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Abstract

After the Fukushima Daiichi nuclear disaster in Japan on March 11,
2011, the U.S. Nuclear Regulatory Commission (NRC) formed a Near-
Term Task Force (NTTF) to conduct investigations. Recommendation 2.1
requires flooding hazard reevaluation. In order to understand the
assessment process and items for flooding hazard evaluation of nuclear
power plants in the United States, the relevant standards and guidelines
are collected in this report. In addition, the two-stage reports submitted by
DCPP is chosen to account for the evaluation process. The flood hazard
assessment required by USNRC (2012) is divided into two stages. Firstly,
a flood hazard reevaluation report (FHRR) is demanded. Then, a focused
evaluation report or an integrated assessment report should be submitted
based on the results of FHRR in accordance with the flooding impact
assessment process (FIAP) proposed by NEI 16-05 (2016). Since DCPP
submitted a focused evaluation report, an integrated assessment report
proposed by Millstone nuclear power plant is included as a supplement in
this study.

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 collect and investigate the relevant
data of the probabilistic tsunami hazard assessment (PTHA). The reports
and guidelines were collected from the relevant organizations of nuclear
power plants in the USA and Japan. Finally, the process and current

development of the PTHA were shown.
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NTTF Recommendation 2.1 requires seismic reevaluation. Therefore,
the National Center for Research on Earthquake Engineering (NCREE)
carried out Seismic Source Characterization (SSC) model, Ground Motion
Characterization (GMC model and Hazard Input Document (HID) for four
nuclear power plans in Taiwan in accordance with the Senior Seismic
Hazard Analysis Committee (SSHAC) Level 3. 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 is 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
subduction zone. The overview of PTHA, PSHA SSHAC-3 SSC (2019)
subduction zone, and the methodology for converting the logic tree was

proposed and the Ryukyu and Manila subduction zones were examined.

Keywords: flood hazard reevaluation report (FHRR), flooding impact
assessment process (FIAP), initial evaluation process, focused evaluation
report, integrated assessment report, Probabilistic tsunami hazard
assessment (PTHA), tsunami source model, return period, tsunami
modeling, probabilistic model, probabilistic tsunami hazard assessment
(PTHA), probabilistic seismic hazard assessment (PSHA), Senior Seismic

Hazard Analysis Committee (SSHAC), seismic source characterization
(SSC)
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Phase 1: Issue 10 CFR 50.54(f) letters to all licensees to
reevaluate the seismic and flooding hazards at their sites against
present-day regulatory guidance and methodologies used for ESP

and COL reviews.
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Phase 2: If necessary, and based upon the results of Phase 1,
determine whether additional regulatory actions are necessary (e.g.,
update the design basis and SSCs important to safety) to protect
against the updated hazards.
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The NRC regulations require that structure, systems and
components (SSCs) important to safety of a nuclear power plant
are adequately protected from the adverse effects of flooding.
The NRC staff discusses the approach for determining the flood
hazard for new reactors in its current guidance documents,
NUREG-0800 and NUREG/CR-7046.
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This step of the process reiterates the current hierarchical
hazard assessment (HHA) used by U.S. Nuclear Regulatory
Commission (NRC) staff. The HHA is described as a
progressively refined, stepwise estimation of the site-specific
hazards that evaluates the safety of the site with the most

conservative plausible assumptions consistent with available
data.
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. shu| B4 SSCs

Bul % 3 4 MaEE > %+ (Key Safety
Factors, KSFs) % & &£ ¢1hf 4= SSCse Z 71| 4
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Fs RNKFERESRLTEEFEND N P F
PR G oomabds T R R M 4 SSCse B T AL FE R
HEFPEFEPES LR RN )T LA
AN R R R 4 o

F ki #R5 *% 7 (Local Intense Precipitation, LIP) 5 42 1 3% 2+
A B ek 4] PG &R R NEIL12-06 (2015)#41] 377 ac e

G TR AR R (bl4e > MSA) » ff 2t i )
% KSFs i i (24 ) & o

R EER R R S TRAL R AR R s AI(LIP g o)
P o B Feode £ ke T s ¥ R E i et KD
R ® e 4 DR T o Z AT 2R LR 0 BiE
SSCs~ ¢ WK & fr foff (e N I Ml 2 e KSFse

BRAT AP 0 FREEP B R G TRAE DR RE ek
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C EFRRIREkRAETFERRNAY

> # BT AGY PR USNRC #2012 & 3 7 12 p 710 CFR
50540 S TR T ROk KB T3h o d 3R RPN T RY
PONIL AR R R RE R R IUfrA S R LR TR
FUb o A FOR R 0D SRR AR E Rs AP R Rk |
FEERRLEE LI PEERP R OB RIRF L R
Bl LR AR BEE S e

EFREI AP TRET 9RCHEY 1 A3t d A8 &
P AL 4o 2-1 foBl 2-2 #1on o Bk IR Z IRA > ROk
CETRETRMAFHRR)A L% > T RI B L2 AN
P A (CLB)2 -k #4146 B NEI 16-05 (2016)2 45 77 i i7 i
- HEnRtR s THRAEL - FRISAP R RS FHRR 5 0 2 4

2ok ] s R R RS e LR L A R AR 2-1 7

ot SR IR T E S RAFE T M RRENRS T
DCPP 3 i 73.f » ¥ — 2 & > d > DCPP ¢ FHRR 7 3% it
W R aAg Rl > PR 2FL L ERTRRE B
2) e 57 dviE— B R E BT A& 95 NEI 16-05 (2016)i& 17 2

FEFTGIRL BN o & 31 » Millstone % & B & D& (748 L o
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(-)DCPP 5 - ¢ & — kX pFEi=RES
DCPP iz B¢ USNRC (2012)2. & & » ** PG&E (2016)¢ i
B THEELF R DTRFFTA DRI LR IR
RERBAFAL TRk I A5 % TP =R 2
He fo TR B o AL A BE- EP L BoK K
SO TR A (CLB)fr L 326 A 475 % > 12 B9 25 2 4

e B E L B IL S N o EE S TR E M EM

1. & 3¥%3 *% & (Local Intense Precipitation, LIP)

B IR {744 B 4L 28 (CLB) 3R A » DCPP 4R £ . i 4
EFVRG B AT "R (PMP): 4in/hr> & ¥ B B FE 00
L EP o UBAKFER  REEP P IERZ R o

DCPP i J5 USNRC NUREG/CR-7046 (2011)4p 7 i& {7
Foar bt E A 2B (PMP) #ou b i8S LIP o ¥ at % F
iy (PMF)i@?] » 1% i e DCPP %3 8 #7¢7 Hydrometerological
Reports (HMRs)+fe World Meteorological Organization (WMO)
£ p o5 2 AN EER g0 3838 SPMP (Site-specific PMP) » 12
¥ LIP e Fe 2 o 3% > DCPP 3% 14 3¢ Wk ¥
(B 2-3) » & 12 pt 3-8 SPMP v LIP » 40 % 2-2 #1577 » #7351
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) pELIP 73t 8 2% 5 45 inhr $R2Z ERE L 129 B
#(USNRC (1994)iz sk € 34 * 105 5 10 B&) o

i eh> N F 4% HHA = j2 (USNRC NURGE/CR-
7046,2011) » & 1ok #s 4 $758 (FLO-2D) » e fBak #73 $k %
W & e EindE 4 AR T (4 & HHA 0= Rp) o 1Y
% 10 CFR50.54(0) 3 a0 2. & &) » #-F ¢ F 12 SPMP (Site-
specific PMP) > A2 B & en LIP» ¥ 2 B2 b P 5
(0.25,0.5,0.75, 1, 2, 3, 4, 5, 6 -] P¥)eh Site-specific LIP(% 2-
3ot TR SR R T R (R 24) 0 Bk
FHREF TR 2573 B 24 5 R F DB KIES T
REEEANASE R EF L FEFAGENPHEEE 0.05ft 3 0.68
fy, £z Len 2 cLIPFEd g 22 kP EL7 ¢4
Bk % 2o

d % FLO-2D A 475 % &7 LIP 7 it i3 S B % 384 &
%% > % DCPP % % FHRR 3P # ¥ 325 2 5« 5 o
DCPP i£ /7 LIP & % 3= o 54 FLO-2D A 453 I & %4
PR AEHRPREKET AZR2RFEFTDEE

F1pt > ik g USNRC (2014)¢ 77 FAQ-033 4= USNRC (2013)
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¢ 1 FAQ-031 451 » i {7 TR it W34 % o Bt Sy

"F R o TREEERG R, 2P A FE

2. %s:% @ =& (Flooding in Streams and Rivers)

* CLB *® > # it # = £ -k (probable maximum flood,
PMF)Ef5d 7 il b % & (PMPME 4 &0 5 587 & if 24
| pE TR 3 (16.6in) o PMF 6773® 1% 2 3K i+ e & 3Z00
“7F i (culverts) @ AL o X P KK LR - e
(Diablo Creek)ini# o 2% BT > B LiITRFETVRIZF R 5 6
ft » MRkl B A7 o

R ¢ PMP i BB USGS NUREG/CR-7046 (2011)
9 HHA = 2735 » = 2% &7 24 | Fa PMP i
18.2 in o B AR L 2212 15 5 PMP 428 CLB e PMP o i {5 5
1ok % 4] (HEC-HMS)4r -k 32 #4] (HEC-RAS) i& 7 PMF
et BERETERIRFALER ARG 8ty REK

BB AR RITER A EET X > o

3. ¥ #i(Dam Breaches and Failures)

DCPP & 2k 4133 % o % 2 7 it 4+ -
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4.

