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Abstract : The Inner Port Phase 2 area of the Pyeongtaek-Dangjin Port is enclosed by a total of three permeable
sea-walls, and the disposal site to the east of the Inner Port Phase 2 is also enclosed by two permeable sea-walls. The
maximum tidal range measured in the Inner Port Phase 2 and in the disposal site in May 2010 is 4.70 and 2.32 m,
respectively. It reaches up to 54 and 27%, respectively of 8.74 m measured simultaneously in the exterior.
Regression formulas between the difference of hydraulic head and the rate of interior water volume change, are
induced. A three-dimensional numerical hydrodynamic model for the Asan Bay is constructed incorporating a
module to compute water discharge through the permeable sea-walls at each computation time step by employing
the formulas. Hydrodynamics for the period from 13th to 27th May, 2010 is simulated by driving forces of real-time
reconstructed tide with major five constituents(M,, S,, K, O, and N,) and freshwater discharges from Asan, Sapkyo,
Namyang and Seokmoon Sea dikes. The skill scores of modeled mean high waters, mean sea levels and mean low
waters are excellent to be 96 to 100% in the interior of permeable sea-walls. Compared with the results of simulation
to obstruct the flow through the permeable sea-walls, the maximum current speed increases by 0.05 to 0.10 m/s
along the main channel and by 0.1 to 0.2 m/s locally in the exterior of the Outer Sea-wall of Inner Port. The
maximum bottom shear stress is also intensified by 0.1 to 0.4 N/m” in the main channel and by more than 0.4 N/m’
locally around the arched Outer Sea-wall. The module developed to compute the flow through impermeable sea-
walls can be practically applied to simulate and predict the advection and dispersion of materials, the erosion or
deposion of sediments, and the local scouring around coastal structures where large-scale permeable sea-walls are
maintained.

Keywords : Asan Bay, Pyeongtack-Dangjin Port, permeable sea-wall, hydrodynamics, numerical modeling
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Fig. 1. Bathymetry of the Asan Bay, showing tide and current
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Fig. 3. Bathymetry of the Inner Port Phase 2 and of the Disposal
Site, and along the exterior of the Outer Sea-wall surveyed
in July, August, and May 2010, respectively. Raw data was
provided by the Pyeongtaek Regional Maritime Affairs &
Port Office.
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Table 1. Statistics of freshwater discharge from the sluices of Asan, Sapkyo, Namyang and Seokmoon Sea Dikes

Parameter Asan Sapkyo Namyang Seokmoon
Annual Discharge (10° m’/year) 891 940 159 241
Frequency of sluice opening (/year) 78 66 46 65
Duration of a sluice opening (hour) 3.8 33 3.1 2.6
Av. discharge during sluice opening (m’/s) 835 1,199 310 396

s Raw data from Korea Rural Community Corporation for Asan (1983-2010), Sapkyo (1986-2010) and Namyang (1983-2010) Sea Dikes,
and from Daesan Construction Company, Ltd. for Seokmoon (1996-2010) Sea Dike.
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Table 2. Skill assessment for harmonic constants of tide

