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Abstract

On 11 March 2011, an undersea megathrust earthquake with moment
magnitude 9.1 occurred at the Pacific coast of Tohoku in Japan. The
earthquake-induced a mega-tsunami causing heavy casualties on the
northeastern coast of Japan. Furthermore, it caused a severe Fukushima
Daiichi nuclear disaster. In the tsunami hazard assessment of nuclear
power plants, the deterministic method was fully developed and used in
tsunami forecasting. On the other hand, the probabilistic method was
gradually developed in recent years. This study was aimed to establish a
probabilistic tsunami hazard assessment (PTHA) used in the United States.
The methodology was based on Thio et al. (2010) and the probabilistic
offshore tsunami wave heights around the NPP3 due to the Manila and
Ryukyu subduction zones induced tsunami were established based on the
PSHA SSHAC-3 SSC report.

Statistically, the landslide is the second largest source of tsunami
generation. However, studies related to the landslide probabilistic tsunami
hazard assessment (LPTHA) are limited. Even the U.S. Nuclear
Regulatory Commission (NRC) only mentioned an overall framework for
describing this issue, indicating specific guideline and flowchart on how
to conduct the assessment are lacking This report, therefore, aims to
review the methodologies of LPTHA available in the literature and to
clarify its applicability when using in Taiwan. The report is divided into

two sections. The methods of evaluating probabilistic tsunami hazard in



the past studies are collected and represented firstly. Then, the framework
of LPTHA is proposed and a case study will be performed based on
Taiwan’s geological data, which will be implemented in the second stage.
Since the goal of this report is to establish a guideline and flowchart to
carry out the LPTHA, the critical uncertainties for constructing the
probabilistic model and the processes of the whole LPTHA will be
emphasized.

The tsunami hazard assessment is important to the nuclear power
plants in Taiwan due to Taiwan is in an area where the risk of tsunami is
relatively high and the plants are close to the ocean. With the development
of the probabilistic tsunami hazard analysis (PTHA) in the United States
and Japan, the connection between the probabilistic seismic hazard
analysis (PSHA) to PTHA becomes an essential issue. This study was
aimed to study the feasibility of applying the logic tree of PSHA SSHAC-
3 SSC (2019) in PTHA for the fault sources. The overview of PTHA,
PSHA SSHAC-3 SSC (2019) fault sources, and the methodology for
converting the logic tree were proposed and a set of primary fault source
and a set of other fault source were examined.

The most important results of the above are summarized as follows:

1. Inthe report “Methodology study on the analysis-processes establishing
of the earthquake PTHA from USA”:
(1) To quantify the aleatory of the numerical model, the model should

simulate historical tsunami events and analyze the data with the
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water surface elevation measured by tidal gauges. However, since
the wave height of the currently observed tsunami event in Taiwan
is relatively small, it is recommended to select the data with the
maximum tsunami wave height of at least 10 cm.

(2) The database established by unit tsunami method should consider
error due to the size of the unit tsunami in the source region. It is
recommended to have a resolution of 0.25 degree * 0.25 degree.

(3) The results of the tsunami hazard curve analysis show that the logic
tree analysis is an important way to reduce the uncertainty due to
insufficient knowledge of the tsunami. In addition, the weighting in

the logic tree is also one of the keys to the analysis results.

2. Inthe report “Methodology study on the analysis-processes establishing
of the Landslide PTHA”:
(1) In order to establish an assessing process of LPTHA, several
research from USA and the other counties are studied in the report.
(2) To clarify the influence of the landslide-uncertainties and build a
proper probabilistic model, it is essential to investigate the location
of landslide-source, the topography, the geology, the historical
cases and even the geomorphic changing of the source area.
(3) Considering the current capacity of research, the relevant data and
aims of this report, the probabilistic model for the Cook Strait in

New Zealand will be apply directly in this report. However, one



should be noticed that setting up a suitable probabilistic model is of
importance for implementing a LPTHA.

(4) The intention of this report is setting up a methodology of LPTHA.
The example of hazard curve and the specific wave height map
corresponding to a certain return period will be performed under

this methodology.

3. In the report “Feasibility study on the availability of PSHA SSHAC-3

SSC faults in PTHA™:

(1) The method of converting the fault source into the PTHA based on
the PSHA SSHAC-3 SSC (2019) was proposed. If more detailed
information is obtained, the method can be adjusted.

(2) The fault sources are divided into primary fault sources and other
fault sources. According to the location of the fault source, we
determine the faults could induce a tsunami. There are 6 primary
fault sources and 11 other fault sources. The result of logic tree
analysis shows that the former has 990 and the latter has 110

tsunami scenarios.

Keywords: landslide probabilistic tsunami hazard assessment (LPTHA),
probabilistic tsunami hazard assessment (PTHA), probabilistic model,
methodology establishment, case study, probabilistic tsunami hazard
assessment (PTHA), probabilistic seismic hazard assessment (PSHA),
Senior Seismic Hazard Analysis Committee (SSHAC), seismic source
characterization (SSC)
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Distance (km)

D:the position of the trench

"é" B: the bottom of interfacel
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A total of 15 cases of geometries
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mm/year m/yr. m/eqk ’
( ‘year) cm/yr.) cm/eqk) (1 Eqkrate) (year)
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% 2-4 mIrER A A fc¥Th R R (AT HE)
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(degree) (km) (degree) (km)
7.5 10.7 40.5 25 18.0 56.7
9 12.7 40.8 30 21.3 57.8
10 14.1 41.0 35 24.9 59.4
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Earthquake
Probability Model . Geometry Model
Interface Rupture Rupture (Equivalent Slip rate Branch Point (B) /
Model Model Source Poisson Ratio) [mm,/yr) Case Interface 2(M) [Depth) Moae  Magnitude pdf

Interface 1 D1 {117km)
+interface 2 MSI-RM1 D2 (229km)

[0.3] 1142 D3 (274km)
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|_D24D3 (503km)
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[0.2] 12 | D14D2 (346km]
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D1 {117km
Interface 1 MSI-RM3 D2 (229km)

[ |_p3(27akm)
D1 (117km)
L D2(229km)
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Case 1 |Z]

[0.4]
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Mchar1+0.25
10.3]
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0.8
o] Mchar2+0.25
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Interface 2 MSHRMA
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[0.2]
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(F# %% : PSHA SSHAC-3 SSC (2019))
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Earthquake
Magnitude Distribution Model

Probability Model Geometry Model
Interface Rupture Ruptura [Equivalent Branch Point (B) / Magnitude
Model Model Source Polsson Ratia) Slip Rate Case Interface 2{M) (Depth) M pdf
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0.8 10!
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YE&C Char
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R1 (194 km
- | RZ[a62 km}
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| _R1+R3 (656 ken)
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(4 % : PSHA SSHAC-3 SSC (2019))
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120° 122°
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Probability of Exceedance
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Probability of Exceedance

T I I I I 1 I
5 10 15 20 25 30 35 40
Offshore exceedance wave height (m)
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Probability of Exceedance
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Offshore exceedance wave height (m)

B 3-19 mzptEi A 'E B ERN(RSI-RM1 1 RSI-RM4 £ 2 123 s34

A5 %) P2 Rt KRB0 et b it B B E R R

H({m)

Bl 3-20 5 2 0% F GIEAHMSI-RML I MSI-RM6 £ 4 #03
S AT) P Rt R BRSO m endh A Rl B B T R
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H (m)

Bl 3-21 zizk'Ei ¥ £ B 4E#H(RSI-RML 3 RSI-RM4 gk 2 $4] eh4e
ATz R thia % BIORESOmM et s s 3 £ 2 R

2 031 Hesa2rg 2002 FiERER T

e & A 13 vl R e R R
Lee et al. (2005) §E R L0 A 5.5 km * 5.5 km
ip = (2009) SRR RS 0.25 & *0.25 &
Mmoo % A (2009) | SR R BSOS 0.25 & *0.25 &
Thio et al. (2010) L T h 0.50 & *0.50 &
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AR ad g ariphl > Hipk 2R S LPTHA B w2 £
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For a particular location, develop a Slide Volume + Area vs Return Period distribution

//T\}

Slide &1 with Slice #2 with fides B Slice #N with
Volume +Thickness and Volume +Thickness and Shides 13 Volume +Thickness and
Return Period as Sampled Return Period as Sampled hI: Return Period as Sampled
from above distribution from above distribution L from above distribution
I Specify Failure Type OR Specify Rheological Model I

Rotational Translational Creeping Viscous Bingham Herschel-
Landslide Landslide T Landslide {roney) Slide Flow Mecht Buldery Flow
Likelihood of | | Likelihood of *';’“ Likelihood of Likelihood of | | Likelinood of 2; * | Likelihood of
Oeeurrence, Ocourrence, ® Occurrence, Mechanism, Mechanism, 0 Occurrence,
F F
M- -

(5)

Acceleration
Parameters,

Deceleration
Parameters,

Coherence Properties

Material
Yiakd Stress,

Sample values from
each distribution,
which provides a

single realization fora
single [failure type,

Sample values from
each distributien,
which provides a

single realization for a
single [theology, slide

slide volume] pair velume] pair
Realization for Realization for
other slide Sample across all other slide Sample across all
configurations [failure type, slide configurations [healogy, slide
volume) pairs, volume) pairs,
agglegalea QQI'EQHIE k]

composite tsunami

impact metric [e.g.

maximum elevation)
distribution

composite tsunami

impact metric [e.q.

