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Application of Ecosystem Model for Eutrophication
Control in Coastal Sea of Saemankeum Area
2. Quantitative Management of Pollutant Loading

Jong-Gu Kivm*, Yang-Soo KM and Eun-Il CHO*

School of Civil & Environmental Engineering, Kunsan National University, Kunsan 573-701, Korea
*Environmental Engineering, Cheju National University, Cheju 690-756, Korea

One of the most important factors that cause eutrophication is nutrient materials containing nitrogen and phosphorus which stem
from excreation of terrestial sources and release from sediment. Therefore, to improve water quality, the reduction of these nutrients
loads should be indispensible. At this study, the three-dimensional numerical hydrodynamic and ecosystem model, which was developed
by Institute for Resources and Environment of Japan, were applied to analyze the processes affecting the eutrophication. The residual
currents, which were obtained by integrating the simulated tidal currents over 1 tidal cycle, showed the presence of a typical
counterclockwise eddies between Gyewha and Garyuk island. Density driven currents were generated westward at surface and eastward
at the bottom in Saemankeum area where the fresh waters are flowing into. The ecosystem model was calibrated with the data
surveyed in the field of the study area in annual average. The simulated results were fairly good coincided with the observed values
within relative error of 30%. The simulations of DIN and DIP concentrations were performed using ecosystem model under the
conditions of 40~100% pollution load reductions from pollution sources. In study area, concentration of DIN and DIP were reduced
to 59% and 28% in case of the 80% reduction of the input loads from fresh water respectively. But pollution loads from sediment
had hardly affected DIN and DIP concentration. The 95% input load abatement is necessary to meet the DIN and DIP concentration

of second grade of ocean water quality criteria.
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Fig. 1. Location of stations for sampling in the Saemankeum
area.
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Fig. 2. Finite-difference grid of the three-dimensional model in
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Table 2. Input data for eutrophication model

Parameter Input values

Mesh size 4x= 4y=250 m
Water depth chart datum+MSL
Time interval 1,200 sec

Initial condition for compartments

Saemankeum area. tevel DO COD DIP DIN POC DOC PHYTO Z0OO
( mgL ) ( mmole/m®) ( mgCm® )
Table 1. Input data for a hydrodynamic model 1~3 907 198 0.691 22497 4000 14000 1705 80
Parameters Input values Boundary condition for compartments
Mesh size 4x=4y=250m fevel DO COD DIP DIN POC DOC PHYTO ZOO
Total mesh 70X70X3=14,700 Y mgL ) ( mmole/m®) ( mgCm* )
}Yamtzrlgff:‘gl Tgigcda‘“m’LMSL 1 857 120 0600 15000 400 1400 800 30
Level 1 0~3m A 2 857 110 0610 14800 400 1400 800 30
2 3~4m e 3..820 106 0620 14600 400 1400 600 30
3 4~10m 1 854 130 0580 15000 400 1400 1000 50
Tidal level and degree at open 210~208 cm, 77.0° B 2 8 125 0380 14500 400 1400 600 30
boundary 208~19cm, 760~770° ... 3. 854 121 0600 14000 400 1400 300 20
196~198 cm, 76.0° 1 923 120 0900 15000 400 1400 1000 50
Water temperature and salinity o C 2 905 118 0910 14000 400 1400 600 30
level 1 1 20C, 32 ’
at open boundary evel 1, 2, 3: 0T, 327 3883 115 0940 15000 400 1400 300 1S
Coriolis coefficient f=2* @ sing ; - . 2
Surface & Internal friction coefficient 0.0013 Horizontal viscosity coeflicient 65 ES (cn')s)
. . Horizontal diffusion coefficient 6.0 E5 (cm¥s)
Bottom friction coefficient 0.0026 Vertical diffusi fficient level 1~3: 1.0 (cm¥s)
Horizontal viscosity coefficient SOE5 (cm%/s) Cel cf culusion coetlicient feve 40 tidal C{n s
Diffusion coefficient S0ES (cm?/s) alculation time tdal cycles
Wind speed none
Calculation time 40 tidal cycle (1) 31d S9sts}
2d 99Uz fYsE SRS E UARY 53R £ &
A& H s EMAFE ABEE (194)0A A28 g7} FE 17859y, 2dy 7FAHLL dF FIYFY FaEe A
6.06X 104 cm?/s°]o, Shin and Yanagi (1999)% 5X105cm¥sS FARRABYA AN ST AEE ol & A FAF F9
H 43tk 8 A7 AT Shin and Yanagi (1999)7} &% A DIPe) tid 45487 o), Shin (1996)°] H5ZAA Z4 %

T @S AL A4 AFE Lem¥sd &2 AL
49 S3E T 2l fgoz fYste e wAZH
FA%E Ao dgen, FAENEFA (1998) oA d5d
3 ARE 8t wiHY 9T A - 3R Bt
A gle AR 7Hgsty defEs ZYstdh 3k 5

