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Summary

This study investigated characteristics of water quality and pollutant loads
discharged into Jeju Harbor. The distributions of residual currents, COD, dissolved
inorganic nitrogen(DIN) and dissolved inorganic phosphorus(DIP) concentration
were reasonably reproduced by simulations on the model area of the Jeju Harbor
using a material cycle model which is composed of the three-dimensional
hydrodynamic model of water flow and ecosystem model for the simulation of
water quality. The alternative of improving the water quality of the area is to
evaluate quantitatively the concentration of COD, DIN and DIP which are com
from pollution load reductions from pollution sources. The results through which a
plan can be made to improve the water quality are as below:

The field surveys and water quality analyses were conducted over the Jeju
harbor in August and November, 2000 and in February and May, 2001. The
results showed the concentration of COD, DIN and DIP were in the range of 1.0
0~4.85mg/L(mean 2.15mg/L), 0.52~4.00ug—at/L(mean 1.18ug-at/L) and 2.14~74.0ug
—at/L(mean 12.20pg-at/L) respectively, which were exceeding three grade of
seawater quality standard. The nitrogen ratio to the phosphorus was lower than
16. Therefore, Nitrogen was playing an important role in phytoplankton growth as
limiting factor in study area.

As the results of three-dimensional hydrodynamic simulation, The results of
computed tidal currents at three levels obtained by M tide on a three-dimensional
hydrodynamic model and observation show that the model can produce realistic
results of current in the harbor. The computed tidal current are mainly toward
the mouth of a harbor during the flood tide, and being in the opposite direction
the ebb tide. The current pattern between surface and bottom are a little different

for the current velocity, the surface is about 30cm/sec and the bottom is about



10cm/sec. The computed residual currents showed the counter—clockwise water
circulation to exit at the mouth and center of a harbor. Density driven currents
were generated northern at surface and southern at the bottom in jeju harbor
which the fresh water are flowing into.

The ecosystem model was calibrated with the biological parameters and the data
surveyed in the field of the study area in annual average. The simulated results
of COD, DIN and DIP were good coincided with the observed values within
relative errors (R.E.) and coefficient of determination(r®). In the case of COD,
relative errors (R.E.)of 22.2%, coefficient of determination(r®) of 0.901. In the case
of DIN, relative errors (RE.)Jof 17.2%, coefficient of determination(r’) of 0.976. In
the case of DIP, relative errors (R.E.)of 27.1%, coefficient of determination(r®) of
0.806.

The simulations of COD, DIN and DIP concentrations were performed using
ecosystem model under the conditions of 20~100% pollution load reductions from
pollution sources. In case of the 100% reduction of the input loads from fresh
water, concentration of COD, DIN and DIP were reduced to 39%, 78% and 52% at
study area which the fresh water are flowing into respectively, but not much at
the center of Jeju harbor. In contrast, in case of the pollution load 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 pollution loads from
river and sediment is necessary to meet the COD and nutrients concentration of

second grade of ocean water quality criteria.
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Bottom z=~—H(x,y)

Fig. 2. Cartesian coordinate for a three—dimensional hydrodynamic model.
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Table 1. The compartments of an ecosystem model

Compartment Abbreviation Unit
Phytoplankton P mgC/m’
) _ Zooplankton Z mgC/m'’
Organic material ) ) )
Particulate organic material POC mgC/m’
Dissolved organic material DOC mgC/m’
Dissolved inorganic phosphorus DIP ug—at/L
Inorganic material Dissolved inorganic nitrogen DIN ug—at/L
(NH4+ + NOy + NOsi)
DO Dissolved oxygen DO mg/L
Water Quality  Chemical oxygen demand COD mg/L
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—[TOD:Cp ]-V(T)-Dg

8) 83 iAdra+%F FA4 &4 (COD ; mg/L)
Adolr A3t 72+ eI =432 FaA AN 24 e 720 Ik
SN 7] F3hEFo]l e =

(), (2hys, (BB (M)*

=
S FGrreg 4 QY o] FEAAISE 242 [COD:C,l, [COD:C., [COD:Cpouml,
[COD:Cpoml®l 2t s} WA TS 282 g d
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Table 2. The biological parameters used in an ecosystem model

No.Symbol Definition Unit

1 o maximum growth rate of phytoplankton at 0C day !

2 B temperature coefficient c!

3 respiration rate of phytoplankton at 0C day*1

4 PBo temperature coefficient !

5 a3 maximum grazing rate of zooplankton at 0C day*1

6 B3 temperature coefficient c!

7T death rate of phytoplankton at 0C day !

8 Ba temperature coefficient c!

9 a5 natural death rate of zooplankton at 0C day*1
10  Bs temperature coefficient T

11 @  mineralization rate of POC at 0T day '
12 Be temperature coefficient c!

