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The Estimation of Environmental Capacity in the Gamak
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The eco-hydrodynamic mode! was used to estimate the environmental capacity in Gamak Bay. It is composed
of the three-dimensional hydrodynamic model for the simulation of water flow and ecosystem model for the
simulation of phytoplankton. As the results of three-dimensional hydrodynamic simulation, the computed tidal
currents are toward the inner part of bay through Yeosu Harbor and the southern mouth of the bay during the
flood tide, and being in the opposite direction during the ebb tide. The computed residual currents were domi-
nated southward flow at Yeosu Harbor and sea flow at mouth of bay. The comparison between the simulated
and observed tidal ellipses at three station showed fairly good agreement. The distributions of COD in the
Gamak bay were simulated and reproduced by an ecosystem model. The simulated results of COD were fairly
good coincided with the observed values within relative error of 1.93%, correlation coefficient(r) of 0.88. In or-
der to estimate the environmental capacity in Gamak bay, the simulations were performed by controlling quanti-
tatively the pollution loads with an ecosystem model. In case the pollution loads including streams become 10
times as high as the present loads, the results showed the concentration of COD to be 1.33 ~4.74mg/ ¢ (mean
2.28mg/ 2 ), which is the third class criterion of Korean standards for marine water quality. In case the pollution
loads including streams become 30 times as high as the present loads, the results showed the concentration of
COD to be 1.38~7.87mg/ ¢ (mean 2.97mg/ ¢ ), which is the third class criterion of Korean standards for marine
water quality. In case the pollution loads including streams become 50 times as high as the present loads, the
results showed the concentration of COD to be 1.44~9.80mg/ ¢ (mean 3.56mg/ #), which is the third class crite-
rion of Korean standards for marine water quality.

Key Words : Ecosystem model, Hydrodynamic model, Residual current, Environmental capacity, Phytoplankton,
COD, Pollution load
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Fig. 1. Location of the sampling station in Gamak bay.
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Table 1. Input data for a hydrodynamic model
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Fig. 2. Finite~difference grid of the three-dimensional
model in Gamak bay.
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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 = 200m
78 x 90 x 3 = 21,060
chart datum + MSL
Ssec

1 0~3m

1 3~6m

: below 6m

: 103cm, 266,

: 97.0cm, 265,

: 10lcm, 264,

. 10lcm, 254,

1 15.70°C, 31.85%
: 15.107TC, 31.85%
1 15407, 31.93%
f=2 - siny
0.0013

0.0025

1.0E3 (cm/s)

1.0E3 (cm/s)
0.0(m/s)

20 tidal cycle
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Table 2. Input data for eutrophication model. 3
Parameter Input values
Mesh size Ax=Ay= 200m
Water depth chart datum + MSL
Time interval 600sec
Initial condition for compartments
level DO COD DIP DIN POC DOC PHYTO Z00
( mg/f ) ( ug-at/ 4 ( mg-C/m )
1~3  962~997 165~171 110~141 569~5.81 308~320 2033~2067  450~470 45~47
Boundary condition for compartments
level DO COD DIP POC DOC PHYTO Z00
( mg/2 ) (pg-at /2 ) ( mg-C/m )
1 9.93 0.48 1.526 5520 26759 2186.0 224.0 22.4
A 2 9.60 1.68 1.092 4.441 275.04 1553.15 2364 236
3 9.46 1.76 2.483 5101 28250 1120.30 259.8 25.9
1 993 0.48 1.526 5.520 26759 2186.0 224.0 224
B 2 9.60 168 . 1.092 4.441 275.04 1553.15 236.4 236
3 9.46 1.76 2.483 5.101 282.50 1120.30 250.8 259
1 9.93 0.48 1.526 5.520 267.59 2186.0 224.0 22.4
C 2 9.60 1.68 1.092 4.441 275.04 1553.15 236.4 236
3 9.46 1.76 2483 5.101 282.50 1120.30 259.8 25.9
1 993 - 0.48 1526 5.520 26759 2186.0 224.0 224
D 2 9.60 1.68 1.092 4.441 275.04 1553.15 236.4 236
3 9.46 1.76 2.483 5.101 282.50 1120.30 259.8 259
Horizontal viscosity coefficient 1.0 E3(cn/s)
Horizontal diffusion coefficient 1.0 E3(cx/s)