% # (Storm Surge)
% CLB ¥ » DCPP 7 = & k1 HA) 3 5% ™ 3V s 353
Ad e A KPR E e R Pk S 2

B BEET O BRI SR G AL 45 fto 2 Bk

.

BEF A E

R % ¢ > DCPP 2 #c & # 7% (Simulating WAves
Nearshore, SWAN) H# c177 3% &4 2 ATAZS 5 10%:08 37
EREET R R R LR AR o) B
T_F it B~ % # (probable maximum storm surge, PMSS) o 4
renE kBT LB enE A LB L 44.6 fto LB B
AR 5 128 fto g AR g 2 L § 1t CLB
K2 B3R AT AR B LR R

Facrarda B BG40t HITEGEER T L F > o

i % (Seiche)
W CLB P v T RAMBARG R ET- P - 2 g
Ja -k -k B (raw water storage reservoir, RWSR)% & i & e’
BoREHT f@F ROk
WREFERY CDCPP R # #cie 5387 A4 B R T
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4 v (Tsunami)

% CLB ® 'DCPP % g2 iavdif 5 B3 (R+ T ¥k &
F R AR )T B (T A RS ) A 0 X g
ekt AT N TR o

* g 3= Ik & > DCPP 4% B HHA 2 = 5% (USGS
NURGE/CR-6966, 2009) » 3= & & ~ & & L 8 ok L (7%
DR FHR TR 1 E RS R(4 B
TEp B b enx APERA  BEREGR L P AERF )i
BiarkQ BErk 2 BAa R LH > R ] BE KL HE D
KEETA R 0 BB RS SR F AT o e RSB
S G oo Z s BN (FUNWAVE-TVD)# fie ¥ 2 304 4
book A F 03] (Okada, 1985) fis &L #5315k jaw > G
Pl 12 FUNWAVE-TVD e % 4% B e & 3 (NHWAVE) #-

s kL H a4 Ao
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fidrpin s fopn B AR 2 G 0 B K b Y R ATARES
% 10%¢h% # = if i (USNRC NUREG/CR-6966, 2009){r ;4
T g + 2 § (USNRC JLD-ISG-2012-06, 2013a; USNRC

NUREG/CR-7046, 2011) » 15 % Bl - F5 % £ 4z A4 % 90%:<h

% i 1% i (NUREG/CR-6966, 2009) -

-\1\1.

Pk A B B E R E S SRR - B
AT 2 BT - T At o CLB #2352 B % gy
s BRI TR R Bk S Bk R § e

5 &F"T’l’ f&?\fiiﬁ.‘

i

PoREWE A RIER S G o0 LR 2
ALK 2 e LR T PORFOTIHIT AR R A A T %
% 32.8 ft» 3> CLB 59349 ft ; »t PR %6 {5 3 &«

Ffta o LR 2 8% 5 623 ft (CLB &4 gt F1+)

w v X SF

FIP A 2 36 KUASE P R ™ e 5 % 2 b <
R A o CLB ede % j '8 5 -87ft> m L322 %% 5-15.7
fto 2Rm » d 0B RA A g MAF (TR 5 -17.1ft > &3 1%
BEMDLIZ D
%ﬁﬁﬁ%$1$t%@?%1“’#?%ﬁ%ﬁ%

w2 okE A ARREF S e L R R B R
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AR AR R AR

7k31 3% -k B (Ice Induced Flooding)

DCPP f # -k i & 6 2 2 7 i 1 o

/@ ig % 1% (Channel Migration or Diversion)

DCPP f& -k 4138 % 6 2 2 7 i 1 o

£ ® 3 (Combined Effect Flood)

> CLB ¥ > DCPP #Fit/avd: ~ B8k A2~ i - P ik

HE T T 3o M M (MLLW) i 7 2. 45 & B2 58 - %18

1R FHAAEF RO LR ()8
R s kipfoidy o R (b)Ard{odEh AR o

£ #= A 47 P % #5 USNRC NUREG/CR-7046 (2011)%¢

BrHzZHA L83 e &858 FRA L2 2
A R M S L SN

AERER AR RE S pR ot R FRE Y E o
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(=)DCPP % - Pk — EBFRFL

A% - FFE(FHRR)e 4 477 3L DCPP o ¥ £ = 2
LIP P& » ¢ 4 % > eig o o F2 - DCPP 3 &% = FFf ik B
NEI 16-05 (2016)45 7 & {7 3% 5 » £ B4 o e % » scdk R
PG&E (2017)3f 2 -

DCPP i & NEI 16-05 (2016)3% 1 2. FIAP % # 3= 42
B 14 2D #5038 (FLO-2D) $ti% 7k i » 22 4 ehg j oK £ 38 (7 {
R 4T BRI R REFIFR G E 101t F R
Bk 5 880 o piERARE o % ¥ ¥k FIAP 25 @ &
(73 &k GER L M (Box 2) ~ £ AR K 4] Sdk(Box
2a) ~ oK W] Y A i AR (Box 2b) ~ i (70K W Sodichs i
(Box 3) » 1 % -k & iy F xenfr 3 (Box 5) 0 wx DCPP 7 i£{7 €
2Li% iz (Focused Evaluation, FE) @ 72 sc 3 227 5 (BRI 2) o

DCPP it {7 [ % #4445 (APM) | fr T4t #s o2 ) 7 %
g e F7 o APM frip B # a e 17 ABEK LIP# 2 B 7>
B e ST ER A b B Rk R T 0 B A F g R
(infiltration)feiZ /x4 % (runoff losses) ¥ p $8 % #F FRPL R 4 2%
(F84 g h)enif T iE i A4t % T APM G 09in

iz fB NEI 16-05 (2016)% 445 B #7if » £ 7 /2K UL =
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Bl 2l BRR(E) P 2 LR o RIT & APM
ol e ¥ - 3 G oo d 3 APM ol ¥ #4 i % % A_NEI 16-

05(2016)2- & & » &7 TR &P B BB IR o

(2 )Millstone ¥ T f1 ¥ = i - BT R ifriF &R

Millstone 4% & Bt F 2 ¥8f- 3 545 » FHRR 2 475 % 4
Nofe3 Bt T ol kip 2 LR E AN B LR
> A w]F NEI 16-05 (2016) 7 % 2. & BE3% 5 (B2 2)
JriF &3 R (BT S)engenk o po ok 2 848 TR 3nsissa | p
REFERTREILI) -

LIP fria shi® i & B B3t BT 3 ok jT 20 2 & fA5E T B
AA R ANRE2E THEP JAPM : Ui LT AT
RMERFELEE - FV- 25 " BRE3RHE THE | APM -
LR LT R M EFT FARFRE D N o & APM ai3R
Ao LIP e B R 50 5 45ft i > pheb s o gt
RUARZ LI A7 FEP LS P URE LT RAR - bl
%> 5 o & NEL16-05(2016)%t4% C 4 ] ¥t LIP fri4 v iz
Fadr A REP FITHESE R E S N E 2 R P L ot
F Jis#4 *% (Time Sensitive Actions, TSAs) 17 {712~ 4] F i p*
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LUl e R S .?fu#”,f PP HE RRE(HOk B ) 217
fthiee ¥ - 25 o ami < mA 323 1471 402 5485
R R A BFAO0TR UE 3ERB LA G AH B L0210
2B WA IEWB R B L E(F R G ) B 23 217
ft {0 25.5ft e o F¥t > LIP 2 [ cn APM ;=5 % % F &1 2
%R