DIP/TP=034 (94 )& FE3Hch POCY DOCE =3
A2 (1993)M 4&8 AR E o] L3} d12HEHY &4
i F P eduses nasA 4t (Table 3).
(2) HME d¥y g5 Psl
AAERY JUdge £5& gurdog ¥r3 A% A ¢
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Table 3. The pollutant loads of rivers flowing into the model

region
Pollutant loads
Name of - “iver floy_COD” DO DIP” DIN’ POC” DOC?
B m¥day  (ton/day ) ( ke/day )
Mankyung R, 2.29E+06 2 18 480 15,000 12,000 7,600
Dongjin R 183E+06 11 16 164 4500 2000 6200

ogthe AL & ¥#A Ut &5 4% uAE dARE
25, pH, $&ML 522 ¢

= deix] ot (FRE - MEHEE 1984), &
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Table 4.. The biological parameters used in an ecosystem model
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ez §$293 N9 %2 DON 2 NO,-No.29 £&2 FAE
F oy AY 4% §84 FH449 80~95%F NH. -Noj
ARSL Pgonz A4 NH, -No £5FE ZAMsto dae
£&5 o (4, 1982).

Agka A7 dEAEY A §EAPA grYMALE
8.95~29.30 mg/m%/d, YA 3.09~7.13 mg/m¥/dY £EZ &=
g B RdoME Ml AHY £&5% AEE HEAAH

(3) 4=sy netoEl
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Symbol Definition Unit Input values Typical values
a maximum growth rate of phytoplankton at 0C day™ 1.15 0.060~5.650
Bi temperature coefficient ! 0.0633
o respiration rate of phytoplankton at 0T day™! 0.040 0.030~0.051
B temperature coefficient T 0.0524 0.044~0.0524
o maximum grazing rate of zooplankton at 0C day™" 0.040 0.18
B temperature coefficient t! 0.0693 0.058~0.120
(o death rate of phytoplankton at 0T day™ 0.010 0.096~0.330
B temperature coefficient (ol 0.0693
as natural death rate of zooplankton at 0T day™! 0.010 0.003~0.096
Bs temperature coefficient T 0.0693
&% mineralization rate of POC at 0C day™ 0.005 0.001~0.237
Bs temperature coefficient c! 0.08 0.041~0.070
o mineralization rate of DOC at 0T day™! 0.013 0.013~0.043
B temperature coefficient Tt 0.0693
Qs oxygen consumption rate of sediment at 0C day™' 1.000
Bs temperature coefficient T 0.0693
Ksp half saturation constant for uptake of PO,"-P at 0C ug-at/L 0.005 0.008~0.530
Ksn half saturation constant for uptake of DIN at 0T ug-at/L 0.700 0.300~1.462
Lo optimum intensity of radiation for photosynthesis ly/day 0.510 11,800~30,200
| S maximum intensity of sunlight at sea surface cal/cm® * day 7500 700
D length of day day 0.583
ko dissipation coefficient of light independent of Chl a m™! 1.130 0.170~2.000
y constant of dissipation coefficient depending on Chl. @ m™' (mg Chl a/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
u digestion efficiency of zooplankton % 70.0 39.0~98.0
A total growth efficiency of zooplankton % 30.0 4.0~50.0
« percentage of the quantity decomposed from POC to % 350 21~35

DOC to the quantity mineralized from POC ’

K'so half concentration of DO for mineralization of POC mg/L 1.00 0.0035~1.000
Ko half concentration of DO for mineralization of DOC mg/L 1.00 0.0035~1.000
W settling velocity of phytoplankton m/day 0.100 0.005~04
Weoe  settling velocity of detritus (POC) m/day 0.300 0.0~20

. maximum upward velocity at night for diurnal
Wz perpendicular motion of zooplankton m/day 1000

) maximum downward velocity in the daytime for
Wz diurnal perpendicular motion of zooplankton m/day 1,000
K reaeration coefficient at sea surface day™! 0.25 0.025~0.650
qr Ammonia release from sediment mg/m*/day 2429
an Phosphorus release from sediment mg/m’/day 8.95
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Thomann ct al. (1975)2 0CE 71¥2.2 31 $ich Eppley (1972)
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ot B 2ddA FQAREEE 115/days AL A

A2ZPIEN FEZTFAFY AEEEE B EdoM 2%
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Agsn Yo 42EFAEY A% Thomann et al (1975)&
0.02/day, Jorgensen (1979)2 0.01~0.1/day2 AA&R Yot &
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P5AAZA (19979 AR (AAF) o Jata stA o] A FeA
¥ty SEEYIAE FM Copepoda?t AAsE vl &o) 7H4
%3, Chaetognata?t T+ 2 ¥4 ekth Copepodad ©%
Zo] g3t ArEE %2 O’Connor et al. (1973)& 0.075/day, Scavia
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Chlorophyll a (mg/m’) %} A EEHAES &G4 F (mgC/m)
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Fig. 3. Computed residual currents at 1st, 2nd, and 3rd level.
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(c) DIN (d) COD
Fig. 5. The distribution of the simulated phytoplankton, DIP, DIN, and COD in Saemankeum area.
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Fig. 6. Comparisons between predicted and observed water quality.
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