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ABSTRACT

The Cornell Multigrid Coupled Tsunami Model (COMCOT) was based on the non-linear shallow water
wave equations to simulate tsunami propagation process, which was applied to find numerical simulation of
tsunami generated of Central East Sea earthquake (1983) and Southwest off Hokkaido earthquake (1993). Also
COMCOT model was used to find numerical simulation of virtual tsunami generated by hypothetical
earthquake. From this, characteristics of tsunami such as variation of water level and maximum water level
height, propagation time of tsunami at the coastal zone of East sea are reviewed. In addition, we estimated
variation of water level and range of inundation of tsunami caused by Central East Sea earthquake (1983) on

Imwon harbor. Thus COMCOT model validity had been verified by compare of research result and already



existed results.

The potential of possible impacts of tsunami on Jeju Island caused by the triple interlocked Tokai, Tonankai
and Nankai Earthquakes (M 9.0 on the Richter scale) could be predicted using the proposed model. According
to the results, the maximum water level height estimated in the coastal areas of Jeju Island was about 1.25m at
Sagye harbor.

Resonators which had been already developed are attached to existing breakwater to control tsunami, the
usefulness of resonators were numerically reviewed with the tsunami due to Central East Sea earthquake (1983)
and Southwest off Hokkaido earthquake (1993). In the case of Mukho harbor, it showed the maximum
reduction of water level height to 40~50%. And resonators of new type proposed from recent study were then
applied to Samcheok harbor with a relatively long waters. The confirmed exceptionally outstanding reduction of
water level.

Finally, the numerical study using the SWAN model was conducted for the Mukho harbor and Samcheok
harbor in order to review wind wave due to the effects of resonator. The results confirmed usefulness of

resonator.



At Y= mIRl AR A uke] F=AAEEC)A B
TR 2Jgt XA vte} Tk Aojof] At AT

& & i

BB, S
oA TR

o] = AR Hupgs ARl = Sl WABRT Al 7153k COMCOTE S #18-

ARsde FAAEEeldsI o, o2 Y Tt e etEt Aol dsal 9 ARt

Sa} 7k8 AR e] AMIEAS AESIGTE ek 1983y EalltixxIn o] Xls||ee] o3k olidlela]

Ev o=

o] eits, Al = FEE SAlell 7S] Ardaiele] wln=RE COMCOTE L] Bfd ds

OE

O|ZHE] i BRIl A TFsAJo] AVIEAL Q= 2lsTE A1 M902] Tokai, Tonankai X

[e} REA



Narkai®] 3510 18k A1Ialiclo] ARl vlAl QJake ZAmaigick dste] slahl A
214] APl Helesl} 125m Fgsgic
AL ATsP] $151] 71ME BRGRE 7] WimkAlel FHhe 1S, 10830) B

AR 199830 Sl elaiAldel ofdt ARIside] ulsAlell AEsle] xS 8=

r
)

~|
it
g&
)
i
B

FAA 0 eSS o7 )M, 522 737, Hl 40-50%7F4] 917 ARk

jur)

74 71

42 TP el Agsto] SelAgel Tl

@

ol ARKR A Fele] FARAE
ik

wputo 2 Fsto] thek

oz\oq ]

-

ol

o
=

ot

A2 5IE AR flelo] Fad e o= SWANRE =

of|

HE FRIERE sl on, Besk 1] -840 BRIk 4= QISitt:



Jid

At

ABSTRACT i
Q of ii
2 A v
LIST OF TABLES X
LIST OF PHOTOS Xii
LIST OF FIGURES Xiii
MN1®ME
1.1 G2l HiE O 2N 1
111 AjRiBh 1
1.1.2 ARIBHA2| Mjofoy| Lijdt SRR 2t 3
1.1.3 MM HIEI2] Ajoio]| TSt SAVSAIS] 21} 4
12 91719 4 5
<BNS> 7

N 278 arHe| A 2f2t ARSI 12| 77

21 M9 9
2.2 FABlMO|= 10
221 AH{REA] 10

222 SOEZA 1




223 §HZEH

224 MRS

225 ESTRIOE

23 FNZEHT

2311983 3 ST RAITIH

24 I LAt BINfS] SN H

2413349

242 SR EDL

2519834, 1993 4 S AR5 84T AJRIO]| 2[5t AJAISHA 12

251 DR A HMEH

252 SRS H}

13

14

15

16

16

17

17

18

19

19

31

Ml 3’8 Tokai, Tonankai R Nankai 2| 3 ASAITI| 2ot HIFL 2PIO|M<e]

