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Gunsan coastal area is one of region increasing pollution problems. To improve water quality, the reduction
of these nutrients loads should be indispensible. In this study, the three-dimensional numerical hydrodynamic
and ecosystem model were applied to analyze the processes affecting the eutrophication. In field survey, the
average concentrations of dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphorus(DIP) at
surface waters were found to be 0.43mg/ # and 0.03mg/ ¢ respectively, which were exceeding second grade of
water quality criteria. In hydrodynamic modelling, the comparison between the simulated and observed tidal
ellipses showed fairly good agreement. The ecosystem model was calibrated with the observed data in study
area. The simulated results of DIN were fairly good coincided with the observed values within relative error
of 32.39%, correlation coefficient(r) of 0.99. In the case of DIP, the simulated results were fairly good
coincided with the observed values within relative error of 24.26%, correlation coefficient(r) of 0.82. The
simulations of DIN and DIP concentrations using ecosystem model were performed under the conditions of 2
0~80% reductions for pollutant loading. At simulation results, concentration of DIN and DIP were reduced to
20~80% and under 10% in case of the 80% reduction of polltuant loading, respectively.

Key words : Hydrodynamic model, Ecosystem model, Eutrophication, Pollutant load, Dissolved inorganic
nitrogen (DIN), Dissolved inorganic phosphorus(DIP)
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Fig. 1. The map of study area.
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Table 1. Input data for a hydrodynamic model

Parameters Input values
Mesh size Ax = Ay = 300m
Total mesh 110 x 100 x 3 = 33000
Water depth chart datum + MSL
Time interval 10sec
Level 1:0~ 3m
2:3 ~4m
3 © below 4m
Tidal level and degree at open 205~210cm, 75.0~76.25°
boundary
205 ¢cm, 63.0~76.0°
205 ~ 210cm,
680 ~ 70.0°

Water temperature and salinity at
open boundary

level 1, 2, 3 20C, 18%

Coriolis coefficient f=2-6-sin¥
S;ergg;ee f{ Internal friction 0.0013

Bottom friction coefficient 0.0026
Horizontal viscosity coefficient —4.0E4 (cm/s)
Diffusion coefficient 4.0E4 (cn/s)
Wind speed None
Calculation time 40 tidal cycle
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Table 2. Input data for eutrophication model

oX,
Ry
¥

Parameter Input values
Mesh size Ax=Ay= 300m
Water depth chart datum + MSL
Time interval 1200sec
Initial condition for compartments
level DO COD DIP DIN POC DOC PHYTO Z00
( mg/¢ ) ( mmole/m' ( mg-C/m’ )
1~3 8.32 1.68 0.782 4372 400.0 1400.0 30 15
Boundary condition for compartments
level DO COoD DIP DIN POC DOC PHYTO Z00
( mg/¢ ) ( mmole/m' ) ( mg-C/m’ )
1 844 157 0.782 4373 400 1400 22 11
A 2 8.44 157 0.782 4373 400 1400 22 11
3 8.15 1.90 0.790 4839 400 1400 22 1
1 844 1.57 0.782 4373 400 1400 22 1
B 2 844 157 0.782 4373 400 1400 22 11
3 8.15 1.90 0.790 4.839 400 1400 22 11
1 8.44 157 0.782 4373 400 1400 22 11
C 2 844 157 0.782 4373 400 1400 22 11
3 8.15 1.90 0.790 4839 400 1400 22 11
Horizontal viscosity coefficient 4.0 E4(cni/s)
Horizontal diffusion coefficient 4.0 EA(cn/s)
Vertical diffusion coefficient level 1~3 : 1.0(ca/s)
Calculation time 40 tidal cycles
Table 3. Flow and pollutant loads of rivers flowing into study area
Name of river Pollutant loads
River flow COD DO DIP DIN POC DOC
m'/day ( ton/day ) ( kg/day )
Keum River 1.79E+7 102.7 2284 499 48544 32025 41890
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Table 4. The biological parameters used in an ecosystem model

