=3 QF - 8l o3 8 3] =5 #/ISSN 1976-8192(Print), ISSN 2288-2227(Online)
Journal of Korean Society of Coastal and Ocean Engineers 34(6), pp. 177~187, Dec. 2022
https://doi.org/10.9765/KSCOE.2022.34.6.177

S i ] 5t AR AL A7
A Study on the Methods to Improve High-Wave Reproducibility during Typhoon
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2 X: = 202000 SAREA AAIEE J1gE HaEAI FAPPHSL S o] gsle] Ak Al
< ﬂt*ohi ﬂtv LHS Al AERE FAteka 3 AEAEee] ASS Sk AR 4 Sl HsVdAl A
e ARKA. Faked Age)] JEs nx elFel disid delr] dnky oz do] Agsta Q= Bl i
7 SWAN FXEES o] g3to] ElFgE 4 f‘?l A3} B KONG-REY(1825), MAYSAK(2009)S #|2jalar A&
o] Bt Zo® JEyit) 53] KAk Age] 7P AA o3-S nHE HE MAEMI(0314)2] B¢ FHolR-2
a7t g #ZA]) vlsiA oF 35.0% 2] T*JEP*D} ool vlegS RAJst W T} Boussinesq HW*J TAE
s ol gk WS 27t A &ato] BTt A ARk AESISIc AEAY nfgs B A9 v
EWM FYsHl A@go] HolH|= Aow vepgont, vk A459l SWAN R A3 T12]31 Boussinesq
FARAS AASRs WHOR HE MAEMI(0314) WU Al HiEE 5413 A3 g8 A5x)9} Hos-oular)
FARBH UER Alddo] oksst slos ARSI

A0 K A1, WA, wiek, S, S RS

2

Abstract : This study estimates the design wave in the event of a typhoon attack at Busan new port using the
wind field, the revised shallow water design wave estimation method proposed by the Ministry of Oceans and
Fisheries in 2020, and proposed a reliable method of calculating the shallow water design through verification
with the wave observation data. As a result of estimating typhoon wave using the wind field and SWAN numeri-
cal model, which are commonly used in the field work, for typhoon that affected Busan new port, it was found
that reproducibility was not good except typhoons KONG-REY(1825) and MAYSAK(2009). In particular, in the
case of typhoon MAEMI(0314), which had the greatest impact on Busan new port, the maximum significant wave
height was estimated to be about 35.0% smaller than that of the observed wave data. Therefore, a plan to improve
the reproducibility of typhoon wave was reviewed by applying the method of correcting the wind field and the
method of using the Boussinesq equation numerical model, respectively. As a result of the review, it was found
that the reproducibility of the wind field was not good as before when the wind field correction. However as a
method of linking wind field data, SWAN model results, and Boussinesq numerical model, typhoon wave was
estimated during typhoon MAEMI(0314), and the maximum significant wave was similar to the wave observa-
tions, so it was reviewed to have good reproducibility.

Keywords : busan new port, shallow water design wave, wind field, wave hindcasting, wave observation data
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Fig. 1. Topographic map of the study area.
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2.1 HIEHE

FARE Mg o vigbdE o] &8t AAlskE A
sb7] flalA At g of] 7]1Eel iszste] J3ks izl H
F O 7 ARSI i A AT AR BaA
@, 2019yl =2gsk 1959134 20161 3714] §-
upetel Faks mzl 1937 E)F3 o)A s o] &5t
1959 53k B3 SARAH(5914)5-E] A A1) & oo
ke njzl Zl o7 FAEE 217 EE o|HES X519
th 53, 20179 o]%F dlsFate] FAREE Algke] gaks
Bl KONG-REY(1825), LINGLING(1913), BAVI(2008),
MAYSAK(2009), HAISHEN(2010) 5 57} Ej&-S F7}a}o]
T 2670 BS-= Adskar, s Al vkebde] 711k Table 1