At 7

31M¢Q

32 OR339 [ HIMEH

33 A|TIBH2e] |4

AL

341 CHYAIYSOtESl b

Vi

32



342 YRR 2 SR F)

3589

N 478 2N STVSAC 22t ATISH2T2] Hofof] &5t FAIHPI 2

41M 9

(=

4.2 AN AITOHAS| Ko ot STIAN 2 /2y HE

421 CHYNIUAALS)

422 PABIA o}

4.3 STFOIN AITHA<| A1) EHet SIS It BE

431 HHINAETT)

432 PABHA oy

433 ARPIMEIILO|L & I8, FYHERYA E pe| IS BOIAR)

434 ARPINEIGFYRE B E B T, 20| L9 TS Mo

4.4 ARAZOIN AITOHAS| Ko ot TN I Bt HE

441 THANIYRIIE)

442 PABHA o}

443 FACIMEO|L & 1S, FYFEBA F B2 IS PROAR)

444 ANBINEFYSE B9 E B T, 20| TS o)

vii



N 578 &AM AITRIZ2 HOIS 210t ST FH=

SAIAC et A

51N Q1

52 STIEA2| FERH AR HE £ARHY St

521 CHYRIYAA)

522 SABHA H}

Ml 678 SWAN 222 ©|- 30t STITAI 2[2H FTHef Hof°] 2ot Xt

61N

62 AABAOIE

621 SWAN Eie| 1je

6.3 SWAN HE]| <[0t £A[SHA

631 HYAIAERY)

6.3.2 SN H}

633 TAPKNEC|L & 1, TIFE B F B2 TS B

634 SACINZIEYRE B E B I, 2|L2| IZ o
635 CHAR|YMALS
636 SAGIAT T}

6420l

viii

70

71

71

72

76

78

78

78



7.1 A|RBH

7.2 Tokai, Tonankai, Nankai A0} 2/t |~
7.3 AN STIZAI]| ISt A|ZIST | Aj|of

7.4 AN NI OIS 9ot BTN FEIRH MRl

75SWAN P22 0|

ot SVAIe] oJpt FTe| Aef

97

97



LIST OF TABLES

Table 2.1 Fault parameters for 1983 Central East Sea earthquake (Aida, 1984)

Table 2.2 Computation conditions

Table 2.3 Fault parameters for 1983 Central East Sea earthquake (Aida, 1984)

Table 24 Fault parameters for 1993 Hokkaido Southwestoff earthquake (Takahashi etal., 1994)

Table 2.5 Fault parameters for Hypothetical earthquake (Ishikawa, 1994)

Table 3.1 Computation conditions

Table 4.1 Computation condition

Table 4.2 Fault parameters for 1993 Hokkaido Southwwestoff earthauiake (Takahashi etal., 1994)

Table 4.3 Computation condition

Table 4.4 Fault parameters for 1993 Hokkaido Southwestoff earthauiake (Takahashi etal., 1994)

Table 4.5 Computation condition

Table 4.6 Fault parameters for 1983 Central East Sea earthquake (Aida, 1984)

Table 5.1 Computation condition

Table 5.2 Fault parameters for 1993 Hokkaido Southwestoff earthquake (Takahashi etal., 1994)

Table 6.1 Deepwater design wave and water level for Mukho

Table 6.2 Mesh sizes applied to each simulating area

Table 6.3 Deepwater design wave and water level for Samcheok

Table 6.4 Mesh sizes applied to each simulating area

17

21

52

52

72

72

81

81



LIST OF PHOTOS

Photo 1.1 Damages by East Japan Tsunami at Rikuzentakata (Takahashi et al., 2011)

Photo 1.2 After 1983 Central East Sea tsunami in Inwvon

Xi



LIST OF FIGURES

Fig. 1.1 Shape of wave resonator proposed firstly by Nakamura et al.(1985)

Fig. 1.2 Wave resonator constructed at Pier J of Long Beach port to attenuate excessive ship mations

Fig. 1.3Wave resonator constructed at the yacht harbor of Rome at Ostia, lialy

Fig. 2.1 Sketch of the arrangement of variables and grid pointts for this finite difference method

Fig. 2.2 The schematic sketch of moving boundary condition

Fig. 2.3 Nesting method

Fig. 24 Fault types

Fig. 2.5 Fault Plane and Fault parameter definitions

Fig. 2.6 Simulation of inundation at Imvwon harbor during 1983 Central East Sea Tsunami (Choetal, 2007).......ovevee
Fig. 2.7 Simulation of inundation at Invwon harbor during 1983 Central East Sea Tsunami (COMCOT modl)............

Fig. 2.8 Spatial distribution of water depth and topography altituide at the past Imwon

Fig. 2.9 Spatial distribution of water depth and topography altituide at the present Invwon

Fig. 2.10 Maximum water level height at the past Imwon

Fig. 2.11 Maximumwater level height at the present Invwon

Fig. 2.12 Comparison of time history of water surface elevation betvween past and presnet at Imwon harbor..........e...

Fig. 2.13 Distrioution of weter depth at AREANO.L

Fig. 2.14 Spatial distribution of water depth and topography altitude at each region

Fig. 2.15 Propaggation process of 1983 Central East Sea tsunami

Fig. 2.16 Time history of water surface elevation calculated by 1983 Central East Sea tsunami at Jumunjin harbor .........
Fig. 2.17 Time history of water surface elevation calculated by 1983 Central East Seatsunami at Mukho harbor.............
Fig. 2.18 Time history of water surface elevation calculated by 1983 Central East Sea tsunami at Imvwon harbor.............

Fig. 2.19 Propaggation process of 1993 Southwest of Hokkaido tsunami

Xii

13

15

16

16

18

18

19

19

19

20

21

23

24

26



Fig. 220 Time history of water surface elevation calculated by 1993 Southwest of Hokkaido tsunami at

Jumunjin harbor

Fig. 2.21 Time history of water surface elevation calculated by 1993 Southwest of Hokkaido tsunami at

Mukho harbor

Fig. 2.22 Time history of water surface elevation calculated by 1993 Southwest of Hokkaido tsunami at

Imwon harbor

Fig. 2.23 Propagation process of Hypothetical tsunami 2

Fig. 224 Time history of water surface elevation calculated by Hypothetical tsunami 2 at Jumunjin haror ...