Symbol Definition Unit gﬂ; Typical values
a maximum growth rate of phytoplankton at 0C day 155 0.060~5.650
B temperature coefficient c! 0.0633
a respiration rate of phytoplankton at 0°C day ! 0.010 0.030~0.051
B2 temperature coefficient ¢! 0.0524 0.044~0.0624
a3 maximum grazing rate of zooplankton at 0C day ! 0.180 0.18
Bs temperature coefficient T! 0.0693 0.058~0.120
ay death rate of phytoplankton at 0°C day ! 0.010 0.096~0.330
Bs temperature coefficient ¢! 0.0693
as natural death rate of zooplankton at 0C day 0.00 0.003~0.09%6
Bs temperature coefficient c! 0.0693
s mineralization rate of POC at 0C day 0.010 0.001~0.237
Bs temperature coefficient (ol 0.08 0.041~0.070
a; mineralization rate of DOC at 0C day 0.043 0.013~0.043
Bz temperature coefficient ¢! 0.0693
ag oxygen consumption rate of sediment at 0C day 1.000
Bs temperature coefficient ol 0.0693
Ksp half saturation constant for uptake of POs* -P at 0C ug-at/ ¢ 0.40 0.008~0.530
Ksx half saturation constant for uptake of DIN at 0C ug-at/ ¢ 0.50 0.300~1.462
Lot optimum intensity of radiation for photosynthesis ly/day 0510 11,800~30,200
Trnax maximum intensity of sunlight at sea surface cal/crf - day 700.0 700
D length of day day 0.583
ko dissipation coefficient of light independent of Chl.a m! 0570 0.170~2.000
Y constant of dissipation coefficient depending on Chl.a m '(ng Chla/m) ' 0.0179
k Ivlev index of zooplankton grazing (mg C/m) ! 0.01 04E-3~25E-3
P function of grazing mg C/m’ 75.0 40.0~190.0
n digestion efficiency of zooplankton % 70.0 39.0~98.0
A total growth efficiency of zooplankton % 30.0 4.0~50.0
e of e qun, o fom FOC 0 D0C s -
K'po  half concentration of DO for mineralization of POC ng/ ¢ 1.00 0.0035~1.000
Ko  half concentration of DO for mineralization of DOC mg/ ¢ 1.00 0.0035~1.000
Wp settling velocity of phytoplankton m/day 0.150 0.0056~04
Wroc  settling velocity of detritus(POC) m/day 0.400 00~20
i T ek S g
wp i dovnerd sl e dvinefor il
Ka reaeration coefficient at sea surface day ' 0.25 0.025~0.6%0
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Table 5. Range and mean values of water quality in the coastal area of Gunsan