EfFE B> % 0§ "# % ¥F 3F (local weather forecasts,
CAENS, or CONVEX)Ef 7 4 % 12 p5 & #1706 /| P5 P 4248 3
inch %% & pF > Millstone ¥ & B @ w5/ R (87 7] FFep
SRR X RPN o T - 25 o FABEREG
(CAENS and/ or CONVEX)p# > Millstone 1% & B % 7 8 /| FF pr
(B ST R R )R S s o 2 58 r 3 S enf
RPERF LB S P2 [ pFe T EmA_LIP 2 57k
P AR T RETETF o

Jo 0 emE i Pl S B P E R ROl (1 § ) E



B~ (10 F &) g > 34 w§]57 di e 3 2cfr E e
TR E L o APM 2R X S licio R 2-5 1T e 3R
¥ooZAHMABER A BEP 2 APM -~ B Lo L v
BAMET FORFREE I - EF-HDEFT o H 105 £
T R D5 o Millstone +2 T fu~ 17.% % Bt APM {op
% K0 iRk SSCs v i & 2 Fr Ok 4 24 47K (auxiliary
feedwater, AFW)4p B 2% & ch% >4 o Tt s ¥t = Millstone
PR Rk B A fAF T (AFW % »z(Loss of AFW)fr i i# &k
(Loss of Service Water))? 2 H Jig 4 vk o % — f& /% 4B NEI
12-06 (2015):7 FLEX % » %53 BDB AFW & B~ 4 2z
AFW 5 % = fH R R & d 3Bk F R el > § 4057 7
ook B R aRHE KvE ~ ARBREF AR BT AR

B EBA n TR 0k o ¥ d]T i KSFs 2 3 4 o
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(F# %k : Energy Justice Network (http://www.energyjustice.net/map/nuclearoperating))

B 22 % LA TRGD

(F#L %k : Energy Justice Network (http://www.energyjustice.net/map/nuclearoperating))

B 2-2 F 45 AR T RGD)

45



 [ocEaNsIDE '/
1116/1093 i 1
410inches |

.' 0 50 100 150 200

(F# %k : PG&E (2016))
B 2-3 DCPP: & LIP % 2 fre¢ #ah ¥ 2

46



(?“n‘ﬂ % ik : PGKE (2016))
B 2-4 LIP i3 & DCPP z & * -KizA ¥ (fi)
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KR FHRR :# &4z ) CLB 2.k 84| | &2 3F
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[,‘%??‘ﬁ%] W * [ 1> &% [ )
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% 2-2 DCPP #* 2 88k ¥ i » 2% SPMP - LIP 2. % %

(F 4 % & : PG&E (2016))

Maximum DCPP
L-hour |Total Adjustment | ICPP L-hour
|Smi.or|. Name State Lat Lon Year Mon Day Rainfall Factor LIP
OAKLAND SOUTH CA 37.7830  -122.1500 1999 11 19 326 138 430
BEL AIR HOTEL CA 340860 -1184330 1933 3 1 300 140 420
OCEANSIDE CA 332560 -117.3200 1993 1 16 295 139 410
LAGUNA BEACH CA 335510  -117.3000 1997 12 ] 2350 147 3.68
TWHEELER GORGE CA 343670 -119.3830 1992 2 12 232 143 332
SAN MARCOS TROUT CA 344350 -119.3000 1995 1 9 .15 148 3.18
DOULTON TUNNEL CA 344650 -119.7080 1973 2 1 225 135 3.04
STANDWOOD FIRE STATION CA 344300  -119.6830 1983 9 2 240 119 2.86
BOULDER CREEK CA 370018 1331668 1935 12 24 220 128 284
NOJoQul CA 345340 -120.1780 2002 12 20 209 1.24 159
GONZALES CA 365150 -121.5100 1904 11 10 208 1.16 242
SIGNAL HILL CA 333000 -118.1667 1995 1 4 200 119 238
CANYON CREEK CA 340852  -118.8418 1843 1 2 1.96 121 237
ARROYO SECO CA 363590  -1212900 1993 11 11 an 1.06 213

Rainfall and LIP values are in inches.

% 2-3 DCPP #% F 2t pFi% 2 T e LIP

(F# %% : PG&E (2016))

Duration (hours) | DCPP LIP (inches)
0 0
0.25 25
0.5 3.6
0.75 4.1
1-hour 4.5
2-hour 51
3-hour 5.4
4-hour 5.6
5-hour 5.8
6-hour 3.9
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% 2-4 DCPP %547 I @& 3|4 % 5 PMP

(7 % % : PG&E (2016))

Front End One-Third Center Two-Third End
Peaking Peaking Peaking Peaking Peaking
Duration | ILIP* « | ILIP ILIP ILIP ILIP
(hours) (in) PLIP (in) PLIP (in) PLIP (in) PLIP (in) PLIP

0.000 0.000 [ 0.000 0.000 |0.000 | 0.000 |0.000]|0.000 |0.000|0.000 |0.000

0.250 2475 0423 0.043 |0007 {0026 | 0.005|0.006 |0.001 [ 0.006 |0.001

0.500 3.555 | 0.608 0093 0016|0054 |0.009|0.032 |0.006]|0.032 |O0.006

0.750 4095 |0.700 0.173 (0030 [0.084 | 0014 |0.069 |0.010 [ 0.059 |0.010

1.000 4500 |0.769 0269 [0046 |0.118 | 0020 | 0.086 |0.015|0.086 |0.015

1.250 4683 | 0.801 0422 100720161 |0028 |0.115 |0.020 | 0.115 | 0.020

1.500 4.841 0.828 0.605 | 0.103 | 0.211 0.036 | 0.146 | 0.025 | 0.146 | 0.025

1.750 4994 |0854 1.145 10.196 | 0.291 | 0.050 | 0.177 |0.030 | 0.177 | 0.030

2.000 5130 | 0.877 3620 [0619 (0387 |0066|0211 [0.036 [0.211 |0.036

2.250 5226 |0.893 4700 |0.803 |0540 [0.092 | 0254 |0.043 |0.246 | 0.042

2.500 5318 | 0.909 5105 (0873 [0.723 0.124 | 0304 |0.052 | 0.289 | 0.049

2.750 5397 |0923 5263 [0900 (1263 0216|0384 |0.066 0335 |0.057

3.000 5465 | 0934 5399 (0923 [3.738 | 0639 (0480 |0.082 [ 0.385 | 0.066

3.250 5515 10943 5491 10939 4818 |0.824 10633 |0.108 | 0453 | 0.077

3.500 5561 | 0.951 5558 | 0950|5223 |0893[/0816 [0.139]0532 |0.09

3.750 5604 |0.958 5604 |0.958 | 5.381 0920 [ 1.366 |0.232 | 0.624 | 0.107

4.000 5639 |0.964 5639 10964 | 5517 |0.943 |3.831 06550720 |[0.123

4.250 5673 | 0.970 5673 [0.970 |5608 |0.959 [4.911 [0.839 0856 |0.146

4.500 5704 | 0975 5704 |0.975 5676 |0970 5316 0909 | 1.009 |0.172

4.750 5735 |0.980 5735 10980 5721 |0978 | 5474 0936 | 1.167 |[0.199

5.000 5764 |0.985 5764 0985|5757 0984 |5610 |0959 | 1.350 | 0.231

5.250 5791 0.990 5791 10990 |5789 |0.989 | 5701 0975|1755 [0.300

5.500 5818 [0.994 5818 0994 5817 [0994 | 5769 0986|2295 |0.392

5.750 5844 |0.999 5844 (0999 [5844 0999|5814 0994 | 3375 |0577

6.000 5.900 1.000 5900 | 1.000 | 5.900 1.000 [ 5900 | 1.000 | 5.900 | 1.000

* ILIP = cumulative LIP; ** PLIP = Portion of cumulative LIP
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# 2-5 Millstone % & R e & F 35 7Rk & S8k
1 3 2

k] Sl

(ER¥ 15 #)

(ERY 110§ #)

