2 & ## ¢ (NCREE,
2019b)
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Shanchiso fault DSMA result for NPP2 (0.013) Shanchiao fault DSHA result for NPP2 (0.24) Shanchiag fault DSHA result for NPPZ [2.05)
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- Sanchiao Fault for NPP2 (0.2s)
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F(x)

Shanchizo fault DSHA result for NPP2 (0.015)

Shanchisc fault DSHA result for NPP2 [2.05)

s pe e
- ws| = w .
.- e | & w .
- . . -
e s mls '
as w (1]
g

Sanchiao Fault for NPP2 (PGA)

oaf
06|
E
LS
04
02t
| sampiing
0
05 1 1.5
SA(g)

Shanchiso fault DSHA result for NPP2 (0.23)

.

s ¢ sdam o o
gl . s - -l
3. N
5; senm = me .
3

1 . ses o - me ..
o

o8 1 18

g

Sanchiao Fault for NPP2 (0.28)

[——17 Roprosortatve GMPEs + 5 HW Mode

2

Fix)

08}

0.6

0.4

02

s sa| » wolaws .
ee | mands
v oo e menh w .
vh kb oweasl e
e o enus |w o
aas “B:u on
Sanchiao Fault for NPP2 (25)

[——17 Geopresactatvn GMPEs + 5 HW Moaeis
|———Samgiing

0.15 02 0.25
SA(g)

] 1-15 GMPE 4= HW fe 4% 15 0 PSA % ## # & +* #(NCREE,
2019b)

SA (g)

_S__ar_l_ph_iao Fau_lt fo_r N_PI_?Z_ -

4 T [
3
|
2 i
0]
o
1 p— - —
0. 8 '
-
. T 8
o
0.3 A\
Q
0.2 L
o]
\\
\
0.1
0.05 * Sanchiao Fault Parameters Setting:
Normal Fault
Mw=T7.3
dip= 52.5°
RRLIP= 4.3 km
Ziog=0km
0.01 .
0.01 0.02 003 0.05 0.1 02 03 0.5 2 3

Period (sec)

59

85 vaules
~§- meantisigma

O 17 vaules
~§- meant1sigma

03




B 1-16 GMPE {= HW fe % (& é9 PSA 7 # 1 5 v+ #(NCREE,
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REEGY 417) > TF ERE K 22 AERRY - k2 2

B 123V 4eT

2P 2 &Ka, = SAFREPUY > B LI mE

A, =a, (o)A
B —b (@)B, (4.11)
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‘T

dOTIE R E R At~ 2B RETRLY S L
AR I F e k2 ARk (A =B))
AR PEL G R F) A da R o Ao B A-11 > Flt g o~
SRR P NS F ST L O PR
STRATA © F i} 488 ~ 2 FAEFLE8 - # L8 & a0
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Al de Bl 4-0 F SRR PR IR A JF‘]‘ ¥ i% 18 Tools-Add/Remove
Nonlinear Curve p 7 Z7H 2550 507 0 ph#b g L3F i@ * —‘F'T ii%l T
BTN ST EE 2 RAT M EY A 4B 4-13 -

& Strata ¥ ¥ - BEH B G B BT LR g

A

o

ATt > I ER T4 PV B Strata B ITAFE 0 M H L B
4 B GMRS 2 G427 ¥ H4LH »c* > 5|2 4 p £ GMRS Z ¥ & 7

Pz 84 g ~ 54 Wl R 2 o BET 4 R p B

FRLPERSHEL R B IR P YRR 2 T BT
Nai = Atrac X 4 n_ﬂ’fracx:;/;,i (4.13)

Ny & Fi—thid B3 b < B R > A, 5k &2 28l ¥ 40
0.1 2 022 R x> 13F2azzmig* » L1 mmmFEit &=
AL o B3R TR 4-14

(zZ) B A BB Strata 2. 2 3 %E

5 i 7 STRATA H (v 2 4~ 7@ 14 2 Pl > 2 ik 35 Albert R.
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Kottke £ Ellen M. Rathje(2010)< }*J% ¢ ordk ik 2. Turkey Flat ¥ % F°

E 7R3 0 Turkey Flat 3= 4F e jeat4p W0 B9 205 plpe i3 d < &

20m 2 RdEk A R B ENREE > B e BW Ao 40
A3 1T 4 i# 5 135m/sy H =& I8KN/m3 ~ FE R vt 5% 4

BR 2T 4 45 460m/s 0 H =& 18KN/m3 ~ fE A vt 5% > 3 3R 3

T4 ki S 610m/s H =& 18kN/m3 ~ fE R vt 5% > sE¢4 A4z > § 4
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% 4-1 Turkey Flat # # ¥
(F# % 7k Kottke, A.R. 2010)

R E R | Vo(m/sec) | y (kN/m’) | r=r (%) #* #AE ¥ (Hz)
0 24 135 18 5 14
24 5.2 460 18 5 22
7.6 13.7 610 18 5 11
21.3 0 1340 22 1
dx
p E A
Bl 4-1 &L B2 K
(F#L %k : Kramer, S. L. (1996))
E i dG
Oxy = O,(Xg.1) - i ___E_,- Ox, + a;'} dx
B |-1— - +|
= au
u=u(xgh u+axdx

Bl 4-2 fico| = S W
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(7 #* % J7: Kramer, S. L. (1996))




dx

T qI T+5—de

ox

F 3
L J

Bl 4-3 fico| ~ 3T 4 B

dﬂ"‘| |"———L Z #‘W%%ﬁ
/ / dT ~NE
z i 15
-~ T 7 Z
T

4

8] 4-4 Kelvin-Voigt Solid 7+ % B]
(8 % i : Kramer, S. L. (1996))

Layer 1 + G1 ‘!;1 P4 hy

m Z + im GmEm Pm N

m+1 Zm+1+ Umn + 1 Gt Emet P A1

N N* Un Gn En PN Ap = o

F14-5 2 & 7 4
(7L &k : Kramer, S. L. (1996))
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Twvpe of Analysis

Method: | Linear Elastic

[

Approach: | Time Sertes

[ Wary the properties

—aite Property Variation

Number of realizations:  |100 :’
[V Only use profiles that converge

[™ Wary the nonlinear properties

-- shear-modulus reduction curve
-- damping ratio curve
- damping of the bedrock

[ Vary the site profile

-- shear-wave velocity
-~ layer thickness
-- depth to bedrock

[ Specify seed number |42 :I

—Caleulation Parameters

Error tolerance: |2.0 %

Maxtmum number of iterations: IIU

L] L] L]

Effactive strain ratio: IO.GS

Layer Discretization

blaximum frequency: |20 Hz :I
Wavelength fraction: |0.20 :I

[v Disable auto-discretization

Bl 4-6 # 4T HNEBARE
(7 # %R Kottke et al., 2013)

General Settings Soil Types | Soil Profile | Motion(s) | Cutput Specification | Compute | Results |

—Soil Types

4 Add [nsert | Remove |

Name | Unit Weight (kN/m3) | Damping (%) | Damp. Limit (%) | Notes

1|s0il1 |18.00 5.00 0.5
2|soil2 [18.00 5.00 0.5
3|s0il3 [18.00 5.00 0.5

General Settings | Soil Types Soil Profile I Motion(s) | Output Specification | Compute | Results |

—a1te Profile

4 Add | [nsert Remove |

Depth (m]) | Thickness (m) | Soil Type | Vs (m/s)
1]0.00 240 soil1 135.00
21240 5.20 soil2 460.00
3|7.60 13.70 soil3 610.00
4121.20 Half-Space Bedrock |1340.00

Bl 4-7 23 S8R TRE
(F 4 & k: Kottke et al., 2013)
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Owsete] Settiags | Soil Trpes | SolProfide  Mimeal) | Ovipws Spuchicssien | Comprw | R |
Mhsbon lapat Livinen
Bpecaly e locuien 1 iapat e sesseal: [Sadrock =i

tagat bmous
I fa
= e, I= el eos gl noviol ek ke
1| CHICHIONTCL 36-WATZ CHICHI AFTERSHOCK 09/20/99 1802, TCL138, W, {CWE) Ouscrop (24 (043 I | 100
| B s P
bapst | P |
Fuls. few T TN E ATZ
Dwcogness  [CHICHI AF TRRSHOCK, cotaias (W03, TCU 1, W, (CWE)
e ) H Timenpe  foonss | Seale facters [1.0000 3
Formats =) =1 Dt sobomss [ 3 [ =] poa: g
St s = 1 oplae [ T3 Coroeet Lo 1

E Strata

? et
Hame: [RVT Motion 04 $mag @ $ist k) RSPlot | RSData | FASPlot FASData |
Diescription: I Frequency (Hz) | Amplitude (g-5) |
Region: IWestErn MA [=]]
Magnitnde (MD: IG,OO :I
Epicentral distance: |2U.0 km :I
Motion type: |Oubcroo (240 [=]]
Duration: IS.UO H :I

CK Cancel | Apply

Bl 4-8 & %’;@?’] »EBARE
(7 # %R Kottke et al., 2013)
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File Edit Tools Window Help

=&

& Z=+ 00

Guuzcsl Satings | Seil Tres | Soil Preile

Moieaisy

Outgrl Spealicat

| Compme | Fasls |

Frofiles | Tims Secies | Rewous and Foucier Spects | Ratios | Soil Towss |

) Arias Intensity Pra
) Damping Ratia

=L

| Peak Gr

ol Vel

[ Stress Ratio Profile

] Vertical Total Stress

| Sheat-Vavee Vel
Peak Ground Acceleration Profile

] Shear Medulus Profi

[¥] Dissipated Energy Profile
] Final Shear-wave velociy Prafle

[ Pealc Ground Displacement Profile
] Maximum Errer Profile
[¥] Maximum Shear-Strain Profile

] Maximum Shear-Stress Profile

ty Profile.

[ Stress Reduction Coefficient (r_d) Profile

Prefile

) visrtical Cffective Stress Profile

Lile [dit Tocks Windww Help

o dj il ]

Name

=« 18

B 4-9 i & T R TR
(74 % Kottke et al., 2013)

~Fregusney Propertiss ————————————
Moo oo 3
Macaws [B00E 4
e |
Spuciigy | [Loamr =]
 Lossing Proparties
Loggng leeel: [Higt =]

Gooarc Satticys | Soil Trpas | Sed Profia | Mewecld | OweoSpeficines | Conpils Rmcw |

Can Salaclizn

i ==

Eefracz i 2l

Tocizs Aazhinds 5

[Enabiea [site:

Mation

Ditls Soae 0 | Disabls bonea CEITHIATCUI30 0 4T2

The | Lo Tabe |
i}

(1]

005 |

TFAST

ot

an

T T
a A @ e

Troaneser (k)

solesbal Frsbizatin

Suiweted sl Erabed Bz von ——

Bl 4-10 A 455 %7

(7 # %R Kottke et al., 2013)
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Real World Numerical
Simplification

Qutcrop Outcrop
A=B, H Outcrop H
A|=B|
Oulcrop N Within ¢
A=Bp A=Bp

Bl 4-11 #7527 2§
(F 4 & ik: Kottke et al., 2013)

General Settings Soil Types | Soil Profile | Motion(s) | Cutput Specification I Compute | Results |

3ol Type:
4 Add Insert | Remove |
Name | Unit Weight (kN/m3) G/G_max Model Damping Model Damp. Limit (%) | Notes
1|s0il1 [18.00 Darendeli & Stokoe (2001) Darendeli & Stokoe (2001) 0.5
2|soil2 |18.00 Darendeli & Stokoe (2001) Darendeli & Stokoe (2001) 0.5
3|s0il3 |18.00 Darendeli & Stokoe (2001) Darendeli & Stokoe (2001) 0.5

Bl 4-12 2+ K S8k URE
(7 # % /R Kottke et al., 2013)
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~hear Modulns Reduction Models ———— - Nonlinear Curve Data

+ Add Remove | Strain (%) | G/Gmax|

Custom -
Darendeli & Stokoe (2001)