Fig. 2.25 Time history of water surface elevation calculated by Hypothetical tsunami 2 at Mukho harbor...........eeeee.
Fig. 2.26 Time history of water surface elevation calculated by Hypothetical tsunami 2 at Inwwon haror ...

Fig. 2.27 Maximum Wéter Level at each region

Fig. 3.1 Tokai, Tonankai and Nankai tsunamis of the past

Fig. 3.2 Distribution of tsunami height in Tokai, Tonankai and Nankai tsunamis,

Fig. 3.3 Distribution of water depth at AREA No.1

Fig. 34 Distribution of water depth at AREAN0.2~6

Fig. 35 Initial water level by simultaneous occurrence of Tokal, Tonankai and Nankai tsunamis

Fig. 3.6 Propagation process by simulianeous occurrence of Tokai, Tonankai and Nankai tSUNAIMIS.......eseesersesseseses

Fig. 3.7 Calculation points

Fig. 38 Maximum water level height at Around Songak park

Fig. 3.9 Time history of water surface elevation at each point suggested in Fig. 3.7

Fig. 3.10 Maximum water level at calculation points.

Fig. 3.11 Calculation points

Fig. 3.12 Maximum water level height at Sagye harbor and Hwasoon harbor

Fig. 313 Time history of water surface elevation at each point suggested in Fig.3.11

Xiii

26

26

27

28

29

2



Fig. 314 Maximum water level at calculation points.

Fig. 3.15 Predicted inundation areaat Sagye harbor and Hwasoon harbor

Fig. 4.1 Shape of wave resonator proposed firstty by Nakamura et al.(1985) 46
Fig. 4.2 Specifications of the extended breakwater and resonator. 47
Fig. 4.3 Computation area

Fig. 4.4 Spatial distribution of water depth and topography altituide at Samchuck

Fig. 4.5 Maximum water level by effect of resonator at Samchuck harbor

Fig. 4.6 Time history of water surface elevation at Samcheok harbor

Fig. 4.7 Computation area 51
Fig. 4.8 Spatial distribution of water depth and topography altitude at Mukho 51
Fig. 4.9 Specifications of Existing breakwater and resonator. 51

Fig. 4.10 Maximum water level by effect of resonator at Mukho harbor

Fig. 4.11 Time history of water surface elevation by effect of resonator at Mukho harbor

Fig. 4.12 Resonator specification in relation to B and B" size changes. (L=200m fixed)

Fig. 4.13 Comparison of Maximum water level by effect of resonators size (B, B) at

Mukho harbor (L=200m fixed) 55

Fig. 4.14 Time history of water surface elevation by effect of resonators size (B, B') at Mukho harbor (L=200m fixed) .. 56

Fig. 4.15 Resonator specification in relation to L size changes. (B=735m, B'=200m fixed) 57
Fig. 4.16 Comparison of Maximum water level by effect of resonators size (L) at

Mukho harbor (B, B fixed) 57

Fig. 4.17 Time history of water surface elevation by effect of resonators size (L) at

Mukho harbor (B, B™ fixed) 58
Fig. 4.18 Computation area 59
Fig. 4.19 Spatial distribution of water depth and topography altitude at Inmvwvon 59

Xiv



Fig. 4.20 Specifications of existing breakwater and resonator

Fig. 4.21 Maximum water level by effect of resonator at Imwon harbor

Fig. 4.22 Time history of water surface elevation by effect of resonator at Inmvwon harbor.

Fig. 4.23 Resonator specification in relation to B and B" size changes. (L=100m fixed)

Fig. 4.24 Comparison of Maximum water level by effect of resonators size (B, B') at

Imwon harbor (L=100m fixed)

Fig.4.25 Time history of water surface elevation by effect of resonators size (B, B') at

Imwon harbor (L=200m fixed)

Fig. 4.26 Resonator specification in relation to L size changes. (B=330m, B'=100m fixed)
Fig. 4.27 Comparison of Maximum water level by effect of resonators size (L) at

Imwon harbor (B, B fixed)

Fig. 4.28 Time history of water surface elevation by effect of resonators size (L) at

Imwon harbor (B, B fixed)

Fig. 5.1 Rectangular resonator

Fig. 5.2 Newdy developed resonator

Fig. 5.3 Computation area

Fig. 5.4 Spatial distribution of water depth and topography altitude at Samchuck.

Fig. 5.5 Resonator specification of newtype |

Fig. 5.6 Resonator specification of newtype I

Fig. 5.7 Spatial distribution of maximum water level for Case ()

Fig. 5.8 Spatial distribution of maximum water level for Case (b)

Fig. 5.9 Spatial distribution of maximum water level for Case (C)

Fig. 5.10 Spatial distribution of maximum water level for Case (d)

Fig. 5.11 Spetial distribution of maximum water level for Case (€).