Vertical diffusion coefficient
Calculation time

level 1~3 : 1.0(cii/s)
40 tidal cycles
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Table 3. Monthly variation of pollutant loads discharged into Gamak bay
Item Stream Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
1 Kukdong 0210 0274 0315 0357 03% 0430 0461 0338 0199 0205 0209 0210
2 Bongsan 0616 0540 0431 0602 0716 0771 0769 0760 0623 0622 0621 0619
coD 3 Yeundeng 1455 1572 2022 1854 1642 1384 1082 1774 2280 2082 1878 1669
(tor/d) 4 Sunso 0314 0330 0343 0344 0324 0282 0218 1002 2323 17% 128 0791
5 Sichung 0228 0175 0108 0153 0205 0266 0333 0227 0123 0146 0172 019
6  Lucky 0290 0313 033 0307 0268 0219 0160 0211 0228 0244 0259 0275
7 Dolsan 0010 0011 0009 0008 0006 0005 0004 0009 0015 0017 0016 0014
1  Kukdong 0009 0016 0025 0028 0031 0033 003 0019 0008 0008 0008 0.009
2 Bongsan 0067 0031 0008 0013 0020 0027 003 0023 0013 002 0038 0052
DO 3 Yeundeng 0175 0165 0156 0172 0190 0208 0227 0160 0103 0120 0138 01%
(ton/d) 4 Sunso 0019 0021 0022 0027 0032 0036 0041 0078 0079 0072 0060 0.042
5 Sichung 0012 0016 0020 0023 0026 0030 0033 0022 0012 0012 0012 0012
6  Lucky 0010 0017 0024 0028 0033 0038 0043 0027 0014 0013 0012 0011
7 Dolsan 0093 0068 0046 0039 0032 0026 0020 0026 0033 0046 0060 0076
1 Kukdong 4.05 6.19 8.44 819 741 609 423 568 469 456 440 423
2 Bongsan 8.69 6.18 4.01 578 7.15 811 866 1147 108 1037 9.85 9.30
DIP 3 Yeundeng 2159 2234 2305 2169 1989 1766 1499 1471 1414 1593 1775 1961
(ka/d) 4 Sunso 485 518 5.46 5.15 439 318 150 771 1861 175 1493 1070
5 Sichung 469 593 7.36 6.86 58 443 250 212 133 208 28 373
6 Lucky 1.79 2.25 2.75 241 198 1.44 0.81 0.62 0.45 0.78 111 1.45
7 Dolsan 0.56 0.50 0.36 0.27 0.19 0.13 0.07 0.12 0.18 0.26 0.35 045
1 Kukdong 4157 5854 7340 9768 12535 15639 19081 12538 6606 5942 5312 4717
2 Bongsan 8303 6798 4835 7248 9374 11213 12765 111.31 8389 8499 8.04 87.06
DIN 3 Yeundeng 456.08 45427 45132 45383 45205 44582 43520 408.18 37701 39627 41587 43581
(ke/d) 4 Sunso 4268 4284 4287 5149 6016 6883 7765 17437 23747 19780 152.11 100.39
5 Sichung 280 321 364 424 482 541 59 369 178 202 227 253
6  Lucky 179 1.9 2.20 2.36 252 267 28 209 146 15 163 171
7 Dolsan 191 1.18 0.58 0.50 042 0.34 0.27 0.88 1.70 193 2.04 203
1  Kukdong 12363 16137 18434 20920 23157 25144 26881 19742 11625 12014 12267 12383
2 Bongsan 36301 31886 25477 35526 421.04 452.09 44843 44620 367.33 366.88 36601 364.72
POC 3 Yeundeng 84589 102520 118851 108589 956.38 800.00 61674 1035.26 134252 1222.93 1100.30 974.62
(ke/d) 4 Sunso 18498 19439 20233 20258 18373 16378 12473 585.64 1368.35 1057.37 75649 465.69
5 Sichung 13475 10280 62.31 8870 11965 15517 19525 133.03 7220 8605 101.08 117.32
6  Lucky 17093 18434 19809 18024 15640 12658 9076 12235 13380 14306 15233 161.62
7  Dolsan 0.16 1.37 2.07 152 106 067 037 28 635 611 495 28
1 Kukdong 21308 27941 321.11 36504 404.81 44041 471.86 34557 20297 20890 21257 213.96
2 Bongsan 62682 54846 43685 61144 72816 78701 78800 77394 63214 631.86 63088 629.20
DOC 3  Yeundeng 149496 1790.63 2059.76 1894.66 1684.75 1403.05 1130.55 1817.47 231896 2120.58 1917.12 170858
(/) 4 Sunso 31990 33511 34785 35037 33106 28991 22694 102553 2360.47 1825.11 130656 804.82
5 Sichung 23161 179.08 11231 157.70 21068 27127 33947 23140 12566 14916 17465 202.13
6  Lucky 29521 31820 341.75 31305 27438 22573 16710 21697 23329 24872 264.19 27968
7 Dolsan 1989 1805 1483 1265 1060 868 689 1262 1992 2224 2300 2222
9 Sem/secolshe] okst %é?— | Yebuti, 5% 5+ on, 959 2EL 5% YRR WiE 2FS
2AA fUstE AFE 50~70 cm/sec AER 7b Rolth T3 uk QoA BAE: si49l Bl
4 B G459 552 E‘HE} £ o5t B FQlA Ahste] daaE e
Actefdel BRI 2 JFE vXe ZAF  Bold, T AFgAE %FJTJ} SAEE AjA 2
o AT BAA2Z HF GEAN RgB § P B} A dEde: fa9) D1k 0 g
4e Wy FU% A5E 9 R0 ZAA B F ToIM 5~10cmsec® FUFHT, BE Y42
FEAA delake AE wolW, daishs S AT $FOR 10~15em/sec HEHE 4TS B
AT ddol A BE73 328 Holy, HAg A Aot ¥ BF S A= 3cm/seco) 51 | ekgt

