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A Study on the Water Circulation Enhancement inside
Harbor Utilizing Wave Energy
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Abstract [] In the present paper, a method which enhances the circulation of harbor waters by using wave
energy was investigated. The overflow levee was selected as a coastal structure helping the harbor circulation,
and was applied to Jeju-outer-port site so as to estimate its effectiveness quantitatively in probabilistic point of
view. It was assumed that sea water influx rate through the overflow levee into the harbor depended upon wave
height and tidal level and a functional relationship among them was calculated using the results of hydraulic
experiment. The probability distribution of water influx could be obtained from hindcasted wave data and
measured tidal elevations at Jeju harbor. The Gamma distribution was appeared to best fit the estimated influx
distribution, and the optimal location of the levee was discussed. Finally, water quality purification effect was
investigated by computing the contaminant material dispersion according to whether the levee was or not.

Keywords : overflow levee, water influx rate, continuous release, instantaneous release
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Fig. 1. Conceptual diagram of water influx by overflow levee.
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Fig. 2. Lay-out of Jeju outer port.
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Fig. 3. Flow diagram for the calculation of annual mean water
discharge through overflow levee.
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Fig. 4. Variation of influx according to significant wave heights
and top level of the levee.

Table 1. Water influx through levee measured from experiment
&+ - m3/hr/m)

h (cm)

Hy(cm) c -100 -50 0 50 100
57 0 40 280 56 24

67 28 111 409 91 44

99 122 429 818 327 139

148 354 922 1194 744 405

200 566 1351 1755 1233 727
301 1497 2587 2940 2058 1520

399 2974 4136 4413 2984 2481
539 5907 6617 7539 4597 4243
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Fig. 5. Perspective view of water influx through levee.
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Fig. 7. Exceedance probability of wave height at site of levee proposed.
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Fig. 8. Joint probability of significant wave height and tidal
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ing Gamma distribution.
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Table 2. Estimated annual influx at the specified levee site
BT 799 LA A B C D E F
a4 L%?Jé_’r(ma/day/m) 12380.1 11005.5 10875.1 10601.9 102922 10307.1 10414.5
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Fig. 11. Variation of annual influx according to top level of the levee.

Table 3. Estimated annual influx according to the specified levee level

SFAFSE (cm) A FFY & (m’/day/m) BFAVFEE (cm) AFFFLE-(m*/day/m)

-50 10997.3 0 12380.1
-40 11421.7 10 12406.4
-30 117787 20 12338.5
20 12061.3 30 12172.7
-10 12263.5 40 119077

50 11544.6
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Fig. 12. Residual current distribution with flow channel.
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Fig. 14. Concentration distribution for continuous contaminant source with flow channel(after 30 days).
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Fig. 15. Concentration distribution for continuous contaminant source with levee(after 30 days).
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Fig. 16. Concentration distribution for instantaneous discharge with flow channel(after 3 days).
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Fig. 17. Concentration distribution for instantaneous discharge with levee(after 3 days).
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Fig. 19. Concentration distribution for instantaneous discharge with levee(after 7 days).
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