EPRI (93) PI=10

EPRI (93), PI=30

EPRI (93), PI=50

EPRI (93), PI=70

EPRI (93), 0-20 ft

EPRI (93), 20-50 ft

EPRI (93}, 50-120 ft _|L|
P | | >

~Damping Models

- Add

Remove |

Custom -
Darendeli & Stokoe (2001)
EPRI (93), PI=10

EPRI (93), PI=30

EPRI (93), PI=50

EPRI (93), PI=70

EPRI (93), 0-20 ft

EPRI (93), 20-50 ft

EPRI(93). 50-120 ft _ILl
< | >

Gray backeround indicates immutable model,

Bl 4-13 2LaUH 3 AL 0 - AR
(7 # %R Kottke et al., 2013)

Lawer Discretization

Maximum frequency: |2U H=

Wavelength fraction: IO.ZU

[ Disable anto-discretization

Bl 4-14 2 EARITARE
(7 # % /R Kottke et al., 2013)
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soil 1
2.4ms v, =135(in / sec) <
y=18(kN /') <&=5%

soil 2
v, =460(m [ sec) ¢

5.2ms 7 =18(kN/ ) £=5%

s0il 3
v, =610(m/sec) ¢
y=18(kN /m*) ¢&=5%

13.7ms

baserock

v, =1340(m / sec)
y =22(kN / nr’)
&=1%

@] 4-15 Turkey Flat * & -+ & B
(F 42 & k: Kottke, A.R. 2010)
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layer3 to layer2 il

(g2 k314 k22 aik
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m DF 4™
DF=max@1LOfo@0ﬂ (5.14)
He AEAAZE 10 BRI 2 2T RS MY & - F 2/
HR G 6 Seid B F R EA SO
A.=mean 1E-05 UHRS = mean 1E-04 UHRS (5.3)
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2. PSHA g3 RS D& airy S BFTYF - K
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BITAFE ORI M U FERER T2 ERE RHART Jm‘{ﬁ”‘il’fﬂ_%
(4) BB FF BF 0 d F§ 0 MR SRR § opr R
FE B 5 (5) #-E 412 FEPF T AL4E D 10HZ ~ 1HZ 2. URS £ 457 2.
FR#AAFODRFREFTEBET LD FRHRE(0) BFTH 4 A 470
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BFH AP BT EEF URS W Z 23 UHS 2 (730p -
(=) # #3#4a URS

% 7 34T NUREG/CR-6728 # - f§ 5 22 » B ERT >
il P33 B UHS JE0 W) - Rh %% URS» 7 £ LARA 2
Gl R AeT

F., =aSF
HoY g 23 fesrdplz 52 B(F A8 G A K4 pcid F (HCLPF)
T ¥ B~ 1.67) 0 SF & gtk il Hgie % #ic iz y5 R.P. Kennedy (1997)2&
2 SR e T
SF =max{0.7,0.35A|
Ao A GRdp T RY AA S 2 Sl &R K il > K 5 B3
Bl SAEHER R 2 AS F RARFRK, EARE 0 L3 2R
PomzK E9EEal5: 62F »a K& A 2z MG4T:
i

P 1
A =10 orK,=——
" log,, Ay
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EE it Rt vV B2 F 3 UHS #34  URS 40
URS =UHS x SF
(=) 3 3&3F-1 UHS

ig&ﬁ%k UHS_i)(m_l. j;/gjﬁm}li’}iﬁf@?ﬂ-(UHS)m#B £

Eﬁﬁjff i* > 7. NUREG/CR-6728 4 alit l—ﬁ'{ﬁé" —\. ;[;? UHS s 1=
¢;1j2333§1 %Emiiﬁi,ﬁ\]’ﬁgﬁ;\ » ¥. 3 7 PSHA > FE:EJ{
7RI A 'ﬁ)@*ﬁ‘“ﬁ”f#%%f:f)i,u AT RpHT

PR A UHS 22 27 A LA A E 0 F A ARBEE
fra o b 2R T R (RGP F) > LW F 2 UHS- ¥ =
B2 B L AAZARY T T 2 B UHS > M r s
# UHS ° 4 5-2 % NUREG/ CR-6728 #45 it 2.3+ 5 = i# o 11 gt

Ly
14-

2 BRI E ﬁﬁ AP o
Bvgh A 2k

EAPLHRI L) BFFTLIRGE A R E LR
TRZ2EHRDZ G EEPSHA:

A > 7] :J.J' P[A® > z|m,r]f_ (m,r)dmdr (5.4)

3V SR PSHA = A25% >z 2 23R >om SRS r SRS e (2
U A RETR I IR S TH - i RS £ 54
RS AR € s 4F FE) 0 2t 2 fE 5 "Approach4” > I iE B - 1B i £
Bend A TR - L EFTEINERNEBPEE S A2 S
PIA>zimr] » & g2 22 RATA Y % B> 20 F # * B

ph2 BBRFTOR ¥ AApinind JiE o kAP g Rend - B

% 1§ Approach 4 £ % o ﬁsa] BB 2 ATR U E b B2 AR
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%/Ei——; L) 7 4 j;g);)@ s FpL ¥ I/;’%ﬁ;\‘(sél-)j%/fg-rﬁ Fuo

P[As>z]:J'IIP[AS

m,r,a]fy . n(m,r,a)f,(a)dmdrda (5.5)

P[A* > z]= [[[ PLAF > Zm,r,a]f,, . .(m,r,a)f,(a)dmdrda (5.6)
" R

BY asigrtzgtg @5 T AY RIEEFI) 2 Snfco gt
= f % "Approach3”» % - B> A2 d [am ]2 2 F 2 LT & 3 8
PIA°>z] > %2 B> 42382 2 3 F figd 2% ik &

AF=A°/a
He AF g %8 EAo v ud mraafasrez 3 e\

= . .\(54)—1.1%& | GlBca~mar> TR AF 2T H B4

5o 71= z
P[AS > z]_m PLAF >~

m,r,a]f,, (@mnf, .(mrdmdrda  (5.7)

AM,R
Pz -AFEm Al i Ap ik > TE M e R PP F R R JBEFH
AKRFEPA >z o 2 BB EFB I D L R AR
i 17 PSHA > Bazzurro(1998)i% 5 vt i2 53 B 3 A T R 2 5 »¢>
e
Approach3 #%iE 2 B F i 5 d £ 7 RE 12 T ERF0TA I
GRS HHo T ERIERET €5 P ERE . A

P[AS > z]:ﬁ P[A® > z|m,a]f,,, (m,a)f,(a)dmda (5.8)

PLA° > 7]= [[ PIAF >§

m,a] M‘A(m a)f,(a)dmda (5.9)
% Approach3 z_ %25 > #3X 5 Approach3A » :&* L = 2> 32
Y RARHF R TT a5 A F T F o [ 5-3#- Approach 3 12 | it £ 7
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FEVESBRLEALRPI D TLIRELETR T NS EE
Ph- BETATRFA YRR SREM > &
Ppob 2 X BBAF VA T o
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S B AR R BT AT
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al]f,(a)da

Z 2 P =
# ¢ P[AF(a’,m)>—|a]® % AF 4 ff £ adpa ~m' ™ >ap?
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%5 P[AF > z|a v b 22 d Bazzurro(1998)4% 1 #32 = “Approach
3B” > ] 5-5 Approach 3B z_ ] f% o
73 UHS g2 =+ 2

& it Approach3B #& 1 #-#£ 4F UHS 4531 2 3 UHS 2 22 % > %

FHA R > AT R PR S ET BT L A R

S UHS &> #prpenipip 2 M UHS > M2 S B 59 2 e 38 &
3L 5 “Approach 17> B] 5-% pti2 2 Blf#e i TnE LA T p 7o

jud

J

Hyenl 4 Zdga 7“4 2 d fta Mz - B L Rim (d ﬁ’if#

2

T REIEF A DM IR AL o L LR F A
#
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o
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&
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% 5-1% B 2 3 UHS 2. = 2
(78 % H:NUREG/CR-6728)

Approaches for Developing Soil UHS

Description Frequencies Used  Integration Label
PSHA using site-specific soil attenuation multiple overmandr  Approach 4
Calculate soil hazard from rock hazard and several over @, and over Approach 3
m and r deaggregation m and r given a

Calculate soil hazard from rock hazard and several over a, and over  Approach
m deaggregation m given a 3A
Calculate soil hazard using soil amplification  one, e.g. PGA over a only Approach
for input amplitude @* and magnitude m* 3B
Scale rock UHS to soil UHS accounting for  two, e.g. 10 and none Approach
soil parameter uncertainty 1Hz 2A
Scale rock UHS to soil UHS accounting for two, e.g. 10 and none Approach
soil parameter uncertainty and m 1Hz 2B
deaggregation

Scale rock UHS to soil UHS using none none Approach 1

broadbanded input motion
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Hezard results, 10& 1 He
Deag hazard iy M&R ~_@TD
calcdate URS

Define trget specira by scaling rack
spectra shepels) for MR s(s)
o DRSa 10& 1 He

1

Pick TH(s) from rock M-R bin(s) ..__@

¢
Adust TH(s) to
retch tfrget ’-—@

CondLct bicg. dyramic
andysis

B S-1EEEFHHD EE £ BH2 042
(78 % B:NUREG/CR-6728)
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SCLSTE

PSHA, rock

I

Hazard resuts, 10& 1 He
Deagg. haza'db;M&Fl

@

spectral shapes for MR seA(s) to

Define taget sperjrab;smqrgmd( :

UHSat 10& 1 Hz

I

Pick TH(s) from rock MR bin(s)

!

AdustTH(s) to match
terget

._®

Do dyramic soil analysis
ith parameter uncertainty

t

Define target spectrum(s) on
sail (e.g. mean of calc. spectra)

'

Pick THs) from sail MR bin{s)
or fromdynamic soill anaysis

—®

'

{
dyramic analysis

@

Bl S5-2 &33P R 2iEH 2 2R
(3 #L % ik :NUREG/CR-6728)
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Annual
Probability
of — Rock
Exceedence P

a
Rock Amplitude AR
A. Rock Seismic Hazard Curve

/r,/—— Soil

Soil
Ampl'rgude
A .
‘ /= g | g \\ -
af
Rock Amplitude A ©
B. Soil Amplitude vs. Rock Amplitude, given M
i
Annual
Probability
of /'Rﬂ-cl{
Exceedence
pl
Soul
o

a
Sail or Rock Amplitude

C. So1l Seismic Hazard Curves

i8] 5-3 Approach 3 z_ [B] f#
(7 #* % /:NUREG/CR-6728)
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Annual
Probability
of Rock
'
Exceedence P
-
al
Rock Amplitude A*
A. Rock seismic hazard curve
. s0dl 1 response given a
overdl soil response
Soil
Amplitude
AE

¥

a

Rock Amplitude A~
B. Soil amplitudes vs. rock for three sets of soil characteristics.