1 | B *#-ki=F |169ft/17.5 ft MSL 19.8 ft /20.9 ft MSL
372 ft MSL (P~ -k %
0 43 ft MSL (B~-k 2% %)
7
31.7 ft MSL (3~-k % *
| 27.6 ft MSL (B~-k % %5 e
’ Bk i gm o MR g F ok i)
k2 | mFR e K i)
3 20.9 ft MSL (2 3548 %
% 17.5 ft MSL (2 5.4 & )
1R!
= ") 2F36f @ 548 5 )
6 ft (2 5L cha
19.8 ft (2 B4k chd 7))
% S
3 ) SR
#B il/lji\‘ﬁ f r”]‘ —?‘ v —?‘
i BN TEL % hi
, 2 |
g |4 o g 1] o]
Fls |depued &) &
e BF T ReniE | .
i
HE Tk g
7 P | & |
k|8 | EARERE 1224 ) p* 12 —24 /| p*
K9 | R ERIEA L 12-24 ] p& 1224 ) p&
10| ErRRERE 10 -] P 9] p&
{4
B 11| 2R 10 -] p= 8] B
P
-E: 12 Eﬁ?\’@ﬁﬂ/:&é 1, 2, 3, 4, 5,6 1,2, 33 4, 596
o132 T+ &) ]
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—

 BFNABAETIRAN G

Avhen®E 2 L Vtsunami” > B B E F 2 hp ot p Een TR
TR 3 ABDRL TR RERAR A BFE A A
A 4 4B 13 = @ a9k 3 (Cartwright and Nakamura, 2008) - /%
MmE-fAn R NEA R B REDED R E R ET S
Bt IdE 22 FHRAR S5 T 60 442 F(Mofjeld et al.,
2000) o o ki B E P o F HRFS LSS AR
Proogalazia ko 2l R 088 @ B PR R T
F g adcd g o 5B st A Pl AP R Rk iR P
BrEE i AL & - TR oo

davh ¥ 2 F 5N AR B T R 4 47 (Deterministic Tsunami

Hazard Analysis, DTHA)s > ;N8 7 g & B A 47 > £ 0 avfcE

B

R A - I JEN= s L SR LR TIPS SE N T & O
FETMFF R PP FT AR B ERFRE AT
JE o

PTHA 7 /R p >t # 5 8+ 2 B T B & +7 (Probabilistic

Seismic Hazard Analysis, PSHA) % & @ % - B 3-1 = PSHA(Cornell,
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1968)f- PTHA(Downes and Stirling, 2001)f73+ & % % » —‘*f A
B3 A S T IR(Sources) ~ «k E ik £ JLEP (Recurrence) ~
% 3 % (Attenuation)fr i it & T & (Hazard at Site) > 4o ] 3-1 7

TF o

1] KKT/ETXFL’PTHA 'f 'E- s (falllt)f!]:P(—?»I‘I'}Vi ok

% % & /& K& L 2 (submarine landslide) v /% & X L ® *
(submarine volcano) » F]pt » e T RERP anFi P gz

2R T RDOEIRY o LF FFIL S 5 0 Downes and
Stirling (2001)z& = 22 PSHA 5 3+ # % RS sk 3 % 8
EBeNoRm o P v LB ITRE A gD N EE 2 A R
G A& aEEE 2 N (B4 ¢ Gonzalez et al. (2009); B+ 4 R
#14 B £ (2018); PG&E (2010); Thio et al. (2010)) « &% » Foat
R RZFRREEHRATCZE-HLTEFTET R R
(hazard curve) 3% & ARt £ vl B LA B T F RO 4 S
Fopdh VAR ZF I pRRARP TR FLF 22 gD
B ¥ Bl(hazard map) - 48 m = » PTHA 4o PSHA i & X B 4
W PRTRFER o TRETRRTRDE o

“€F PTHA 3% i & - £ R{p 1 LR M ineh
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Ficdnle ¥ L4pM P 5 © NUREG-CR7223 (2016)#% 71§ 1 %
B 3505 12 = 7 5t B~ ;%% (Probable Maximum Flooding, PMF)
13 F] 5 ¥ it & * /% *&(Probable Maximum Tsunami, PMT)F# »

PTHA se #& & € 53 * 2 i § 04 5% % o 5% ¥ Gonzalez et al.
(2009) % PTHA = ;% } ¢ B > 2 PTHA e Fidvh 2 T B 32R
SRV FEY - PG Pt PR R DR S PR A E R

ﬁ,‘{(— ﬁiﬁﬁﬁ)ijﬁi";ﬁf)‘ AR KpEPTR RS P

NOAA (2007)4; #1 USNRC i {7 % £ 1% 4 F% » PTHA 7 #
R g - BRI D L P R anti 3 5N PTHA * 3t
Balikz jarke B I - A0 %+t Seaside, Oregon) » T 4% %
BB 2RS4 2 VR g~ Avh A T RFRAPM E 31 - ASCE
7-16 (2017)R1i2 k% % 7R B frinid 2 35 5 ¥ 4% PTHA 3+ & ¢
s R § IT S @?] » R T IR e Mok Es 4 R A AT
& PTHA #5782 @A 3o pedpiv i R £ 8L R
(Energy Grade Line, EGL) mﬁiaq]  ETE S BITETR KA AT o

¥- 2% > pARF4R4L E € (Nuclear Regulation

Authority, NRA)R| % & EP]- (A& 582 @fja bR 2 4)
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(R34 2414 B £,2013)7 2 PTHA =& 2 & f(F < %,
2016) » e FlF A ER e FEAL S 2 E IR -

A AR o R34 RFIL R £ (Q018)R - Ak
BAlA R PTHA Y B 2 2o Pl e 3 2 ]2 p eho

P 3 Rfrp 2T RAPME =4 PTHA # B 2 £ 247

oy

= % 407 ! Gonzalez et al. (2009); Gonzalez et al. (2013):£ = = &
Yadd g cfoif e RS A F 072 FE e PTHA #-74) -
Thio et al. (2010)f tk £2& = ¥ R 4]« PTHA » ¥ & 2 % f@ T+
¢ AEAHECE R B TR M A ol B A F R R X
d &4k S #ie(Green’s function) % i a4 v ih o= 05 £ x £(42
i 10,000 ‘) B iERHTH o PG&E (2010)R] 3% 013 23] ~ % &
Li# A g PTHA » & -8 b el P AR 5 LT IR 738G o 7
FEAEAROS PE R0 BRI CEE Ao A TR
BEEMHFREFAS I - R34 R41L B £ (2018)R] 44+ 23
PTHA i& 7 { 5 'm&edgzt 4 &0 8k b # o B oM F 2 o

I W

(= )i &L RACE)
ArE AR R FIV 2 5 5 f8(Grezio et al., 2017) @ = &
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(earthquake) ~ /% & L # (submarine failure and landslide) ~ ¢ @i
T * (volcanic causes) ~ =~ # % * (atmospheric forcing)fr-] 7 %
4 % (asteroid impact) > 4- ] 3-2 o H ¢ & Z Ao KL # A F
<R enavmfoH =0 5 L L iE R (X 1k 5%)(Parisetal., 2014)°
Poo FRPERIPME =& PTHA 27 A & F €5

B R Aeis &L # A % v R (NUREG-CR7223, 2016) » @ p &
iR R Ap W R R4 g B RAGRER 2 2 (RF 4 AR
4R £,2018)° F|pt o AR S AR ARG 2 L G

é :/ N N7 J- 727 ‘./, ~ : %V’ /’l_ N “
2 LA ’i’i‘éﬁ‘f Lo, e /4\1%%‘/&(?:&]?1 }\ o

1.3 &34
R R B(¢ TR U k)i avE o P oA Y
Okada (1985)# 112 im0 4 s 8 | rdx % » Jod 2
AT ARESE > R E A ke 8100 RE AR g
hok A5 N R AR avaR N2 ¢ oo & 341
{o @l 3-3 5 Okada (1985) %7 & -3 7% 2 3+ & Sodic — &
4 %g@ B EAAATE S b4 D £ R T3 4 R (United States

Geological Survey, USGS) ¢ d & & & i3 TG e
(1) &+ (Epicenter; Longitude, Latitude) : ¥ 2% 4 pF > &= &

B VELEHBIL G OB (CR D FR) TH G
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BER R BT i S