maximum elevation]
distribution

(F#L %R : NUREG/CR-7223 (2016))
Bl 4-1 USNRC 4 4375 &b (7 5 b ik 12 S 472 41

57 36 3 3L

9 R o 2 B T oA o R E TR s
FHTF AT ideestiel mmp RERRTIARD

EY Ty

B 4-2 A&7z LPTHA § it 4 479 2%
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1

~LPTHA % 6|7 3
Bom g A E e R L A A R vk 2 8 S )

b
CER AL SRS BERE L R E

3]

<
7
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ERIBF LA ARLEL SFRIPTIE AT AF
UG ARM AW RAE Y b WA p 2 Al B L
EHBF I RBEFRR AT -

ARG R e F AR LA £ B2 IR R
B AT B BEEFRE S B AT E AR RZH R R
FRPIHL TEFFE LB ERREA TR 22
SRz omA s F2FIRARE Y WA Gl AR
PR HARL AR RE TG T R PR AT

Al P EER B2 E o B - B EE S o Hor G AF T AT

FORH D > A PRt R - BT g A e k2 W 0@
BAF M RO T 2k B TR I PR BB [ s P

Sl javd o B2 4B Flee 2 o B n AR B < Apilie 2 B id

B
E
BEFF L R BT ERFPABIIAL - 50 AFELR

(- )3 % - (Laneetal., 2016)
Lane et al. (2016) *tjed fFa A § ¢ B e 5o /5 W% KR
(Cook Strait Canyon) » zx* #3h 4 K H4] o H -1 L=k

IR 2 B o A A 176 B0 Ao 5-1 47T 0 R4 A
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THRESEME & - FEEHREO0LEM? ~ 03km3 ~ 1km?
£ 3487 FREAF H 0 2 BN H 151 ajh B LT B
¥ I F‘ixlﬁ»rs Y 4"#’% Bis "Vr/)irﬁ R RN RS A E K
M2 B FAF Y > T L EIE R H#ISIIR2 Beh R

TR A

1LLPTHA /% & #3545 3 & %
EAT Y R o A 2 A5 F T 3 (Micallef et al., 2012;
Mountjoy etal., 2014) » 12 su3t = S gFip g% 2. MFD > 1% 5
SERE L =R

P = 3.28y 153
(v>V) %4 (5-1)

B V&AL 2 A P ARSI A L W B

APS o FRND ZFLUFR S EETREF] S UFL E

dORAE N AW e ¥ - et > B MFD
SAB2ZFT P&

FF HA1* = 7 (Mountjoy et al., 2014) 2z 14 45

&+ %_# ;2 (carbon-14 radiometric dating) - 4& iz 3% /% W A 1Y

AR IEEBLE o KB Y R NE TEF2E

o B H#I E# 2 &~ £ R FE (landslide ages within

the time period) - % 5 1500045000 & o #-2ZpFfF & & 1+ 5%

5-118 >R M2 2 1765 - RE2Z B AR UEL

= ;\4 e N ;\4 v ﬁ’,\%g? 'l',( :hl “&rgﬁ—a 3 2. MED s 4™ J—t\' 5-2:
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3.28V 7153

Bw>V)=wl) 5500 (5-2)

Heyi L& - B2 P\»"mé’v'ﬁz\’ZyW(Y)—l RIS & ®"RE

BAro o ZH’“WI*%F’%"g’?“‘ﬁ.lﬁi’*)}&{—?—!%’#\“
»w(y) R TR e

2. LPTHA 4w #5532

Bk HNF TR - T A RFBREL S

T ORI AR REAIE o F o v e BN 2 s K A5k

Bom 2 B AL HAE 6 R
WEBRTRA TR WRK S E R R AW 52 977 o
Erds s R A A1 i

Bk HA A2 RIRE A

=

888472 (Volume Of Fluid method)
W s vt cnd @ vE, 12 Gerris, VOF solver = ‘3¢ iC
Boavhk BET A A 2 B % doR] 5-3 41T 0 3% 7 Bk 528

4%{1?6X3.§g¢%1’ By HFafisz dfEe

\\\Xr

Boo AR F - Bz Bt R IR 0 AeB] 5-4 At e

3. LPTHA & #7 = %

FragELez 2% UTHNEIREFHRE

v

Vix,y,n) = ( )1/m(x,y)

T (53)

B x84 hewR g  yrA iR RS yREE SV

23

RHBHF DA AE MmO E b)) T L EE T A 8
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B * 2 V5315 T

-~

\\\?{r
s
pe
v
ol
-
5
N

1
n m(xy)1-1-53
3.28 - [( RG]
10b(x.y)

FI* Bets N 54 2 WFHR > T GRUEA T B2 B
TR AR 5-4 47T 0 D PN IEE TR R 2 AgAR

A% EF IS > oW 55 4T o

(=)* &= (Grezioetal., 2020)

Grezio et al. (2020) 2 P = 2% (Bayesian inference) -
otk <l £4 2 % (the Gulf of Naples) (] 5-7, B 5-8) 2
W o REARFF)T 2T ELT RS SR
5-9° HAGE Y BE B M K FTR AU D LATE
PREZ R A A F M ERERG < 2R FER
o BB HIBAREE ARV LR R LR PR
FoRRBIEAY T R AR A RIAFE O BE

ARSI e ERNE R s T R ALK F
(prior modules) ° #%¥ > £ EILiFpEL F 2 2 AgE o 2
ZE EF 4 R 4pficie (likelihood modules) - & s %
Lok F B e s s BE L I 1S B8 5 (posterior
modules) > T3 & na B amB I N amdmpE T R MAH

(Grezioetal., 2012) - “fjk?éi¥4 Al s TR AT P mIE P o
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LLPTHA & & #3548 %% 2
(1) st 5 R S0l 4
WEAAY AT RKEF L AR R R Sk

¥ o - H g o Beta function k43 0 4o 3 AR S

[H]prior = Beta(a, B)

= B(;’ﬁ) 6% 1(1-0)f"1,0<0<1 (55)

1
B(a,p) = fo x* (1 —x)A~1dx ,x € [0,1] (5-6)

Hoe Ve 2 05 L F 2 A s#k o ~ B 5 Betafunction

47 4-#c (hyperparameters) » i% #B3% L% F hT 0@ E
MEFREV E Hpe™ Nipgg il > T2E 2 d 75 i

BHEF2ZPFEN 0 REEP B FIH DR

E[e]prior =a/(a+p)

(5-7)
E[Q] rior(l - E[Q] rior)
V[e]prior = £ (Cl +,8 + 1) 5 ( 5-8 )
N
pT‘lOT 2 PL ( 5-9 )
i=1
E[Q] rior(l - E[Q] rior)
V[e]prior = K (/1 + 2) z ( 5-10 )

HY ALAGET B4R &g ed RRIEES
& # 2. MFD -



Q)i A% S %A Sl (FE2 MFD)
g Ed MFD it 5 L $2 2 f 2 %5 - % o 2
BH W R 2 A FE TS b S 2 RESY MFD 4§ (3)

Bhe vk o AR REPIEA c FHEE L 22 R R

g
o
TR
-gn'\
oW
{w,
<
T
O
4
|
ok
‘EL
o
-
R
<<
A4
V‘
-
o
A%
1
3

WA b FEAL G SBREE BE IR L4 B
PER o X B3k L4844 B 100,000 e dgfE o H ¢ E - K

2 A HE e (BeEe A EFIC,)

C; =5%x10°to5x 10°m3
C, =5%10%to5 x 107 m3
C; =5x%x107 to5 x 108 m3
C,=5%x10%to5x 10°m3
Cs=5%x10°to5 x 101° m3

(5-11)

82 7 7 (Urietal.,, 2009)- 3% 5 Poisson distribution
TR AKRLHAN LT HFEA 2280 A0 HAT40T
P

At¥e M At0e~At

P(x,At) = = 1-— o (5-12)

=1—e
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20,000 £« 25000 i 5t

g
3«:‘

AIF - PR 2 &3 2 FA

T

(3) & MFD 2 4t

=
Eak Ei R
TRLEPARFHA S Fo
e SEESREOREE

B2 % 2 GEGER G
2012) :

1— (l,) a, — (l,) aytang — 1, /cos*p tanp’

% 1/20,000 g

FEr A BERFLIPST

7]( ‘/"’%—: N

« 1/25000 -

AR s H I A

H

CEERE S Y o 2
BRI (1%

B 5-10 #7771 > @ H ¢ R

7~

oo 38 4 o (Grezio et al.,

(5-13)

1- (l,) ay — (%) a,tang

tang

BY Qi B BRAR  yE RV BME L >y LRV 2H

fi_‘é_‘ ’ ax£ ayéq HJ
% %% 50 & b 10%E 4 4rid
w$@UJ$”

tanp' R E_ Gl pli ¥ 5

60

KT R B 2 oG Al R

I\ 7L
» B

R AR S 2 o, s AR
$oxEE YEREDER 2 0 Tufy'z e

20~35 & o § Fs<lp¥ > =

=105 B o



(4)4R 2028 2 3K T
Bed i 2P AP FHAR S ¢ TEH
AR T RY MIUE BT AITE 0 RE e B2 T
o fjfaa@zﬁhtb LI DR SBE f - e
FTOLED RN R SHW T DR Sl o H 3 x

T

FOAFT Y 2 TR A e 2 SN et N

n
Bin(n, 6 =<)63’ 1-0)"Y
(n0)=(])0"-0) (5:14)
Py SR EpERE HEP O NER-ERN LT FA S
MLk oN i AHFA B ERoyNR L EFA S