A

soil with uncertain
—_—

Annual roperties
Probability r Prop
of Exceedence

-

Soil Amplitude A®

., S0l seismic hazard curves

B 5-4 Approach 3B [ f#
(FX #L &k F:NUREG/CR-6728)
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f 0 m
Annual ™
Probability Rock
of P'
Exceedence ’,/ . -
.///

Rock Amplitude A™
A. Rock Seismic Hazard Curve

A

a’ /— m gy
Soil

mean
Amplitude / A
AS
al

Rock Amplitude A"
B. Soil Amplitude vs. Rock Amplitude, given a'

Spectral
Acceleration

frequency f
C. UHS on Soil

B 5-5 Approach 1 ] %
(58 % iB:NUREG/CR-6728)
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*
a5 E f%’-f%f#f Flz s > 2 ¥ jaﬁaa’l » et E B~ o 4245 ISG-
017 (Interim Staff Guidance on Ensuring Hazard-Consistent Seismic Input
for Site Response and Soil Structure Interaction Analyses) ~ NEI v & 2

(Consistent ~ Site-Response/Soil-Structure  Interaction Analysis and

Evaluation) '+ % BNL 2z 3f # (Consistent Site Response-SSI
Calculations) » A 47/ % g 2 B HT 4o~ R7 A L = AR
Fawm (GBS RFAF R L BRI (COHEHF A#H Y
2GR OB RAERE AT -
(=) BHFAFENE L > BE2
BT A ’ﬁ_» #HiE e AR - 34 4B 6-1 9757 o
BRFEAVTREATE 2 E’aﬁ%’] ~ F &3 (Foundation Input Response
Spectra, FIRS) = 2 3£ % & & J& (Soil Column Surface Response, SCSR) -
JUFIRS o 2 Mprie (7 A4 £ & 1 R®F os# (Certified
Seismic Design Response Spectra, CSDRS):& {7 vt #i » 11 315 Ao 7 BF &
T %% SSIvaf - Rty F A 1T F 5 e SSI»aj > R SCSR
FEARIT S AT 0k ﬁ?’lﬂ °
2D B AEETE A F RS
phkmT R A# R L B A vt e HEHER B
B AR AR R S E R B 62977 R T
FIRS % # #¢ 2 3% » J&:# (Truncated Soil Column Response, TSCR) »
TSCR = 1% fp @R EPAB LA K L RPFL L P Taod K
ki SRR TRl E o Forupt 2 %’riiif?%%%% LI SEESVAR I
PR R R R o ?ﬁ@ g gt FIRS ¥2 CSDRS &k 3= i #_F i& {7 SSI &
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7 F % % e SSI R4 * ¢+ TSCR 5 & 7P 2 ¢ 4 %J?‘ °
() BHPFAAETE LT

PR S B AR 4T 4oB] 6-3 0 H CSDRS K 5
FF ¥ o B A F B/ I A# B A2 CSDRS > # #-H g
FIRS Wt g 3% 2 F i {7 SSI & 47 -

PR R R RSB T A AL RN A
SCSR AR &% 144 K 3+ & & # (Performance-Based Surface Response
Spectra, PBSRS) 12 2 4 3 & g5 £ J& 3# (Soil Column Outcrop
Response, SCOR) ¥ #-H i¥ 5 FIRS » Ap & b T2 4e Bl 6-4 - 11 & B
FIRS i% % ﬁ%l o = ﬁﬁ:} ¥ 41 (Best Estimate, Upper Bound, Lower
Bound)i& (7 4 470 W H & 4 ehF e 2R a0 PBSRS i (7t
o

¢ 22 PBSRS g & &2 53 A3 % - A 3) 5 PBSRS
Mt e B PIATEFET B &2 * 3% FIRS T'F?:»ﬁs?]?‘ VAR S
R AT PBSRS shfi T A A A2 s - 0 S5 A
— S R B RY SCOR 4pk » BF|* L FHE =48
FEREPITOS ERF RO RERFEFAE RAY
feend g i@ i  PBSRS 27 o ' AR 2 AT 7 it 5 SSI A
Pragig» o % 2 B SRS ATHI L 5 2 T Y D 2 3 R
Moo kypa itz 3 N N FTene AR E F 3 PBSRS T #
3% FIRS T%éﬁi@?lx\i’g‘-f?ﬁ%‘r °
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Facility Facility

f} CSDRS f} FIRS

.« — ‘-
- S0IL S0
GENERIC SOIL PROFILE
S0IL S0
GENERIC SOIL PROFILE —
ROCK ROCK
9200 fisec Zone
(a) $51 Model with Generic Soil Profile (b) Facility at the Site {c) Stte Soil Profile

B 6-1 Fipdr A =203 & > @& i 2 (NEI White Paper, 2014)

Facility Facility
CSDRS L
soLE SoLE (‘Q FIRS
-—
SOIL SOIL
GENERIC SOIL PROFILE
S0IL t=lell]
GENERIC SOIL PROFILE
ROCK ROCK
9200 fisec Zone
(a) 551 Model with Genenc Soll Profile (b) Faciity at the Site {c) Truncated Site Soil Profile

Bl 6-2 ipde A# 230 & 5 5 R 2 (NEI White Paper, 2014)

i ) CsORs [ CSORS BASED OUTCROP Facity 1
" rl FOUNDATION SPECTERA l OUTCROP FIRS
_ A
Ear = e SH ot | o e e T e — — |
SOIL-E SOILE GENERIC SOIL-E PROFILE SOIL-E SOIL-E SOILE
PROFILE PROFILE | R |
S0IL SO
GENERIC SOIL PROFILE GENERIC SOIL PROFILE —
SOIL ]
GENERIC SOIL PROFILE GENERIC SOIL PROFILE ; .
—_— o o ROCK ROCK
9200 f'sec Zone
() 551 Moded with Generic Soll Profie () Generic Sol Profile (&) Fascilty at the Site () Site Seil Profile

Bl 6-3 F 44 2R # =30 4 7T (NEI White Paper, 2014)
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Facilit
acility PBSRS (as SCSR)

s

SOILE | SOILE SOILE ~ F) FIRS (as SCOR)
SOIL SOIL
SOIL soil
ROCK ROCK
9200 ft/sec Zone
(a) Facility at the Site-SSI Model (b) Site Soil Profile

B 6-4 PBSRS ¥# FIRS %_3 B](NEI White Paper, 2014)
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= AEE > F R
PR EVRAFERT FIRS 2 # 28 H2 EFF P LR -1 &
FRIFEL T RLBF LA %74?%@5&1?1%4\%6#@2
PANEEY RS 2 2B 5 (Full Column Outcrop) 18 3
BERETRT PRI PE A # TEE (Geologic Outcrop) A
RREAELERZRFL > RRL - AMEHPRE 2 RS
FoApe B P AFAL AT R AR LR
EARIEEFETHHFIBFEFIFFEILEDIZ R F BHEF
Pt e
% BNL 7 & 41* = fady ~ (B 7-2)% 1 f52 4(F 7-3)ie 1=
Ao R AR TR AL SR g &#BPE%] fi
TARIFEHFALZ AR VRSB T4 B S Fm 5T
¥ A7 % (SRS-PC3)pF » % fpend it 8 &% o o gg]??; N A A
U

\\\?{.r

TEEAATIT R A PFEELESEF ARt Eiea
Hedd- RALZDEAARLD TS FBEFTERI Fa g2 PP R4
o BNL SR 204000 2 3 23 P » Fadris k2 2 132
SR EE 2 kAR 75 1T o BT B b s AT S ]

PR RBEIBRFRTEALATEINZEE B S RFRD B

(

ETIRS
A\-\ 3_‘

MEEF RSO ERL LR 0 7 TN LM R A TR

,
N o
-l

"

BNL 3£ 7t i 3 & #5353 e enfin T $030 8 4G F
Je## 82 FIRS enfe 35 A7y ~ Ap b 28 2 2 4755 5% 4o B 7-6 1 §] 7-
9o # ¢ HI 3¢y~ #H4L3 FIRS» H2 541 Hlit i F 8 3
LEFBerE BEpEeF o H3 S H2 2 73843 £ & #riE
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W2 2RkF s H3>m H4 Bl 41 H3 207 F 384 2 A4 277
For st HlEF e d S5 F 50 A I E - R {1 37
BREFEFF P ETTHAZ R4 HILApF BT - 7 g ¥ 2 M BEL
R PAKARAT R BHEF B RT HAE BmiEz (R A4 o

1995 BNL4F 2 #7 (7 A4 47 1b o % 7 7 40 ik (7 SSI 4 49 >

}

PmA TP BRI B PR R FEL RN FF A
BEAPTIRE S - WA 23 E A R ARLF R 2R
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Surface

Motion
Surface
Motion
s .
Full Column Geologic
Qulcrop Qutcrop
Rock Rock
Qutcrop Qutcrop
Motion Mation
Input Input
> »>
i Uniform
Uniform
Ro:::k Rock
Halfspace Halfspace

B 7-1 % g T v* #H(BNL Report, 2009)

INPUT ROCK OUTCROP MOTIONS
5% DAMPED RESPONSE SPECTRA
File: SPECTRACRD
4 T T

FREQUENCY (hz)

1
— HIRG160 —  HCBL
assssssss  [NEL-PC4 —  SRS-PC3
mmsssns  WUSSOILO®S =mmmmsms  OR-510-25K
LYYV,

ORSI0-10K

W 7-2 = f8.85 » £ Jis3# (BNL Report, 2009)
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SHEAR WAVE VELOCITY PROFILES
Fide: Va Profiles CRD

o T T T T

YMP PROFILE

SRS PROFILE

1w CASEI PROFILE

CASE? PROFILE

11

CASE} PROFILE

DEPTH (ft)

SHEAR WAVE VELOCITY (fps)
!

L] 2500 5000 7500 10000 12500

Bl 7-3 I 62+ 441t & B(BNL Report, 2009)

SPECTRAL RATIOS SRS-PC3 TIME HISTORY
COLUMN. SURFACE/COLUMNI OUTCROP
File: RATIOS CRD

ta

SPECTRAL
RATIO

01 1 10 100
w— CASE1 COL wmmssssss CASE2COL wesssssss CASE3 COL

B 7-4 SRS-PC3 #; » fr2. & 2 41 5 Ju(BNL Report, 2009)
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GENERIC CASE | SOIL COLUMN
COLUMN2 SURFACE/ COLUMN1 OUTCROP
Fide: RATIOS CRD

GENERIC CASE 1 50IL COLUMN
COLUMN SURFACE/COLUMN] OUTCROP
File: RATIOS CRD

T T LR}

SPECTRAL RATIOS

SPECTRAL RATIOS

FREQUENCY () FREQURCY o)
09 L 4 09 L
ol 1 10 100 0l ! 0 100
— HCBL —  HRGE) wassasssss  [NEL-PCH HCBL — HRG160 INEL-PC4
— ORPCI  memmmmme ORPCY e SRSPC — OREG ORFLE e SRSRCGH
ssooss maa—— WSSO0

B 7-5Casel ~2 2 EHH T F ﬁ%l » 2_F J&(BNL Report, 2009)

: :
SAl0 3% DAMPED SPECTRA
GENERIC CASE 2 SITE PROFILE
=
i H 3
13 — H4 .
1 .
oS
FREQUENCY (a=)
o N
ol 1 w 100
L TS .

" =

Ta = 300 mpa
bﬂ&w_» '&.I‘IM; =8 Zayer 1 =
VR 18

M o® Mezess Ve o= 202 =pa

Bl 7-6 2% 4 3T 2 & Ju(BNL Report, 2009)
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§ T T
SALR 5% DAMPED SPECTRA
GENERIC CASE 1 SITE PROFILE

PG Y

Bl 7-7 2 87 K 2 B ¥ k2 & &(BNL Report, 2009)

d T T
sA (D 5% DAMPED SPECTRA
GE> IC CASE j SITE PROFILE

B 79 = & 3 #BH A F 2 F (BNL Report, 2009)
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Recommendation 4

The Task Force recommends that the NRC strengthen station blackout

(SBO) mitigation capability at all operating and new reactors for design-

basis and beyond-design-basis external events.

4.1 Initiate rulemaking to revise 10 CFR 50.63 to require each operating
and new reactor licensee to (1) establish a minimum coping time of 8
hours for a loss of all ac power, (2) establish the equipment, procedures,
and training necessary to implement an “extended loss of all ac”
coping time of 72 hours for core and spent fuel pool cooling and for
reactor coolant system and primary containment integrity as needed,

and (3) preplan and prestage offsite resources to support uninterrupted
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core and spent fuel pool cooling, and reactor coolant system and
containment integrity as needed, including the ability to deliver the
equipment to the site in the time period allowed for extended coping,
under conditions involving significant degradation of offsite
transportation infrastructure associated with significant natural
disasters.