Constituent

. Feb. May. Aug. Nov. Total
(Unit)
Sal. Range 1593~31.79 21.25~31.63 12.50~29.50 17.02~30.39 12.50~31.79
(%0) Mean 28.34 29.11 24.82 26.66 21724
COD Range 1.85~5.23 1.46~3.83 0.40~1.14 0.19~1.31 0.19~523
(ng/ 2) Mean 3.03 2.26 0.76 0.78 1.711
Chla Range 0.01~0.73 0.16~1.77 0.84~298 063~348 0.01~348
{(mg/m") Mean 0.18 0.53 1.34 1.37 0.98
NH;'-N Range 0.01~0.78 0.00~0.24 0.13~0.31 0.01~0.22 0.00~0.78
(mg/ £) Mean 0.19 0.04 0.20 0.09 0.13
NO: -N Range 0.01~0.04 0.00~0.04 0.00~0.03 0.01~0.08 0.00~0.08
(mg/ #) Mean 0.01 0.01 0.01 0.02 0.01
NOs -N Range 016~1.73 0.02~0.35 0.01~0.26 0.08~1.38 0.01~1.73
(mg/ 2) Mean 054 0.09 0.10 0.41 0.29
DIN Range 0.20~254 0.02~0.63 0.14~0.59 0.14—1.67 0.02~254
(mg/ 2) Mean 0.74 0.13 0.31 0.52 0.43
DIP Range 0.03~0.05 0.00~0.02 0.03~0.07 0.00~0.02 0.00~0.07
(mg/ ) Mean 0.04 0.01 0.05 0.01 0.03
o] f715FS HHHoR Yede {718 & 373 Zaste FFE vehidoh
4 ARz oj&He AT HCOD)Y @ £ EF7)A((DIP) DN &7 A= Ag
AT FEHAE 019~ 523mg/€( 3T 1.71mg/ 2)9 Qlatz AL3tE FAo% JdUYFY stUE TAES
HAE Uehulth AdERE A4 FAAA ¥ o XgHY AdE FAAAYG AF HAEY &F
Al Yestod, shA *‘EH’“C’E siokth, BAlo] o] FR3Yoltt DIPY dHE F=HHE ND~
8T dR&deA dgsAvE MEaFF 007mg/ ¢ (3 003 g/ 2)E et Add e e
F2& YJehdov, AAHez fqsd7E 1~ A% A7 L“‘7ﬂ veRda, FAle @e &
0539 4& Jehldch B, sAe 2 AL FPol g3 FYFe
A M AAF7IEAY SN HEAZHIAE  FIH H 117”0*]"14 SEH 3 T Aor Hut
S AHoE FPUdsl H Aol SHFA(YA Ak AFEEE & Fo] ¥ R A4S
& e dEEdY TR o] A7 HFoe oA AF¥S HAh T 4F2 AYT HYs
2 HYsteEd 2 e §F4(Chl-a)Y Fo2 v AFRAVE MEHE 2d4ste #48 2o
epdity, 2 A YoM Chi-adl BdsEE 00 o o
32 AFfE ANEHA
1~ 348mg/m( 3o 098mg/m)«] tH‘I’] b}'F‘]']‘H?-)\E} ’%‘EH?%] Qo= BE! 7112.0]?_:]‘ }'E-?J_ 3“9'3,94 8-
ALz = 01'74]‘:’“ é]%g%l-ai,] *ﬁ*“iﬂ ] 7V o =] o] = =19] A0 T Tl
N ; A& A7) $igte], 93 33 9d e Eds
0 deRda, EAA b 2 AR G gof gy 45508 2esad. 5 A
2a}EL A 2 3 2z ) .
SRR Té"*“"ﬁ”q R WA el HHAE nesel FAT dAHE
10mg/m' Btk wA Vebsct 2 A = @l o o 1z Ad )
_ 4024 F71E ﬁol'M»‘U%, ]’ ]_l 1= “woﬂ EHO}'O:‘
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Table 6. The comparison of computed values with the observed Phytoplankton, DIN, DIP, COD in the Study area

Fig. 5. Comparisons between

st Phytoplankton(mgC/m') DIP(ug-at/ 2)
QObs. Cal. RE(%) Obs. Cal. RE(%)
1 51.38 4821 6.170 1.097 1.469 -33911
2 2385 1852 22.348 0.968 0.756 21.901
3 30.600 25.742 15.876 0.766 0.6 14.621
4 35.030 21.908 37.459 0.669 0557 16.741
5 22.800 22.816 ~0.070 0.694 0.468 32.565
6 27150 17257 36.438 0.694 0.557 19.741
7 31.430 27.198 13.465 0.935 0.754 19.358
8 27.380 23.086 15.683 0.685 0.436 36.350
9 21.680 14.265 34.202 0927 0.593 36.030
10 22.350 15.890 28.904 0.774 0.686 11.370
mean 29.365 23.486 21.061 0.821 0.693 24.259
ot DIN(pg-at/ 2) COD(mg/¢)
Obs. Cal. RE(%) Obs. Cal. RE(%)
1 32.304 41.307 -271.870 2.500 3.102 -24.080
2 17.649 22.324 -26.489 2130 2.652 -24.507
3 14.012 18978 -35.441 1.690 1.861 10118
4 10.262 12,747 -24.216 1.460 1.343 8.014
5 5.661 8.750 -54.566 1.390 1.109 20.216
6 3.887 4163 -7.101 1.520 0.806 46.974
7 4685 3.560 24.013 2.210 1.659 24932
8 4893 3.098 36.685 1.630 1.225 24.847
9 4631 2.646 42.863 1.320 0.946 28.333
10 3.905 2.162 44635 1.240 0.914 26.290
mean 10.189 11.974 32.388 1.709 1.562 23831
R=093 R=082 ) R=0.8% R=089
RE = 21.06% . RE = 24.26% | RE®3239% . RE = 23.83% .
8 .. . [t .' ] : )
. ) - .
Phytoplankton DIP y DIN cop

Ed « P

Obs {mgCim)

© 0o

Cbs jug-at1)

20
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various nutrient loads reduction from Keum
River estuary under the present condition.
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