ol el skl
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Table 1. Typhoon event of Busan New Port.
Typhoon Period Typhoon Period
5914 SARAH 1959.09.11.~09.18. 0205 RAMMASUN 2002.07.01.~07.07.
6210 OPAL 1962.08.03.~08.09. 0215 RUSA 2002.08.25.~09.01.
7119 OLIVE 1971.07.30.~08.06. 0314 MAEMI 2003.09.06.~09.14.
7209 TESS 1972.07.20.~07.24. 0415 MEGI 2004.08.15.~08.20.
7911 JUDY 1979.08.17.~08.26. 0603 EWINIAR 2006.07.03.~07.11.
8613 VERA 1986.08.21.~08.29. 1004 DIANMU 2010.08.08.~08.12.
8705 THELMA 1987.07.10.~07.16. 1216 SANBA 2012.09.11.~09.18.
8712 DINAH 1987.08.24.~08.31. 1618 CHABA 2016.09.29.~10.06.
9109 CAITLIN 1991.07.24.~07.29. 1825 KONG-REY 2018.10.01.~10.07.
9429 SETH 1994.10.05.~10.14. 1913 LINGLING 2019.09.03.~09.08.
9503 FAYE 1995.07.18.~07.24. 2008 BAVI 2020.08.22.~08.27.
9711 TINA 1997.08.02.~08.09. 2009 MAYSAK 2020.08.28.~09.03.
0014 SAOMAI 2000.09.08.~09.16. 2010 HAISHEN 2020.09.03.~09.07.
Table 2. Basic information of the wind field data.
Items Period Region Resolution Remark
WREF re-estimated 20.0°~50.0°N, Lat. 0.0333°, .
wind field (2019) 1959.~2002.06 117°~147° Long. 0.0333° I Hour interval
22.5°~47.5°N, Lat. 0.1°,
2002.07~2006.02 120°~150°E Long. 0.125°
IMA-MSM 304N o 005° 1 Hour interval
A°~50.4°N, at. 0.05°,
2006.03~Present 120°~150° Long. 0.0625°

Table 3. Basic information of the Wave observation data.

Obseryatlon Period Water Equipment Location of wave observation point
point depth
2019.03.14. Signature
Gadeoksoodo 2021.1025. 29.0m ADCP
142 m AWAC ’
East 2000.01.22.
breakwater  ~201807.17. 0™ DWB
14.5m WTG
Yeondo 2013.08.18. 16.1 m AWAC
~Present

== Wave observation point

vl S o143t Bl AL 93 FARPAHS
317 9l A=t A} Ak B @Ak, 2019)”
oA AFEE WRF AlFAF g7 IMA-MSM(YE 7173%)
v S ARSI T AREEE niekge) 717k, 9o, F3t 8l
A9l A7 AT S-S Table 20 Qo¥sto] Awlalgict. ot
A, ATl E 2002 72 o]F S-2ue} dAglell A B

3 Ad-E S AAT A Al IMA-MSM HEHEC] AL
25 Haska 9low AT (Kim et al., 2020; Kwon et
al., 2020; Yoon et al., 2020)° 4 & o] ¢} 2 &S S
Hakar 9lck. 20021 62 o] elli= IMA-MSM vFgo] ¢l
ovg st AedAlu A B @ERARE, 2019)7
Al AFEE WRF A|5AF vgbdo] ARg-S farskar Qi
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ug HMXFEJ Jd?ﬂLE Z:Efz A3 33k Add A
<ol 7Fst "2 2000 ©]F uls5st BlE SAOMAI
(0014), RAMMASUN(0205), RUSA(0215), MAEMI(0314),
MEGI(0415), EWINIAR(0603), DIANMU(1004), SANBA
(1216), CHABA(1618), KONG-REY(1825), LINGLING(1913),
BAVI(2008), MAYSAK(2009), HAISHEN(2010) ‘—:—Oi
epskth o714 B U5 Al el Tkar gho] A2 A=
AsdAS HE Qlo} F eJul7} glouR A9 oh, HE
Aoz 137} Y53 HF RUSA(0215), MAEMI(0314),
MEGI(0415), EWINIAR(0603), SANBA(1216), CHABA
(1618), KONG-REY(1825), MAYSAK(2009) 5 8/l B}
of tisiA AEx| 9 5 E vlaste] AAAE HESIT