(2) B # A (Focal depth, h) : B & I B3 FEHE o

(3) %tk & & (Length of Fault Plane, L) : T {73t 4_w & %7
AR -

(4) %7& % & (Width of Fault Plane, W) @ &8 3t 4_» & %7
AR e

(5) i # € (Dislocation, D) : %74 ## & -

7‘"\

(6) A_w % (Strike direction, 0) : %74 A_w (Jpa A 5 1)
B g AL 2 & o
(7) " & (Dipangle,d) : ¥+ 3£ % Bk o 1 & o

(8) /F# & (Rakeangle,)) : i # > » ZUTR 4 5 Hd & o

2.5 Al 7

NUREG-CR7223 (2016)45 415 ¥ # & 4] PTHA = & ¢
HE P wIAE B an1 1T E 40 » 5 KL s vk eh PTHA

R eRaod NP mARLHA AR AR T F R ERF
FRI AR SR m o B ERP At B
B AHRERE K frd AR PA R FE o T ot o
NUREG-CR7223 (2016) % & 1 /% f& L 3 4] /4 v o5 PTHA 3=
o im 4228 H() 3-4) 74 - % & PTHA 2 3 & o

% Rl # )% e eh PTHA 32 R 221 EF 3 B Y

L 22 ESFEA s FET EF 2 LRY PR G
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2. 12 #8453 fk (failure type) 2 _ % #-72] (rheological model)

BEABIEWEITG o A RB A PIMABRE MBS S
BIRE eniE 27 o RBEAE dF A G 5% 3] § (rotational

landslide) ~ ¥ & ]/ # (translational landslide) -4 3] i #
(creeping landslide) > ¥ — = & » 7% ¥ B 45 f AR 5 SR AE 0 K
MBEAEF Y o MBEA RBER R EHET A LIRS
/F # (viscous slide) ~ % i /it (Bingham flow) ~ A% &x i -= § 5o
% ;i (Herschel-Bulkley flow) °
BE o RRFEGAR TR S EHE] SR Tk
B R LAEAE HBHMBOTRRES TR R
SN AR LI S A DL AR o

(composite tsunami metric) °

RGN E
VLR S RGERZ BT A L e B AR RTR

*F (underwater explosions) ~ *R Z /& (shock waves) ~ v LAy
o (pyroclastic flows)fe X L o 3 (caldera collapse) » 4= % 3-
2 977 o R TTORIF AR TP L Livf g ST R MR R
= g B (75 = -k ¥) 0 Le Méhauté and Wang (1996)# ) 3235
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4= de ik A5 Paris (2015) R 14 & b Boie o) B 7 A T e
REAED VL FHF (- F)E 8 TR D
B4 %1 > Choi et al. (2003)12 Ray tracing ;% it 7385 o
Lol gy g kgL g D B R R et (3 F forE k)
i > &7 » Maeno and Imamura (2007)4= Paris (2015) 4 %] #
LB E A A K R KRR AT o L
I IR R VST SUNILR K S EIEE 1R - -
— AR R RE R A BCA S R R B0F] i 7 04 (Maeno and

Imamura, 2007) -
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CH)ERPTR
L R3]

B R £ R S (recurrence model) ¥ 4 & dp #F
(exponential) fr4¥F#c3] (characteristic) = # o w jﬂz R AR H
7% G-R B 7% 3% (Gutenberg and Richter, 1994)fr 4 x|
(Schwartz and Coppersmith, 1984)- & % B > & »PG&E (2010)
i = DCPP «7 PTHA #:3] » # G-R B T2 eniBfBEAHEE &
0.33 > & #FEA A L 5 0.67 - Thioetal. (2010) B 2_$x
* G-R B 238 ok X AR (F i) g ) 0 = AR
RBEAEEL AT AF 4 RAIE R £ (2018)RT A

W2 G-R B RN 7 5

-t

2.7% ol A
USGS (2012)4 1 d #8% & Lol e T4 4 4 S i ) 2
CERY TR AR AL o PTHA 3 4 A 454
R RAAH§ T RF P R T RS T
B A(USGS)F £ 5% 1 2 2 sf 70530k 23005 & ¥
P JER T T e
R A KL H SR E B 24 8 4 A 4 (USGS,

2012) : & 2% > % (Empirical Approaches) fr & 1 3 ;2
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(Geotechnical Approach: From Earthquake to Landslide) - 3 1

S AU RERSMEG S N FEE 0 b4 GR B

(Gutenberg and Richter, 1994) -

SRR T A G R TR LR T

I A F - Bt £ e 2L 5% % 5 (Binomial-Beta Conjugate Prior)

& g P -2r3f eh kB L B 5 (Poisson-Gamma Conjugate

Prior)e = 78 & # - | s X 3= L B P25 B b =

B LML F AR R > F TR R Beta

EREE IR EERE ERIEE 2 T L AR

s —"ﬂz T 324 4 i Beta 4 7 (Savage, 1994) o 4p $2-3035 ch %

oA PES R L H B i P EAR(T R B )

v xR S¥cE A5k S 8iceh Gamma 4 i (Mortgat and

Shah, 1979; Campbell, 1982) -

¥ FRELFRT AFRTHEY T4 B2

(Monte Carlo Method) 2« £ # #74& 32 ;# (Bayesian Inference

Method) « 5 ¥ + Bk G2 T o r L d 4

18 5 F & chk % 35 (Parsons (2008)) o P Arda i@ § ) *

SFROTHROEESEL TRRG LA GEFRE T
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2. ALy Rk J_l']

FRAcR APiEdIAR R E P W @R R R

(=) rd L @ HCH)

T oPTHA e 42 PSHA 4p i 2 P & eh
7 e 3t PTHA 2 Tiashiss | B2 7 PSHA thd & % 8 B
% (Geist and Parsons, 2000) > — ## 5 \jarh B T B o 75 H
~ BoER L A BB a2 53 B A v B (B 4e ¢ Gonzalez
et al. (2009); B+ + R41£ f £ (2018); PG&E (2010)) » $ *
2 BEHCR A & S OKIEMR A drRE 4 BB R (Blde DRk

> ARHCA]) e
¥ - * % > Downes and Stirling (2001)3& 3} % & = %5 1V
PSHA 3 #° % jf* 3% chig SR 38 o JE ot P 3 B id vpag » 2 T At
% % 2 5% > 4B 3-1 #777 © Geistand Parsons (2006) B 24044

k#s 4 2E e 2E T o 1 4k Bi(Green’s function) s 3l 2t

{

BABR IR TR 2 F AR DL R A

|~

ST A ST R R e R A G

> o % 5 4 7 (Burbidge et al., 2008) ° ",f prz b s B PRk
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2 RehEEE D3RR RS
BATECONERRR FIH AL (B 2 2)F e
P o B BEEART SERMER R D BRGNS 4 B
#t(Satake, 1995) % /4 h @ 3E T T AL 2 vt 2 H HRGEH
Pro B 2R 8% R P R o~ 2RAR M el B8e T 5 Thio
et al. (2010)4% 1 b 2 &+ Bedp e S8 AR S RN e (7
SEesEERER 2 WIS RAABE L UER
(inverse)sn> N E IR B QAR B I T amrd R E 0 & is
gt BB ZEAMR R D AR RV R T IR 0 FRIT A

» 2 A N2 4 -
ATRER R TR RS E S B RAG BN

* F& T_f4 (uncertainty) i E i S F N B T REG ARG £
& - Tk - Rikitake and Aida (1988)2 PTHA 3+ & p ;- glen
ABk BACBH AR RPE A PBF RA 8 PEAY BTk
EHN o BRSO B i & R
Bommer and Abrahamson (2006)4p 1 3 % % Jg # Fx TP
#-¢ TG  PSHA eh% % o e PTHA 72 ¥ &% 7 FE &
M el B(PG&E, 2010) -
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R+ 4 4L R4 (2018)31udp 22 A B 42 3 (2

*\L’gﬁg}@—? P2 AL g’i’ﬂ = g 2016)¥ zoit 5 1%

[

RAFEIN AT REREEFF EREAT T 2 7

v

ER B EAB AT RY RYE B A AT

WATER O U KA fEE M o (PR ) R T ER V(T
FER g W T AR LSRR A Y R S iE R

TRYRLAR T o PIF LA TN A LG Y R
B+ 4c B 3-5 #1o7 o

PG&E (2010)#-7 sz Tt en ki A 5 B i fo fo ¥ &
£ fok 518 X (aleatory)fritFr(epistemic) o ¥ R A g E P o
B PV R L Vo R p TR R B AR i e R
MR ALE iR R Sl s B A A BRI M &
B e Tt AR Y BER 7 LT A
kopAtar e TR & R EERABET NI E T AT