4.2 Order licensees to provide reasonable protection for equipment
currently provided pursuant to 10 CFR 50.54(hh)(2) from the effects
of design-basis external events and to add equipment as needed to
address multiunit events while other requirements are being revised
and implemented.
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# 9-1 £ #8573 SSC eiR £ 248 B & * 16 ~ Br ~ PuTrCso0/Ciy
Composite | Random | Uncertai
Type SSC 4 o po Y | ComlCin | CnniCrn

Structures & Major Passive
Mechanical Components n o nn
Mounted on Ground or at Low 0.35 o 026 24 b
Elevation Within Structures
Active Components Mounted » y
at High Elevation in Structures o i i . e
Realistic Lower Bound Case™ 0.30 0.24 0.18 2.00 1.36
Other SSCs 0.40 0.24 0.32 2.54 1.52

% 9-2 GMRS £ SSF-SSE {r SSE i+t 5 (1 2 10 Hz # o 5%
R)o

Frequency GMRS SSF-SSE Ratio SSE Ratio
(Hz) (g) (8) GMRS/SSF-SSE (g) GMRS/SSE

1 0.082 0.153 0.536 0.081 1.012

2 0.154 0.267 0.577 0.14 1.100

3 0.218 0.312 0.659 0.146 1.493

4 0.299 0.301 0.993 0.137 2.182

5 0.379 0.292 1.298 0.13 2.915

6 0.443 0.285 1.554 0.125 3.544

7 0.499 0.279 1.789 0.121 4.124

8 0.551 0.274 2.011 0.118 4.669

9 0.6 0.27 2.222 0.115 5.217

10 0.65 0.248 2.621 0.112 5.804
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REVISION TABLE

Revision Description of Major Changes from Revision 3 to Revision 5 Re;]:l:;jibie
4 11.5 — Clarifications/revisions to 11.5.4 A Mauer
§ i;-gé_ Clarification that guidance for FLEX drills is addressed in NEI % fiinas
13.2 — Clarification that the FIP need not be maintained indefinitely
4 provided that the program document and a record of changes is A Mauer
maintained
4 Tables C-3 and D-3 modified with respect to spent fuel pool spray A Mauer
capability consistent with NRC JLD-ISG-2012 Rev. 1 :
4 Appendix H — Section H.4.3 — Clarification that the IPEEE does not A Naner
need to be maintained
4 Appendix H — Section H.4.5 — Section added to address seismic Ko
mitigation strategy assessments for plants with GMRS > 2X SSE ’
Appendix I — Added to clarify the guidance associated with
5 replacement of Phase 3 FLEX equipment if used to respond to a D. Young
declared emergency
B] 9-1 NEI 12-06 % s A 2_ £ £ 1t iz
Mitigating Strategies Seismic Hazard Information
l Seismic Hazard Curves Uniform Hazard Ground Motion |
| Response Spectra Response Spectrum I
| g H 3 I
g T
E - e
- LN 3%
| _‘u”‘ i --"‘ |
I Acceleration (g) Frequency (Hz) Frequency (Hz) |

Appendix H
Path 5

Appendix H
Path1-4

Bl 9-2 MSSHI * % %45 H i /5
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Pathl Path 2 Path3 Path4 PathS

M
Gﬂ:st::' GMRS > 2X S5E
B0 £ (1-10 Ha)

and/or Altemate Mitigating

\‘_/'_'\

Eg] 9 3 MSSHI m/)é“ ‘{ ai“% g i “nhfi

e v

Path 4 Seismic

Evaluations
=
2
w
Document
ce SSC addressed adequacy of ESEP
g by the ESEP? SSC scope
Document
adequacy of
Inherently
inhere rugged
rugged SSC? e :gcvs
= \/-—\
g
w
Document
o adequacy of
Sufficiently
rugged SSC? s"mm;:gsmued
Perform evaluation Document
- to show adequacy of adequacy of 4
: remaining MSA SSCs remaining MSA Complete
using the criteria in SSCs
Section H.5 w

"
i
N

] 9-4 i * MSA ;&% &/ 4 SSC
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Risk-Informed
Assessment

Choose cither
Detorministic Ascessment or

Risk-Informed Assessment (Note 1)
Deterministic
Aszzeszmant Are total
¥ Yes SCDF £ SE-5 and
SLERF £5E-G
Follow steps in H.4.5.2
No
4
Follow steps inH.4.5.5
No Follow steps inH.4.54
(Notel) Are
ELAP[LUHS
l Me-Yes: and
ELAP/LUHS SLER
Use SPRA Lo determine small?
changes to achicve
small & SCDF and SLERF
Yes
l No
¥ ¥
Update FLEX strategies Make plnt changes Make plant changes
to achicve MS 5SC (FLEX or other) (FLEX or other)
C.os Capacity > GMRS uullm-_nﬂm to achieve small As
MEA Complete: z
Mitigation strategies L ;::;::::i':‘:"d " v l»
‘m?.b:;:t"“d assessment Note 1: This path Is only ovailable if tota SCOF < 164
or . and totol SLERF < 165

Bl 9-5 — LB T 5 ARk

Base Case (as-built, as-operated plant)

Consider changes necessary to
achieve this risk improvement

ASCDF < 1E-5/yr and
ASLERF < 1E-6/yr

Increasing SCDF/SLERF Risk

Reference Case
(MS SSCs with Ciox capacity 2 GMRS)

Bl 9-6 b & IF R BAE LR P DY P
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Comulathm Peroratage of Pasts

Increasing ELAP/LUHS SCDF /SLERF Risk

Ly

:

COE+00

Base ELAP/LUHS Case (as-built, as-operated plant)

Consider changes necessary to
achieve this risk improvement

ASCDF < 1E-5/yr and
ASLERF < 1E-6/yr

Reference Case
(ELAP/LUHS SSCs with C,qy capacity 2 GMRS)

Bl -7 5 £ b " B ALY

—r 25 - 100

Cio - Annual Frequency of Unacceptable Performance

oo —

— B0 25 - TSM2

o— et 23 - JOMT

— e 35 - M2

— 0 25 - 2 SM2

—a 2% -

— e 30 - 100M

B0 30 - 2542

—kr X0 - MO

—eQ 0 - Shy

Q30 - 2 %%

—= 00 - M

—BeQ 35 - 100

—cr 38 - 230

—— B0 35 - 10y

—Ber0 35 - Sy

=Bt 35 - 2 Sz

BceQ 38 - Irz

— QOE-05-Lima

LCEOS

B 9-8 # W%t & R ez Cl0%~ # B
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‘Quaternary
1

durassiciCretaceous
|

Geologic Units
| af  Artificial fill: fil material during and S — 7

improvement activities. Mmmm bedrock with trenches
and excavation for power biock shown; filled with af,

[ W Sand wave deposits, offshore: unlithified sheets of sand that form
miigrating maring dunos.
Landslide deposits: unithmod massos of displaced bedrock andlor
r—m s0il; may be ective or inactive.
am  Marine terrace deposits: uniithified to weakdy Wihified marine sand
mwmmmhw Pleistocens and

anumm[wphomm

IT inlithifind silt, sand, andinr
gravel, consists of Mmiluuu alluvial and colluvial depasis.

Tmod  Obispo Formation, diabase: brown, aphanilic to phaneritic,

ntrusive in dikes and siis.

“Tmom | Oblspo S gl rnd ssih
mnwmmnmm o

" fmefe | Obispo Formation, fine-grained sub-member c: Bedded shale and N

siltsione, very fine bedded sity shale with medium bedded, dolomitic
Interbods.

_ w-prmmmnwsmnmm
tuff, tuff brecein, and tuffacecus sandstone.

- arkosic to lithic: brown,
Ibedded, well-lthified, fine- to course-grained, includes mince shale.

R Franascancompin.

B 9-11 (a)DCPP 3% 1 ¥ F Bl(b)¥ §
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Geologic Structures
Contact: sckd where welllocated, long dash where
orrad, datied
whars quered wh
Boundary (contact) betwoon Obispo disbase and
rocks from

magnelic survey (PGAE, 2011). Line may no! foliow
exact contact of rock at surface.

Syncline: dashed whan approxdmate, dotted where
corcealed, Asrow points in direction of plunge.
concesled, mehmdpmw.

Fault: sold where well located, long dash whare
approximate, short dash where infermed, dotied
it queried

Geographical Features

Roads
Buiidings.

Coastin (white line) at mean lower
Tow waler {appraximats sea level)

Vp Cross sections (Figure 2.3.1-3}

R BEP

(b)
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Final Integrated Plan Diablo Canyon Power Plant
NRC Order EA-12-049 Units 1 and 2

(a)

Final Integrated Plan Diablo Canyon Power Plant
NRC Order EA-12-049 Units 1 and 2

. | Secondary FI.EXI'
Storage Facility i
- - N

Figure 2
Staging Routes
Secondary FLEX Storage Facility

(b)
B 9-16 (a)(b)# ¥4 FLEX % 7% 3 * e 42 ]
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ONS GMRS vs SSF-SSE and SSE
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ONS SSF-RLGM and RLGM
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Acceleration (g)

ONS SSF-RLGM and RLGM vs IPEEE RLE
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L e @ RIFER 2B (ESEP)2 2 2 2 2 6|7 7
* & R4 2 /T 4 & 7 #7(Electric Power Research Institute,

EPRI)*t 2013 & d15x 7 EPRI-3002000704 3R 2. » T 4eid @ BT
#% 7 (Expedited Seismic Evaluation Process, # #- ESEP)2 p i &
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# 10-6 MNGP z. GMRS

Freq. (Hz) GMRS (unscaled, g) | Freq. (Hz) GMRS (unscaled, g) |
0.1 0.01 4 — 018
L0425 | 001 N R 022
0.15 0.01 6 = 0.26
0.2 0.01 3 - T 20
0.25 0.02 8 030
0.3 0.02 9 0.31
0.35 0.02 SRS || it IS - S
0.4 003 125 .03
0 R IRty ! | ey 15 0.34
0.6 0.03 JEREENE &l 032 |
0.7 003 | | B 25 028
0.8 0.04 30 0.26
0.9 0.04 35 0.24
1 0.04 o e e e
RS K 4 0.05 S0 0.19
e, B 80 017
N P § 009 i e S - _0.16
25 0.12 g g-}g
3 0.14 - ma
35 016 100 0.15
% 10-7 MNGP GMRS ¥ SSETAFT # 1-10 Hz ¥ 2_ &
Freq. (Hz) GMRS (unscaled, g) Horizontal SSE (g)
1.00 0.038 0.142
1.25 0.048 0.175
1.50 0.060 0.202
2,00 0.091 0.245
2.50 0.119 0.275
3.00 0.143 - 0.291
3.50 0.164 0.301
400 0.184 0.306 B
- 500 0.215 0.304
6.00 0.263 0287
7.00 0294 0.270
goo 0.302 0.249
~9.00 0.313 0.232
10.00 0.324 0.217
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% 10-8 MNGP GMRS £ SSEREG1.60 7+ 1-10Hz ¥ 2_ i&

Freq (Hz) GMRS (g) Harizontal SSE (g)
1.00 0.038 L 01??
1.25 co48 1 0,221 -
1.50 0.060 0.256
2.00 0.091 0.313
2.50 0.119 0.376
3.00 0.143 0.366
350 | ode4 0.358
4.00 0.184 0.351
5.00 0.215 0340
6.00 0.263 0.332
7.00 0.294 0.325
8.00 0.302 0.318
9.00 033 | 0313
10.00 0.324 0.230

% 10-9 MNGP #. +* GMRS / SSEtarT +* (SF)

Freq (Hz) GMRS (g) Horizantal SSEtart (g) 5F = GMRS/SSE
1.00 0.038 0.142 0.26
125 0048 0175 0.28
1.50 0.060 0.202 030
- 2.00 0091 ~ 0.245 037
2.50 0.119 0.275 0.43
3.00 0.143 0291 0.49
3.50 0.164 0301 0.54
4.00 0.184 0306 | 0.60
5.00 0.215 0304 0.71
6.00 0.263 0.287 0.92
7.00 0.294 0.270 1.09
8.00 0.302 0.249 121
9.00 0.313 0232 | 1.35
10.00 0.324 0.217 1.49
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% 10-10 MNGP RLGMTAFT

5% damped 5% dam
Freq. (M2) | yorizontal RLGMer () Freq.(H2) | oizontal RLg&rdm )
0.50 0.092 2.04 0.368
0.53 0.100 2.26 0.389
0.56 0.108 2.50 0.409
0.59 0.114 276 0.425
0.63 0.128 340 © 0.448
0.66 ~0.138 4.27 ~0.460
0.71 0.146 495 0.454
0.76 0.156 5.42 0.447
0.83 0.174  6.13 0.423 -
0.91 0180 | 7.23 0396
1.00 0212 8.29 0.362
1.10 0.235 1044 | 0313
1.25 0.261 1226 0282
1.40 0283 14.84 0.243
1.46 0.295 18.80 0.204 .
188 0.330 35.25 0.190
1.82 0.348
% 10-11 MNGP # +~ GMRS / SSEreG1.60 * (SF)
Freq. (Hz) GMRS (g) Horizontal SSE rec1.60 (g) SF = GMRS/SSE
1.00 0.038 0177 0.21
1.25 0048 022t [ o2
1,50 0.060 0.256 023
2,00 0.091 0.313 0.29
2.50 0.119 0.376 0.32
3.00 0.143 0.366 0.39
3.50 0.164 0.358 0.46
4.00 0.184 0.351 0.52
5.00 0.215 0.340 0.63
6.00 0.263 0.332 0.79
7.00 0.294 0.325 091
~ 8.00 0.302 0318 0.95
"~ 9.00 0.313 0313 | 100
10.00 0.324 0.290 1.12
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% 10-12 MNGP RLGMREG1.60