W o B MAn PR S AR B R Sl B

(B) skt 5 B A S
BIREPEHRPST RAE ST AT

[g]post =Beta(a+y,[)’+n—y) (5-15)

2. LPTHA A bt B HN % 2
H i B B0 20 Bk 45 Watts et al. (2003) » 12 k48 iE #
= FhA# > g COMCOT 3%kt = A58 ke ia v @3 - fie
ERRERIAFERE  NHRFIF AL RE KW
o A4 ABBIEIITA FFiLA R Avmmd 2 F

BAER o B - 2 RS R deR] 5-11 AT



3. LPTHA A 4 & %

FI* P A SR I BRI TENL AR R
b AT RW M A AL 4oH 512 T 5160 H ¢ o bt

R G oA Nk B A R R L AR L LR s

R W AUE T ERTY o

(2)* = (Levholtetal., 2020)
Lovholt et al. (2020)** 2 #% = etk $2 24 % (Lyngen fjord)
w B MR G ko 4o 5-17 fror o i S Na b
BETRAN o HiEMA? #2fEd HIMiI4e2 A A m TS o
A S N AT B B o R BEEE R
# 3% 7 Fx T_F)3F > 12 Poisson distribution 2. g oo R
EAmE TG o Hom it 3 2 Ve A

£ tS
BREEERPLYGREF AR 2 B Ty AL
5

1. LPTHA #3883 %

B ECE N B Y 2 # R TS A
gz Hei S F o R ESEOBIEEE 0~1 £ 1
BB i 4 4 T 2 Poisson distribution % £ £ 48k > 4
Bl 5-18 1% = 3% 14 #35 chis K B 0 BB s KA 4T
F A&7

Porpjmn =1~ e~ PvmPutats (5-16)
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= ET 7 P W e X =
AT E iR Fl%PE'Fl
Y S 2 - B g Y
ﬁ‘vg"%ﬂ’mﬂ—\j&—% 4

PR o R EFMIT]FZRFT ERF R F poT

(1) 235 48 4% £ ¥ V (MFD)
P fE Nt HRMA R T R R o A -
& * @ Ay (Majalaetal. 2016) > 12 5% = 2 > LT L%
BRI EFAIMEFT o OTEEIZ A HSHEA A
= P41 * tapered Pareto distribution = > MFD » %% Geist
and Parsons (2014) /& * » pt % v & 7 &

B V-Vyax

P(VSU)ZPO e Ve

(5-17)

Vm ax

HY PoitEBi T3 Bamatzx RFF Vi Hna

=0

o Ve 5 B * BUIBRAR V5 YA 2 48R RF
HwBR 3 a4 B8 MFD » H 4o f] 5-19 #75% o

(2) #3864 1+ M, landslide mechanism
e R 4 B A A 46 3 TR BRI A £LE

BHANIES o & UL BHANE & h g D 0 T kY

%ﬁiwg**ﬁ%%&$ﬂmﬁwWhﬁ WEE G
£&%§g§§ﬁ%°ﬁb: g.ﬁobﬁ'( 1}'3_‘\47 ‘:‘J—_’E: a_;E!,\i’l
MG RERT U EOEFEN L SIS > Ra B LI



RBET A S B A 3 R R CRRPE T 1 R A
1F B

;fé}‘]":"!]\?rﬁﬁﬁi’%mgﬁiﬁ’ _/El“o

Q)= ## W 2 ;2452 ko #& A, frontal area
REBEFL G F LRI BoALL A5 HP A2 G
BT 2 BB Lo A3 F R EARY 2 Rt gy
Fafpo R AL L 157 A2;: A4 % 067 A2; A5 4 04
DY VE

(4) 2 3% yn s 38 B U, velocity
Mk ond i B A 2 = f6 0 4+ Harbitzetal. (2014) 2 7=
Lo RS- R A M TR R R s UL

2 U3 Tiog & U2 P 8% Buld 4 2 0 £802 K7 o

(5) & 3 Jn # FEAE R, run-out
B FEAE 2 P RO > I F IR TR St KBE T
FEHEE id R R o SR E Al #H% 2 A (HIL -
\Volume) > 2= = - %35;7% i 7% (Romstad et al., 2009) - 4- ] 5-20
ST 0 At ERE Thent T L 5% £ 67% 2 H

A e

B 0T AR LR TR AP
Foa 4 r B RE F A B2 AT R m T

3
;
TR R F L B TR AW F TR Ao 521 7
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2. LPTHA /&t @5V 3K 2
i * & v fiC R 50 7] GloBouss b 14— FF 2R AR 4 2
Boussinseq = 423+ & 4 Big o H ¢ ’?H%*‘FT SRR RCD
A HERZ FOHREFR 2 A B EE 2 B F A
oo BHMHERA S aa s > BavE N BoE LAY @
o TR AMFTLZERAERE  HELIABAR 0 nED

AT B2 BT R RITR o

3.LPTHA & #7 = %

d AT T AR B2 ET RN R TR
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4L kR : Lane etal. (2016))
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Frequency

® 5-3

(744 %R @ Lane et al. (2016))
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(F# %R : Lane et al. (2016))
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H = 5 m 1100
max
'4'11 i""’,.(:‘: a _(‘—' '411 F
A, ;
-41.215 \ -41.2 —
.41_3-(’ J -41.3
4.4 - -41.4
\j 1:10,000
-41.5: ﬁ 415
416 J'/ 416
1. 100,000
417 -41.7
|l & , , .
174 1745 175 1755 174 1745 175 1755
1:1,000,000

(F#+ %R : Lane et al. (2016))

Bl 5-5 e 52 s AAgAR B &2 & F 4 ¥R R

Hazard curves by region
1lf.'f2 N T T T T T T T T

Annual Probability
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Maximum Wave Height (m)

(F# %/ : Lane et al. (2016))
Bl 5-6 Ld fir22 27 REHRHALA B EET R Y AR
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|atitude

Key sites in the Guil of Naples
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-1000
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AR AR 1'x1 .
(F 4L &R : Grezio et al. (2020))

B 57 £+ E£BTFFT REHEE T ILE

40.9

Key sites in the Gulf of Naples
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(F#+ kiR : Grezio et al. (2020))
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PTHA 55 PTHA 5 | PTHA ppc
Y y
SSS (Submarine || SMF (Submarine || PDC (Pyroclastic
Seismic Sources) )| Mass Failures) J Density Currents)
i+ 4 2
£8 ' SPH
£3 COMCOT comMCcoT | COMCOT
§ 4

g Green's law Green's law Green's law
=

SOURCES

[

-

rior Beta distribution | "3 .
f !
i m | posterior Beta distribution Comprehensive

|  Posterior | EEVEED

“ Historical Data | PTHA
| Likelihood \ J

(F#L %% : Grezio et al. (2020))
B 59 @* [ B2 PFNAEBEET R A FTIALE

Table 1 Score parameters of the

SMFs ad
Slope
0° =g = 3° 1
3 < <5° 10
P> 5° 20
Depth centre of mass at 1,000-1,300 m 10
F, =<l 10

through a scheme similar to Selva et al. (2012). In a generic cell, the assigned score is equal
to:

10 if the mean slope ¢’ of the cell is gentle (between 3° and 5°).

10 if the average depth of the cell is in the range 1,000-1.300 m.

20 if the mean slope is sharp (=5°).

1 1f the sea cell is not included in the previous cases. In this way we do not exclude
completely the possibility of a failure in the deep basin and in the coastal zones,

e 10 if the factor of safety F, is <1 (instability case) computed following Booth et al.
(1985).
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The normal distribution of volume (km?) of LS1

0.09
p=20.0

s =2 =2 =2 =2 2

S & 2 8 §5 &2

b - & O =
L L L L L L

e

=

o
L

probability of normal distribution

o
=
I

U.OU T T T T T T T T
0 5 10 15 20 25 30 35 40

landslide volume (km?)

Bl 6-3 LS1ES %2 T HE B> E

The normal distribution of volume (km?®) of LS2

p=11.02 u=1102
a=0.25pn

probability of normal distribution
ot e
£ 2

s
o
=3

0 5 10 15 20
landslide volume (km®)

Bl 6-4 LS2 B4 % 2 W HH I E

87



probability of normal distribution

The normal distribution of volume (km?) of LS3
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, LPTHA Hazard curve for Nuclear power plant 3 (21,93 N; 120,765 E)
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I0C (2019)4 41 7 1980 & & 2017 &2 & 5 34 BiTH & % &
ArBE ANIT 2520 A= (£ T Rt RE AL o F
AR ICEY 3 24 BadE s s TE{cE AT R o

B AR Y A R ed NH N APy LR R EFH
R A R RCHT SR Read S BRE U 2 b R g e
FTREAREY mERUBE AR SE o A 0 300 & 2
B2 3 43 @Ay 2 »dod 7-2 9757 o Bk k3> 1960
L iRl ol - v;@,f T s % 5000 4t~ 200 B AR
%9740 550 F £ £enE A4 20 L HFAY LT ENHE D
o @ T ENEEfop AL BE S 6120 {0 139 £ = o

¥ F a2 T B & 47 (Probabilistic Tsunami Hazard
Analysis, PTHA) R p >t F 5V = & B T & 4 17 (Probabilistic
Seismic Hazard Analysis, PSHA) - %‘%E’ TR LT A B A s
FEOT IS o REPEE I AP FZ R PP F
TinABAZARA B E R FRE BT R B 7-2 5 PSHA(Cornell,
1968)F~ PTHA(Downes and Stirling, 2001) c72+ & ﬁ% ) B iﬁ y ¥
/};;\Efﬁﬁ,ﬂ?’fif—?éf Z & (Sources) - T hE M
(Recurrence) ~ ¢ & % j& (Attenuation) f- g 1t & % & (Hazard at
Site) o