AR A== BF A4 7152 glalellA] kg Al

o= UFshs Azl RS 7R, A% Fuk] o
Z9)A] 04 Fakek 2leke] %LZ“ AT A ol Elilh %
o] ujuje 71 o7 kst Fo)ulal 5.0 m o5k, A A%

oA Fo Tkl 3.0 m oJ5tE A5H HF Ol‘ﬂ‘ii o}ait}

H AFeA s Al o] 835 HE T AdE 218 A
Fow uhgte] ok gge] A 9 2AhE 2OE 9l

AEF] H&2 SWANSWAN team, 2019)3} vk
Foh= Ake] el sbdate] 488 Qe
Boussinesq W7d4S ©]83st Bouss-2D EZ(U.S. Army
Engineer Research and Development Center, 2001)S A
39t SWAN} Bouss-2D FXEde] 7jQ 2 EAS

Table 4] YERSITE.
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Table 4. Overview of the SWAN and Bouss-2D numerical model.

TU Delft(Delft Technical University)ll A 7§38t &1 2]
3} &<l SWAN(Simulation WAves Nearshore) 522 3l

P%"ﬂ «]U} ge] A, shte] du), 4l sEel ot
=4 % (refraction), WIAL; A Tl gt 314 @A
(diffraction), =33} S5l 2l$ X T’ (shoaling) & I
F Agg-S vHE = Ak SWAN 222 upxk854y v
“J 2] (wave action balance equation)= ¥R} 2 © 2 =
A"FEY pdlo|n] AM-EE= A3 (source terms)ol] Wl Al
1A, A2Ae] 2 ABAI] Rz ey 2 Agels=
A3A E(version 41.31) ARESISITHSWAN  team,
2019).

HES: o] &8k A AL - dAolA] UREA
O ol ARgsh= W<l EIE vhEd Y SWAN RES o]
g3to] Tl on, EafA ko] A ERS JONSWAP 2~
HAEG S AR AP 21 SWAN 222 mrdefA
;q]}\]g].‘f Default % _% Z_J'Jg_vg].cﬁl:]. xﬁ;}]oﬂ }\h‘ﬂ Oﬂ oﬂg F/H%
o] AYHE WA BOJE 4= QlA| Fobrlo} dlolS 23
sto] FAEl I AL 1/40°(HAE 715 ©F 2.5 km) ©3F
o] == AustA AAsto] BlF vkebdel o) whdst
+ SR ARt Hojsh ghRd S LS SIsith -
AR gk T S ] Al AP F A HaAA 1 1Y
2,500°(3% 7I5= ©F 40 m)2] SAAAE st 7hs sk A
Al oA 8] HlE s Al AAISHE FAatekqith

Bouss-2D B 22 v FHTHUS Army Corps of Engineers)
of| A Titkatgl o, Amks Edtsh= kel HafelolA st
FAule] A8 & e Boussmesq3q 174 212 Peregrine
(1967)01] oJate] fFEE QT o] WA el oigh Aok

] }01 Flo] 3}72}94 1/5 % A o= A, &

o

7]~o}t} Nwogu(1993)= T*‘“éi%% 45 tialell e
2 obef o] AR fE5S ARl B 2
M 288 4= Q) o) Boussinesqd WdA-S A}t
Sl B8, Nwogu(1996)= s3ks R.2J8t7] $18t]
23& £4813F] Boussinesq 222 &84S A|1etgl o
AAvkaa} T35 (porous structureye A2FSE7] S8k 3%
F7FFaATE. 2 Aol A ARE-3F Bouss-2D EE> =12 1)

Item SWAN Bouss-2D
Equation Wave action balance Boussinesq
Development Delft Technical University US Army Corps of Engineers
Spectrum JONSWAP JONSWAP
ggﬁﬁit(i)zrsl Apply default values Apply default values
- After finding the change in energy with the energy - Simultaneous calculation of wave and current using
Model balance equation, calculate the wave height, wave time-dependent wave equation.