XV

61

62

67

71

71

71

71

72

72

73

73

73

73

73



Fig. 5.12 Spatial distribution of maximum water level for Case (f)

Fig. 5.13 Time history of water surface elevation by newtypes | of resonators at Samcheok haror ...
Fig. 5.14 Time history of water surface elevation by new types Il of resonators at Samcheok harbor ...............

Fig. 5.15 Time history of water surface elevation by effect of new types of resonators at Samcheok harbor

Fig. 6.1 Computation area

Fig. 6.2 Spatial distributions of wave heights on AREANO.1 [Wide] (Dir=SE)

Fig. 6.3 Spatial distributions of wave heights on AREANo.2 [Miiddle] (Dir=SE)

Fig. 6.4 Spatial distributions of wave heights on AREANo.3 [Narrow] (Dir=SE)

Fig. 6.5 Specifications of existing breakwater and resonator.

Fig. 6.6 Spatial distributions of wave heights at Mukho harbor.

Fig. 6.7 Distribution of significant wave heights at Mukho harbor.

Fig. 6.8 Comparison of wave heights data results of 7 points by effect of resonator

Mukho harbor (L=200m fixed)

Mukho harbor (L=200m fixed)

Fig. 6.15 Specifications of representative study case in Samcheok harbor

Fig. 6.16 Computation area

Fig. 6.17 Spatial distributions of wave heights on AREA No.1 (Dir=SSE)

Fig. 6.18 Spatial distributions of wave heights on AREA No.2 (Dir=SSE)

&
82
82
82
8
&
&4
8

Fig. 6.9 Resonator specification in relation to B and B size changes (L=200m fixed) 85

Fig. 6.10 Comparison of spatial distributions of wave heights by effect of resonators size (B, B') at

Fig. 6.11 Comparison of wave heights data results of 7 points by effect of resonators size (B, B')

Fig. 6.12 Resonator specification in relation to L size changes (B=735m, B'=200m fixed) 87

Fig. 6.13 Comparison of spatial distributions of wave heights by effect of resonators size (B, B') at

Fig. 6.14 Comparison of wave heights data results of 7 poinits by effect of resonators size (L) 88
89
%0
4]
0
]

Fig. 6.19 Spatial distributions of wave heights on AREA N0.3 (Dir=SSE)

XVi

87



Fig. 6.20 Spatial distributions of wave heights at Samcheok harbor

Fig. 6.21 Comparison of wave heights data results of 20 points by representative study case

XVii

9

a



1z n e

1.1 4] Y Q S5
1.1.1 NI

2011 32 11 144] d6el] L FEAYS] B Al 1R MO0 sUE tix|zlo] HhAElo]
olZ QIsh xR kst IFsls) (2000007H2] APk} sETERR e} Photo 110 YERI= L2}
2o A g (9987 536km?2)ol| 23k 7R (21ks ol 128k ) @ AR FARLY] 4 vei=
AL A7 A, ARSFFATERE Ishimaki 2| el el 18m, Minako Aol HUA @507t
20m HEF 349531 I} (Takehashi et al, 2011). 5=5% AlA] Hof AxlsjdiluAz el = Kamaishi
kA o] BrlsikA|7 st Eo] ARSI As kA1) 7Fse]] wigh ool Al ]E] AL Q= At QISR Kamaishi

Hx8E 5= QI Ao ok 11 I} (Takaheshietal, 2011).

Photo 1.1 Damages by East Japan Tsunami at Rikuzentakata( Takahashi etal., 2011)

Seee] A Falere] AR Zaflol WA 19834 EellERARIsU R 1slo] “Ealele] x|gk
Aol 3-5me] A 2F (AT A, 1998)0] RS Photo 1.29) -2 AR} Q11 Z154) 5(2007h) 2]

el whE - o] xRlgmeielr] A Thsdk xRdsfde] ot & vlelr} cbdEe) eyl



AR W] that IAATAES B, HHET 5(1998, 1994, 1995, 1997)2 1983 EallA Rls )

Az tist IS ZAR} 3 A9 fraclz b ks =91s1e] iskEle] 50/3E AlgIsigict 429
52002 2 ARGV IeIA AR e] FERRET S ARTEISITE Cho et al(2007) tiYke: sk
AR Hukgs Aklsb] 918 A3 Boussinesg A XA o® tixfslal, R|Re] QlofA]
2] ARY BRPARREAS Algsle] ElA] ARRS SRRSO RE ofEo=® AAHsisich Ak
QoI AREYe] 5 HEHSolEeR FRERE ARSIt S A 5007y
ARSI, ofsdAETE ESfsle] 1983de] BRI, 19980 BallEEA el Ul
Ishikawa(1994)7} AIQkst A|zlgraiedefaie] =zle] ofst 2xIslide] E4S $X|REA3 o2y el AEs)y,
529} vl wslsick

