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Abstract : The long-term water-quality change of Asan Bay by the influx of polluted disposal water was predicted through a
simulation with an Eco-hydrodynamic model. Eco-hydrodynamic model is composed of a multi-level hydrodynamic model to
simulate the water flow and an ecosystem model to simulate water quality. The water quality simulation revealed that the
COD(Chemical Oxygen Demand), dissolved inorganic nitrogen(DIN) and dissolved inorganic phosphorus(DIP) are increased at 5
stations for the subsequent 6 months after the influx of the effluent. COD, DIN and DIP showed gradual decreases in concentration
during the period of one to two vears after the increase of last 6 months and reached steady state for next three to ten years.
Concentration levels of COD, DIN. and DIP showed the increase by the ranges of 11~67%, 10~67%, and 0.5~7%, respectively,
which represents that the COD and DIN are the most prevalent pollutants among substances in the effluent through the sewage
treatment plant. The current water quality of Asan Bay based on the observed COD, TN and TP concentrations ranks into the class
Il of the Korean standards for marine water qualitv but the water quality would deteriorate into class Il in case that the disposal
water by the sewage plant Is discharged into the Bay.
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Table 1. Input data for a hydrodynamic model

Parameters

Input values

Mesh size
Total mesh
Water depth
Time interval

Level

Tidal level and degree at open boundary
Water temperature and salinity at

open boundary

Coriolis coefficient

Surface & Internal friction coefficient
Bottom friction coefficient

Horizontal viscosity coefficient

Diffusion coefficient

wind speed

Caleulation time

Ax = Ay = 100m
107 = 140 x 3 = 44940
chart datum + MSL

4sec
1:0 ~ 3m
2:3 ~ 6m

3 ¢ below 6m
A 1 285.30cm, 120,

o

1 15.0°C, 31.85%

f=2-0-sny
0.0013

0.0025

1.0E5 (ar/s)
1.0ES (cui/s)

20 tidal cycle

Table 2. Input data for an ecosystem model

Parameter Input values
Mesh size Ax=Ay= 100m
Water depth chart datum + MSL
Time interval 100sec
Initial condition for compartments
DO CcoD DIP DIN POC DOC PHYTO Z00
fevel ( mg/¢ ) ( pg-at/? ) ( mg-C/m’ )
1~3 8.60 1.56 1.21 30.57 300.0 1500.0 365.0 365
Boundary condition for compartments
DO COD DIp DIN POC DOC PHYTO Z00
fovel C mg/l ) (pgat /£ ) ¢ mg-C/m' )
1~3 1021 213 1.056 54.482 300.0 1500.0 365.0 365
Horizontal viscosity coefficient 1.0 E5(cn/s)
Horizontal diffusion coefficient 1.0 ES(en'/s)
Vertical diffusion coefficient level 1~3 @ 1.0(cif/s)
Calculation time 60 tidal cycles
Table 3. Discharged water quality standards
Item BOD COD SS TN TP Flow
Concentration Bmg/ ¢ Gmg/ ¢ Tng/ £ 20mg/ £ 2mg/ 4
9,600m’/d
Pollution load 76.8kg/d 86.4kg/d 67.2kg/d 192.0kg/d 19.2kg/d
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Table 4. The biological parameters used in an ecosystem model

No. Symbol Definition Unit Input Values
1 a maximum growth rate of phytoplankton at 0T day? 0.3
2 as respiration rate of phytoplankton at 0C day™ 0.05
3 az maximum grazing rate of zooplankton at 0C day™ 0.03
4 Qs death rate of phytoplankton at 0C day™ 0.02
5 as natural death rate of zooplankton at 0C day™ 0.050
6 as mineralization rate of POC at 0C day™* 0.030
7 ay mineralization rate of DOC at 0T day ! 0.008
8 as oxygen consurnption rate of sediment at 0C day ™ 1.00
9 Kep half saturation constant for uptake of PO43--P at 0C ug—at/ 2 05
10 Kan half saturation constant for uptake of DIN at 0C pe—at/ £ 5.0
11 Topt optimum intensity of radiation for photosynthesis ly/day 200.0
12 Imax maximum intensity of sunlight at sea surface ly/day 856.0
13 D length of day day 0.587
14 ko dissipation coefficient of light independent of Chla m-1 0.40
15 ¥ constant of dissipation coefficient depending on Chla m g Chla/m)™ 0.0179
16 P= function of grazing mg C/m’ 70.0
17 n digestion efficiency of zooplankton % 70.0
18 A total growth efficiency of zooplankton % 30.0
19 . percentage of the quantity decomposed from POC to o 200
' DOC to the quantity mineralized from POC ’ )
20 WP settling velocity of phytoplankton m/day 0.173
21 Ka reaeration coefficient at sea surface day 0.15
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4 0.030 0.025 167 0.483 0.417 13.7 1.60 152 50
5 0.044 0.045 2.3 0.451 0.512 135 1.60 1.94 213
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Fig. 5. Comparisons between predicted and observed surface water quality.
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