R kEOPTHAS T 4 &1 RSk At 87

SRR KL HoE KL LIEY o m £ Rfop AP HE RSIRZ
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Al 8 N g 2 N (B4 ¢ Gonzalezetal. (2009); i 3+ 4
412 B £ (2018); PG&E (2010); Thioetal. (2010)) »

v

ENEE A
R E A P R kB4 WA AL B2 F o p s A
B 25l 3k 2 javks Okada (1985)# 11 2. A H- A X 34 e *
PHAISEr RSB EAREHS L E A ke FlB KRR
RS g it > ok e (T3 Bl bR i2AF o B 7-3
fr# 7-3 i Okada 7] #7 3 2 ¥ B $¥ -

EEF R AT R AR P f £ R e

R ARG A L R R Lo m (R T-4) 0 B K

0 0BG RS R S ERE R
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Al T R AT né‘ﬁE'J{ EYE1ac S e E s IR s P W e

fo B ERTNS AR F L E o B 8 PTHA chimtk T58p @

\\\?{r

TRERY - BAHERL LT I NaEE T R A T H T

oy
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|E) wmg]ml Ib! SUBMARINE FAILURE AND LANDGLIDEI

VOLCANIC CAUSES ATMOSPHERIC FORCING|
Blast 2
Shock wores
4

—  Twmami woive —s

[
1

. Tumami wove
U

le) ASTEROID IMPACT|

N

—

(F# kiR : Grezio etal. (2017))
B 7-1 #5580k @) & O)F ALH(C)VLiEr

(d)~ F 'F* fr(e) ] 7 L F

THE STEPS OF PSHA (Cornell, 1968) OUR CONCEPTUAL PTHA FRAME WORK
Fault STEP1 |[STEP 2 Submarine STEP 1 |STEP 2
Source Sources |Recurrence Fault Source Sourc
-
&
SITE | 2
g
Distributed i
Seismicity
Source Magnitude Fault Displacement
MLandslde Valume
[Eruption Volume
Submarine Volcano
STEP 3 |[STEP 4 STEP 3 |STEP 4
_ Attenuation |Hazard at Site Attenuation | Hazard at Site
@
2
§ B w k-]
c , = Zz
g = % P = é
23 2 :
© - . 2
g oW 2 w
[=] " =
& Source-to-Site Ground Motion Z Source-to-Site Wave Height
Distance Level Distance atStte

(F#+ &R : Downes and Stirling (2001))
Bl 72 B3R RETAMZ SIS BET R LENR
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2071 BEBE REABE S LK

(F# % & : 10C (2019))

Regional and local tsunamis causing deaths
since 1980

Date Estimated

Dead or

Year Mon Day Source Location Missing
1981 9 1 Samoa Islands Few
1983 k 26 Noshiro, Japan 100
1988 8 10 Solomon Islands 1
1991 4 22 Limon, Costa Rica 2
1992 9 2 Off coast Nicaragua 170
1992 12 12 Flores Sea, Indonesia 1169
1993 7 12 Sea of Japan 208
1994 6 2 Java, Indonesia 238
1994 10 8  Halmahera, Indonesia 1
1994 1" Skagway Alaska, USA** 1
1994 1 14 Philippine Islands *81
1995 5 14 Timor, Indonesia 1
1995 10 9 Manzanillo, Mexico 1
1996 1 1 Sulawesi, Indonesia 9
1996 2 17  Irian Jaya, Indonesia 110
1996 2 21 Northern Peru 12
1998 7 17  Papua New Guinea 1636
1999 8 17 lzmit Bay, Turkey 155
1999 " 26 Vanuatu Islands 5
2001 6 23 Southern Peru 26
2003 9 25  Hokkaido, Japan 2
2004 12 26 Banda Aceh, Indonesia *n227 899
2006 3 14 Seram Island, Indonesia 4
2006 7 17 Java, Indonesia 802
2007 4 1 Solomon Islands 50
2007 4 21 Southern Chile 8
2007 8 15 Southern Peru 3
2009 9 29  Samoa Islands 192
2010 1 12 Haiti 7
2010 2 27  Southern Chile 156
2010 10 25 Mentawai, Indonesia 431
2011 3 11 Tohoku, Japan *M18 434
2013 2 6 Solomon Islands 10
2015 9 16  Central Chile 8
2017 ) 17 Greenland** 4
2018 9 28  Sulawesi, Indonesia *2 256
2018 12 22  Krakatau, Indonesia*** 437

Total 254 639
* May include earthquake deaths
** Tsunami generated by landslide
***Tsunami generated by volcanic eruption
* Includes dead/missing near and outside source region
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2072 FLEFEARE S YR 2GR § AR PR

(F#L %k : 10C (2019)))

Date Estimated Dead or Missing

Year Mon Day Source Location Local Distant Distant locations that reported casualties

1700 1 27  Cascadia Subduction Zone, USA 2 Japan

1755 1 1 Lisbon, Portugal 50 000 3 Brazil

1837 11 7 Southern Chile 0 16 USA (Hawaii]

1868 8 13 Northern Chile** *25 000 7 New Zealand, Samoa, Southern Chile

1877 5 10 Morthern Chile 277 2005 Fiji, Japan, Peru, USA [Hawaii)

1883 8 27  WKrakatau, Indonesia 34 417 1 5riLanka

1899 1 15  Papua New Guinea 0 Hundreds Caroline Islands, Solomon Islands

1901 8 9 Loyalty Islands, New Caledonia 0 Several Santa Cruz Islands

1923 2 3 Kamchatka, Russia 2 1 USA (Hawaii

1945 1" 27  Makran coast, Pakistan *4 000 15 India

1946 4 1 Unimak Island, Alaska, USA 5 162 Marquesas Is, Peru, USA [California, Hawaii)

1957 3 9 Andreanof Islands, Alaska, USA 0 2 USA [Hawaii, indirect deaths from plane crash
doing tsunami reconnaissance)

1960 5 22  Central Chile 2000 226 Japan, Philippines, USA (California, Hawaii)

1964 3 28  Prince William Sound, Alaska, USA 106 18 USA (California, Oregon)

2004 12 26 Banda Aceh, Indonesia*** *175 827 52072 Bangladesh, India, Kenya, Madagascar,
Maldives, Myanmar, Seychelles, Somalia,
South Africa, Sri Lanka, Tanzania, Yemen

2005 3 28  Sumatra, Indonesia 1] 10 Sri Lanka [deaths during evacuation)

20m 3 11 Tohoku, Japan *18 432 2 Indonesia, USA [California)

2012 10 28  Haida Gwaii, Canada 0 1 USA [Hawaii, death during evacuation)

* May include earthquake deaths ** Local and regional deaths in Chile and Peru  *** Lecal and regional deaths in Indonesia, Malaysia, and Thailand

307-3 w7k HCU T Sl

(F 4+ %R : Okada (1985))
# H
B (SR - HR) B

\\\?{r

A iE A (h) X
k£ A (L) ae
R R (W) 2
4 # 2 (D) 2

4w £(0) i3
2 & (3) i3
FA%EQ) s
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A~ ~ PSHA SSHAC-3 SSC ‘ﬁ"r% PTHA 84842 § ¥

B 81l:cor RATRMFIAINHRLIEN 7 22 RAR
Hc (Seismic Source Characterization, SSC) i 4] ~ = & # 4 jik
(Ground Motion Characterization, GMC)#-3]fr# & & T & » ’}frﬁ%]
» = % (Hazard Input Document, HID)% = B %4 o SSC i3] en3h
AR G ¥R &R (Fault Source) ~ % 32 2 ik (Areal Source)fr'& i
+ 2 /& (Subduction Zone Source) °

A 109 ERFH AHERT BRRLY FHEFHE
oA ERIFE LR EHERE RRDINAREFE D TR RR
w5 3 & T (primary faults)fe 2 i 87 (other faults) o & ¥
Ay TR Bk 20km LS Rp o P T R BB 2

B 2@ 80k 5 18 F RS AC N T RO AE 20km = 42 ge TR

HYW P T ey R T R 2 F %k -

k& & EP % PSHA SSHAC-3 SSC (2019) %74 7 4L & *
3 PTHA “TZ B 22 B Bh o 4> 4oih — 897> BhiRa & 3
FER R HRLHfLLEY o Fp s F &1 E F] PSHA
SSHAC-3 SSC (2019) ¥ = Z 85 Wi % & PTHA 2i7& 273
ArBeA T ¥ - 2 e o d WH R BT RY R Rk RN
Pl s Fles o 22 320 km 2 4 (] 8-2) » ex & it ik F T 3 4l
frig e ql e RiardR o