B} 58o| eyt
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Table 4. Release rate for ammonia nitrogen and phosphate phosphorus in each subarea

Subarea NH4'-N PO -P Subarea NH, -N Pof‘—P
( pgat/m/hr ) ( pgat/m/hr )

2 4697 0.005 7 83570 0.007
3 34701 0.004 8 158352 0078 -
4 4015 0.003 9 146532 0.037
5 8.107 0.009 10 82.434 0.043
6 7879 0011 11 176.082 0.147
12 63.795 0.013 12 63.795 0.013

Table 5. The biological parameters in an ecosystem model for the Gamak bay

Symbol Definition Unit J;ll?]l;ts Typical values
Q maximum growth rate of phytoplankton at 0C day™ 40 0.060~5.650
s respiration rate of phytoplankton at 0°C day™ 0.022 0.030~0.051
ay maximum grazing rate of zooplankton at 0°C day™ 0.25 0.18
a death rate of phytoplankton at 0°C day™ 0.05 0.096~0.330
a5 natural death rate of zooplankton at 0C day™ 0.052 0.003~0.0%
U mineralization rate of POC at 0C day™ 0.10 0.001~0.237
a7 . mineralization rate of DOC at 0C day™ 0.09 0.013~0.043
as . oxygen consumption rate of sediment at 0°C day™ 1.000
Ke  half saturation constant for uptake of PO -P at 0C -~ pug-at/# 05 0.032~5.263
Koy half saturation constant for uptake of DIN at 0C yg-at/ ¢ 8.0 0.214~66.07
Tom optimum intensity of radiation for photosynthesis ly/day 200 11,800 ~30,200
Imax maximum intensity of sunlight at sea surface cal/crt * day 856 700
D length of day day 0.587
ko dissipation coefficient of light independent of Chla m’ 0.34 0.170~2.000
¥ constant of dissipation coefficient depending on Chla m'(mg Chla/m’)™" 0.0179
k Ivlev index of zooplankton grazing (mg C/m’)” 0.01 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 % 300 4.0~500
Kk percentage of the quantity decomposed from POC to DOC % 35.0 21~35
to the quantity mineralized from POC
K'so half concerntration of DO for mineralization of POC. .. . . mg/¢ 05 0.0035~1.000
Ko - half concentration of DO for mineralization of DOC mg/ ¢ 05 0.0035~1.000
Wr settling velocity of phytoplankton m/day 0.180 0.005~04
Weoc settling velocity of detritus(POC) m/day 0.300 0.0~20
K, reaeration coefficient at sea surface day™" 0.15 0.025~0.650
qr Ammonia release from sediment mg/m’/day Tab.4 Variables
an Phosphorus release from sediment mg/m’/day Tab4 Variables
H, Az M EF oA e R /&3 34 ehs Eds olfstd AAE st
= 529 volw, u BAR S8 made vy 9 AR} ﬂz}w«l BEAe HEHI] AsA,
2 Badeke 3 &o] vEldt}i(Fig. 3). Fig. 201 YEbd A HA &) F4=AE(2000)71 254]
olsb ol AR TF B4E ¥ W AAMe]l U BY 9% FFAN AL Aeyon zad
7+e BAR £99 AL slalezrEg fHsie A A2 2HEVRY ASA S Tl Bod
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2 ggosH oABAo ojFd 24 I & T2 HE UTE Feld AY HA - 29
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Fig. 5. Comparisons between predicted and observed water quality.
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