off AT, et z=9l ok Axgl= Wi 23] vehs oL

Tidal Semi-range Phase lag
conlstht. Station Observed Model Bias error  Skill score Observed Model Bias error  Skill score
(m) (m) (m) (%) ©) ©) ©) (%)
T1 2.903 2.860 —0.043 98.5 1344 134.2 -0.2 99.9
T4 2.810 2.888 0.078 97.2 136.5 136.8 0.3 99.9
M, T3 2.902 2.894 -0.008 99.7 136.5 137.7 12 99.7
T5 1.358 1.374 0.016 98.8 190.4 187.3 -3.1 99.1
T6 0.452 0.504 0.052 88.5 213.7 236.4 22.7 93.7
T1 1.092 1.068 -0.024 97.8 184.1 188.3 4.2 98.8
T4 1.093 1.076 -0.017 98.4 181.8 187.3 5.5 98.5
S, T3 1.101 1.077 -0.024 97.8 186.1 188.5 24 99.3
T5 0.474 0.487 0.013 97.3 240.0 266.0 26.0 92.8
T6 0.116 0.121 0.005 95.7 218.0 278.7 60.7 83.1
T1 0.370 0.387 0.017 95.4 301.7 303.1 14 99.6
T4 0.316 0.384 0.068 78.5 306.4 305.0 -14 99.6
K, T3 0.379 0.384 0.005 98.7 305.3 305.5 02 99.9
T5 0.186 0.191 0.005 97.3 345.9 8.7 22.8 93.7
T6 0.374 0.109 -0.265 29.1 54.9 559 1.0 99.7
T1 0.292 0.290 -0.002 99.3 269.8 271.1 13 99.6
T4 0.304 0.291 -0.013 95.7 281.7 273.2 -8.5 97.6
0, T3 0.285 0.290 0.005 98.2 272.2 273.5 1.3 99.6
T5 0.243 0.164 -0.079 67.5 321.8 279.4 —-42.4 88.2
T6 0413 0.066 —-0.347 16.0 336.9 351.9 15.0 95.8
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Table 3. Skill assessment for tide levels and tidal range

Tides Station Observed (m) Model (m) Bias error (m) Skill score (%)
Tl 8.023 8.238 0.215 97.3
T4 8.400 8.638 0.238 97.2
MHW T3 7.981 8.052 0.071 99.1
TS 7.311 7.540 0.229 96.9
T6 6.781 6.740 —-0.041 99.4
Tl 4.867 4.902 0.035 99.3
T4 5.195 5.215 0.020 99.6
MSL T3 4.780 4.860 0.080 98.3
T5 5.597 5.766 0.169 97.0
T6 6.134 6.130 —0.004 99.9
Tl 1.505 1.400 —-0.105 93.0
T4 1.790 1.692 —0.098 94.5
MLW T3 1.338 1.302 —0.036 97.3
T5 3.816 3.823 0.007 99.8
T6 5.209 5.400 0.191 96.3
Tl 6.518 6.838 0.320 95.1
T4 6.610 6.946 0.336 94.9
MTR T3 6.643 6.750 0.107 98.4
T5 3.495 3.717 0.222 93.6
T6 1.572 1.340 -0.232 85.2

¥ MHW: Mean High Water, MSL: Mean Sea Level, MLW: Mean Low Water, MTR: Mean Tidal Range (= MHW-MLW).
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Table 4. Skill assessment for semi-major axis of tidal current ellipse

Bel - 584 - 5

-1‘6
n&

Tidal constant Layer Observed (m/s) Model (m/s) Bias error (m/s) Skill score (%)
Surface 0.578 0.574 —-0.004 99.3
M, Mid 0.634 0.561 —-0.073 88.5
Bottom 0.623 0.503 —0.120 80.7
Surface 0.231 0.271 0.040 82.7
S, Mid 0.192 0.265 0.073 62.0
Bottom 0.164 0.246 0.082 50.0
Surface 0.046 0.032 —-0.014 69.6
K, Mid 0.047 0.031 -0.016 66.0
Bottom 0.043 0.019 —-0.024 442
Surface 0.033 0.017 —-0.016 51.5
0, Mid 0.031 0.016 —-0.015 51.6
Bottom 0.029 0.017 -0.012 58.6

PC1 - Surface layer

® Observed Model

T TTYIYIICTIITTIT T
VAV

V-velocity (m/s) U-velocity (m/s)
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May 2010
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Fig. 10. Comparison of observed and modeled tidal currents in the
surface layer at PC1.
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Variations of modeled tidal flow rate through Sections A and
B (the uppermost and the third panels, respectively), for the
case incorporating the flow (solid line) and for the case of no
water exchange (dot) through sea-walls. The time-series of
flow rate increase by allowing water exchange through sea-
walls are depicted in the second and the lowermost panels.
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Fig. 13. Spatial distribution of modeled maximum bottom shear stress
for the case of water exchange through permeable sea-walls
(left panel) and its increase compared with the case of no
water exchange (right panel).
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