R BRI K T EP TR dnAe ed K (G400 R

i

PG&E (2010) &9 At #-BciE 758 ~ #7 4 1 & foif # £ 4

#‘;;/)E?I“E_Eﬁ T?Zi LR R R L R AR Rt
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Thio et al. (2010) 0] F_#-#c & i

‘\‘%%’Eiff’

NS R

PORER I S LT L o
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THE STEPS OF PSHA (Cornell, 1968) OUR CONCEPTUAL PTHA FRAMEWORK

Fault STEP1 |[STEP 2 Submarine STEP 1 |STEP 2
Source Sources |Recurrence Fault Source Sources| Recurrence
& oy
= =
@ i
SITE % 5
Distributed ic I.E
Seismicity submarine e
Source Magnitude ' ault Displacement
G Lendeld /Landslide Volume
[Eruption Volume
Submarine Volcano
STEP 3 |STEP 4 STEP 3 |STEP 4
— Attenuation | Hazard at Site Attenuation | Hazard at Site
e ©
- =
3 T 2 5w
5 - @ >e
2 23 £ 2%
s 23 g 28
° o R L <3>3
‘::, o w g o w
o " =
& Source-to-Site Ground Motion 2 Source-to-Site Wave Height
Distance Level Distance atStte

(7 # % & : Downes and Stirling (2001))
B13-1 W3S HRETRAMAPFNABETRAAITL 2
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[a) EARTHQUAKE]|

— — Tsunami wave

[)  SUBMARINE FAILURE AND LANDSLIDE] [@ ATMOSPHERIC FORCING]

ST

Tsunami wave

*

|e) ASTEROID IMPACT

Tsunami wave \\\ —, Tsunami wave

—

(F#L %k : Grezio et al. (2017))
B 32 T4ABER ()F & (D)KL (c)V LiT* ~(d)=

F &% fe(e) ] 7 EREF
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Upward

Easting

68



For a particular location, develop a Slide Volume + Area vs Return Period distribution

Slide #1 with
Volume +Thickness and
Return Period as Sampled
from above distribution

Slide #2 with
Volume +Thickness and
Return Period as Sampled
from above distribution

Slides #3
to
N-1

Slide #N with
Volume +Thickness and
Return Period as Sampled
from above distribution

Y

I Specify Failure Type OR Specify Rheological Model I
Rotational Translational Creeping Viscous Bingham Herschel-
Landslide Landslide Landslide (honey) Slide Flow Buldery Flow

Likelihood of | | Likelihood of T"ges Likelihood of Likelihood of | | Likelihood of Likelihood of
Occurrence, Occurrence, Occurrence, Mechanism, Mechanism, Occurrence,
F F 19 F R R R

(351)

2

(3-1)

M-1

m

(31)

2

(r-1)

M

(3%1)

Acceleration
Parameters,

Each with

inigue
distribution

Coherence Properties
of Failure, with

oreak-up

Deceleration
Parameters,

Each with

Material

unigue

distribution

Material Material
Yield Stress, Viscosity,
with with unigue
dis distribution

Realization for
other slide
configurations

Sample values from
each distribution,
which provides a

single realization for a
single [failure type,
slide volume] pair

Sample across all
[failure type, slide
volume] pairs,
aggregate a
composite tsunami
impact metric [e.g.
maximum elevation]
distribution

Realization for
other slide
configurations

Sample values from
each distribution,
which provides a

single realization for a
single [rheology, slide
volume] pair

Sample across all
[rheology, slide
volume] pairs,
aggregate a
composite tsunami
impact metric [e.g.
maximum elevation]
distribution

(7 % % : NUREG-CR7223 (2016))

Fl 3-4

A L8 4] 2. PTHA 4= %
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aZyoIy—

1RO N —F bR

AR
A e

HEETE

AEEE

(FAL R : R34 2414 § £ (2018))
Bl3-5 BRI mIP(=B)frsmrrmad(-R)asrd sl R

# 3-1 Okada (1985)%7 & #-7 #1 % Sk

. ¥
RE(ER ~FR) B
B FE R (h) o
£ A (L) N
4k AR (W) o
A% (D) X
4w & (0) B
¥ & (5) "
FH () N
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232 N3l IER S
47 ) 4 34 o) [Bos i F] B E s 5
X Lf A e Uk | = 1996 Karymsky Lake (+ 3 # | = Sihde 4547
, AL Sk R 0 | BEEIR REEN[19m] e ® ok A (&
kTRF 254k B Boussinesq) -
gl
R 56 7 e 4 g i £ ) [1.8 m]
Ulieg g 0 e g R R 2003 Montserrat (5 4% & #.4 » | _ B £ 5 R
. fete (24 f3k)in | ®he T RF ) [4m] N RS-
Miakanclo x i o 1994 Rabaul (#2¢ i » = %% |
e8P %) [8m] 3}
NoLeg B fs 0 A A B BE 4 %) 7300 # % - Kikai| BRE & 7 50
TR TR eruption (% & gL 4 L) [20

m]

i ) & |
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.5

 EFRPTRAAME 2 RoE g
NUREG-CR7223 (2016)4 Thio et al. (201057 § & % it {7

F 0 #47 > T 4g 1 USNRC ¥ 4% * Thio et al. (2010)2. = iz & {7

(2016)F#F7 5 & %

Thio et al. (2010)12 4¢ ¥ /& £ % 2 & PTHA &2~ 5 = j% -

Ny

SEARTANA BHB: L A R ek bR (28 10,000

-

F8):- 5 3 ;N 4 AR B (probabilistic offshore waveheight) » i
TEIRATE WIS 2 BEPFPAAT A
47 % (source disaggregation)fr st [+ Heid it 0 R B 5N a

vl OE B A T e

ar

(- )PTHA 3% = 2
BRSO BT SRR HERATELERS R o B

H A (et S ) e k& T BB (B 4-1) - &

Thio et al. (2010)# * # &7 G-R B % frd ~ RA0HT] 8
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T RERDiEs o GR M Gos okl 2kEE

PORANER DA BGRR 0 A B RECHCRIRID Y AT A

Thioetal. (2010)37 2 7 S 7 FE = B & Kk 5
[1] BEH N (o) B BB T 2 A LS ERPTH
Fehi B oo
[2] & (0,): BEAR T F 1 & v s 50 A 4788 % P o
[3] & A G (0y) BAR ik A T s sdiig  Ars
L X

‘z’LE‘ ) ( otal ) I

(4-1)

:\/O'A2+O'D2+O'Sz
BinAea FE T 6 o Thio etal. (2010)#-47 & 4 i 5 ~
Bim e 5 4 02 3 RE R A BRSO e
A4
e U DB A G R RIRAR TR B 0
e R e E RN A eE R o B B AL B
BT REHE T TA > Thio et al. (2010)#-4c 1% A0 AL T 38 o

ABIRE AR S AR AR R o R )
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d »* Thio et al. (2010) A % F#H P2 = 2 ¥ F A+ 5 o

FOERE BRI T EUPFRR SIS EFTE

- ,q\
94

Mo AR R T2 38 % 2 naturallog BT A R o ¥ -
PG&E (2010) %t $H ¥ f & F enfh % % & St = 1 5 410
3] o gt ¢ > PG&E (2010) 5118 X 4 £F 2433+ & * 7 2 Thioetal.
(2010)4p T » ® =% > 3% ¥ Dr. Hong Kie Thio #4# 2. % % >

b4 L PG&E (2010) 73k 2. 2% %2

VEqk (W > Z)
= Nim Nl min I J. f Loc LOC) (4-2)
i=] m Loc

P(Wtsu >z/M, Loc)dM dLoc
B W 5aBAF > Ny, 5 €= 4rdentrk g >
N(M,,) 5 % 0 BRRSE 2 BRHEIM,, e s 5