5% damped Horizontal

Freq. (Hz) RLGM reci.s0 (g)
0.20 0.041
0.30 0.074
0.40 0.093
0.50 0.112
0.60 0.130
0.70 0.148
0.80 0.165
0.90 0.182
1.00 0.198
1.10 0.214
1.20 0.230
1.30 0.246
1.40 0.261
1.50 0.276
1.60 0.291

1,70 0.306
1.80 0.321
1.80 0.336
2.00 0.350
2.10 0.364
2.20 0379
2.30 0.393
2.40 0.407
2.50 0.421
2.60 0.418
2.70 0.416
2.80 0.414
2.90 0.412
3.00 0.410
3.15 0.407
3.30 0.404
3.45 0.402
3.60 0.389
3.80 0.396
4.00 0.394
4.20 TEE il
4.40 0.388

5% damped Horizontal

Freq. (M2) RLGM reai1.00 (9)
480 0.388 -
4.80 0.383
5.00 0.381
5.2 0.379
5.50 0.376
5.75 0.374
.00 — 0372
6.25 0.369
6.50 __0.367
6.75 0.365
7.00 0.364
7.26 0.362
7.50 0.360
7.75 0.358
800 0.357
8.50 0.354
9.00 0.351
9.50 0.337
__10.00 0.325
" 10.50 0.313
1100 0.302
11.50 0.293
12.00 0.284 i
12.50 0.275
13.00 0.267 ml
13.50 0.260
14.00 0.253
| 14.50 OL24Til11111 1w
15.00 10 IILINN11 A
16.00 0.229
17.00 0.219
18.00 0.210
20.00 0.195
22,00 0.181
256.00 0.165
___28.00 0.152
31.00 0.141
34.00 0.134
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% 10-13 MNGP # +« GMRS/SSE +* (SF)
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% 10-14 PNPP fp B F s < 2

ESEP ESEP i % % Wl FESR P
ML14353A059 | ML15240A212 1 03/18/2026

% 10-15 ESEP & * 57 GMRS &g ¥ 4v i & (FIRS)

FREQUENCY HORIZONTAL SPI:C'I'R;I. ACCELERATION (g) AT THE RB
(Hz) OlJNDATlgN
1x10* MAFE UHRS 1x10° MAFE UHRS GMRS
0.10 0.0027 0.0060 0.0030
0.13 0.0038 0.0088 0.0045
0.16 0.0055 0.0129 0.0065
0.20 0.0079 0.0188 0.0095
0.26 0.0116 0.0275 0.0139
033 0.0174 0.0412 0.0208
0.42 0.0271 0.0638 0.0322
0.50 0.0388 0.0905 0.0458
0.53 0.0409 0.0969 0.0489
0.67 0.0503 0.1252 0.0626
0.85 0.0607 0.1583 0.0784
1.00 0.0674 0.1820 0.0895
1.08 0.0733 0.2023 0.0991
1.37 0.0861 0.2542 0.1228
1.74 0.0845 0.2682 0.1277
221 0.0930 03173 0.1489
2.50 0.1071 03798 0.1769
2.81 0.1268 0.4518 0.2103
3.56 0.1628 0.5858 02721
452 0.1952 0.7090 0.3287
5.00 0.2137 0.7815 0.3618
5.74 0.2363 0.8695 0.4020
7.28 02710 1.0116 0.4664
924 03125 1.1789 0.5424
10.00 0.3253 1.2318 0.5663
11.72 0.3301 12573 0.5773
14.87 03319 1.2767 0.5851
18.87 03367 1.3062 0.5976
23.95 0.3230 1.2681 0.5788
25.00 0.3187 1.2544 0.5722
30.39 0.3017 1.1798 0.5389
38.57 0.2753 1.0631 0.4868
48.94 0.2445 0.9195 0.4233
62.10 0.2043 0.7428 0.3443
78.80 0.1637 0.5718 0.2672
100.00 0.1484 0.5194 0.2426

MAFE : & 5.2 4g 114 5 o
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% 10-16 PNPP 3 SSE -k T F & 3%

T~
FREQUENCY SPECTRAL ACCELERATION
[Hz] Ig]
0.10 0.013
0.25 0.070
2.50 0.470
9.00 0.390
33.00 0.150
100.00 0.150
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7 10-18 PNPP ESEL ¥ & /% g p|chsg p 4§ &
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Section 2
Screening

Site Specific GMRS

278

Installed FLEX
Section 3
» Phase 1 Equipment gl
"E_:;Lp“";m » Phase 2 Equipment & Connections |~ Selsmlcétngula_l)nem List
* Phase 3 Equipment & Connections
Y
No further
Sectiond evaluation required
RLGM for the ESEP*
Criteria RLGM
+ Scaled SSE based
+ GMRS based
& Y
SMA &
Section 5 + CDFM
HCLPF « HCLPF
Evaluation Notes:
* The remainder of the
No EPRI 1025287
¥ evaluations should
be performed as
Section 6 * Upgrade Component Address ESEL applicable.
Modifications + SPRA may justify alternate Components That
component upgrade using Don't Pass
risk insights
B 10-1 5 = % cndeid 3 BT i AR



Receive Updated Site-
Specific Seismic
Hazards and GMRS
GMRS < SSE
Between Yes- »
1Hz and 10Hz

Section 2 Only
Screening Narrow Band
GMRS to SSE Y
Exceedances*
No Only low
Screening Notes:
frequency (<2.5Hz) Yes

GMRS to SSE
dances"*

* See Section2.2.1.2
** See Section 2.2.1.1

No
v
Section 3 Determine Expedited Limit the Expedited
Equipment Seismic Equipment List Seismic Equipment List
Selection (ESEL) and Functional (ESEL) items to items
Requirements with f, < 2.5 Hz

Section 4 SSE < GMRS < 2x S
RLGM Between
Criteria 1Hz and 10Hz

Calculate new ISRS
using SPID guidanct

for SPRA Evaluation
Section 5 Evaluate ESEL items using
HCLPF » RLGM Demand and NP-6041 |«
Evaluation and/or TR-103959 Capacities

Modify ESEL item to
achieve necessary
capacity

Section &
Modifications Yes

SSC HCLPF >
RLGM?

] 10-2 3 53 > ;2 ch ESEP 3w 47 B)
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Receive Updated Site-
Specific Seismic
Hazards and GMRS

GMRS < SSE
Between
1Hz and 10Hz

Yes

No

Only
Narrow Band
GMRS to SSE
Exceedances”

Yes

No

Limit the Expedited
Seismic Equipment List
(ESEL) items to items
with f, £ f £ 2.5 Hz**

Low Seismic

Hazard screen met** Yeos >

No

Perform HCLPF * Section 2.2.1.2

Evaluations * Section 2.2.1.1

Bl 10-3 ESEP ¢ GMRS £ SSE(5%[2 £ )t i
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Emergency
Plans
Emergency
Plans SAMGe
Emergency _ =] Diverse & Fiexible
Response SAMGs _-" Coping Strategy
- (FLEX)
_______ i Increased -
Prevention of SBO Coping Defense-in- SBO Coping
Fuel Damage Capability Depth Capability
Protection of Design Basis Design Basis
Plant Equipment | External Events External Events
Current Current plus FLEX

B 10-4 FLEX 3§ 3% /% & [# &5 4

Scenario 2: RLGM = SSE Scaled Based On GMRS

oo

= = Scaled S5E A

00 T GMRsA

— - SSE

e
w
e

Accaleration (g)
e
s

-]
-]

010

0.00

o010 100 10.00 100,00
Frequency [Hz)

B 10-5 £ *c~ SSE#F# 4 = cn RLGM(R 10.2 ¥ i35t 2)

Scenario 3: RLGM = 2x SSE

- SSE

oo Scaled SSER

GMRS B

— - SSE f ymmm———

Acceleration [g)

o1 100 10.00 100.00
Frequency (Hz)

B 10-6 RLGM %_%& 5 = & SSE(R 10-2 » i3 3)
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X
Jp
g
ye
dp
- g

% 11-1 i C H#t 28

Value Used for this
Design Parameter Calculation
Concrete Density 150 Ib/ff
Nominal Concrete Strength 4,000 psi
Rebar Strength (Grade 60) 60,000 psi
Young's Modulus 3.6E6 psi

F 112 %412 Cpm s e

Reinforcement
Panel Location Reinforcement Ratio
MT1; Total Positive Moment at Center | #11@9" 0.0023
M2; Total Negative Moment at P
Center of Side Edge (2] #11@9 0.0045
M3; Total Positive Moment at Center Bundle (3) #11@12"; 0.010
two layers
M4; Total Negative Moment at p
Center of Long Edge #lieiz 0.0017

211-3 2304 55 5 A

SR

£ (ft) % (inch) %7 & F (M"2) A S5t 4 5 o A (mm2) #4498 areals
0.0017 39483.792 40 987.0948
4 23.22
0 7 322576 0.0023 53419.248 40 1335.4812
() % (inch) %79 o f (r'2) B85 4 S G A (mm'2)
0.0045 92235.2985 35 2635.294243
. 20.4
353 7 0496733 0.01 204967.33 35 5856.209429
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Table 5.4 Transformation Factors for Two-way Slabs: Simple Supporte—Four Sides, Uniform Load

PO Rt

AT AR

V.4 = total dynamic reaction along short edge; V5 = total dynamic reaction along long edge.

Simple
Support

swoin | o | oo | Jucr | o | Masimon o Damamic resctons

i K. Ku Kiw riealance & V. Ve
1.0 | 046 | 0.31 0.67 :—Etmn + Mep) m—:’-? 0.07F 4 0.18R | 0.07F + 0.18R
0.9 | 047 | 0.33 0.70 fum,. + 11Mpp) @:—59 0.06F + 0.16R | 0.08F +0.20R
0.8 0.49 0.35 0.7 i(l?ﬁn. + 10.3%pp) 21?:1. 0.06F + 0.14R 0.08F + 0.22R

o os |om | om D020 9.8 | ort | 0.088 4 0.13R | 0.08F +0.24R
06 | 053 | 038 | o0.74 E(l?ﬂlr{- + 9.3 “Zf‘" 0.04F 4 0.LIR | 0.09F + 0.26R
0.5 0.56 0.41 0.75 Eumn. + 9.0Mpp) % 0.04F + 0.00R 0.09F + 0. 28R
1.0 | 0.33 | 0.17 0.51 i—zlmn + Wpp) 0 0.09F + 0.16R.. | 0.09¥ + 0.16R.,
0.9 0.35 0.18 0.51 5“2&”. + 11%pn) o0 0.08F + 0.15R., 0.09F + 0.18R,,

e | 0% ] 087 [ 020 | om ;umm +10.39801) 0 | 0.0 +0.138. | 0.10° + 0.20R.,
07 | 0.38 | 0.22 0.58 Eumm +9.8%pp) 0 0.06F + 0 12K | 0.10F + 0.22R.,
0.6 0.40 0.23 0.58 E (12Mpyss + 9.3Mppn) (1] 0.05F + 0.10R. 0.10F + 0.25R,,
05 | 042 0.26 0.59 ;nm,-. + 9.0Mpp) 0 0.04P + 0.08R. | 0.117 + 0.27R,,

Table 5.5 Transformation Factors for Two-way Slabs: Fixed Four Sides, Uniform Load

% 11-5 Biggs g s=if & i

Vi = total dynsmie reaction along short edge; V2 = total dynamie reaction slong long edge.