Bl 8-3 L P T R it er¥r R 2 5 H o BTR P A L T
B2 & UK o 50 B2 BT o AAT Y kTR ST R R
PR LT g a2 8Tk T2 2 PTHAFY 23 6 1B
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ARSI 1l BH G R o L BETRE A EMA T s N E T
wrgth i STST-I 81k ks NTiRA gk Ty

i
xS E g ok h f#% G e TE L ek kit B gk R
B

| (Additional offshore fault I) ; ~ T i & /5 i %74 (Okinawa Trough
Fault) ,~ T /% /& %7 % (Binhai Fault) , ~ " szt 4_F %74 (Ryukyu
strike slip fault) ;~ T & & 2% % %74 (Taitung Canyon Fault) ;~ T =%
7 % /333 %7& (Hengchun Ridge offshore fault) ; ~" 5§ £ 34 & 47
% (Manila splay fault) ; ~" L |= % /5 & % & (East Hengchun
offshore fault) ; ~ " # & % A_§ %74 (North Luzon strike slip fault)
fo T4 & Rif @47 % (North Luzon backthrust fault) ;o #]pt > &
Bt PSHA SSHAC-3 #7 /& SSC en® iz 8 A £.04 b 17 B 47k 7
BT o

® 8-4 i PSHA SSHAC-3 7k Rk * 2 S4B % 7
% % Seismogenic Probability ~ Style of Faulting ~ Rupture Model -
Rupture Source (Length) ~ Earthquake Probability Model ~ Slip Rate ~
Aseismic Ratio ~ Fault Geometry Model §= Magnitude Distribution
Model > + 9 i & 2L(Node) -

ST RRECERF RRGHEA L L B & AR ROR
L34 87K P50 BdEM € 3 4o - non-seismogenic & & (F # 4
B) o B Ef i en R 8T 5 RIART M T Arag el 2 7 e e 4

2 (TEL o —?;,1 ¥ PTHA 72 585 % /L & non-seismogenic ~ %
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oA B BT B FERA(PSHA
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(Seismic Source
Characterization, SSC)
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(Ground Motion
Characterization,
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BORE T RAATE
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A GMC) 31 Document, HID)
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F B %/}}—ﬂ
Areal Source
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Subduction Zone
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B 81 oy

ST-11%7 4 i st ST-11 fault system
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S #7k S fault

A ® %7 A % %L Northern llan fault system

& Eg ks 1#i¢ West Hengchun offshore structure
5% %7k % 5t Hengchun fault system
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287k Rk
Onshore Faults
Other Fault e
Source i 5 B
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115'0°0°E 117'0°0°E 119'0'0°E 121"0°0°E 123°0°0°E 125"00°E =z
. N 2
o "
=
81 & w E[
g : !
"
Ay z
J e s LS
il =
- ~
£ N
o %
8- :
~
~
z
i | &
=]
o
~
£
o_ -
i=]
w
~
£
4 o LS
& &
= /o }
:34 i <3 7 -
;E _I‘,‘.r,_r v S 3‘\ 2
NG z
- -.o
=)
&
~
4
e L
o
-
~
Z
1 | o
r
[~
8
z
2 ] L
£1/8 NPPs
2
__| Seismicity Rang £
1, Ll T L] T L L -P
@
115°0°0°E 117°0'0°E 119°0'0°E 121°0'0°E 123°0'0°E 125°00°E =~

F# %k © PSHA SSHAC-3 SSC (2019)
& 8-2

104

ST R PSHA % B2 3 2R



A\ NPP
4% NPP 20 km radius
= Primary Faulls
Other Faults (offshore)

———
== (ther Faults (onshore)
==

Trench
i ) 2 i 20°
118° 120° 122° 124°
T %k PSHA SSHAC-3 SSC (2019)
> <h 213 LB Ry N N\
Bl 83 P ATtk & b A

E""h""ﬂmk:::bﬂb“iw Fault Geometry Model ~ Magnitude Distribution Model

Seismogenic  Style of Rupture  Rupture Source (Equivalent slip Rate L . Seismogenic
Probability  Faulting Model (Length) Poisson Ratio) (mm/fyr)  AseismicRatio Dip Depth Myax Magnitude pdf

EPR1 SR1 Ratiol Dip 1/Depthl M,,...1+0.25
RS

Dip 2/Depth2

Ratio2 Dip 3/Depth3

Mg 3+0.25

F 4 %R : PSHA SSHAC-3 SSC (2019)
Bl 8-4 PSHA SSHAC-3 SSC %7k & iR$x * 2 B4BAF7E H

105



1~ 65 RiRBIEATE B
AR IR A BB IER
R IV = LS - << I LA WO

B RAIPTHA B 57 g 2

CBER R LR
8 ) et 3 1 %
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19 km > 4 & (1)FIRE #4rE (RV) » &5 90 & » @ ¥ &
Faed 3040 o 50 B2 F(GEE 9-2) 0 EE B A W EHE
*> Case 1~ Case 2 {-Case 3 2 :B{ER > &€ E4 % 5 04 -
054 0.1

LB AERHE € 3 A ",f 7 Rupture Source “t % 3 £
A fe o 4ol 91 orF o iz A d B F(slip rate
[mm/year]) e 2 #cd Rupture Segment 4 fic = Rupture Source
%74 Rupture Source ihe & & PSHA 2 B 3 I i 4 ff
TR TR

PR 5
TN m

Jreh

7L
El o

-

& PTHA e B ¢ o 0 Rl g2 i3, 84 ¥
- i# Rupture Source ¥ 3k -R B3 H > &/ ) javh o Fyt o

# Ip ch Rupture Source 3 4 W] i& (7 /% s #ic ik 0 AT R

Z 4+ Rupture Source thA L= = € & o

BRI S8 R (XC,yo)frd e £ (0)

Rt (X, yo)frd_w & (0)F 454 PSHA SSHAC-3 SSC
(2019)° 2 B H 6 » F BIP~E o BRK T B A e Ao
TEEE LA v TR R G A i IEET
HiEE 987 BEBH B A (X, Yo)frd s £(0) 4k 930 F
B R P AEFOZ T ES A 2 A A R A
foo FE DA A RS AF DT 0 R FAREIT N
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3R AT 28 WA TRW) e RBRER ()
AR R A BIEAHE B0 $TE R A ) 4oB 9-1 3 W

9-3 #17F o ¥ - d > BiEH 94 ¥ Al NA REE YR
Al By VT‘ EPET Rk Bife ST-II %7k & sz b > H AT

na

%TE'":U I A BRAN T S H - A PET }é] E‘)i’ff'}t‘:u})a—‘l/#

BV &7 5 ¢
W d
" siné (9-1)
h_d
T2 (9-2)

R o Ligede ST-1 %7k & st Case 1 - Case 2 & enif

BREER R F A R BRI A S

h _d
172 (9-3)
(dz —dy)
hz:d“’Tl (9-4)
d,

Wl_sin(S1 (9-5)
W _dz_dl

2" siné, (9-6)

TR TR LI AL GRER ARG 0 THR2AEAREY
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Yy - 3 5 ’5";

\4
R

3 RETAEE A B AL T R(R
9-1) » #-H of v T £ T R P TR(W) o T3 304 &
Yk BRAE EAof N R ETE BRZ A P (B 9-4)
FCAFT G R BT R TR £ B A ﬁ'lw FilagE o
Pt RIRFERT BEEEE TR EZ B M R
FE%drd 9-4 -

_ Wsin 1)
2 (9-7)
433 ET2 38 FHB ED)fer RERP(T)

BT A - F B RAEREMw R S EH RE
M, = uAD ¥ Hanks and Kanamori (1979) # ) 2. B % ;¢
Mo = 101°MWHI605, 5 i@ i 5 B 4o ™ > 3 B B % 4o i 9-5 47

7T °

101.5MW+16.05

UA (9-8)

Hdoop et 4 fi#k u=3x 10" dyne/cm? ¥7k & & A
hH =hom? ¥TEFHBEDHE L cme

£ Hp @ 5 o W RS R R e R AE(seismic moment) § ¥
BAERM Vnéﬁﬁ% ) NP~ B T R Wik B 4 - S BAE
B m ey E o0 Bk R4E L M, = 10151605 (Hanks and
Kanamori, 1979) » @ %7k & &£ /F £ 3 ff 0¥ RAE L My = pAS>

TRk E Tk #H# K S hH 5 cm/year > #x ¥ i f Poisson
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Process ik T > B & T34 FA{cr RERYP(T) 4T

LE LR hed 964 961 % 984 9847 o

UAS
A= 10L-5Mw+16.05
_1 (9-9)
2
5. BAEHH

F A5G b s Hid B EH T R 2 i & B3 fEH &
(Casel~ Case2 - Case 3)fr 3 flis+ BEHI » we it ¥k R iR
BiEprLty 18 wardis o AL LUK RRV R

2o AR T 2 BB oA 9-9 #7ir 0 £ 990 o

(z)f # 8k Bk
SO H &8k P i s Rk 7k £ 11 B 0
- e BiENd TF s %7k (Binhai Fault) ) ~ i+ & % % %7
(Okinawa Trough Fault) ; ~ " *+c /4 32 %7 & E (Additional offshore
faultE) | 4= " *qt+4c i 38 %74 | (Additional offshore fault 1) | # %
2 () 9-9) > H =% 4ol 9-10 #F7 o
- e BEMI TIELH B4 B8 %E (Hengchun Ridge
offshore fault) , ~ " zizk A %7 & (Ryukyu strike slip fault) ; f-
5 d R B %7k (Taitung Canyon Fault) | #7 % = (B 9-11)> # =
B 4o 9-12 #1or o
= eBiEdd T E RAF %74 (North Luzon strike slip

fault) ; ~ T #* = % if %74 (North Luzon backthrust fault) ;~ T 5
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Rt %7K (Manilasplay fault) ; fo ' K42 % /3 3 97k (East
Hengchun offshore fault) | #7 = (8] 9-13)° 2 = % 4-@ 9-14 #71