JE)3, oP3E F012> ARIEYS] Augs SRR 4 s vEeAREE 753l
O|ZNE] FH U BFEeY Abel A ThsAo] AL Q= T MI02] Tokai, Tonankai 2! Nankai©]
3ATARIOR Qleh Aufet 115.e] Asd Azlo] BT S U] ARt E AzlEe] e
TR 2] oS PSSl 58] 3ol 71 IFsl Sl AR ARlelxie] slspdAie] 71
=, wep AT ddel o AzlEidar B o HpH9G e Y8R 21 71A-1 AkA] Y
AR} SHelx] 7 A o <A 9l areEojok ol Q4w ek

o] Aelrts AR MubARte] =g A5e] 218l Bl vl FEks nikl 1983
SAEHAR, 1993 Bl A 2felAl gl xrigmoleaie] AL Axe] sl o= x| Rso]
wdlo] el ER15}aT Tokai, Tonankal, Nankai <] 31ef] 2Jgk |z1sl|d o] AlEzold B8k =xjsiisict, o]
SoME Sl B 21 9 ARHEIERE 7HATkE 19831 Bl AR QI M ] #4A
2F=E EO|E COMCOT(Comell Multigrid Coupled Tsunami Model) 2 2YLiuetal, 1998) 2] EFEA1S- 155151t

oPdelr] Lol 7ol Avh= et Aok BES AbA 9l AP, ali]l - PRy EES] v B

Uk ol T83t 71ZAlR R E8d 5 gke Jloftk



- = A " e L 2 _,,

Photo 1.2 After 1983 Central East Sea tsunami in Inmavon.
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Fig. 1.2 Wave resonator constructed at Pier J of Long Beach Fig. 1.3 Wave resonator constructed at the yacht harbor of
port to attenuate excessive ship mations. Rome at Ostia, Italy.
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Table 2.1 Fault parameters for 1983 Central East Sea earthquake (Aida, 1984).
Aida Latitude | Longitude | H'(km)| 6&(deg) A(deg) o(deg) L(km) | W(km) u’(m)
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Fault1 4021 13884 2 2 40 Q0 40 30 760
Fault2 404 13902 3 355 25 80 60 30 305

Fig. 2.6 Simulation of inundation at Imvwon harbor during
1983 Central East Sea Tsunami(Choetal, 2007).

Fig. 2.7 Simulation of inundation at Imwon harbor during

1983 Central East Sea Tsunami(COMCOT model).
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Fig. 212 Comparison of time history of water surface elevation between past and present at Imwon harbor.
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Fig. 2.13 Distribution of water depth at AREANO.L.
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(©) Imwon
Fig. 2.14 Spatial distribution of water depth and topography altitude at each region.

Table 2.2 Computation conditions.
Nurmber of meshsize Number of mesh
Area () Jumujin Mukho Imwon

AREANO.1 1215 1333x1629

AREANO.2 405 687x1182

AREANO3 135 1008x1101

AREANO4 45 1251x1260 975x873 1218x1068
AREANOS5 15 1272x1266 1314x1311 1368x1281
AREANO6 5 486x441 1116x891 408x393
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Table 2.3 Fault parameters for 1983 Central East Sea earthauake (Aida, 1984).

Aida Latitude | Longitude | H'(km) 6(deg) A(deg) o(deg) L(km) | W (km) u’(m)
CN) | CE) | ©ept) | (Stikeange) | (Dipange) | (Sipangle) | (Lengh) | (Widh) | (Dislocation)
Fault1 4021 13834 2 2 40 0 40 30 760
Fault2 404 13002 3 355 25 60 30 305
Table 24 Fault parameters for 1993 Hokkaido Southwwestoff earthquake (Takahashi etal., 1994).
Aida Latituide | Longitude | H'(km) 6(deg) A(deg) o(deg) L(km) | W(km) u’(m)
CN) | CE) | ©eph) | (Suikeange) | Dipange) | (Sipangle) | (Lengh) | (Widh) | (Dislocation)
Fault1 4210 13030 5 163 60 105 245 25 12
Fault2 4234 13925 5 175 60 106 0 25 25
Fault3 4313 13940 10 188 3H 80 0 25 571

Table 25 Fault parameters for Hypothetical earthquiake (Ishikawa, 1994).

Hypotetica | | e | Longinde | H'(km) |  6(deg) A(deg) | S(deg) | Lkm) | W(km)| u'(m)
eABe | (o) | (E) | (eph) | Sukeange) | @ipange) | Sipange) | (Lengh) | Widh) | (Dskcio)

2 383 1385 1 25 35 0 140 0 50
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FAEHePA R AT Fig. 2155 Fala ARl oI5t AU Al 199900 thsl AlEeloldst
ZAjolct. Aol ofapd AR - oF 1008 Fof] g2t Falikke = Axlade] Hulo] o= Zle ¢
T Uk ARlede] Huje= wgell sk ] Folr] ARdsdo] = gl syl ke 1
oom, olst Avk= Fglsel ArE FHATRPYoRRE FEs] ofdEe Zlow wdsnt
Fig216~217->- salia iAol oJst ARleids FaxlEdoVdst Az 2F XQelke] ARl wE
FOHSlE UeRdith SAARERlo Y], e 104m, B oF 17m, 99 oF 241im FHU59E
LT

22



[1983.5.26 Tsunami]

Time=30.0min

™

"

[1983.5.26 Tsunami] Time=120.0min| [1983.5.26 Tsunami]
Fig. 2.15 Propaggation process of 1983 Central East Sea tsunami.