£, fofL BB BRI SF R R S dT R B 8 an

0c;
B % % & S P(W, >z|M,Loc) & &3 RAHM 2 RiR

Loc =B PiE 2T 5 javhl 3 W A 30 ki zenfi oo gt 48
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(F# %R 1 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 5 26  Noshiro, Japan 100
1988 8 10 Solomen Islands 1
1991 4 22  Limon, Costa Rica 2
1992 3 2 Off coast Nicaragua 170
1992 12 12 Flores Sea, Indonesia 1169
1993 7 12 Sea of Japan 208
1994 ) 2 Java, Indonesia 238
1994 10 8  Halmahera, Indonesia 1
1994 1 4 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 lIrian 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 ) 23 Southern Peru 26
2003 9 25 Hokkaido, Japan 2
2004 12 26  Banda Aceh, Indonesia *1227 899
2006 3 14 Seram lIsland, 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 *218 434
2013 2 6  Solomon Islands 10
2015 g9 16  Central Chile 8
2017 6 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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262 FREBABESEE 2 EE O G A RFTEERE
(F#4L %k : 10C (2019))

Tsunamis causing deaths greater than 1000 km from the source location in existing records

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 1 7  Southern Chile 1] 16 USA [Hawaiil

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

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

1883 8 27  Krakatau, Indonesia 35417 1 5riLanka

1899 1 15  Papua MNew Guinea 1] Hundreds Caroline Islands, Solomon Islands

1901 8 9 Loyalty Islands, New Caledonia 1] Several Santa Cruz Islands

1923 2 3  Kamchatka, Russia 2 1 USA [Hawaii

1945 " 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, Hawaiil

1964 3 28  Prince William Sound, Alaska, USA 106 18 USA [California, Oregon]

2004 12 26 Banda Aceh, Indonesia*** *175 827 52 072 Bangladesh, India, Kenya, Madagascar,
Maldives, Myanmar, Seychelles, Somalia,
South Africa, Sri Lanka, Tanzania, Yemen

2005 3 28  Sumatra, Indonesia 0 10 Sri Lanka (deaths during evacuation)

2011 3 11 Tohoku, Japan *18 432 2 Indonesia, USA [Californial

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  *** Local and regional deaths in Indonesia, Malaysia, and Thailand
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dis, = W, cos(4,)

(7-7)
dis, = W, cozs(52)

dx, =dis, sin(0+%), dy, = dis, cos(0+ )

. V4 . V4 (7-8)
dx, =dis, sm(9+5), dy, =dis, cos(0+—)

_ dx, dy,
(x:3a) _(XC 132c0s(y,) " 110.54}

(7-9)
(XCZ’YCZ):(XC dx, dy, J

+111.32COS(yC),yc+ 110.54

4R 28 FHBED)HE RERY(D

TR 4 - T BERA MW g BRF > Bk BB

M,=uAD ¥ Hanks and Kanamori (1979) 3 4 2 B % 3¢
M. = 10"SMw+605 , 51 ¢
0

@45 B 4o ORI 23 E S % e ik 7-6 47

iz

7T o

1 015Mw+16.05

D= 7-10
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HP oo BT 4 o u=3x10" dyne/cm® » ¥7k & ff A 0
Hriom’ » ¥k FHEDFE L cm-

h ff e & 4E(seismic moment) €

FH A e R iéﬁﬁ’i“{f P E T R UTR F 4 - S B

=

FEHW om G B e BE L M, =10""""" (Hanks and

Kanamori, 1979)> @ %7k & & jf# 3 ff chds R4E 5 M =uAS>
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Earthquake
Prabability Model & Model Magnitude Distribution Model

Interface Rupture Rupture (Equivalent Branch Point (B) / Magnitude
Model Model Source Poisson Ratio) slip Rate Case Intorface 2{M) (Depth) Monax pdf

—Bl0gdkm)
Interfacel
| R2(a62 km)
+interface? R5I-RM1 B2 [462 b
[0.4] naz | —R2fa32bm)
| R14R2 (656 km)
|_RZ+R3 (894 km)
R1+R2+R3 (1088 km)

__RL(19akm)
| Rm2{s6zkm)
Interface 2 RSI-RM2 A3 (432 km) Time-va

[CET] [F] R14R2 (656 km) l0.8]

| _B2+R3 (894 km]
Polsson
R1+R2+R3 (1088 km) 03]

l0.1) 1.0

“Note:

*  Mcharls Strasser (L) + 0.3
*  Mchar2s Strasser (A) « 0.3
*  Mchar3= Blaser (L} + 0.3

(342 &R : PSHA SSHAC-3 SSC (2019))

Bl 7-1 PSHA SSHAC-3 SSC Fazk'& 2 ¥ w5 & ) i pt

130°

Y ‘
Y

. KX 2. R3 (432 km) \
of . S ‘ \‘ _ \\ |

¢ Ao = 1K
| Rl {lgdkm) Sl ‘1\ RZI462km1 ‘\ By

(342 &R : PSHA SSHAC-3 SSC (2019))

B 7-2 IRIk'E /;‘%’}Fﬂu%m’m]&\#g]
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zﬁfj Ryukyu Subduction Interface -
Ad N Geometry Setting
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Model

Rupture
Maodel

Earthquake
Probability Model
(Equivalent
Poisson Ratio)

Rupture
Source

Geometry Model
Branch Point (B) /
Interface 2(M) (Depth)

Slip rate

(mm/yr) Case

Mrw  Magnitude pdf

Interface 1
+ interface 2

MSI-RM1

[0.3]

Interface 2

1+2

MSI-RM2

D1 (117km)

D2 (229km)

D3 (274km)
D1+D2 (346km)
D2+D3 (503km)

D1+D2+D3 (620km)

D1 (117km]
D2 (229km)
D3 (274km)

[02]

Interface 1

D1+D2 [346km)

D1 (117km)
D2 (229km)

[0.1]

Interface 2

D3 (274km)

D1 (117km)
|—D2(229km)
D3 (274km)

Splay fault
+ Interface 2

[0.6]

[0.4]

Interface 2

MSI-RM5
SFH2

M5I-RME

D1+D2 {346km)
D24D3 (503km)
D14D2403 (620km)

[0.4]

®l 7-5

[01, D2, D3)

81:8 km / M1:30km
[o.5]

cues [A]

[0.4]

B1:8 km / M5:50km
[05]

B2:12 km [ M2:40km
[08]

s, 7, 81

B2:12 km [ M4:50km
[02]

l.‘.ases

[0.1]

B3:15 km / M3:50km
[1.0]

Uniform

Mchar1+0.25
[0.3]

Mchar2+0.25

[0.2]

*Note:

(342 &R : PSHA SSHAC-3 SSC (2019))

PSHA SSHAC-3SSC 5 £ £ '£:2 ¥ 5. % & 2| S4B 4t
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Mchar2= Strasser () + 0.3
Mchar3= Blaser (L) + 0.3
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% 7-1 TREEI ¥ SRR A RER T

(342 &R : PSHA SSHAC-3 SSC (2019))

A.9 Ryukyu Subduction Zone Interface

Depth (km) | Area (km2) | Characteristic Magnitude | Slip rate (mm/yr) | Allocation Slip rate (mmiyr)
Ryukyu Trench Segmentation Style of Faulting | Length (km) | Dip (%)
B | ™ A Migarl | Mepar2 | M3 | 51 | 52 | 53 | 51 s2 sa
BlMI| 7.5 | 25 16773 832
BIMS| 7.5 | 35 20098 840
Rl 194 BaMI| 9 30 17042 835 [ 832 | 852 [ 150250300 9.0 15.0 16.0
BaM4| 9 | 35 18856 R.36
B3/M3| 10 | 35 17364 833
BIMI| 75 | 25 74071 £.86
BIMS| 7.5 | 35 87617 .92
R2 Interfice 1+ Interface2 590 (RV) 462 Bam2| 9 30 74562 BEE B86 913 [ 150 25.0 | 35.0 5.0 8.0 12.0
Bam4| 9 35 BO499 B89
BaM3| 10 | 35 75189 B.87
BlmIL| 7.5 | 25 71853 885
BIMS| 7.5 ; BORST B89
R3 432 BaM2| 9 i) 72244 B84 | 885 | 908 | 150|250 | 400 80 130 24.0
Bam4| 9 35 Th542 B.87
BaM3| 10 | 35 72745 B85

%72 ImEERF RIAEEZ R4 AL A frdw &

%‘j‘ (XC> yc)

# & £ B (L)

A 4(0)

(L5 12233 &, #2343 &)

