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Evaluation of Design Water Level and Harbour Tranquility at Namyang Port
in Ulleungdo According to Climate Change Scenarios
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(FAMY ofuety dra Abstract : With global warming, sea level rise is occurring along the coast of the Korean
;Oct??f”tic gty, thgfz%%eaRn E”;J"‘l,m”;”;m Peninsula and in island areas such as Ulleungdo. Rising sea temperatures supply more
nstitute, seou , kepuplic of Korea . . . . .
P energy for tropical low-pressure system formation and increase wave energy invading the
*Correspondence to Kyonghwan Kwon coast. As a result of increased typhoon intensity, various methods have been proposed to
E-mail: kkhms1120@hotmail.com calculate design forces in coastal structure design. The Ministry of Oceans and Fisheries
Received April 27, 2023 (2019) provides long-term wave output time series for the coast of Korean Peninsula.
Revised April 28, 2023 The time series dates from 1979 to 2019 and provides deep-water design waves for

Accepted April 28, 2023 frequencies (10 years, 20 years, 30 years, 50 years, 100 years) at coastal grid points. Water

level calculation is crucial for coastal structure stability and design wave calculations.
Numerical models enable the estimation of wave distribution where measurement is
challenging, and water level calculation within the model is vital for wave height and
monthly volume calculation near the coast and structures due to wave deformation factors.
This study aims to provide necessary design data by examining changes in still water level
experiments according to design water level calculation methods proposed in port and
fishery design standards in the Ulleungdo area where water level changes due to various
weather and currents are greater those caused by tides.
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Fig. 1. The highest astronomical tide observed at Ulleungdo Tide
Gauge Station (National Institute of Oceanography).
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Fig. 2. The water level rise during the approach of Typhoon Maysak.

&, txjal
DEREE REERECCRGESE R R BREEN
Aol Fa% 22102 Ag3it,

BAZNY AFS FU L ofF YA7IZ] et BER
o} 2F5Y, AAHY S AT YR AEG EL
Aol 7\ 23k0] ok 02 AASR Sek. el w AAE

9I& “F2E0] 714 AWM He 2912 HoHMinistry of
Oceans and Fisheries, 2014). AAZY A4 By £ 1329
£ FYAFRAIUA ZApHE A TIEE Bajelel
Ao AE HIZUE ASIRE Holch. £ A by
2 A B FdxHY 4 B4E 58 AEE 509 = A
AZAE HETHE BLOIh A AL 4 B2 B o
Ao SEALLE S31ed B POl
L2 E 233 EEHO}_J 3 FQ 4t BEX o]Qjo|= MF,
MSF 53} 2 357] 423 7140l ofat 4:9] Wi} 4
z29] gtk 24 yehdth 53] #F Ws Ale 7198
oo sne) Jarel A1, Sa A BE 519 A
2 Wstz A-ZAl Azt % ‘TFOH-’F—E"; W37t & Aotk
71583t TE s L=t S Aear EH‘P
AP7F AP AL 91, DA E T2 3] 1Y Ao &2
T o] FtE W Y F At 2d3He] FFFol '_E_L
Aoz ekt
25 2§ #2499 FF2Y (Korean Hydrographic and
Oceanographic Agency)S 2H 105cmZ YEGOoH, o] &
sk Rz =9 X 4 ZIE Table 19 AAHATH 29
BELN AZE HI29E s0d AE wEe] 1229
ASE Yepgon, olg 2438 4t E22 A=< Table

Fig. 3. The verification locations for water level.
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Fig. 4. Water level verification during the approach of Typhoon Maysak.
Table 1. The analysis results of extreme water levels at Ulleungdo Tide Gauge Station
Gumbel
FT-1 k=0.75 k=1.00 k=14 k=20
Correlation 0.99 0.94 0.98 0.99 0.99
Sum square of residuals 0.04 044 0.18 0.04 0.08
Recurrence interval (years) Level (cm) Level (cm) Level (cm) Level (cm) Level (cm)
2 65 62 63 64 65
5 77 73 76 78 79
10 86 83 85 87 86
25 96 98 98 97 95
50 104 110 108 105 100
73 108 117 114 109 103
100 112 123 118 112 105

Table 2. The harmonic constants and approximate highest astronom-
ical tide at Ulleungdo Tide Gauge Station

Classification
Components
Amplitude (cm) Phase (deg)
M2 54 81.2
S2 1.5 96.1
K1 4.7 348.5
o1 43 3175
Approximate highest

astronomical tide 316 B
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Table 3. Verification of water levels during the passage of Typhoon

Maysak

R’ R
Verification of design water level
including storm surge and storm tide 0.946 0.805

(actual water level)
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Table 4. Experimental plan for design water level variations
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Water level conditions

0.316 m + 0.650 m =0.966 m (approximate highest astronomical tide + storm surge)

CASE-A 0.316 m (approximate highest astronomical tide)
CASE-B 1.050 m (extreme high tide)

CASE-C

CASE-D

0.796 m+1.050 m=1.846 m (RCP’s 2100 sea level rise + storm extreme high tide at Ulleungdo)

Table 5. Experimental summary

Division Contents
Elements numbers 33,290 ea
Vertical layer 10 layers
Mesh size 1.7~100.0 m*

10 min/ 72 min
(Ryzen threadripper3970 32Core)

Simulation time/
system processing time

Irregular wave, JONSWAP Spectrum

Incoming wave Hs: 93 m ,Tp:13.5s, Dir: SSW
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Fig. 5. Significant wave height calculation results (Case-A).
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Fig. 6. Difference in significant wave height between Case-A and Case-B.
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Fig. 7. Difference in significant wave height between Case-A and Case-C.
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Fig. 8. Difference in significant wave height between Case-A and Case-D.
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