L& LA UES

2

(5

.

o

bhov s
L3

Load Mare | Lood-man Spring Dimamic =
Stroin a/b Jactor | factor Jactor Mazimum resistance
range . £ Ku Eiu I3
Va Va
1.0 0.33 (-1 0.63 20 . ZTRra B10E]./a* 0.10F 4+ 0.15R 0.10F + 0.15R
0.9 0.34 0.23 0.68 27 ANra T42EIa/at 0.09F + 0.14K 0.10F + 0.17R
Elastic 0.8 .36 0.25 0.69 26 4TMTtra TOSEl./at 0.08F -+ 0.12R 0.11F <+ 0.19R
0.7 .38 0.27 0.71 26 .20Mp G92ET./at 0.07F + 0.11R 0.11F + 0.21R
0.8 0.41 0.29 0.7T1 27 .30Mep TMEI./ar 0.06F + 0.09R 0.12F + 0.23R
0.5 0.43 0.31 0.72 30 . 2Mipa BOBE!la/a® 0.05F + 0.08R 0.12F + 0.25R
1.0 0.46 0.31 0.67 (1/a) (12(¥rse + Mra) + 1203Mrn + Mra)) 252E]./at 0.07F + 0.18R 0.07F + 0. 18R
0.9 0.47 0.33 0.70 (1/a) {12(Mrse + Tre) + 112 + Mea)) 2308a/a% 0.06F + 0. 18R 0.08F + 0 _20R
Elastic- 0.8 0.40 0.35 0.7 (1/a) |12(Mrse + Tirw) + 10.3(M2pn + RMera)] 212El./a? 0.06F + 0 148 0.08F + 0.22R
plastia 0.7 0.51 0.37 0.73 (1/a) [12(ATrse + TP} + §.809Trn + Mra)] 2001 E1./a? 0.05F + 0.138 0.08F + 0.24R
0.6 0.53 0.30 0.74 (1/a) [12(Mese + Mrw) + §.3(Mep + Mes)] 107El./at | 0.04F + 0.11K 0.09F + 0.26R
0.5 0.55 .41 0.76 (1/a) [12(Tpsa + Mew) + 6.0(Men + Mra)| 201 Efa/at 0.04F + 0 0DR 0.09F + 0. 28R
1.0 0.33 0.7 0.51 (1/a) 12(Mrsa + IWPu) + 12(Men + OWra)] o 0.09F + 0.18K« 0.09F + 0,16 K=
0.9 0.35 0.18 0.51 (1/a) [12(Mesa -+ Mew) + 11{Mep + Mrw)) a 0.08F + 0.158« | 0.09F + 0. 18K=
Plastic 0.8 0.37 0.20 0.54 (1/a) [12(Merra + Mrw) + 10.3(Mep + Fre)] 0 0.07F 4 0.13R- 0.10F + 0208~
0.7 0.38 0.22 0.58 (1/a) [12(Mrra + Frw) + 0.8(Wep + Mra)] 0 0.08F + 0.12R. 0.10F + 0.22R~
0.6 0.40 0.22 0.58 (1/a} 12(Mrse + HMrw) + 0.3(M2n + Mra)] 0 0.05F + 0.10R« 0.10F 4+ 0.25R~
0.5 0.42 0.25 0.50 (L/a) [12(0Mrse + Wews) + 0.0(Ten + Mra)] 0 0.04F + 0.08Ka 0.1F + 0.2TR-

Sowrce: "Design of Strustures to Resist the Effects of Atomie Weapons,” 1.8, Army Corps of Engineers Manunl EM 1110-345-415, 1657,

% 11-6 &
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%112 C Kep

Biggs # 5.4
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44.3961.79301
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F 11-7 8 3 R ot )i

iz C Biggs Biggs w2 C/ | R C
* Kep 2 m % # 5.4 | Biggs i | /E#H
1 266.67 389.64 246.33 1.08 0.68
0.9 222.90 319.12 202.34 1.10 0.70
0.88 215.05 306.69 194.75 1.10 0.70
0.8 186.31 261.99 165.78 1.12 0.71
0.7 155.73 216.26 137.53 1.13 0.72
0.6 130.17 180.17 115.54 1.13 0.72
0.5 108.80 152.20 98.24 1.11 0.71
avg. 1.11 0.71
Z# 11-8 B2 B ot i
a it & CKe Biggs # 5.5 it i+ C/ Biggs i1
1092.63 791.78 1.38
0.9 917.30 652.77 1.41
0.88 885.77 631.90 1.40
0.8 770.11 551.31 1.40
0.7 646.54 473.50 1.37
0.6 542.80 424.63 1.28
0.5 455.70 393.93 1.16
avg. 1.34

303




a0

~ M4 () Fixed Support

5 £
& 2
s (=N
A 3
a (%]
2 o
% -1}
= b
= M3 (+) =
e l .iM ) : N { T
g M1 (4 M2 ()
: ~/ ma(-) Fixed Support
B 11-2 *% RRIL4 T B
a
7
7
7 -~ _
;: ‘-.‘"“-—-—-—-""‘

Elosfic

Elostic-Plosic ~ "'"9¢

-~ —
— -
—
- -

Sl Plostic

Plastic hinges

] 11-3 Biggs % i~ &K

304



<—— Lx - Longitudinal Dir
s | —e
-~ M2
----------------------- - - ’ 1
N A
2 |
i \i '/ i
A i Ly - Transverse Dir
VA S
{ w
1
d

L 1.
Longi tudina| Edge Tributory Aree (An)

Bl 11-4 5% C A ind 4 Blom

Fuf

FORCE

Fe

Ye YE Yep
DISPLACEMENT
B 11-5 §apfed]4 B-m#d @

305



Fuf I
Kep P :
2 e :
Fliss|eswsmom s s |
& : Kes :
' I
I 1
— ke :
: I
! I
e Yep

OISRLACEMENT
Bl 11-6 ' it C 4 4 g4 -1 0 &

steel

500.000

400.000
E 300.000 0.002 , 413.621

=
% 200.000
100.000

0.000
0.000 0.010 0.020 0.030 0.040

B 11-6 2046 2B 4 B Y M

306



B 11-7 BoAR S R %y M

B 11-8 §7]4 B-2 4 41

307



Bl 11-9 Biggs 1 # fi2 2 %7 B

#,
1 4 e
|

2
1

Al====7

}f

|
ll
|
|
|
|
|
I
I
I
|
I

[}
|
|
!
|
|
|
|
|
I
|
|
1

[
I
|
|
|
1
l

I -
(ret), (etde Ured), y

Bl 11-10 Biggs i7 1 f24 B-148 ¢ &

Pllu stic ©
Elastic-Plosfic  ""9¢

" Plostic
Plostic hinges

B 11-11 Biggs % 2 B3K

308



BRMEH R AR

450.00
400.00
350.00

_, 30000

& 250,00

¥ 200.00

' 150.00
100.00

—@—Biggs i A%
—8— [} 1+ CKep
—®— Biggs Table 5.4

50.00

0.00
0.5 0.6 0.7 0.8 09 1

E&tba

Bl 11-12 sB 3% |2 56 & T fcv )

LR RO DS i g2

1200.00

100000 885.77

800.00
631.90

600.00
—8— [ 1+ CKe

400.00 ¢ —8—Biggs Table 5.5

B L AR AL

200.00

0.00

05 0.6 0.7 0.8 0.9 1
kR a

Bl 11-13 38250 & % vt f ]

309



L RFRA KW

APEF - LRI R ERATRBRAITLE BE ER AN
%ﬁﬁ*%ﬁbﬂﬁaﬁﬁj’ﬁdpﬁr%m 27 PSHA £
T e B BURAR 2 (NCREE, 2019b)° s 74 R R
BB A RARE ST 4 B R Bk
e

e

- ~ AU 117 £ k338 GMPE 5113 3 %l 3 gt fhdeen T
toges B4c3 $BHEE > FOERE 13 Bl 13 At i
Ao #2358 GMPE 4R 5 1% GMPE - A/ & 9 1548+
GMPE % £ 3 %— 4|5 GMPE #uGfz® > HH°® 7 B afick
25 BFRGIEE > mip 13 Bk 2FRFFUIO 13 &
¥REAG L% &l 2000 itk # GMPE i f2 ¥ » % 3F
hES B G BcE - 2 B 0E 2 2 Sammon B 02000 iF
A~ GMPE 6013 B 23 5 2 AR A RO 3T EA T o

Z SMB3EZ o afra itk AL H A i H éﬁﬁ_mﬁ? AT IR
#7 FUH)IE £ 2, +58, <0 ~ 8, +3, Inyfal >0 ~ fra, <02 & -

CGW3¢ 0§45 GMPE dia, ~ 8, ~ 3, > 4 ~ e, F kb i

i

Btk A A 5 gt ) ERIIREE o
TP EREW, T RS RAPEARP LR RT3 0
FiammgsypaE -

I B A S BB W e We D A R K
s LB 0 heR] 8 ror o

~ D 24 2\ Y TW B \ TW LY Equps ’ 2 2

A~ FENRE-EN LA GMPE 2 WR’fG 2 We 25 MDA

EASBELE

—_

Eits o MR £ P E D 4oR 10 57 o

310



= ~ Sammon B ¢ w2k 75 si— A8 GMPE 2z 2926 8wkt
chl 3o, @ 2bii— 338 GMPE 2 13 B hiicenT 30, &? o &
B (%% 17) 9t & GMPE & X383 8 F Ow,, » 4oH 10 #F

T o

v

~d Bl 12 0km<R <S5km# %o g2 SWUS 3+ 4

FET ORI T S A S ensg Rl

{ ~H- Pl ¥Bkol TERREERS TN E - Py
BHCP g & LR S A R T P T e
PHAGFAYRK RAd AT S EE FEARP RPE
D GECEL -2

LA HEAREY A GRS A G AR RS

FE(P,Q)is X I A E AR G o I8 BT IR Bt

fha Eop L 5 % o TR * Pearson {r Tukey (1965)2

(P, q)=(0.63,5%) » ¥ & &% FTchsc = BLIT IR B3 A B

S es S S

A EF AL THRTRAT- A BE A

T 0 A B bt deT
SR A PR R 2 E RO B LS B L

W2 A IR T 5liE RG-1.138 #7357 2 2. F % § ~ 1734
BAETTANRE LR RHRIED ZHRES TR TR A
17 ¢ RG- 1138 37 TR[3F chk REBE hlm & » B3040 R E
BT LA dp ERIRARRE O NS F AT A1 BB AP S RG-
LI HFE 1A E? RARES T2 BLETFIE > PO

B EEFREZAPME TS 6 SHFI 0 - SSE -

311



2R L ERMERZBIT J"‘)i?;}l?)i*‘v\‘%’fr(PSHA)#i,{h’?}EJcm
B2t BT 5 $3Em3|4 RG-1.208 R &2 538 22
B A 74 B A B2 - T AZARHS 5 E-04 ~ E-05 {- E-06 o
B & R F J&3¥#(Uniform Hazard Response Spectrum, UHRS) 2z
AL o

v RSB F A AT (SRA)ARE BT R 2 A o) IR 4

Ji

WILFE N 2 F B~ 172 508 Strata > £ 73 S F e
T AR F B 4T > B (S8 Strata ARNETE LA
A ATiRIEE . % Matlab F %28 VAR H R o BT

g RIVAE 2P RS R RATR 2 AT P
I %7% RG-1.208 2 NUREG/CR-6728 & 12 j& 1
£ 4% 3n URS 2 3 B 4 3 H-n UHS 9% §8 Approach o

}~4

AR AP EAEE R R s o FBd 548 50 GMRS
Workshop # ZEL% R & ¢ > ¢ i&Ha2 = g0 p 2§ 154
Z_ =3 B B2 o

Fos g RS R A ATAPB I 0 F I Matlab p (7B

# a4 o e PFiS B2 Strata A2V B T R R A B Bk
oo EFFRTVREFEE TG AP e
APEFZ AN TRTRAT- A2 E-BHEIT A1 HIH

BT o B AL T F1F A 1A M S~ 2R

Bl 2 3 A #rd (72, V&V % 58 74745 o 3 8 38 I B3 st

4T

- BHPAHCEFL R IR BRI HIF RS T

312



Mtk ISG-17 Hplz 2% NEADER T UIEEERERTR

74

1y
g
)4
%‘»