Characteristics direction, wave period, etc.

- Calculate the generation of waves by the wind

- The generation of waves by the wind cannot be
calculated.
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Fig. 2. Computational domain for numerical simulation.

FARE) A1gke] A gk 4k 7H AAnieks AESE] 2JEiA
3 2 3 EF MAEMI(0314), CHABA(1618) Uls5 A1 2] A4
o] 23] Bouss-2D FES ARl st Bt
o] AHEZL SWAN 2Hl¥} -5Us1A] JONSWAP ~HER
= 483l ti-Ee] 331 Bouss-2D ] w5
Aol FH3k= Default 3hS A-2313Ich A A3 A
& HF U Al gkdFAte] AgetA ARk F U ES H
£39k0] F719} Bouss-2D EEe] @A LS HESI] AR
2 10 mz g dsHA 743kl chFig. 2 Fx).

4.1 EiZ Al HIZEI SWAN 28 S 0|26t D5t
2 Aol AAll ko] Fagh @4l Hof fout

7,5  Sea bottom topography (unit : m) NN =
dx=dy=1/2,500° 1076 x841 >

b) Middle area (SWAN)

—J [ sea bottom topography
=) k)

e 214, o]F7
HESTH
= 1 Bs s Al vkt
< o83 HF T ZH?I% TAEY AHd
o} st A3 A5X 2 AR
o] folutal, HFF7] AAIYE A AA A SE FAFHI
YERFAIEE, Ho| f-8]5kare] e akgo] I5A] U] 10%=
Z ¥}k 73—‘% F o= @AY Ch(Fig. 3, Table 5 33%).
ElE v o] 835t R RY APAde} v dS5As
=1 HhLJdE?& A3} ¥ KONG-REY(1825), MAYSAK
(2009)9] 7-5- A=A 9} ALEA 9] Frolakar, H557] wigle
AAIE 73kl frAkskar Holl {2l 9kare] eAHEE 10% ©]
U2 et Aldido] et 2o ARSI eyt
2] A o] gt BiF o|HIES] o] T EE AT HH,
ZEZAFZRE T HEo 7 225l S Ealel=
73-5-9F AR AL QIMEIA AEo R Fdele Ao®
E}ME}. Hideof el RUSA(0215), MAEMI(0314), MEGI

i
3
ol
on
£
oy
Hﬂ
[O (o

10 @A&2] A7 715S 10%= F3kal 22HE0] 10% ©] (0415), EWINIAR(0603), SANBA(1216), CHABA(1618)
91 9 AEge] ST HIF, 10%F AU AT vt A I BEARS AR A5 E e A3k frolsh
Table 5. Verification results of wave hindcasting during typhoon attack.
Typhoon Observation point Max. significant wave height (m) Diffe_rence (m) Error (%)
(KIOST) Measured (A) Computed (B) (C=B-A) (C/A)
RUSA (0215) East breakwater 5.59 4.05 1.54 27.5
MAEMI (0314) East breakwater 8.00 5.18 2.82 353
MEGI (0415) East breakwater 5.65 2.82 2.83 50.1
EWINIAR (0603) East breakwater 5.28 2.81 247 46.7
SANBA (1216) East breakwater 7.00 4.18 2.82 40.3
CHABA (1618) East breakwater 591 2.75 3.16 534
Yeondo 4.66 223 243 522
KONG-REY (1825) Yeondo 3.63 3.27 0.36 10.0
MAYSAK (2009) Gadeoksoodo 7.59 8.32 -0.73 9.60
Yeondo 3.21 3.26 -0.05 1.60
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Fig. 3. Verification results of wave hindcasting during typhoon attack.
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0

