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Abstract

Field measurements and numerical simulations using EFDC model were performed to quantify the changes of water circulation near
Gusipo coast located in the Yellow Sea of Korea to estimate the impact of the construction of the coastal structures (jetty, groin, Gusipo
port and bridge). The model predicted tide and tidal currents agreed reasonably well with the measurements. The maximum currents
during spring tide near the Gusipo Beach (GB) have the range of 20~40 cm/sec whereas those off the GB range from 60 to 80 cm/sec.
The typical patterns of tidal current show parallel with the local isobath. Tidal currents flow northeastward during the flood tide whereas
the currents during the ebb tide flow southwestward. The current speeds at shielded waters after the construction of coastal structures
strongly decreased as compared with those before the construction. The tidal volume due to the construction of coastal structures was
estimated using the depth averaged velocity for 24 hours of spring tide. Tidal volume after construction of coastal structures was
compared with initial state (before construction). Tidal volume at present state (after construction of jetty, groin, Gusipo port and bridge)
decreased by 28.4% as compared with that of the initial state. The volume after construction of jetty and groin decreased by 21.3%, and
the volume after construction of Gusipo port and bridge decreased by 9.8%.
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Table 1. Computational cases of tide and tidal current

CASE Condition

Present state (after construction of jetty, groin,

ASE 1
CAS Gusipo port and bridge)

35020/

1269 20/ 1260 25/

Fig. 1. Model domain and data sites near Gusipo coast

CASE2 After construction of jetty and groin
CASE 3 After construction of Gusipo port and bridge
CASE 4 Initial state (before construction)
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(a) CASE 1

Gusipo Beach

(c) CASE 3

(b) CASE 2

(d) CASE 4

Fig. 2. Computational grid system and geometry of CASE 1~CASE 4
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Table 2. Tidal harmonic constituents at St. YG, C1 and C2
Constituent
Point M, S» N K ]
Amp. (cm) | Phase (°) | Amp. (cm) | Phase (°) | Amp. (cm) | Phase (°) | Amp. (cm) | Phase (°) | Amp. (cm) | Phase (°)
YG 204.10 71.11 79.91 122.78 38.49 50.71 36.61 273.55 27.40 235.66
Cl 201.60 72.00 78.46 123.85 38.05 52.07 36.32 274.05 27.26 235.92
C2 208.08 72.56 80.61 124.57 39.11 52.25 37.45 275.07 28.08 236.77

Table 3. Non-tidal harmonic constituents at St. YG, C1 and C2

Point

Spring tidal range (cm)

Mean tidal range (cm)

Neap tidal range (cm)

Tide form number

YG

568.02

408.20

248.38

0.23

Cl

560.12

403.20

246.28

0.23

C2

577.38

416.16

254.94

0.23
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Fig. 3. Observed velocities at St. C2 during August 06~September 05, 2011
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Table 4. Comparisons of computed and observed tidal constituents

at St. YG, C1and C2

Observed Computed Error

Constituent| Point | Amp. | Phase | Amp. | Phase | Amp.
(cm) @) (cm) @) (cm)

YG | 204.10| 71.11| 208.73 | 71.60 | 4.63

M, Cl | 201.60| 72.00| 208.98| 71.61| 7.38
C2 | 208.08| 72.56| 208.88| 71.76| 0.80

YG 7991 | 122.78 | 8231 | 122.63| 2.40

M Cl 78.46 | 123.85| 8231 122.54| 3.85
C2 80.61 | 124.57 | 82.34| 122.58 | 1.73

YG 3849 | 50.71| 39.23| 57.20| 0.74

N, Cl1 38.05| 52.07| 39.18| 56.96| 1.13
C2 39.11| 52.25| 39.25| 56.94| 0.14

YG 36.61 | 273.55| 38.61| 276.19| 2.00

K, Cl 36.32 | 274.05| 38.66| 276.07 | 2.34
C2 37.45| 275.07| 38.76 | 276.18 | 1.31

YG 27.40 | 235.66 | 28.56| 233.60| 1.16

0, Cl 27.26 | 23592 | 28.56| 233.51| 1.30
C2 28.08 | 236.77 | 28.67| 233.57| 0.59

Mean Error 2.10

40
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40 \ \ \ \
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(a) East-west components
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I I I I
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X ¥
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(b) North-south components

Fig. 7. Comparisons of computed and observed velocities at a distance
2 m from the bottom of St. C1



C.-K. Kim and I. H. Park / Journal of Korea Water Resources Association 55(11) 865-875

80

ST.C2 SURFACE LAYER
OBSERVED
* CALCULATED

%W% 1t

5
8
|

°
|

East-West Velocity (cm/s)

A
E=3

8
Elapsed Time (days)

(a) East-west components
80

ST.C2 SURFACE LAYER
OBSERVED
» CALCULATED

EEERREEL

40

North-South Velocity (cm/s)

0 \ T T \

0 4 8
Elapsed Time (days)

(b) North-south components

Fig. 8. Comparisons of computed and observed velocities at the
surface layer of St. C2
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Table 5. Verifications of computed and observed tidal current constituents at the bottom, middle and surface layers of St. C2

M, Sy N, K, 0,
Layer | Velocity
Amp. (cm/s) | Phase (°) | Amp. (cm/s) | Phase (°) | Amp. (cm/s) | Phase (°) | Amp. (cm/s) | Phase (°) | Amp. (cm/s) | Phase (°)
ob U 25.31 8.69 10.35 54.01 7.22 352.59 1.56 212.36 1.62 158.28
S.
v 32.14 17.62 11.63 59.24 6.88 356.08 5.94 189.54 3.70 155.85
B c U 26.83 350.83 6.09 16.95 432 288.36 3.24 178.05 2.86 125.17
ot. om.
v 37.61 348.42 6.57 359.19 3.82 298.93 5.22 169.43 4.70 117.85
0] 1.52 -4.26 -2.90 1.68 1.24
Error
v 5.47 -5.06 -3.06 -0.72 1.00
ob U 29.06 10.10 11.26 56.78 6.59 354.25 2.61 187.69 1.99 150.72
S.
v 36.50 17.95 12.60 62.09 6.71 358.17 6.92 189.90 3.99 156.26
Mid. | cal U 34.52 351.94 8.85 16.89 3.48 299.10 4.79 158.79 4.13 135.19
id. al.
v 41.94 348.89 7.36 359.25 5.34 299.90 5.86 149.71 5.24 129.19
U 5.46 -2.41 -3.11 2.18 2.14
Error
\% 5.44 -5.24 -1.37 -1.06 1.25
Ob U 30.53 11.70 11.62 58.73 5.90 355.10 3.15 198.82 223 158.28
S.
\% 37.26 18.21 12.93 65.47 6.63 9.38 6.82 190.98 391 158.97
S Cal U 35.52 352.64 9.89 17.03 4.02 301.76 5.38 159.14 4.61 138.60
ur. al.
\% 42.56 349.57 9.25 359.47 6.03 325.21 6.57 150.03 5.83 135.58
U 4.99 -1.73 -1.88 2.23 2.38
Error
v 5.30 -3.68 -0.60 -0.25 1.92
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Fig. 9. Depth averaged tidal currents during the maximum ebb tide (CASE1~CASE 4)
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