A R I VAR G R R Sb RIS R R R
RARNZ T B AHEY R EALT 24 P
'f?%*])‘;z'kr'f?) 12 i\'ﬁ'\fv *Kgﬁ‘]‘&\‘%‘fr “L-‘iclgg\‘

o
%\‘_‘\'

a'ﬂ
p%

(\.
'f’é

o

g

SE BT BRI R 2R (T L 2 AR P EROT
A SRk A RTRE 2 B HFF okt AP
E 2 R 2R e 2 EEHT S BRG RS
AR Fr AL TR RAT- M-S %'Jév\%‘r%? ]

A

WAL 0 77 2 BRI Ak BB U R R (MSA)Z

I

%wpiﬁiﬁﬁmﬁ%%ﬁ@wfz
5% R (FLEX)™ § 2ad 0SB a2 # F oot o 4
m%ﬁé?ﬁ%@ & &2y A~ 45 FLEX # & Appendix H » 7 &
Fd 2R R AR T (MSSHI) 7 #4734 Rk
s T TR K K2R (MSA) ¥ 23 GMRS fr SSE
BooART EATRT 0 BT 1 e 2 s ek B @ BT
5% GMRS * *t 7 2 SSE ehpi & 3 £t 7 * C10%(i.e.10%
A gl ot ek RE R e
= ~FLEX # MSA #jif+: < Z_3 > EPRI 1025287 4= EPRI
3002004396 % 4p Bt < 2 > 2 2 IPEEE A 45 5405 > )t 0F
BN ER RN IS -l O e gD SN e
2o

= ~FLEX ¥ ESEP 7 = Bz 4 457> % » ESEP &5 — v £ 47

313

o



S0k e —"z P s & EPRI 1025287 5 B o
ARG AT AS kB - L EREF BB R Fu(DCPP,
Diablo Canyon Power Plant) > ¥ — % % B2 & & 1% % i (ONS,
Oconee Nuclear Station) » }* & B F 32 * BT 5 18 78 LR
WP A 47 o ONS & * b4 Ko e 2 H4.5.2 fr H4.5.3 & 45
6 > SLERF 15 s %> e gd L R AN VK6 RIS
%_FLEX Appendix H ¢h& £ -DCPP # * % 3% = ;% 1 H4.5.5
BEAY O BREERYT X FREEFRLK
At b hiE A BT AAR(ESEP)2 * 2 B2k by hd &

- ~Arigd RR R AR A (ESEP)E Al 7 = et € R R b "G
w 2w AT O PR AT R ORGK K - BRI T IR 2
ESEP = 2 1 & fad - 8 Tni S B e & g1 17
F R A BT b o dopt B3 B T R 12 s i R B
L KA RFPTRIE RE 2 -

= ~ BB T RO GMRS £ SSE et B0 VO R AT T R A
TRi(7 ESEP: Z &i& {7 ESEP {5 7 By » # & B ERPI-
3002000704 3 % i plaE = g B chde ig @t 2K F 8 (ESEL)
%35 ¥ ) ¢ ESEP jn A2 ehé iF > 15 4 = 4818 (Scenario 2+
Scenario3 ~ Scenario 4)2_ — A+ 2% 1% 7 B RLGM £ PGA >
£ & B EPRI NP-6041 32 £ ¢ 73 ;2 (Determinstic &
Probabilistic):* & ESEL # % %2 i o HCLPF % € > & » 518
HCLPF % & &2 RLGMPGA &t fic s é#:% 1) F & g - e

/\Jfl—’rl—»""mfj‘f;;?a‘gﬂmgli AH o

314



= ~ ESEP e Fopra & F 2>t ERPI-3002000704 #£ 2 ~ EPRI-
1025287 3% 4 ~ EPRI NP-6041 3% ¢ ~ EPRI TR-103959 3¢ % -
EPRI-1002988 3¢ < ~ EPRI-1019200 sF 2 % g B = & » F|pt &
SR~ TLR S AP MR i kD A% S R A e i
it B3I AR R o

T~ AT AR BERPETRAGTESEP %6 - 3R F
% & 2 7 Bi(Monticello Nuclear Generating Plant, MNGP) » ¥ -
% % WM 2 % 7 Fu(Perry Nuclear Power Plant, PNPP) » & i
TR EE ESEP JRARBIH* 7 b enfih 8 KL 2 2P T R
RLGM > MNGP 12 38 2 (Scenario 2) > i i GMRS £ SSE &
10Hz & &R 2 » - SSE »c+ 1.49 2 {4 = 2 RLGM ; PNPP
A28 4 (Scenario 4) > & #17 SPRA 4 #5¢1 GMRS (¥ 4
RLGM » & B2 % fu '+ 51 CDFM = ;2 #18 ESEL # &=
HCLPF 2 & » ¥ &2 2 o R B PGA {7 v > FiE I 3 &

- A 1730 B T AT e enie it o

14

+ A 4F 2 % EPRI-1003002000704 3£ 2 22 & i+ 3 F 34 7 ESEP
RGN R 0 T HRALE B R R o

AT F AR RY ERES A RFTE S % > ki EPRI
3002009564 3k 2 & kel R RS BHEA N FHERT
+ 73 #04R 24 EPRI-3002009564 © * il it BT i sk O 5
i@ﬁﬁ’%” oA ARM YRR T BRI Y TR R
" A5 FE B E] SFP 2§ s R 0 ARt AR R i Y
PR RE AR M TR 0 R AU TR R AT

POREA BT T T A R B fR2ba

5

315



T F AT RRY SHEMATLT A ARFRAR
E TS UL L
- ~ EPRI-3002009564 3F £ © » #-mf B 3= 15 % :Z 3 hk GMRS *t 0.8g
% & > & % Low GMRS site &2 High GMRS site > I 4-#f High
GMRS site 2 i 2312 # 41 2%+ CDFM 2 A 45 72 4% o

Iy

~ EPRI-3002009564 #+** High GMRS site 2 @it & ;% 5 :-fm i f
AR A B CY o Vo BT R4 B d S
Gl Sl S T e T

R ,ib_é;%{']t}_*ﬁ P F 7 oaE 2 s ROR 2 2EAR M A 47 10

FFR AR AT EERZ A BB Mo gt th s T

Jui

Fi2 CEHRONTEREFLES AT E 2 A7 4pB R S
B X TR B AE T AP R L A LR A
HERECREZ I3 R HPFEE CERN2 M E
iﬁ’# 4 o

v~ BOR 2 BURERERIS T g B0 R BURBC B C oo
i 2 TR IRMIZAARIT > 0L M AR 2 POk T8 G 4P Y
2% BRI o

(%]

» e Biggs EinfE T fRa it C R REY IR &
AR T R AEY TR ,;75 B ApITZ AR T b

NS

FIHE COs O N RIS Y B ISR L 5 30%:
=
AEFHFEEf A FRBFRRRF LR T T
W E 1 2% R F e BB LS-DYNA iz @ * 11 % 4p
EERE S

316

-



B YR

1.

Abrahamson, N.A. (2006), Program on Technology Innovation:
Spatial Coherency Models for Soil-Structure Interaction, EPRI, Palo
Alto, CA, and US Department of Energy, Washington, DC.

ASCE (2005), ASCE/SEl 43-05: Seismic Design Criteria for
Structures, Systems, and Components in Nuclear Facilities, ASCE
Standards, Reston, VA.

ASME/ANS (2013), RA-S-2008: Standard for Level 1/Large Early
Release Frequency Probabilistic Risk Assessment for Nuclear Power
Plant Applications, with 2013 Addenda RA-Sb-2013, ASME, New
York, NY.

ATC (2007), ATC-63: Recommended Methodology for Quantification
of Building System Performance and Response Parameters — 75%
Interim Draft Report, Redwood City, CA.

Baker, J.W. (2008), An Introduction to Probabilistic Seismic Hazard
Analysis (PSHA). White paper, version, 1, 72.

Bolisetti, C., Whittaker, A.S., and Coleman, J.L. (2015), Frequency-
and Time-Domain Methods in Soil-Structure Interaction Analysis (No.
INL/CON-15-35455), Idaho National Lab., Idaho Falls, ID.

Carl, J. (2009), Consistent Site Response—SSI Calculations, Revision
1, Costantino, BNL. (ADAMS Accession No. ML091980384).
Chow, T. and Chang, S. (2003), “Review on Current Earthquake

Shutdown Criterion in Taiwan’s NPPs” , % 23 /& 5 p 1 #8473 € o
Coppersmith, K.J., Bommer, J., Hanson, K., Coppersmith, R., Unruh,
J.R., Wolf, L., Youngs, R., Al Atik, L., Rodriguez-Marek, A., Toro,
G., and Montaldo-Falero, V. (2014), Hanford Sitewide Probabilistic
Seismic Hazard Analysis, PNNL-23361, Pacific Northwest National

317



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Laboratory, Richland, Washington.

EPRI (1989), Probabilistic Seismic Hazard Evaluations at Nuclear
Plant Sites in the Central and Easter US: Resolution of the Charleston
Earthquake Issue, Palo Alto, CA, EPRI NP-6395-D.

EPRI (1990), EPRI NP-7148-SL: Procedure for Evaluating Nuclear
Power Plant Relay Seismic Functionality, Palo Alto, CA.

EPRI (1991), A Methodology for Assessment of Nuclear Plant Seismic
Margin, Revision 1, Palo Alto, CA, EPRI NP-6041-SL.

EPRI (1994), Methodology for Developing Seismic Fragilities, Palo
Alto, CA. TR-1 03959.

EPRI (2002), Seismic Fragility Application Guide, Palo Alto, CA,
1002988.

EPRI (2009), Methodology for Developing Seismic Fragilities, Palo
Alto, CA, TR-103959.

EPRI (2009), Seismic Fragility Applications Guide Update, Palo Alto,
CA, 1019200.

EPRI (2012), Seismic Evaluation Guidance: Screening, Prioritization
and Implementation Details (SPID) for the Resolution of Fukushima
Near-Term Task Force Recommendation 2.1: Seismic, EPRI Final
Report 1025287.

EPRI (2013), Seismic Evaluation Guidance: Augmented Approach for
the Resolution of Fukushima Near-Term Task Force Recommendation
2.1-Seismic, EPRI Final Report 3002000704.

EPRI (2013), Seismic Probabilistic Risk Assessment Implementation
Guide, Report Number 3002000709, Palo Alto, CA.

EPRI (2015), High Frequency Program: Application Guidance for
Functional Confirmation and Fragility Evaluation, Report Number
3002004396, Palo Alto, CA.

318



21

22.

23.

24.

25.

26.

217.

28.

29.

. GeoPentech (2015), Southwestern United States Ground Motion

Characterization SSHAC Level 3, Technical Report Rev.2.

Grant, F.F.,, Tang, Y., Hardy, G.S., and Kassawara, R. (2017), “Seismic
Damage Indicating Parameters at Nuclear Power Plants Affected by
the 2011 Tohoku-Oki Earthquake and Plant Shutdown Criteria,”
Earthquake Spectra, 33(1), 109-121.

Hall, W. S., and Oliveto, G. (Eds.) (2003), Boundary Element Methods
for Soil-Structure Interaction, Springer Science & Business Media.
Hsu, T. T.C., Wu, Chiun-Lin, and Lin, Jui-Liang (2014),
Infrastructure Systems for Nuclear Energy. Wiley.

Interim Staff Guidance on Ensuring Hazard-Consistent Seismic Input
for Site Response and Soil Structure Interaction Analyses, DC/COL-
ISG-017 (ML100570203 ISG17).

Japan Lessons-Learned Project Directorate, JLD-ISG-2012-01 (2012),
Compliance with Order EA-12-049, Order Modifying Licenses with
Regard to Requirements for Mitigation Strategies for Beyond-
DesignBasis External Events, Interim Staff Guidance Revision 0,
(ML12229A174).

Keefer, D.L. and Bodily, S.E. (1983), “Three-Point Approximations
for Continuous Random Variables”, Management Science, 29(5), 595-
609.