[

3, 7] AAE A fAksA VR R, H ] f-o) gk
o] 9aHEo] 10%E ek 210 YEht Addo] =%
g Ao AR BlFut 34k Q@A o] =3 BiE
oMIE?] o|FHRE A, ST U5S FosAL §-
ke A 558 B33 707 YElt(Fig. 4 F%). ©]
= BlFo] SIS Ul 458w Algo] 543 oFsl|#]H,
ol¥l A% Wsglel thgh sFFAke] AQd o] "olA= A
Sk 739 AlA Rich

S o6 o ! =T = ©°
o niglo] i BFS) S g ol ot vl
ol st sptaate] Q@A o] Axsk] wiimel] g &

3H, WS o] g4 SRSl AL SWAN 2 e]
A% sHEgAe] ohd shabgd WA (wave action

Table 6. Verification results of wave hindcasting during typhoon attack.
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b) Typhoon best track (Good reproducibility)
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B0t A 7AWkt HEE S8l Alddo] Bt el
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(0314)2} 2016\ EI%E CHABA(1618)°] o574 =] 2= 1}
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Max. significant wave height (m) Difference (m) Error (%)

Typhoon Observation point Measured Computed C=BE)-4) )
(A) corrlchtlz(c))f ®) corre?t?oe; ®) Before After Before After
Seogwipo (KMA) 11.7 10.7 11.8 -1.0 0.1 -85 0.9
South-sea-east (KHOA) 11.2 10.1 12.1 -1.1 0.9 -9.8 8.0
CHABA Geojedo (KMA) 11.5 8.8 10.6 -2.7 -0.9 -23.5 -7.8
(1618) Ulsan (KMA) 74 8.0 8.2 0.6 0.8 8.1 10.8
Yeondo (KIOST) 4.7 22 2.6 2.5 -2.1 -53.2 —44.7
East breakwater (KIOST) 59 2.8 33 -3.1 -2.6 -52.5 —44.1
MAEMI Ulsan (KIOST) 9.4 9.2 10.2 -0.2 0.8 2.1 84
(0314) East breakwater (KIOST) 8.0 52 5.3 28 2.7 350 338
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Fig. 5. Location of wave observation point and correction of typhoon wind field.
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Table 7. Verification results of Typhoon MAEMI (0314).
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7Heksle] Bouss-2D BE A A5
she At $E% 499 94
shabg A W) 4ol foluta AtA
A= gy E FESlo] BE=X9) vy, BA

Max. significant wave height (m)

Difference (m) Error (%)
| Computed (C=BB)-A) (C/A)
tems
Measured B-2D(B) B-2D B-2D
(A) SWAN (B) - SWAN _ SWAN -
Point  Area Point  Area Point  Area
East Before correction 20 52 7.6 6.9 -2.8 -04 -1.1 -35.0 -5.0 13.8
breakwater  After correction ' 53 80 72 27 00 -08 -338 00 -10.0
Table 8. Verification results of Typhoon CHABA (1618).
Max. significant wave height (m) Difference (m) Error (%)
| Computed (C=BB)-A) (C/A)
tems
Measured B-2D(B) B-2D B-2D
(A) SWAN (B) ——————— SWAN . SWAN -
Point  Area Point  Area Point  Area
After Yeondo 4.7 2.6 3.1 3.1 -2.1 -1.6 -16 447 -340 -34.0
correction  East breakwater 5.9 3.3 49 43 -2.6 -1.0 -16 441 -169 -27.1
Significant wave height - - Typhoon MAEMI(0314) | Significant wave height
(unit : m) B S Gl Typhoon CHABA(1618)

\ \_"'\/;

~

a) Typhoon MAEMI (0314)
Fig. 6. Wave hindcasting results using the Bouss-2D model.

b) Typhoon CHABA (1618)
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