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Analysis of Wave Characteristics near Wangdeungdo through Southwest Sea

Wave Hindcasting
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Abstract : Wave conditions are crucial for offshore wind farm design, particularly in determining structural loads
and layout. However, there is limited wave hindcasting research for the Wangdeungdo Island area, a potential off-
shore wind site. This study used the MIKE21 model for a year-long wave hindcast around Wangdeungdo in 2021.
Validation showed high reproducibility for significant wave heights with RMSE values of 0.177 and 0.225 and
Pearson correlations of 0.971 and 0.970 at Sangwangdeungdo and Buan buoys. Subsequent analysis of the wave
characteristics near Wangdeungdo indicated significant seasonal variations and differences in maximum signifi-
cant wave heights across locations, which are expected to significantly impact the design loads for offshore wind

structures.
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Fig. 1. Bathymetry and mesh for far field domain and near field domain.

Table 1. Observation data of buoy and tide station

Buoy Latitude Longitude Data type Time step Start date
Sangwangdeungdo 35.653° 126.194° C\Z;‘éfn 1 hour ;8}2:8}:8}
Buan 35.658° 125.814° Wave 1 hour 2015-12-22
Biando 35.436° 126.177° Wave 1 hour 2011-01-15
Wido 35.658° 126.261° Wave 1 hour 2017-11-16
Younggwang 35.740° 126.352° Wave 1 hour 2013-07-27
Wido (Tide Station) 35.618° 126.302° Water Level 1 hour 2000-01-01
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Fig. 2. Location of observation station in the southwestern sea of

Korea.
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Table 2. HD sensitivity test cases

Case Manning Wind Friction Eddy Viscosity
. 2m/s  0.001225
1 Varying (40~47) 10m/s 0004525 0.28
2m/s  0.001225
(1/3)
2 S omis 0.004525 028
2m/s  0.001225
(1/3)
3 A o ms 0.004525 045
7m/s  0.001255
(1/3)
4 AT s s 0.002425 028
Table 3. HD sensitivity test results
Case RMSE r bias
1 0.112 m/s 0.837 0.061 mv/s
2 0.105 m/s 0.871 0.058 m/s
3 0.106 m/s 0.869 0.058 m/s
4 0.108 m/s 0.867 0.053 m/s
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Table 4. HD model setting

k
o2
N
o

Settings

Value

Simulation Period

2021-01-01 00:00 ~ 2021-12-31 23:00(KST) 1-hourly output

Eddy Viscosity Smagorinsky formulation constant: 0.28

Wind Forcing CFSv2 data

Wind Friction [Far field] 7 m/s 0.001255, 25 m/s 0.002425
[Near field] 2 m/s 0.001225, 10 m/s 0.004525

T [Far field] Manning: 35 m"/s if depth < -25 m, else 38 m"*/s
[Near field] Manning: 47 m"?¥/s

Boundary Condition

DTUI10 Tide Model

Table 5. Near field SW case setting

c Setting Value
ase
Current Air-Sea Interaction Cis DELTA k,
1 HD Simulation Coupled 1.687 0.5 0.024 m
2 Not include Coupled 1.45 0.5 0.055m
3 HD Simulation Uncoupled 1.84 0.5 0.0075 m
4 Not include Uncoupled 1.56 0.5 0.0185 m
Table 6. Case results for significant wave height
c Sangwangdeungdo buoy Buan buoy
ase
RMSE r bias RMSE r bias
1 0.283 m 0.959 —0.051 m 0.340 m 0.955 0.016 m
2 0.288 m 0.956 —0.054 m 0.354 m 0.953 —0.005 m
3 0.268 m 0.964 —0.052 m 0.330 m 0.957 —0.026 m
4 0.274 m 0.963 —0.063 m 0.339 m 0.956 —0.003 m
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Table 7. SW model setting
Settings Value
Simulation Period 2021-01-01 00:00 ~ 2021-12-31 23:00 (KST) 1-hourly output
Time Step 0.01 ~ 3600 s
Water Level Condition HD Result data
o [Far field] Not include
Current Condition
[Near field] HD Result data
) ) [Far field] Charnock 0.006 (Coupled)
Wind Forcing
[Near field] Charnock 0.02 (Uncoupled)
Water Properties CFSv2 data
Air Properties CFSv2 data
Energy Transfer Include quadruplet-wave interaction (no triads)
Wave Breaking Included, Specified Gamma, 7 = 0.8, = 1
o [Far field] Nikuradse, &, = 0.03 m
Bottom Friction -
[Near field] Nikuradse, &, = 0.0075 m
) . [Far field] Cgs = 1.33, DELTA, = 0.5
White Capping
[Near field] Cgs = 1.84, DELTA, = 0.5
i [Far field] Closed boundary
Boundary Condition
[Near field] Far field SW Result data
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Fig. 3. Comparisons between the observation and HD results.
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Table 8. Evaluation of the HD model

- AN

ALY

Table 9. Model evaluation for H, at each observation buoy

RMSE r bias RMSE r bias
Wido tide station 0241m 0991 0.100 m Sangwangdeungdo buoy 0.177 m 0.971 0.032 m
Sangwangdeungdo buoy (CS) 0.119 m/s  0.792  0.049 m/s Buan buoy 0225m 0970 —0.051 m
Sangwangdeungdo buoy (CD) 1.132rad 0.787 0.216 rad Biando buoy 0217 m 0.953 —0.020 m
Wido buoy 0.255m 0.961 —0.105 m
Younggwang buoy 0237m 0926 —0.049m
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Fig. 5. Mean wave direction as a rose plot at Buan buoy.



Table 10. Comparison of observation and SW results

Sangwangdeungdo buoy SW model
Date 2021-1-7 04:00 2021-1-7 07:00
H, 4.66 m 4.662 m
T 10.17 s 10.165 s
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Table 11. Wave hindcast results at the moment of maximum
significant wave height

A B C D
H, 5.78 m 5.60 m 519 m 437 m
T, 10.13 s 10.16 s 10.13 s 10.00 s
7 307.77° 311.20° 306.27° 312.64°
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