Kennedy, R.P. (1999), “Overview of Methods for Seismic PRA and
Margin Analysis Including Recent Innovations”, Proceedings of the
Organization for Economic Co-operation and Development (OECD)-
Nuclear Energy Agency (NEA) Workshop on Seismic Risk, Tokyo,
Japan.

Kottke, A.R. and Rathje, E. M. (2008), Technical Manual for Strata,
University of California, Berkeley.

319



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kottke, A.R. (2010), A Comparison of Seismic Site Response Methods,
PhD Dissertation, The University of Texas at Austin.

Kottke, A.R., Wang X., and Rathje, E.M.(2013), Technical Manual for
Strata, Geotechnical Engineering Center, University of Texas.
Kramer, S.L. (1996), Geotechnical Earthquake Engineering, Prentice
-Hall, New Jersey.

Luco, N., Ellingwood, B.R., Hamburger, R.O., Hooper, J.D., Kimball,
J.K., and Kircher, C.A. (2007), “Risk-Targeted versus Current Seismic
Design Maps for the Conterminous United States”, at SEAOC 2007
Convention Proceedings, Squaw Creek, CA.

Megill, R.E. (1977), An Introduction to Risk Analysis, Petroleum
Publishing Company, Tulsa.

Morisita, H., et al. (1993), Forced Vibration Test of the Hualien Large
Scale SSI Model.

NCREE (2019a), Development of the Hazard Input Document for
Taiwan using SSHAC Level 3 Methodology-Volume 2: SSC Technical
Report, Taipei.

NCREE (2019b), Development of the Hazard Input Document for
Taiwan using SSHAC Level 3 Methodology-Volume 3: GMC
Technical Report, Taipei.

NCREE (2019c¢), Development of the Hazard Input Document for
Taiwan using SSHAC Level 3 Methodology-Volume 4: Hazard Input
Document, Taipei.

NEI (2012), Guideline for Assessing Beyond-design-basis Accident
Response Staffing and Communications Capabilities, NEI 12-01
Revision 0, Washington, D.C.

NEI (2012), Diverse and Flexible Coping Strategies (FLEX)
Implementation Guide, NEI 12-06, Revision 0, (ML12242A378).

320



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

NEI (2018), Diverse and Flexible Coping Strategies (FLEX)
Implementation Guide, NEI 12-06, Revision 5.

NEI (A. Pietrangelo) Letter to NRC (D. Skeen) (2013), “Proposed
Path Forward for NTTF Recommendation 2.1 Seismic Reevaluations™.
Newmark, N.M and W.J Hall (1969), "Seismic Design Criteria for
Nuclear Reactor Facilities," Proc. World Conf. Earthquake Eng., 4th,
Santiago, Chile.

NUREG/CR-6728 (2001), Technical Basis for Revision of Regulatory
Guidance on Design Ground Motions: Hazard- and Risk- Consistent
Ground Motion Spectra Guidelines, U.S. Nuclear Regulatory
Commission, Washington, DC.

NUREG/CR-6769 (2002), Technical Basis for Revision of Regulatory
Guidance on Design Ground Motions: Development of Hazard- and
Risk- Consistent Ground Motion Spectra for Two Sites, U.S. Nuclear
Regulatory Commission, Washington, DC.

NUREG-0800(2019), Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants, U.S. Nuclear Regulatory
Commission, Washington, DC.

Order EA-12-049 (2012), Order Modifying Licenses with Regard to
Requirements for Mitigation Strategies for Beyond-Design-Basis
External Events, (ML12054A736).

Ostadan, F., and Kennedy, R. (2014), “Consistent Site-Response /Soil-
Structure Interaction Analysis and Evaluation”, Nuclear Engineering
and Design, 269, 72-77.

Pearson, E.S. and Tukey, J.W. (1965), “Approximate Means and
Standard Deviations Based on Distances between Percentage Points
of Frequency Curves”, Biometrika, 52(3-4), 533-546.

Regulatory Guide 1.132(R2) (2003), Site Investigations for

321



51.

52.

53.

54.

55.

56.

57.

38.

Foundations of Nuclear Power Plants, U.S. Nuclear Regulatory
Commission, Washington, DC.

Regulatory Guide 1.138(R3) (2014), Laboratory Investigations of
Soils and Rocks for Engineering Analysis and Design of Nuclear
Power Plants, U.S. Nuclear Regulatory Commission, Washington, DC.
Regulatory Guide 1.165(1997), Identification and Characterization of
Seismic Sources and Determination of Safe Shutdown Earthquake
Ground Motion, U.S. Nuclear Regulatory Commission, Washington,
DC.

Regulatory Guide 1.60(R2) (2014), Design Response Spectra for
Seismic Design of Nuclear Power Plants, U.S. Nuclear Regulatory
Commission, Washington, DC.

RG 1.208 (2007), A Performance-Based Approach to Define the Site-
Specific Earthquake Ground Motion, U. S. Nuclear Regulatory
Commission, Washington, DC.

Rodri’guez-Marek, A.N., Bray, J.D., and Abrahamson, N.A. (2001),
“An Empirical Geotechnical Seismic Site Response Procedure”,
Earthquake Spectra, 17(1), 65-87.

Sammon, J.W. (1969), “A Nonlinear Mapping for Data Structure
Analysis”, IEEE Trans. Comput., C-18, 401-409.

Seismic Qualification Utility Group (SQUG) (2013), Generic
Implementation Procedure (GIP) for Seismic Verification of Nuclear
Plant Equipment, Revision 3A.

Short, S.A., Hardy, G.S., Merz, K.L., and Johnson, J.J. (2006),
Program on Technology Innovation: Effect of Seismic Wave
Incoherence on Foundation and Building Response, EPRI, Palo Alto,
CA and US Department of Energy, Germantown, MD, Report No. TR-
1013504, December.

322



59.

60.

61.

62.

63.

64.

65.

66.

67.

Short, S.A., Hardy, G.S., Merz, K.L., and Johnson, J.J. (2007).
Program on Technology Innovation: Validation of CLASSI and SASSI
Codes to Treat Seismic Wave Incoherence in Soil-Structure Interaction
(SSI) Analysis of Nuclear Power Plant Structures, EPRI
Report, 1015111.

Sugawara, Y., et al. (1995), Forced Vibration Test of the Hualien Large
Lcale SSI Model (Part 2).

U.S. Code of Federal Regulations (2020), Title 10, Energy, Part 50,
Domestic Licensing of Production and Utilization Facilities.

U.S. Code of Federal Regulations (2020), Title 10, Energy, Part 52,
Domestic Licenses, Certifications, and Approvals for Nuclear Power
Plants.

U.S. Code of Federal Regulations (2020), Title 10, Energy, Part 100,
Reactor Site Criteria.

USGS (2009), Implementation of the Guidelines for Level 3 and 4
PSHAs-Experience Gained from Actual Applications, Menlo Park, CA,
U.S. Geological Survey Open-File Report 2009-1093.

USNRC (1997) , Recommendation for Probabilistic Seismic Hazard
Analysis: Guidance on Uncertainty and Use of Experts, Washington,
D.C., U.S. Nuclear Regulatory Commission Report, NUREG/CR-
6372.

USNRC (2012), Practical Implementation Guidelines for SSHAC
Level 3 and 4 Hazard Studies, Washington, D.C., U.S. Nuclear
Regulatory Commission Report, NUREG-2117, Rev. 1.

USNRC (Leeds, E & Johnson, M.) (2012), “Request for Information
Pursuant to Title 10 of the Code of Federal Regulations 50.54(f)
Regarding Recommendations 2.1, 2.3, and 9.3 of the Near-Term Task

Force Review of Insights from the Fukushima Dai-Ichi Accident”,

323



68.

69.

70.

71.

72.

73.

74.

Letter to All Power Reactor Licensees et al., Washington D.C.
USNRC (2012), “Issuance of Order to Modify Licenses with Regard
to Requirements for Mitigation Strategies for Beyond-Design-Basis
External Events”, Order No. EA-12-049, ADAMS Number
ML12054A735, Washington, D.C.

USNRC (Dean, W.) (2015), “Final Determination Of Licensee
Seismic Probabilistic Risk Assessments Under The Request For
Information Pursuant To Title 10 Of The Code Of Federal Regulations
40.54(f) Regarding Recommendation 2.1 “Seismic” Of The Near-
Term Task Force Review of Insights From The Fukushima Dai-ichi
Accident”, Letter to all Power Reactor Licensees et al., Washington,
D.C.

USNRC (Leeds, E) (2014), “Screening and Prioritization Results
Regarding Information Pursuant to Title 10 of the Code of Federal
Regulations 50.54(f) Regarding Seismic Hazard Re-Evaluations for
Recommendation 2.1 of the Near-Term Task Force Review of Insights
from the Fukushima Dai-Ichi Accident”, Letter to all Power Reactor
Licensees et al., Washington, D.C.

USNRC (1991), NUREG-1407: Procedural and Submittal Guidance
for the Individual Plant Examination of External Events (IPEEE) for
Severe Accident Vulnerabilities, ADAMS Number ML063550238,
Washington, D.C.

USNRC (1991), GL 88-20, Supplement 4: Individual Plant
Examination of External Events (IPEEE) for Severe Accident
Vulnerabilities, 10CFR 50.54, Washington, D.C.

USNRC (1995), GL 88-20, Supplement 5: IPEEE for Severe Accident
Vulnerabilities, Washington, D.C.

USNRC (1978), NUREG/CR-0098: Development of Criteria for

324



75.

76.

77.

78.

79.
80.

81.
82.
83. /¥

&4.

85.

Seismic Review of Selected Nuclear Power Plants, Washington, D.C.

USNRC (1994), NUREG-1488: Revised Livermore Seismic Hazard

Estimates for 69 Sites East of the Rocky Mountains, Information

Notice 94-32, Washington, D.C.

USNRC (1987), Generic Letter 87-02, Verification of Seismic

Adequacy of Mechanical and Electrical Equipment in Operating

Reactors, Unresolved Safety Issue (USI) A-46, Washington, DC.

USNRC (2010), Implications of Updated Probabilistic Seismic

Hazard Estimates In Central And Eastern United States On Existing

Plants Generic Issue 199 (GI-199), Safety Risk Assessment,

Washington, DC.

USNRC (2011), Regulatory Guide 1.174, An Approach For Using

Probabilistic Risk Assessment In Risk-Informed Decisions On Plant-

Specific Changes To The Licensing Basis, Revision 2.

USNRC (1994),

Wang, F., et al. (1998), ““ Hualien experiment: Seismic analysis and

evaluation of the current French design practice”, Proceedings of the

11th European Conference on Earthquake Engineering.

B REAA997) T 2 EE BT FlhP R RAT e

5% IZ46,(2003) " i 0t ) < BIFERRECR] 2 2 SRS HET 4144 e
F 5.5%(2013) 0" 00 B R GRE 785 AP R R s R SR
F@ﬁﬁi%%%xﬁzj’FK%&iﬁiﬁgﬁﬁP{%

LAFEFTVRESR -

B 5. 5(2016) 0 Tz BB RE R 5 R BT 2 2Ea SSI

AT - IR BB MM 0 FRBRRF LR €

R A e £

Tk s R R (2012) 0 T I A v ) R R AR BCA] R

325



86.

87.

88.

89.

90.

91.

92.

R R 2 R T

FEARAER LG T2 F(2013) 0 TR R B AR

}
FHCUE 2 2 AR BT R&EY S (B AFL0 0] -

EY

R 2(2004) 0 TAEBHIT FIx R4 @R 0 Atk
BRI nif g4y FAMAKIEEETT TS o
FER SHRp P -FEB I 2B ZQ012) THERT R
i B BB B RATERAE o PR e

el R F v A RO o B F1AU2012) 0 T - DB Y =
T EEME 2TFRFAFEL ) -

Febe R e L B €A B F1A2012) 0 TRz - DB E =
L EFWE TR AFRSL )

Ti b #(2015) » T 1z SAP2000 #2542 = 5 — R ¥4 & iﬁ%ﬁ
WAl 2 P RsE 0 AR RS LR € R E Rt
TP U B R o

7% 8 #£(2016) > T r2 SAP2000 #2552 = P BB & fu % =
A2 By F B8, FRRRAFRER § P a % 2FH1F
TP RIE AR 2 o

326