’l']“ o
AE LB R EE e Case 1 5 biE 7 BB ORI

* 3 PTHA 5 23 o

LERFFZ 3 WELRL)-FBELE(L) - HLEOTR
EAHEL
134 9-10 0 B R fA 8k et £ B (LB A
£.S1~S824r S3 ¢k B 5 33 km ~ 322 km 4+ 130 km > i #
E(AN)FIpE e A (RV) x5 90 & A &7 a3 1115
fo 18 B 2. 1F75(% 9-11) > B 8 & % ¥ &>t Casel ~ Case 2
frCase 3 2 BiEft L @A W5 0405401 F &1
R E S1 A B YR > 3 2 PTHA 325 ¢ & £ (F

9-15) -

2. REPE2 38 B4 (X, yo)frd® £ (6)
Atk (X, Yo)frde £ (0)¥ #54 PSHA SSHAC-3 SSC
(2019) ¢ z_ BB & & F BB~ 8 (4o B 9-15)- Bk B 4 pF
R G TR AT R R e TR BN G ) s D

EET BT A R (X y)frds £(0) dok 912

3EHRBF2 S8 BE R W) RiRiER (h)
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B (Bl 9-4) cx A7 3 Bk TR TR 3 & F e %%7"4 BA S
HFz2 38 - A4 9-10 ¥ & Case 1 ~ Case 2 4r Case 3 ey
xR & > L ;‘gﬂ AP AT EENETAETTRRFR

(d) > 3-8 S5 4ok 913 97

sin 6 (9-10)

(9-11)

4. 3R F 2 5l FBEDO) ey RERP(T)
BEFIH B A R RAR Aot 30 B R RR2 B
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FRF2 3 BEAL I LREREY 2R T2 7 T

FHEfor RERY > 40k 914 3 & 9-17 #75F o

5. BARHHE5
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Seismogenic Style of Rupture Rupture Source Vertical Rate  Aseismic ic
Probability Faulting Model (Length) Setsmegun

NM/OB (Rake:-80) SC-RM1  E+Cow (135 km)

WL (76 k]

STl Fault
5!::“ NM/OB [Rake:-80] ST-RM1 L2+L1 (68 km)
" L1 (17 k]

“depth:
2 related to

10.3] Sanchian

Fault System

-l Fault System w0 (Rake:-80) ST-RM2 L2 (S1km)
L1 s non-

[0.3]

60"
-

b PUIOS (abe: 00 mie-sol, 03]
Fault System
Seismogenic o8 50 Y&C Char
s 03] 03] 1021
*Note:
W wacpy s0n
*  Mchar3= Yen&Ma(A) + 0.3
(F#+ kR : PSHA SSHAC-3 SSC (2019)
Bxd (A 54) ,
B 9-1 A na & %1k B 4ERH(Case - 1)
Probabity Fault del Model
Model ) au Mode
Sei ic Style of Rupture Rupture Source Vertical Rate  Aseismic
Prolsabaity Faulting  Model (Length) Pﬁz:m":ﬂ mmfyr) Rt Dip SSEMOEENC iy Magnitude pat
[E.C.w]
4,0. 0% 10 Mcharlt025  yniform

NM/OB (Rake:-80) SC-RM1 E+C+W (135 km)

Sanchiao Fault
Systam
Seismogenic

[0.9] 70°(0-Skm}
357(>3km)

10%

03] [0.3] [0.2]

STl Fault 02) ILiEe)
System 10 Mcharl+0.25  Uniferm
0
Liis .
35 -
*depth
related to
0.5 10.3] Sanchiao 10.3] 03] [0.2]
Fault System
Case 2 1)
= -1 Fault System wne/08 (Rake:-80)  ST-RM2 L2 (51km) 10 Mchar1+0.25
104 L1 is non- 70 4]

35

[0.8]

Y&C Char

Northern llan
Fault System

Mcharls WAC(L) +0.3
*  Mchar2s WAC(A) + 0.3
*  Mchards Yen&Ma(A) + 0.3

(F# % & : PSHA SSHAC-3 SSC (2019))

B 92 A ti & 5k B {EHH(Case - 2)
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Fropaoimy

Model Fault Geometry Model Magnitude Distribution Model
Seismogenic Style of Rupture Rupture Source (Equivalent Vertical Rate  Aseismic " selsmogenic
Probability Faulting Model [Length) Pk Ratio) [mm/yr) Ratio Dip Depth M...  Magnitude pdf
[E. €, W]

0.01 X 0% Mchar140.25

Uniform
[0.8]

NM/OB [Rake:-80) SC-RM1 E+CoW (135 km)

Sanchiao Fault
System 03] [ WeC (6 km) Timg.va
Seismogenic | E+C (106 km)
NM/OB (Rake:-50) W 29 k)
[0.5]

] E (58 km]

Y&C Char

C (48 km)
ST Fault 10.2] [ll' lz]
System  NM/OB (Rake:-80) ST-RM1 L2+11 (68 k)

Lk [0.5] L1 {17 km
Seismi I3

0.7] L2 |51 km

M/OB (Rake:-50]
[0.5)

ST-1I Fault System
Llis

NM/OB (Rake:-80) ST-RM2 L2 (51km)
T0.5]

10.2]

Uniform
NM/OB (Rake:-80) pyip-gpi) AvBeC (127km)

Northern llan 10.5] A+B (89 km)  Time-varyi
Fait Sysem eecimm =/ P
Selsmogenic : A (49 km)

Blsokm) _\_oisson ol e o
€ {38 km) [0.2] = Mcharl= WEC(L) +0.3
Mchar2= WEC[A] + 0.3
Mchar3s Yen&MalA] + 0.3

(F# %% : PSHA SSHAC-3 SSC (2019))

B 9-3 3%i & ¥k BiEp(Case - 3)

Shanchiao Fault System ST-11 Fault System Aoti offshore Faults MNorthern llan Fault System

“a 4

NPP1 NPP2
0 [::]
—_
- s
LTI ER e A E Rty SRV e B PRy R e s i
= 15
3 20 0
= -2,
30 T T T T L T T T T " T
0 . 50 100
Distance (km)
Shanchizo Fault System ST-11 Fault System Aoti offshore Faults Northern llan Fault System
NPP1 NPP2 LM NPP
0m
g
Z10
=
P
;
= 0
30 T T T T L T T T T w T
0 . 50 100
Distance (km)
Shanchiao Fault System ST-11 Fault System Aoti offshore Faults Northern llan Fault System
NPP1_ NPPZ2
0
‘é‘ 5 |80’
R R fozqeas
-_E. 15
@20M-------- AR o e wer L i W e
= 20
Case3
3 T T T T w T T T T v T

50
Distance (km)
(F#L %k : PSHA SSHAC-3 SSC (2019))
Bl 9-4 R4 & Tk = B35
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[ET—
Probability

Model Fault Geometry Model

! . Style of - Rup Rup Source (Equivalent Vertical Rate Aseismic Seismogenic

Probability  Faulting  Model (Length) Poisson Ratio) (mmyr) Ratio  Dip Depth M,  Magnitude pdf

Magnitude Distribution Model

Hengehun
Fault System

SWHCES — pyyog jso)

Selsmogenic [SWHC, Heo, He, cc] 1% Uniform

HC-RM1_CC+HC+SWHC (144 km) TR 10.6] (Stap at 0.4]
CCHHCHHCO (180 km) 04.1,1,05] 60" Manila interface] ¢ Mchar2+0.25 (0.3

CCHHC (117 km) 03]

HC+HCO (63 km) . Y&C Char
HC+SWHC (68 km) _ Time-va 0.4 02
SWHC [27 km]) [0.8] o4 '
Hengchun Fault T —
HC (40 km

HCO (23 km) Poisson
HC-RM2 CC+HC+HCO (140 km) (0.2

CCHHC (117 km

| HC+HCO (63 km)

Case 1 HE (40 km)
[0.8] HCO (23 km)
West Hengchun [0.2] 1% Uniform

Offshore Structure Ti ing| 115 22102 [0.6] (Stop at 041 [~ (o8]
i i 30"  Manila interface) 0.3]
0.3]

RV (90) WHCOS-RM1 WHEL {19 km) [ofs] i06] 1.6 [0.6]
30%
*Note: Y&C Char

0.
Poisson [0.4] . Mcharl 0.2]

[0.2] = Mchar.
*  Mchar3= Yen&Mal(a) + 0.3

= WAaC|L)+0.3

(F# % & : PSHA SSHAC-3 SSC (2019))

B 9-5 =% & ¥k BiEp(Case-1)

Earthquake
Probability
Model Fault Geometry Model " L
Sei ic  Styleof Rup Rupture Source (Equivalent Vertical Rate  Aseismic Seismogenic M 7E"tude Distribution Model
Probability  Faulting  Model {Length) Poisson Ratio) (mm/yr) Ratio  Dip Depth M. Magnitude pdf
Hengehun
Fault System
SWHC s
RV/OB (80) 1%
SWHC, HCO, HC,
Selsmogenic /TI0S] | HC-RM1 CCHHCHSWHC (144 km) : : — ;m [0.6] (Stop at o4
55 CC+HCHHCO (140 km) . 0. [‘“;“ 31 75" Manila interface) h 25 [0.3

CC+HC (117 km)

HC+HCO (63 km) ) [16,4,4,14] 20% 0.3]
HC+SWHC (68 km) _ Time-varyi 4]

| SWHC [27km) [0.8]

Hengehun Fault |CC7Tkm)

