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Simulation of Circulation and Water Qualities on a Partly Opened
Estuarine Lake Through Sluice Gate
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Abstract {3 To improve the water quality of the recently constructed Siwhaho, sluice gates were operated to
allow free exchange of water with the sea. This estuarine lake connected to the outer sea through narrow gates is
affected mainly by flushing by gate operation and river flows and wind forcing sometimes. As a predicting tool
for the water qualities, a three-dimensional finite volume model CE-QUAL-ICM is incorporated into a finite
element hydrodynamic model, TIDE3D. In coupling these two different modules, a new error minimization
technique is applied by considering conservation of mass. Model tests for one year after calibration and
validation using field observation show that eutrophication and other biological changes reach quasi-steady state
after initial 60 days of simulation, thus it would be necessary to consider moderate ramp up option to remove
initial uncertainties due to cold start option. Sediment-water interaction might not be a concern in the long-term
simulation, since its effect is negligible. Simulated results show the newly applied scheme can be applied with
satisfaction not only for lessening of eutrophic processes in an estuarine lake but also looking for some active
circulation to improve water quality.

Keywords : artificial lake, circulation, eutrophication, water quality simulation, long-term changes
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Fig. 1. Map showing study area of estuarine lake Siwhaho.
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Table 1. Annual waste loading input from tributaries (2= §~X--F A}, 1998)

Analysis Year of 1997 Q (m3/day) T-N (kg/day) T-P (kg/day) BOD (kg/day)
Donghwa 165,247 732 225 1,429
Samhwa 42,747 147 42 222
Banwol 132,778 1,089 210 1,707
Munsan 83,254 287 82 432
Songsan, Daeboo 71,256 246 70 369
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Singil 31,455 246 21 516
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Guryong 15,629 239 24 581
Waterway 17,171 - 353 35 673
Industrial complex 20,335 181 16 420
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Table 2. (a) Boundary concentration at boundary face No.] shown at Fig. | (4= A4 3AL, 1998)

Month Temp. Salt. NH, NO, DON PO, DOP cor DO
1 2.34 2.36 15.52 0.40 3.59 1.71 0.29 19.36 32
2 334 2.36 8.26 0.98 2.01 0.94 0.60 13.43 6.7
3 6.15 2.36 10.53 3.08 0.00 1.06 0.56 14.35 52
4 14.90 2.36 7.52 1.40 1.66 1.20 0.30 13.15 40
5 20.26 236 594 2.51 0.00 0.50 0.77 11.12 8.0
6 22.80 2.36 532 1.49 0.51 0.46 0.87 14.23 4.0
7 24.62 2.36 5.48 2.70 0.00 0.74 0.50 9.71 42
8 2573 2.36 6.88 1.52 0.00 0.44 0.81 11.03 24
9 28.70 2.36 9.64 1.82 0.59 0.54 1.22 15.77 2.0
10 17.71 2.36 8.41 1.08 1.54 1.12 041 12.23 2.3
11 12.16 2.36 7.14 2.99 0.00 1.07 0.37 12.47 37
12 4.36 2.36 9.53 6.17 0.00 0.80 0.77 13.84 6.5
(b) Boundary concentration at boundary face No.2 shown at Fig.1 (3H= =AH F A}, 1998)
Month Temp. Salt. NH, NO, DON PO, DOP COD DO
1 2.34 2.36 6.79 135 0.58 0.11 0.69 4.70 5.52
2 334 2.36 6.79 1.35 0.58 0.11 0.69 4.70 5.17
3 6.15 2.36 7.59 234 0.00 0.21 0.60 4.77 593
4 14.90 2.36 7.70 3.61 0.00 034 0.46 4.74 4.49
5 20.26 2.36 7.08 2.69 0.00 0.14 0.67 4.73 4.52
6 22.80 2.36 7.30 143 0.61 0.13 0.67 4.69 4.07
7 24.62 2.36 8.63 1.13 0.00 036 0.44 4.72 2.84
8 25.73 236 7.72 1.09 0.00 0.07 0.73 4.71 2.01
9 28.70 2.36 7.53 0.27 1.00 0.11 0.69 4.64 1.66
10 17.71 2.36 6.78 291 0.00 0.18 0.63 4.77 2.01
11 12.16 2.36 7.26 1.39 0.07 0.13 0.67 4.70 411
12 4.36 2.36 7.60 1.10 0.13 0.09 0.71 4.68 5.48
(c) Boundary concentration at boundary face No. 3 shown at Fig. 1 (3t =2 F-A}, 1998)
Temp. Salt. NH, NO, DON PO, DOP COD DO
1-12 var 21.2 0.138 0.207 0.075 0.023 0.037 1.50 7.64
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Fig, 12. Spatial and seasonal DO concentration distribution for one year.
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Fig. 13. Spatial and seasonal COD concentration distribution for one year.
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Fig. 14. Sediment-water interaction at station 1 for DO
concentration.
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