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Water quality management of Jeju Harbor using material
cycle model(lil)
- Quantitative Management of Pollutant Loadings -

Eun-li Cho and Ki-Bong Kang
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(Manuscript received 14 February, 2003; accepted 22 March, 2003)

In this study, the material cycle model was applied to suggest alternative management of water quality for
Jeju Harbor. The distribution of COD, DIN (dissolved inorganic nitrogen) and DIP (dissolved inorganic
phosphorus) concentrations was reasonably reproduced by simulations on the model area of the Jeju Harbor using
a material cycle model.

The simulations of COD, DIN and DIP concentrations were performed under the conditions of 20~ 100%
pollution loadings reductions from pollution sources. In case of the 100% reduction of the input loads from Sanzi
river, concentrations of COD, DIN and DIP were reduced to 39%, 78% and 52%, respectively at Jeju harbor. In
contrast, in case of the pollutant loadings reductions from sediment, the effect of DIN and DIP reduction
relatively seemed to increase around the center of study area. The 95% reduction of the pollutant loadings from
river and sediment is required to meet the COD and nutrients concentration of second grade of ocean water
quality criteria.

Key words : Material cycle model, Pollutant loadings, COD, DIN, DIP, Seawater quality criteria
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Fig. 1. The schematic diagram of material cycle model.

Table 1. Input data for ecosystem model

Parameter Input values

Mesh size Ax=Ay= 25m

Water depth chart datum + MSL
Time interval 300 sec

Initial condition for compartments

leeet DO COD DIP DIN POC DOC PHYTO ZOO
(mg/L) (mmole/m') (mg-C/nr')
1 820 220 068 100 400 180 40 5
2 820 200 068 800 30 1600 20 5
3 820 200 068 600 B0 1400 2 5
Boundary condition for compartments
leeel DO COD DIP DIN POC DOC PHYTO ZOO
(mg/L) (mmole/m’) (mg-C/m')
1 830 15 040 500 30 1600 40
2 830 150 040 500 300 1200 20
3 820 150 045 430 300 1200 2
Horizontal viscosity coefficient 1.0 E5(cit/s)
Horizontal diffusion coefficient 1.0 ES(cri/s)

level 1~3 : 0.1(ct/s)
100 tidal cycles

Vertical diffusion coefficient
Calculation time
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Table 2. The biological parameters in ecosystem model for the Jeju Harbor
Symbol  Definition Unit Input Typical values
values
a maximum growth rate of phytoplankton at 0C day™ 1.20 0.55~3.40
B temperature coefficient T 0.0633
ap respiration rate of phytoplankton at 0C day™ 0.05 0.05~0.59
B2 temperature coefficient T 0.050 0.044~0.052
az maximum grazing rate of zooplankton at 0°C day™ 0.18 0.18
Bs temperature coefficient T 0.0693 0.058~0.120
a4 death rate of phytoplankton at 0°C day’! 0.090 0.096~0.330
B. temperature coefficient T 0.0693
as natural death rate of zooplankton at 0°C day™ 0.050 0.003~0.096
Bs temperature coefficient T 0.0693
Qs mineralization rate of POC at 0T day™ 0.010 0.001~0.237
Be temperature coefficient T 0.070 0.041~0.070
a7 mineralization rate of DOC at 0C day™ 0.004 0.002~0.043
By temperature coefficient T 0.0693
ag oxygen consumption rate of sediment at 0C day™ 1.000
Bs temperature coefficient ¢ 0.0693
Ksp half saturation constant for uptake of PO -P at 0C ug-at/ £ 0.536 0.032~5.263
Ksy  half saturation constant for uptake of DIN at 0T ug-at/ £ 8571 0.214~66.070
Lot optimum intensity of radiation for photosynthesis ly/day 195.8
Trmax maximum intensity of sunlight at sea surface cal/cnt - day 461.5
D length of day day 051
ko dissipation coefficient of light independent of Chl.a m™* 0.34 0.34~1.70
Y constant of dissipation coefficient depending on Chla m '(mg Chla/m)™ 0.0179
k Ivlev index of zooplankton grazing (mg C/m)™" 001 04E-3~25E-3
P’ function of grazing ng C/m’ 70.0 40.0~190.0
u digestion efficiency of zooplankton % 70.0 39.0~98.0
A total growth efficiency of zooplankton % 30.0 4.0~50.0
rcentage of anti 0 ed from POC
k %eOCCe t?gthe qugr?ti(g; mirtérz‘;]lfife:in If);)osm POC oc to % 350 21~35
K'po  half concentration of DO for mineralization of POC ng/ ¢ 1.000 0.0035~1.000
K’o  half concentration of DO for mineralization of DOC ng/ ¢ 1.000 0.0035~1.000
Wp settling velocity of phytoplankton m/day 0.100 0.005~04
Wroc  settling velocity of detritus(POC) m/day 0.300 0.0~20
maximum upward velocity at night for diurnal
wZ! perpendicula? motion of g)oplankgton m/day 1000
maximum downward velocity in the daytime for diurnal

w7 perpen(lilicular motion of zoorj;anktg: d ! m/day 1000
Ka reaeration coefficient at sea surface day™ 0.25 0.025~0.650
ar Ammonia release from sediment ng/m'/d 24.65
an Phosphorus release from sediment mg/m'/d 9.0
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Fig. 2. The distribution of the simulated COD, DIN and DIP in Jeju Harbor.
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