System | HC(40km)
Poisson

SWHC s RV/OB (80) HCO (23 km)

on-seismogeni HC-RM2_CC+HCHHCO (140 km) [0.2]
[0.5] CCHHC (117 km)
HC+HCO (63 km)
CC(77km)
Case 2 HC 40 km)
[0.5) L HCO(23km]
West Hengehun Unitorm
Offshore Structure Time-varyi (Stop at o (08]
Seismogenic RV (90) WHCOS-RM1 WHC1 (19 km) 038) 40" Manila interface) 25 [0.3),

[0.5]

* 410 ntchar3+02510.3
03] “Note: l Y&C Char
Poisson [0.4] - Mchart=wacy+03 (02

[0.2] + Mchar2= W&C[A] + 0.3
+ Mchar3= Yen&Ma(A) + 0.3

Non-seismogenic
T0.51

(F# % 7% : PSHA SSHAC-3 SSC (2019))

Bl 9-6 %4 & ¥k BiEp(Case - 2)
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Earthquake

Probability
Model Fault Geometry Model B N
Style of Source (Equivalent Vertical Rate Aseismic Seismogenic Magnituite Distributicn Model
Probability  Faulting  Model (Length) Poisson Ratio) (mm/yr) Ratio  Dip Depth M, Magnitude pdf
Hengchun
Fault System
sefmiu R/06 (80) [SWHC, HCO, HC, €C] 1% Uniform
10.4,1,1,05] [0.6] {stop at 04) o]
e — 75" Manila interface) 0.3
30% P31\ vac char
[0.4] [0.2]

Hengchun Fault
System
SWHCis

Case 3
[0.1]
0.10
‘West Hengchun Uniform
Offshore Structure (Stop at 041 o8]
RV (30) WHCOS-RM1 50" Manila interface) 0.3]
[0.5]
0.3
Note: 1 Y&C Char
. i + Mcharl= WEC(L) + 0.3 [0.2)
Non-[soe;smsemc = Mchar2= WEC(A) +0.3
5] = Mchar3= Yen&Ma(a) + 0.3

(F#L %/ : PSHA SSHAC-3 SSC (2019))

Bl 9-7 = %4 & %74 BIEH(Case - 3)

m
o
)
T
"
’.
g
1A g
22 3
=4
2
x
-]
"
-
o
=
-~
NPP
{_J) NPP20km radius
Ad. Interface
— Primary Fault
= QOther Fault (offshore)
— Other Fault (onshore)
. Bl .' - 46—+ Anticline ”
20°% - - 20
120 122

(F# % & : PSHA SSHAC-3 SSC (2019))
B 9-8 dlheiajpddn sz fd
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*Note:

+ Mcharl= WEC|L)+ 0.3

*  Mchar2= WEC[A) + 0.3

+  Mchari= Yen&Ma(a) + 0.3

. " Fault Geometry Model  Magnitude Distribution Model
Seismogenic Style of Rupture  Rupture Source Slip Rate Seismogenic
Probability Faulting Model (Length) (mm/yr) Dip Depth M.,  Magnitude pdf
B1(293km) _ 0.02 [ 503 : Uniform
RvV/OB 05 :
Binhai Fault  Seismogenic (Rake: 45) BF-RM1 60"
(1.0] (10 [10] 104)
B2 (450 km) 8
[0.5] [0.3] [0.3] [0.3] [0.2]
10 Uniform
Okinawa 03] [0.8]
TroughFault Seismogenic N (Rake:-90) _ OTF-RM1 OT1 (77 km) 6.0* 60" 15
[1.0] [1.0] [1.0] *yertical rate [0.4)
Y&C Char
10.3] 03] 02]
0.1* 60" l}]"g“;“’ Uniform
Additional ) [0.3] 0.3 ' [038]
offshore fault E_Seismogenic NM (Rake:-90) AOFE-RM1  E1(115 km) 0.5* 70° 15 km 7.0
[1.0] [1.0] [1.0] [0.4] [0.4] [0.4] [1.0]
2.0* 20 km Y&C Char
[03] 03] [0:2]
0.9% 50" ]"]ogkm Uniform
. 0.3 [0.3] !
Additional ) . [0.3] [0.8]
offshorefault | Seismogenic NM (Rake:-90)  AOFI-RM1 11 (85 km) 2.85*% 60° 15 km 7.0
[1.0] [1.0] (0] \ 104] [0.4] [0.4] (1.0] \
4.8* 700 20 km Y&C Char
[0.3] [0.3] [0.3] [0.2]

(F 4 %

@ 9-9

: PSHA SSHAC-3 SSC (2019))

fe WA S U A R

LA

b —

o

r=3 &g

\ Ryukyu Strike SlipEaiis

(F 4 %/ : PSHA SSHAC-3 SSC (2019) » 43+ 4 & #7811 1)

& 9-10

Fo BB AT R

w7~
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*Note:
Mcharl= WEC|L) + 0.3
Mchar2= WEC|A) + 0.3
Mchar3= Yen&Ma(A) + 0.3

Fault Geometry Model Magnitude Distribution Model

Seismogenic Style of Rupture  Rupture Source Slip Rate Seismogenic
Probability Faulting Model (Length) (mm/yr) Dip Depth M,  Magnitude pdf
Hengchun a Mcharl+0.25 Uniform
Ridge 03] (0.4] (0.8]
Offshore Fault Seismogenic .o (Rake:180) HCROF-RM1 HCRO1 (35 km) 8 90" 8 Mchar2+0.25
[1.0] [1.0] [1.0] [0.4] [0.3])
12 Mchar3+0.25 Y&C Char
[0.3] 6.3] [0.2]
Ryukyu 6 Mchar1+0.25 Uniform
Strike Slip ) ) RS1 (113 km (03] [0.8]
Fault Seismogenic 55 (Rake:180) _ RSSF-RM1 g 90° 5
[1.0] [1.0] [1.0] [Rs2(211km) [0.4]
Y&C Char
03] 03] 0.2)
4 Mchar1+0.25 _ Uniform
Taitung [0.3]
Canyon Fault Seismogenic 55 (Rake:180)  TCF-RM1  Tc1 (102 km) 2 90° 10
[1.0] [1.0] [1.0] [0.4]
[0.3] [0.3]

[0.2]

(F# %k : PSHA SSHAC-3 SSC (2019))
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Fault Geometry Model L

Seismogenic  Styleof  Rupture  RuptureSource Slip Rate g Distribution Model
Probability Faulting Model (Length) (mm/fyr) Dip Depth M Magnitude pdf
North Luzon (03] Mehar1so25 (04]  —Upiform
Strike Slip Fault i ic  RV/OB (45) NLSSF-RM1 NLSS1 (216 km) J/ g [0.4] 70°  (15km) & Mchar2+0.25 [0.3]
g 03] \ Mchar3+0.25 [0.3] "f‘otﬁ"‘“'
North Luzon 5 [0.3] [Stop at Mchar1+0.25 [0.4] Uniform
case1| Backtt Fault Seismogeni RV(90) NLBF-RM1  NLB1(593km) / g [0.4] 35" Manila interface) /' mchar2+0.25 [0.3] 0.8
.41 12 [0.3] \ Mchar3+0.25 1031 yg e epor
[51, 52, 53] [0.2]
0. ; Mchar1+0.25 [0.4] i
Manila 51 (33 km X |Stop at M_a nila
i Splay Fault Seismogenic RV (90) MSF-RM1 [ 52 (322km 0,3.2, 3. branch point (8 km}l/ mMchar2+0.25 [0.3]
[ s3(130km) o Mchar3+0.25 [0.3]
BE) )
East Hengchun 5+ [0.3] (Step at Mchar1+0.25 [0.4] nife
Offshore Fault ismogeni RV (90) EHCOF-RM1 EHCO1 (192 km) & 7+ [0.4] 70" Manila interface) @13] ’
__9*[0.3] % Mchar3+0.25 [0.3] \_ Y&C Char
N N *Note: 10.2]
Vertical rate + Mcharl= WaC(L) + 0.3
+ Mchar2= W&C(A) + 0.3
+  Mchar3= Yen&MalA) + 0.3
_ . Fault Geometry Model PR
Seismogenic  Style of Rupture Rupture Source Slip Rate ismogeni B Model
Probability  Faulting Madel (Length) (mmfyr}  Dip Depth M, Magnitude pdf
North Luzon 4 (03] Mchar1+0.25 [0.4] —Uniform
Strike Slip Fault RV/OB (45) NLSSF-RM1  NLSS1(216km) ¢ 6 [0.4] B0" (20 km) Mchar2+0.25 [0.3]
8 (03] \ Mehar3+0.25 [0.3] "f;)czﬁhaf
North Luzon 5 [0.3] (Stop at Mchar1+0.25 [0.4] Uniform
Case2| Backthrust Fault  Sei ic  RV(90) NLBF-RM1  NLB1(593km) J g [0.4] 45" Manilainterface) " mechar2+0.25 [0.3] -
[05] N2 03] % Mchar3+0.25 [0-3] Y&C Char
[s1, 52, s3] 10.2]
Manila (Stop at Manila Meharl+0.25 [0.4] [ﬂ- o

branch point (12 km)L" mMchar2+0.25 [0.3]

MSF-RM1

Mchar3+0.25 [0.3] Y&C Char

0.3 0.2]
Mchar1+0.25 [0.4] Uniform

East Hengchun 5+ [0.3] (Stop at 10.8]
Offshore Fault Seismogenic $5(0) EHCOF-RM1 EHCO1 (192 km) ¢ 7+ [0.4] 80" Manilainterface) ' Mchar2+0.25 [0.3) :