Time=180.0min
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Fig. 2.16 Time history of water surface elevation calculated by 1983 Central East Sea tsunami at Jumunjin harbor.
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Fig. 2.17 Time history of water surface elevation calculated by 1983 Central East Sea tsunami at Mukho harbor.
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Fig. 2.18 Time history of water surface elevation calculated by 1983 Central East Sea tsunami at Invwon harbor.
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[1993.7.12 Tsunami] Time=120.0min | [1993.7.12 Tsunami| Time=180.0min|
Fig. 2.19 Propagation process of 1993 Southwwest of Hokkaido tsunami.
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Fig. 2.20 Time history of water surface elevation calculated by 1993 Southwvest of Hokkaido tsunami at Jumunjin harbor.
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Fig. 2.21 Time history of water surface elevation calculated by 1993 Southwvest of Hokkaido tsunami at Mukho harbor.
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Fig. 2.22 Time history of water surface elevation calculated by 1993 Southwest of Hokkaido tsunami at Imvwon harbor.
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Fig. 223 Propagation process of Hypothetical tsunami 2.
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Fig. 224 Time history of water surface elevation calculated by Hypothetical tsunami 2 at Jumunjin harbor.
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Fig. 225 Time history of water surface elevation calculated by Hypothetical tsunami 2 at Mukho harbor.
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Fig. 2.26 Time history of water surface elevation calculated by Hypothetical tsunami 2 at Inwwon harbor.
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Table 3.1 Computation conditions.
Number of mesh
meshsize
Number of Area m A SoregkcPak Sagye portand
Hwasoon port
AREANO.1 1215 1316x788
AREANo02 405 1221x8%4
AREANO0.3 135 1077x144
AREANo4 45 1062%x777
AREANO0S 15 879x723 939x669
AREANo6 5 459x549 834x480
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Fig. 34 Distribution of water depth at AREANo.2~6.
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Fig. 3.7 Calculation points. Fig. 3.8 Maximum water level height at Around Songak park.
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Fig. 3.11 Calculation points.
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Fig. 4.3 Computation area. Fig. 4.4 Spatial distribution of water depth and topography
altitude at Samchuck.
Table 4.1 Computation condition.

Number of Area mesh size (m) Number of mesh SWE Type
AREANO.1 1,215 1333x1629
AREANO.2 405 687x1182
AREANO.3 135 888x1311 Linear
AREANOA4 45 180x216
AREANOS 15 171x189
AREANOS 5 342x240 Nonlinear

Table 4.2 Fault parameters for 1993 Hokkaido Southwvest off earthquake (Takahashi etal., 1994).

Aida Latitude | Longiiude | H'(km) 0(deg) A(deg) S(deg) L(km) | W(km) u’(m)
CN) CE) | (Oet) | (Suikeange) | (Dipangle) | (Slipangle) | (Length) | (Width) | (Dislocation)
Fault1 4210 139.30 5 163 60 105 245 25 12
Fault2 234 13925 5 175 60 105 30 25 25
Fault3 4313 13940 10 188 35 80 0 25 571
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Table 4.3 Computation condition.

Number of Area mesh size (m) Number of mesh SWE Type
AREANO.1 1215 1333x1629

AREANO.2 405 687x1182

AREANO.3 135 1098x1101 Linear
AREANO4 45 975%873

AREANOS5 15 1314x1311

AREANO.8 5 1116x891 Nonlinear

Table 4.4 Fault parameters for 1993 Hokkaido Southwvest off earthquiake (Takahashi etal., 1994).

Ak Latitude | Longitude | H'(km)|  6O(deg) A(deg) 5(deg) L(km) | W(km) u’(m)
°N) (E) | (©ent) | (Stikeange) | (Dipange) | (Slipangle) | (Length) | (Width) | (Dislocation)
Fault1 4210 13930 5 163 60 105 245 25 12
Fault2 234 13925 5 175 60 106 30 25 25
Fault3 4313 13940 10 188 35 80 0 25 571
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Fig. 4.14 Time history of water surface elevation by effect of resonators size (B, B') at Mukho harbor
(L=200m fixed).
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Fig. 4.16 Comparison of Maximum water level by effect of resonators size (L) at Mukho harbor (B, B™ fixed).
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Fig. 4.17 Time history of water surface elevation by effect of resonators size (L) at Mukho harbor (B, B” fixed).

6600

8400
Time(sec)
(@) Locaton 7

7200 7800

9000 9600 10200

-

Mukho Harbor
1993.7.12-Location 8
L=100m
--------- L=200m
—————— L=300m

6600

7200

8400
Time(sec)

(b) Locaton 8

7800

58

10200 10800

9600

9000



44 AAEFOIN ATISHS| Hofof Ut TN IT|Bit HE
44.1 BN FRAAT)

L5gke] 7499} =dslA HAl |82} Google earth pro(2014) ZH-E] ool S4wt & FHolA] A&

HlolE1E 247} €5519107, 1983 52 26942] “salIS AR US th 0= 3190t} Fig. 4182 1983 52 26

ke
ey
18
:(’)1:1
1%
2
>
>
0z
)
4o
by
ofl
1o
l::l
-]
!
2
>
ol

P, AR (1) B, TS () #hoR 3Eo]
Ak ARMARES Qleddtellr] ARleide] aks F4te] e 5 ES A WAl FE] 1804 51t
TAIRJSISIT 1241, Fig. 42001 W= 307gX]ol| thal| d;=15m, d,=145m, [=156m= 5l31 oM, of7 X =
2] 3R] 2715 L=100m, B=330m, 12]3l B=2BHel BEfs A= Algghks SoHo=
Bt} FES ARES) 3191, T1 gk B=100metk: o] =] WA Asfojelxe] WukAlel 7o) =
2N SRS Hlal 8 ol T B, % B9} o] L] XG5 RIs A axIX|e] A7 sle|
TRE AU Ao FAlel RS, ARl ARG Aol w5t HH. W dSTle|ER= Table
459} Table 4,601 LFERACY:

AREA No.2~6

[1983.5.26 Tsunami] AREA Ne.1
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Fig. 4.20 Specifications of existing breakwater and resonator.