13 ay mineralization rate of DOC at 0C day !
14  Bs temperature coefficient c!

15 oxygen consumption rate of-sediment-at 0C day ™!
16  Bsg temperature coefficient !

17 Ksp half saturation constant for uptake of PO -P at 0C ug—at/L
18 Ksn  half saturation constant for uptake of DIN at 0T pg—at/L
19 Iy optimum intensity of radiation for photosynthesis ly/day
20  Imax maximum intensity of sunlight at sea surface ly/day
21 D length of day day

22 ko dissipation coefficient of light independent of Chl.a m’

23 v constant of dissipation coefficient depending on Chl.a m '(mgChl/m’)
24k Ivlev index of zooplankton grazing (mgC/m’) ™!
25 P function of grazing mgC/m’
26 1 digestion efficiency of zooplankton %

27 A total growth efficiency of zooplankton %
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Table 2. The biological parameters used in an ecosystem model (continued)

No. Symbol Definition Unit
28 percentage of the quantity decomposed
from POC to DOC %
to the quantity mineralized from POC
29 K'po half concentration of DO for mineralization of POC mg/L
30 Kbo half concentration of DO for mineralization of DOC mg/L
31 W, settling velocity of phytoplankton m/day
32 Wroc settling velocity of detritus(POC) m/day
33 W/ maximun upward velocity at night for diurnal m/day
perpendicular motion of zooplankton
34 W maximun downward velocity in the daytime for m/day
diurnal perpendicular motion of zooplankton
35 K, reaeration coefficient at sea surface dayf1
36 [P:Cp] ratio of P/C for phytoplankton weight ratio
37 [N:Cpl] ratio of N/C for phytoplankton weight ratio
38 [TOD:Cp] ratio of TOD/C for phytoplankton weight ratio
39 [COD:Cp] ratio of COD/C for phytoplankton weight ratio
40 [Ch1l:Cplratio of Chl-a/C for phytoplankton weight ratio
41 [P:Cz] ratio of P/C for zooplankton weight ratio
42 [N:Cz] ratio of N/C for zooplankton weight ratio
43 [TOD:Cz] ratio of TOD/C for zooplankton weight ratio
44 [COD:Cz]  ratio of COD/C for zooplankton weight ratio
45 [P:Crouml ratio of P/C for detritus(POC) weight ratio
46 [N:Cpo ratio of N/C for detritus(POC) weight ratio
47 [TOD:Cpoml ratio of TOD/C for detritus(POC) weight ratio
48 [COD:Cpoml ratio of COD/C for detritus(POC) weight ratio
49 [P:Cpoml ratio of P/C for dissolved organic matter(DOC) weight ratio
50 [N:Cpoml ratio of N/C for dissolved organic matter(DOC) weight ratio
51 [TOD:Cpom] ratio of TOD/C for dissolved organic matter(DOC) weight ratio
52 [COD:Cpoml ratio of COD/C for dissolved organic matter(DOC) weight ratio
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Table 3. 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

Calculation time

Ax = Ay = 25m
75 x 89 x 3 = 20025
chart datum + MSL

5sec

1:0 ~ 3m
213 ~ 6m
3 © below 6m

A 1 69.7cm, 304.1,

B : 69.7cm, 304.1,
level 1 : 19.7C, 32.2%
level 2 : 19.4C, 32.3%
level 31 19.37C, 32.4%o
f=2-0-sin¥y

0.0013

0.0026

1.0E5 (cii/s)

1.0E5 (cii/s)

none

20 tidal cycle
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Table 4. 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

level DO COD DIP DIN POC DOC PHYTO ZOO
( mg/L ) ( mmole/m’ ) ( mg-C/m )
1 8.20 2.20 0.68 10.0 400 1800 40 5
2 8.20 2.00 0.68 8.00 350 1600 20 5
3 8.20 2.00 0.68 6.00 350 1400 20 5
Boundary condition for compartments
level DO COD DIP DIN POC DOC PHYTO ZOO
( mg/L ) ( mmole/m’ ) ( mg-C/m )
1 8.30 1.50 0.40 5.00 350 1600 40 5
2 8.30 1.50 0.40 5.00 300 1200 20 5
3 8.20 1.50 0.45 450 300 1200 20 5
Horizontal viscosity coefficient 1.0 E5(cr/s)
Horizontal diffusion coefficient 1.0 Eb(cn’/s)
Vertical diffusion coefficient level 1~3 : 0.1(cn/s)
Calculation time 100 tidal cycles