_9*[0.3] \ Mchar3+0.25 [0.3]

*Note:

+  Mcharl= WEC(L) + 0.3

*  Mchar2= WEC[A) + 0.3

*  Mchar3= YenEMala) + 0.3

Y&C Char
0.2]

* Vertical rate

Fault Geometry Model e

Seismogenic  Style of Rupture Rupture Source Slip Rate g Distribution Model
Probability  Faulting Model (Length) (mmfyr)  Dip Depth My Magnitude pdf
Mchar1+0.25 [0.4] - Uniform
North Luzon 2 (03] . "

strike Slip Fault _ Sei: ic RV/OB(45) NLSSF-RM1 NLSS1({216km) ¢  [0.4] 90° (30 km) & Mchar240.25 03]

[0 =l % Mchar3+0.25 [0.3] Y&C Char
10.2]

Mehar1+0.25 (04]  |jnifarm

North Luzon 5 [0.3] (Stop at
Case3 kthrust Fault  sei jc RV(30) NLBF-RM1 NLB1(593km) / g [0.4] 55'  Manilainterface) / Mchar2+0.25 [0.3] 0.8
[o.1] 12 [0.3] \ Mehar3+0.25 1031\  yg e char
[s1, 52, s3] 10.2]
Manila 51 (33 km| : (Stop at Manila Mchar1+0.25 [0.4] i
B Splay Fault Seismogenic RV (90) MSF-RM1 52 (322km) branch point (15 km)l" Mchar2+0.25 [0.3]
BOkml— 1\ |3 656, 6.0 Mchar3+0.25 (03] \_y&c Char
[0.3] 02
East Hengchun *[0.3 (Stop at Mchar1+0.25 [0.4] U[rgf;]rm
Offshore Fault  Seismogenic S5(0)  EHCOF-RM1 EHCO1(192 km) /° 7+ [0.4] 80" Manilainterface) J Mchar2+0.25 [0.3] ’
*03) \ Mechar3+0.25 [0.3] \_Y&C Char
. *Note: [0.2]
* Vertical rate . Mcharl= WaC(L) + 0.3

+ Mcharz= WEC(A) + 0.3
+ Mchar3= Yen&MalA) + 0.3

T kR - PSHA SSHAC-3 SSC (2019)

Bl 9-13 % = e H is 5 58 Ur R BIERT
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+
1~

T

)

9-1

(F 4 kiR : PSHA SSHAC-3 SSC (2019))
A.8 West Hengchun Offshore Structure

5% s g BRHE 0RT R S HRR T

-y Depth (km) | Area (km2)| Characteristic Magnitude Vertical Rate (mm/yr) | Slip rate (mm/yr) | Aseismic ratio
West Ile_np.chun Offshore .‘?t,\l T Length (km) [Dip ()
tructure Faulting
m Al Moarl | M2 | Mo 3| VI V2 V3 | S1 | $2 | 53 |ratel | rate2
30 | Down to SWHC 416 6.99 6.82 1.20 1.60 240 | 24 | 32 | 48
90 (RV) 19 40 |Downto SWHC| 464 687 | 703 | 686 | 120 | 160 | 240 | 19|25 |37 | 001 | 03
50 | Down to SWHC 574 7.11 b5 1.20 | 160 | 240 | 16 | 2. 3l
+ e P 2 ¥R ER S S g
EAS 9-2 U‘};‘l%}“]‘/‘*’f 3:37\]1«1‘%]1:\ ‘/ﬁ’ﬁ; i‘ff’l?{ﬁ_

#4 £ A (L)

A5 (1)

e ()

19 km

92 &

30 ~ 40 = 50 &

% 9-3

T

u

g A B frde b

A (Xe, Ye)

A% £(0)

(% 5 12059 B, # 4 21.97 &)

348 B

%\'

T

)

9-4

Ehbafpd o 9k TRICRAFR

“7h o f7 (km2)

#7k TR (km)

BRiFERE (km)

416

21.89

5.47

464

24.42

7.85

574

30.21

11.57

% 9-5

T

u

RS SN S

Mw

Mcharl

M char2

Mchar3

S XE
(km?)

H B

(m)

6.87

6.99

6.82

416

1.81

2.75

1.53

6.87

7.03

6.86

464

1.63

2.83

1.57

6.87

7.11

6.94

o74

1.32

3.01

1.67
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% 96 @ EF A2 » g€ MY (Mw=Mcharl)

A TOn

Mw | @& ## | T1(S1=3.2 | T2(S2=2.5 | T3(S3=2.1 T=0.2*T1+
(km2) | mmlyr) mm/yr) mm/yr) 0.6*T2 + 0.2*T3

6.87 | 416 756 955 1134 951
6.87 | 464 678 856 1017 853
6.87 | 574 548 692 822 689

% 97 &g iadpd 2 ¢ g€ R (Mw=Mchar2)

o T

Mw | @& #% | T1(S1=3.2 | T2(S2=2.5 | T3(S3=2.1 T=02*T1+
(km?) | mmlyr) mm/yr) mm/yr) 0.6*T2 + 0.2*T3

6.99 | 416 858 1099 1308 1093
7.03 | 464 884 1131 1346 1125
711 | 574 941 1205 1435 1198

% 9-8 @ EF a2+ R €Y (Mw=Mchar3)

A Ton

Mw | & # |T1(S1=1.6|T2(S2=2.1 | T3(S3=3.1| T=0.2*T1+
(km?) | mml/yr) mm/yr) mm/yr) | 0.6*T2+ 0.2*T3

6.82 | 416 954 127 493 726
6.86 | 464 982 748 507 747
6.94| 574 1047 798 540 796
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gtk R (3) ~ ¥ RAEHRI(I)
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# KRR (3) ~ ¥ REREQ)

324

4w & (2) ~ 1 (3) ~ + RAERA(3)
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B RAEARN(3)

54
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% 9-10 B R A L ETE BBAY P04 S HK T

(F# %k : PSHA SSHAC-3 SSC (2019))

Vertical rate Sk rate (am/ye) Allocation Slip
Fault Name Segmentation :::I::‘I:r lf':::’::h ]::)P Depth (km) [ Mg, 1 M2 Mo d mm/yr el el
L] vi | vz |va|[si|s2|s3|s1|s2|s3
sl 33 715 | T8 q
Case 1 (Stop
s2 2 | "“h”"""" 836 | 823 | 797 0.80 | 1.20 | 1.60
ranch
point (8 kmj)
s3 130 788 | 791 7.68
51 33 T.15 12 703
Case 2 {Stop
Manila Splay Fault s2 somvy| 322 [as| M| gag | ogas | 70 200 | 320 | 3.60
point (12 km))
s3 130 788 | 792 | 769
sl 33 715 723 | 708
Case 3 (Stop
52 sz fag| WMl gy | g6 8 3.60 | 5.60 | 6.00
branch
point (15 km))
53 130 7.88 7.93 7.3
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# 9-11

BRPA LG 2GR LR M Lok

B 4k £ & (L) A £ (1) M E (3)
S2 322 km 90 A 1115 & 18 &
S3 130 km 90 A 1115 & 18 &

912 BRPA Lk Bidfoden
A B 2.4 (X, Yo) A% 4(0)
{12050 &, #
S2 ( N 343 B
& 2103 &)
44512046 B, A
S3 ( T 35 &
& 19.36 &)
% 913 B AP A LUK 2ZUE TR TBAFR
h (B)| $hEAR (km) | #& TR (km) | BHER (km)
11 8 41.93 4
15 12 46.36 6
18 15 48.54 7.5

+
~

9-14 B R térk2 f#E (Casel)

Mw YR

AT |

£ B /ﬁ'f%:!?i. (m)
Mchar1 | Mchar2 | Mchars (km)

(km)
7.15 | 7.18 7 33 41.93 1.26 8.69 3.92
836 | 823 | 7.97 | 322 46.36 1.39 5.54 4.34
788 | 791 | 7.68 | 130 48.54 0.75 2.26 1.96
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% 9-15 5 R pa Lk 2+ & & I (Mw=Mcharl)

- T (yn
Mw | & 5 T1(S1=0.80 | T2(S2=1.20 | T3(S3=1.60 | T=0.3*T1+
mm/yr) mm/yr) mm/yr) 0.4*T2 +
(km?)
0.3*T3
7.15| 1582 1569 1046 785 1125
8.36 | 14928 10859 7239 5429 7782
7.88 | 6310 4895 3263 2447 3508
% 9-16 & R o L ¥k 2+ & F I (Mw=Mchar2)
- T(yn)
Mw | & 5 T1(S1=0.80 | T2(S2=1.20 | T3(S3=1.60 | T=0.3*T1+
mm/yr) mm/yr) mm/yr) 0.4*T2 +
(km?)
0.3*T3
7.18 | 1582 1740 1160 870 1247
8.23 (14928 6931 4621 3465 4967
7.91| 6310 5429 3620 2715 3891
# 9-17 B R fa L ¥k 2+ & £ I (Mw=Mchar3)
- Ty
Mw | & 7 T1(S1=0.80 | T2(S2=1.20 | T3(S3=1.60 | T =0.3*T1+
mm/yr) mm/yr) mm/yr) 0.4*T2 +
(km?)
0.3*T3
7 | 1582 935 623 467 670
7.97 | 14928 2824 1882 1412 2024
7.68 | 6310 2453 1636 1227 1758
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