Table 4.5 Computation condition.

Number of Area meshsize (M) Number of mesh SWE Type
AREANO.1 1215 1333%x1629

AREANO.2 405 687x1182

AREANO.3 135 1098x1101 Linear
AREANOA4 45 1218%1068

AREANOS5 15 1368%1281

AREANO.S8 5 408%393 Nonlinear

Table 4.6 Fault parameters for 1983 Central East Sea earthauake (Aida, 1984).

Aida Latitude | Longitude | H'(km) 6(deg) A(deg) S(deg) L(km) | W (km) u’'(m)

CN) | CE) | ©et) | (Suikeange) | Dipangle) | Slipangle) | (Lengh) | (Wid) | (Dislocation)
Faultl | 4221 13884 2 2 40 Q0 40 0 760
Fault2 4054 13902 3 355 25 60 30 305
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Fig. 4.21 Maximum water level by effect of resonator at Imwon harbor.
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Fig. 4.22 Time history of water surface elevation by effect of resonator at Inmwon harbor.
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level Inundatmn & Maximum water level height

(@) B=280m, B’ —50m [L—100m fixed)] (b) B=380m, B"=150m [L=100m fixed]

Fig. 4.24 Comparison of Maximum water level by effect of resonators size (B, B") at Imwon harbor
(L=100m fixed).
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Fig. 4.25 Time history of water surface elevation by effect of resonators size (B, B") at Imwon harbor
(L=100m fixed).
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Fig. 4.26 Resonator specification in relation to L size changes (B=330m, B'=100m fixed).
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Fig. 4.27 Comparison of Maximum water level by effect of resonators size (L) at Imwon harbor (B, B fixed).
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Fig. 4.28 Time history of water surface elevation by effect of resonators size (L) at Imwon harbor (B, B” fixed).
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Table 5.1 Computation condition.

Number of Area mesh size (m) Number of mesh SWE Type
AREANO.1 1215 1333%x1629

AREANO.2 405 687x1182

AREANO3 135 888x1311 Linear
AREANOA4 45 180%216

AREANOS5S 15 171x189

AREANO.8 5 342x240 Nonlinear

Table 5.2 Fault parameters for 1993 Hokkaido Southwwestoff earthquake (Takahashi etal., 1994).

Ak Laiide | Longiide | H'(km)|  6(deg) A(deg) 5(deg) L(km) | W (km) u’(m)
CN) | CE) | (Dept) | (Stmikeangle) | (Dipange) | (Slipangle) | (Lengh) | (Width) | (Dislocation)
Fault1 4210 13930 5 163 60 105 245 25 12
Fault2 4234 13925 5 175 60 105 30 25 25
Fault3 4313 13940 10 188 35 80 Q0 25 571
" 1,,=100 " l,=170
& 20 20
= i
w07 1,=50 101 1,=50 70 ' 90
@ @ O
83 <«——— |ncident wave 83 <——— Incident wave
REST 0, | 107 ,M
10 100 I 135 f 170 40 170
Unit: m Unit: m
Fig. 5.5 Resonator specification of new type 1. Fig. 5.6 Resonator specification of new type I1.
522 7(|6||I\'| t

(1) HOAQFURE

Fig. 5.7-512 Ax8Ude] URsA] A 9l 590 slldolld] Huele] axkirs vepdch 19
A Pulis 5 PR Qlslo] ARlsde] Xpd]r] whitel] 2AAQ1 QdEks WA ¢han, WA
ol HRRE 9l SR Qslo] Fuflelr] oiEe] TR ARk Zlow gk WA, Zo] |, &
WS 7d-{Case(a)(C)], Case(@) 2} Case(c)E Hlawshd EufiSolld] AW o= 01m~015m H= 9k
Uehlli= 248 & otk thao®, Zo] |, & s E9{Case(d)-M), Case(d)9} CaefyE Hlwsha
TAAAE AXE & el FRIEde® Qs H) 03m03Bm AR 9P Adssision,



Aol AT A9 Aol gl RS ok 5 ek AwEow o] 1, &= ot 7K 1)
170m3] Cas(e) 797} A0 74 3‘1?4]401134, o] 1, = 591l A 435K eher e Zo] I, of
AT Aol Y k0 2 RISk Zlo] Ffrzlole} whekec

j?

Case(). _ _ Case(.