Table 5. Monthly variation of pollutant loads discharged into Jeju Harbor

Name of river Pollutant loads

River flow COD DO DIP DIN POC DOC
m'/day ( ton/day ) ( kg/day )
Sanzi R. 5.59E+04 0.30 0.40 18.0 300.0 35.0 250.0
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Table 6. The biological parameters in an ecosystem model for the Jeju Harbor

No. Symbol Unit Input values Typical values
1 W day 1.20 0.55~3.40
2 B (o 0.0633
3 as day ' 0.05 0.05~0.59
4 By T 0.050 0.044~0.0524
5 as day ! 0.180 0.180
6 Bs (o 0.0693 0.058~0.12
7 W day ! 0.09 0.096~0.330
8 By (o 0.0693
9 as day ' 0.05 0.05

10 Bs T 0.0693

11 as day 0.01 0.001~0.237
12 Bs (o 0.07 0.041~0.070
13 a7 day ! 0.004 0.0017~0.25
14 B c! 0.0693

15 ag day 1.000

16 Bs Ciie 0.0693

17 Ksp ug-at/L 0.536 0.032~5.263
18 Ksn pg-at/L 8571 0.214~66.07
19 Lopt ly/day 195.8

20 Lo ly/day 4615

21 D day 0.51

22 ko m' 0.34 0.34~1.7
23 Kk m ' (mgChl/m’)™! 0.0179

24 v (mgC/m")™" 0.01 0.004~0.025
25 P mgC/m’ 70.0 40.0~190.0
26 I % 70.0 39.0~98.0
27 A % 30.0 4.0~50.0
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Table 6. The biological parameters in an ecosystem model for the Jeju Harbor

(continued)

No. Symbol Unit Input values Typical values
28 K % 35 21~35

29 K'no mg/L 1.000 0.0035~1.000

30 K’no mg/L 1.000 0.0035~1.000

31 Wy m/day 0.100 0.005~0.4

32 Wroc m/day 0.300 0.0~2.0

33 w,! m/day 0

34 W, m/day 0

35 Ka day ' 0.25 0.025~0.650

36 [P:Cpl] weight ratio 3.500E-4 2.500E-4~1.170E-2
37 [N:Cpl weight ratio 2.117E-3 5.580E-3~1.750E-2
38 [TOD:Cp] weight ratio 3.410E-3 variable

39 [COD:Cpl weight ratio 1.510E-3 variable

40 [ChL:Cp] weight ratio 2.000E-2 9.0E-3~4.0E-2
41 [P:Cz] weight ratio 4.040E-4 1.430E-4~3.30E-2
42 [N:Cz] weight ratio 7.320E-3 1.0E-2~2.8E-1
43 [TOD:Cz] weight ratio 3.510E-3 variable

44 [COD:Cz] weight ratio 1.550E-3 variable

45 [P:Croml weight ratio 4.048E-4 variable

46 [N:Cpoml weight ratio 7.321E-3 variable

47  [TOD:Cpom] weight ratio 3.330E-3 variable

48 [COD:Cpoml weight ratio 1.460E-3 variable

49 [P:Cpoml weight ratio 4581E-4 variable

50 [N:Cpoml weight ratio 7.143E-3 variable

51  [TOD:Cpoml weight ratio 3.120E-3 variable

52  [COD:Cpowml] weight ratio 1.380E-3 variable
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Table 8. Eutrophication index and N/P ratio at each month in study area

St. No. 00/08 00/11 01/02 01/05
N/P EI N/P EI N/P EI N/P EI
S1 1 20.06  208.07  31.00 134.06 3528 11376  31.14 7127
1 5.31 9.61 15.32 14.81 16.24 20.37 11.51 13.45
o 2 412 7.05 19.80 5.12 25.04 6.55 9.56 12.29
1 3.92 4.63 16.73 8.33 14.67 9.39 9.54 14.09
>3 2 2.77 291 16.84 3.44 1541 2.60 7.80 10.86
1 2.86 3.89 771 3.54 24.09 3.77 8.17 9.87
S4 2 2.01 2.51 6.31 2.12 20.97 2.43 5.73 6.93
3 2.25 3.20 452 241 13.65 3.22 441 6.89
1 3.72 2.93 8.29 2.01 17.43 2.32 9.00 8.39
S52 1.80 1.58 6.08 1.99 11.09 2.38 5.99 4.85
3 2.87 2.12 5.01 1.93 6.06 2.14 4.86 4.81
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Fig. 21. The predictions of DIP and DIN depending on various nutrient loads
reduction from the river under the present condition.
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Fig. 22. The predictions of DIP and DIN depending on various sediment flux rate
under the present condition.
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Fig. 24. The predictions of DIP and DIN depending on pollution loads reduction in

the model area under the present condition.
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