194 km

329 B
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%73 IRERF Rl A EZ R TR &
Depth | %74 o & % & (km) " & (degree)
(km) Vi
(km?) Interface 1 Interface 2 | Interface | Interface
B | M 1 2
7.5125| 16,773 23.24 63.22 18.82 16.07
7.5135| 20,998 23.24 84.99 18.82 18.88
9 130 17,042 23.77 64.08 22.25 19.13
9 |35] 18,856 23.77 73.43 22.25 20.74
10 |35 ] 17,364 24.17 65.34 24.44 22.50
F.7-4 TIRrELF Rl B EZ BIRIER
Depth (km) mRFER (km)
B M Interface 1 Interface 2
7.5 25 3.75 16.25
7.5 35 3.75 21.25
9 30 4.50 19.50
9 35 4.50 22.00
10 35 5.00 22.50
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% 7-5 zizR*E2F Rl 47§21 Interface 1 {r Interface 2 2 & &
Depth (km) A (X, ye) (B)
B M Interface 1 Interface 2
7.5 25 (122.4223,23.4813) | (122.5849, 23.5715)
7.5 35 (122.4223,23.4813) | (122.6674, 23.6174)
9 30 (122.4223,23.4813) | (122.5840, 23.5710)
9 35 (122.4223,23.4813) | (122.6181, 23.5900)
10 35 (122.4223,23.4813) | (122.5833, 23.5706)
% 7-6 MBI RILBEZFHE
Mw Tk o F#HE (m)
Mehart | Mchar2 | Mehars | (km?)
8.35 | 8.32 | 8.52 16,773 7.47 6.73 13.44
8.35 | 8.40 | 8.52 | 20,998 5.97 7.09 10.73
8.35 | 8.32 | 8.52 17,042 7.35 6.63 13.22
8.35 | 8.36 | 8.52 18,856 6.64 6.88 11.95
8.35 | 8.33 | 8.52 17,364 7.21 6.73 12.98
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% 7-7

TRzf gL F RI & &2+ 2 € s (Mw=Mcharl)

Mw & T (yr)
- T1(S1=9.0 | T2(S2=15.0 | T3(S3=16.0 | T=0.3*T1+
mm/yr) mm/yr) mm/yr) 0.4*T2 +
(km?) 0.3*T3
8.35 16,773 830 498 467 588
8.35120,998 663 398 373 470
8.35117,042 817 490 459 579
8.35| 18,856 738 443 415 523
8.35| 17,364 802 481 451 568
# 7-8 mRzprEL A Rl s E 2+ 2 £ REP (Mw=Mchar2)
Mw & T (yr)
- T1(S1=9.0 | T2(S2=15.0 | T3(S3=16.0 | T=0.3*T1+
mm/yr) mm/yr) mm/yr) 0.4*T2 +
(lm?) 0.3*T3
8.32 | 16,773 748 449 421 530
8.40 20,998 788 473 443 559
8.321 17,042 736 442 414 522
8.36 | 18,856 764 458 430 541
8.33 17,364 748 449 421 530
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% 7-9

TRIR gL F RI & E 2+ 2 € P (Mw=Mchar3)

Ei3
e

T (yr)

=1

E

(km?)

T1(S1=9.0

mm/yr)

T2(S2=15.0

mm/yr)

T3(S3=16.0

mm/yr)

T=03*T1+
0.4*T2 +
0.3*T3

8.52

16,773

1,493

896

840

1058

8.52

20,998

1,192

716

671

845

8.52

17,042

1,469

882

827

1041

8.52

18,856

1,328

797

747

941

8.52

17,364

1,442

865

811

1022
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A.10 Manila Subduction Zone Interface

LY T3
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Il\l'l‘ﬂln‘n' Interface | Styleof |, ath 'kmllwm Depth (km)|Characteristic Magnitude Slip rate (mm/yr) [Slip rate Aleatory Weight (mm/yr)| Allocation Slip rate (mm/yr)
Source Model | Faulting B | M | Mgl My 2] M3 | 51 | 52 | 53 51 52 s3 s1 52 53
IBlfMl 8 | 30 827
lB].fMS 8 | 50 840
ol 17 [BWZ 12 | 40 | 805 | 828 | 817 50| 80 [140 3.3 6.5
B2/M4| 12 | 50 833
B3/M3| 15 . 50‘“ £29 I
[BHMi 8 | 30 £.35
[BiIMS 8 | 50 8.67
D2 I::I-Tg?::c]l 90 (RV) 229 [nmz 12 | 40 [ 845 | 856 [ 864 | 70130 (220 22 47 7.5
lBZJ'M‘ 1 50 8.6
[B!fM! 15 | 50 8.57 |
M 8 | 30 R.67
BI/M5| & | 50 8.78
D3 74 BZJ'M]..l ? 856 | .68 | 877 [ 80 | 14.0 | 240 4.6 1.7 13.0
B2M4| 12 | 50 872
B3/M3| 15 ? i R.60 1




£27-11 BRFPERZFDlAEZEL AL RIfrd e &

Rk (X, o) s EARL) | Aw £(0)

(k2 119.87 B, # % 22.56 &) 117 km 49.54 B

37-12 B R PIERF DI AR gk TR 0 &

Depth | %7k o “k %R (km) " & (degree)
(km) | g
(km?) Interface 1 Interface 2 | Interface | Interface

B | M 1 2

7.5]125| 38,469 106.30 222.49 4.32 5.67
7.5135| 47,827 106.30 302.47 4.32 7.98
9 30| 38,469 106.38 222.11 6.46 7.24
9 |35] 42,893 106.68 259.93 6.46 8.41
10 | 35| 39,530 107.06 230.81 8.05 8.72

2713 BRPERZF Dl AAEZ BRER

Depth (km) mRFER (km)
B M Interface 1 Interface 2
8 30 4.00 19.00

8 50 4.00 29.00
12 40 6.00 26.00
12 50 6.00 31.00
15 50 7.50 32.50

125




4 7-14 B R $'E2F D1 35§23 Interface 1 fr Interface 2 2. & +

Depth (km) A (X, ye) (B)
B M Interface 1 Interface 2

8 30 (120.2046, 22.1952) | (120.5688, 21.7980)
8 50 (120.2046, 22.1952) | (120.8154, 21.5291)
12 40 (120.2046, 22.1952) | (120.5654, 21.8017)
12 50 (120.2046, 22.1952) | (120.6816, 21.6750)
15 50 (120.2046, 22.1952) | (120.5900, 21.7749)

%715 BR{CELA Dl AR FHE

Mw TR o 7 F#HE (m)
Mehart | Mchar2 | Mehars | (km?)
8.05 | 8.27 | 8.17 38,469 1.16 2.47 1.75
8.05 | 8.40 | 8.17 47,827 0.93 3.11 1.41
8.05 | 8.28 | 8.17 38,469 1.16 2.56 1.75
8.05 | 833 | 8.17 42,893 1.04 2.73 1.57
8.05 | 8.29 | 8.17 39,530 1.12 2.58 1.70
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% 7-16

B R EF DI A g2 = B € R (Mw=Mcharl)

Mw | %7k T (yr)
& T1(S1=2.1 | T2(S2=3.3 | T3(S3=6.5 T=04*T1+
(km?) mm/yr) mm/yr) mm/yr) | 0.4*T2+ 0.2*T3

8.05 | 38,469 550 350 178 396

8.05| 47,827 443 282 143 319

8.05 | 38,469 550 350 178 396

8.05 | 42,893 493 314 159 355

8.05 139,530 535 341 173 385

# 7-17 B AF'2LF Dl s A2+ &£ I (Mw=Mchar2)

Mw & T (yr)

- T1(S1=2.1 | T2(S2=3.3 | T3(S3=6.5 | T=04*Tl+

mm/yr) mm/yr) mm/yr) 0.4*T2 +

(k) 0.2*T3
8.27 | 38,469 1,176 749 380 846
8.40 | 47,827 1,482 943 479 1,066
8.28 | 38,469 1,218 775 393 876
8.33 142,893 1,298 826 419 933
8.29 139,530 1,227 781 396 822
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% 7-18 B A F'ERLF DIl a3 Az &£ ¥ (Mw=Mchar3)
Mw & T (yr)
- T1(S1=2.1 | T2(S2=3.3 | T3(S3=6.5 | T=0.4*T1+
mm/yr) mm/yr) mm/yr) 0.4*T2 +
(km?) 0.2*T3
8.17 | 38,469 833 530 269 599
8.17| 47,827 670 426 216 482
8.17 | 38,469 833 530 269 599
8.17 | 42,893 747 475 241 537
8.17 139,530 810 516 262 583
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