Flg SﬂSanaIdlsmbUUmofnmrmmV\ﬁterlevelfor _ Fig. 5128paﬂa|d|smbut|mofmax|rmmvxﬁterlevelfor
Case (©). Case (f)

73



(2) NSO HE A9

Fig.513+= 1% ol 371%¥ 5 Location 737} 90l ¢ 52] AAIGS Uk 210, slet A2 Fg.
579} & Case(@)®] 7395, uF FS 912 Fig. 589} 2 Case(b)©] 7495,
589} 72 Case(0)2] 7375 217F vEhHar itk 19O 2RE] Location 72 78-7olis 1493l Ex7gA]el
ofgk HoFrel7E 016m E ARG, o= Harel7F 0.75mel 20%78 5 A5 Aotk Location 92
739l 150l 3ol ofst Hul=$7l 0am A= AR vERE, o= 71 09mefr
10%7%= At Aot Aoz Zo] [, & A 3 Case(g)7} ANF 22 7FE 1A%kl axaiql
o) (=

2=
= T

[o

A

f
32

(a) New type of resonator [~~~ """ =" TpTTTTTqTooTToRo o T oo oo m o m g m oo m e T

1993.7.12 Samcheok Harbor-Location 7J ! ! ! ! ! ! ! ! !

0.8~ (b) New type of resonator
' () New type of resonator

______________________________________________________________

________________________

------------------------------

...................................

_______________

_________________________________________

___________

______________________________________________________________________________

Water Surface Elevation(m)

155

150

135 140 145
Time(min)

130

125

120

110

115

(@) New type of resonator =777 o mm oy oo m T T e mm e A T TS T
0.8~ (b) New type of resonator

1.2
1993.7.12 Samcheok Harbor-Location 9J i i 3 | !

() New type of resonator

______________________________________

.....................

Water Surface Elevation(m)

______________________________________________________________________________

175

170

165

160 180

155

150

135 140 145

Time(min)
(b) Location9
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6.2.1 SWAN Z2E2| {2

SWAN(Simulation Wave Nearshorg)olx] 1123 4= Q= dulrrde Xe)4] gshrdolx ] olf, 4}
S5e] FxpAslel ofst @, AT SEe] FrbAslel] oJg M ofRel] ojsh wjde] wiab ul AR
TEEER)O] o3k skl WAL Akt 3l 4 phasedecoupled approachE o185t 31, sl oJst
Bt E(wave-induced setup)©] STk 12111, Higte]] oJgth stgelidx|2] A4, Wi whitecapping), 2H2i(depth-
induced wave breaking), #1=3m2Hbottom friction)ol] 2]&t fgell|e] Ak vPdE s Agel gt w1e]
ARG 52] shgelix]e] AW, Ak 55 e E 4= Uk

SWANE-Fofx] sfg=e- sljsffjelie} o] npdadde] & el slste] AdEmitrs uyes
A= 5= Q= 2219 wave action density spectum © 2 EETE SWANOIA 212 %= action density spectrum
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N(o,8)< E(0,0)E J3kr 0 = Wi # -sdsitk:
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o714, Cp = Thael 20 BE=R= Wu (1982)2] A@7loct

Cy(Uy) 1.2875x10°° for U,, <7.5m/s
PR/ 1(0.8+0.065m/ sxU,,)x10°  for Uy, >7.5m/s
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A7, E, & FIHNIAE, D, <0 < Bates and Janssen (1978) ofl wh ol 9J3k Fofuix]2]
RS VERIIL) D, 9] kS o< (oreaking parameen S Y = H . (H, ., =54 h ol S 5= Q=
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6.3 SWANZEIO] 2f$t fAS|A
6.3.1 HYANH(FZD)

553 duside] Malults Faksl] flele] asrArde] AlilaVdAlsk stralildT e, 2005)°]
thelo] chdedels 39S 180m, S 6m P2 20me] AR|E Ao skl w ARk
ZEYBIITE 01714, SRl FakS v 4= Qs BE AR A ANE vEsl) S8l B
Adaliedel] FFEE = 5 = Al A} A, Ak W AR SS: Table 6.1~627 Fig. 6.1
717} eIl o, Zdel tishx Fsed ARkS: FEsiSlk o7 A, AdARSle BEE 2w E

be

X,

i

Table 6.1 Deepwater design wave and water level for Mukho.

i Al A Al i
V&5 q IE 2 3] ©
A= .06 H. (M) i ok 11122 (M) AAAZ2 (M)
76(N34°63', E129°33") 1173 767 SE 0480 DL(+) 0480

Table 6.2 Mesh sizes applied to each simulating area.

Areanumber dx, dy (m) Meshx Meshy Mesh xsize Meshysize | Remark(AREA)
AREANo.1 180 226 218 40680 39240 Wide
AREAN0.2 60 179 141 10740 8460 Middle
AREANo03 20 209 160 4180 3200 Narrow
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Fig. 6.14 Comparison of wave heights data results of 7 pointts by effect of resonators size (L).
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Table 6.3 Deepwater design wave and water level for Samcheok.
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Table 6.4 Mesh sizes applied to each simulating area.

Areanumber dx, dy (m) Meshx Meshy Mesh xsize Meshysize
AREANo.1 135 54 561 80190 75735
AREAN02 45 255 213 11475 9585
AREAN0.3 15 369 29 5535 4410
AREANo4 5 348 240 1740 1200
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Fig. 6.15 Specifications of representative stuidy case in Samcheok harbor.
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Fig. 6.20 Spatial distributions of wave heights at Samcheok harbor.
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