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Jinhae Bay once was a productive area of fisheries. It is, however, now notorious for
its red tides; and oxygen deficient water-masses extensively develop at present in summer.
Therefore the shellfish production of the bay has been decreasing and mass mortality often
occurs. Under these circumstances, the three-dimensional numerical hydrodynamic and the
material cycle models, which were developed by the Institute for Resources and
Environment of Japan, were applied to analyze the processes affecting the oxygen
depletion and also to evaluate the environment capacity for the reception of pollutant loads
without dissolved oxygen depletion.

In field surveys, oxygen deficient water-masses were formed with concentrations of
below 2.0mg/l at the bottom layer in Masan Bay and the western part of Jinhae Bay during
the summer.

Current directions, computed by the M, constituent, were mainly toward the western
part of Jinhae Bay during flood flows and in opposite directions during ebb flows. Tidal
currents velocities during the ebb tide were stronger than that of the flood tide. The
comparision between the simulated and observed tidal ellipses showed fairly good
agreement. The residual currents, which were obtained by averaging the simulated tidal
currents over 1 tidal cycle, showed the presence of counterclockwise eddies in the central
part of Jinhae Bay. Density driven currents were generated southward at surface and
northward at the bottom in Masan Bay and Jindong Bay, where the fresh water of rivers
entered.

The material cycle model was calibrated with the data surveyed in the field of the study
area from June to July, 1992. The calibrated results are in fairly good agreement with
measured values within relative error of 28%. The simulated dissolved oxygen
distributions of bottom layer were relatively high with the concentration of 6.0~8.0mg/!
at the boundaries, but an oxygen deficient water-masses were formed within the
concentration of 2.0mg/l at the inner part of Masan Bay and the western part of Jinhae
Bay. The results of sensitivity analyses showed that sediment oxygen demand(SOD) was
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one of the most important influence on the formation of oxygen depletion. Therefore, to
control the oxygen deficient water-masses and to conserve the coastal environment, it is
an effective method to reduce the SOD by improving the polluted sediment.

As the results of simulations, in Masan Bay, oxygen deficient water-masses recovered
to 5.0mg/l when the 50% reduction in input COD loads from Masan basin and 70%
reduction in SOD was conducted. In the western part of Jinhae Bay, oxygen deficient
water-masses recovered to 5.0mg/l when the 95% reduction in SOD and 90% reduction
in culturing ground fecal loads was conducted.
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Table 1. Input data for hydrodynamic model

Parameters Input values

Mesh size Ax=Ay="750m

Water depth Chart datum+MSL

Time interval 20 sec

Level 1:0~4m 2:4~8m
3:8~12m 4:12~16m
5 : below 16m

Tidal level at open
boundary

53.8~544cm(M,), 32.4cm(Sy)

Coriolis coefficient f=2- - sing
Suface e qong

Do ficion—qopng
Botam.fietn  qougs

Horlgontal viscosity  3.0E5(om/sec)
Horzontal diffusion 3,085 (omsec)
Wind speed 0.0(m/sec)

River flow Refer to(Table 3)
Calculation time 20 cycles
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Table 2. Input data for material cycle model
Parameters Input values
Mesh size &r=8="750m

Water depth
Pollutant loads

Initial concentration

Chart datum+MSL
Refer to{Table 3)

level 1 level 2 level 3 level 4 level 5
DOUng/t) 9.00 9.00 9.00 9.00 9.00
COD(mg/) 2.00 2.00 150 1.50 150
DIP(ug-at/l) 2.50 2.50 2.50 2.50 2.50
DIN(yg-at/1) 10.00 10.00 10.00 10.00 10.00
Chla(mgC/m®) 500.00 500.00 500.00 500.00 500.00
POC(mgC/m®) 600.00 600.00 400.00 400.00 400.00
DOC(mgC/m®) 800.00 800.00 600.00 600.00 600.00
Boundary concentration
level 1 level 2 level 3 level 4 level 5
DO(mg/) 9.00 9.00 9.00 9.00 9.00
CODGmg/) 1.50 150 1.00 1.00 1.00
DIP(ug-at/l) 2.00 2.00 2.00 2.00 2.00
DIN(yg-at/D) 8.00 8.00 8.00 8.00 8.00
Chla(mgC/m®) 500.00 500.00 500.00 500.00 500.00
POC(mgC/m*) 300.00 300.00 100.00 100.00 100.00
DOC(mgC/m®) 400.00 400.00 100.00 100.00 100.00
Horizontal viscosity coefficient 3.0E5(cm¥sec)
Horizontal diffusion coefficient 3.0E5(cm?/sec)
Vertical diffusion coefficient
level 1 0.1(cm?/sec)
level 2~level 5 0.01(cm?/sec)
Total runtime 40 Cycles
FAEYS =23E YN 0dem¥sece S5 R37F AAY 146% 0] 2k

o 4 o

218 Jehd, EF AF% k8 B8 9
ME 0.Iem¥sec BTk A& gho] AAsTta &
31, HEBANA 0.0lem¥secE ALY HEEE K

g FHE vk glerng B AdAE level 10
A 0.1em¥sec, 7V level A E 0.0lem¥secsS: A&
7=

(2 fdst

Mo s FYHe A9d S HRINFL Ta-
ble 32 Zo] JMEES £ 2GH3
frd=EE F3H= COD 60%, &

14+ 21 73%, DIN 63
%2 RS A

rae] 242

421

(3) FAAEA 97 g3

SEaeE eIl M BmEHEEE Table 49 2
o] 142foll BHE 987ThaE 88% 7t T FEHIHolH,
SEE S 6740l AL 51225 % 67% 7 AFH
2} 9F2o)Foln},

FHAEA Qg @RI BAME WK
(1977), 7l %(1971) 2 *# £(19D 5 g
2o dF 277 2ndE v glo fk 2 &b
o) ZAMAF ) Y3d =3 PFFH e AR
Fe& 77 25~233.0(8 T :91.5) mg/ind/day =
304~63.3(3 T :51.7) mg/ind/day BAE RI3}
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Table 3. Range and mean values of pollutant loads disch

2

) A

'o]—l

arged into Jinhae Bay duﬁng the summer

Parameter Flowrate DO COD PO,-P DIN POC DOC
Sub-areas ( ton/day ) ( kg/day )
Masan Bay 545,600~ 0.1~ 17.3~ 703~ 14,900~ 7,240 14,200
771,000 42 290 750.0 19,000
(658,300) (2.2) (232) (4102) (16,950
Hengam Bay 49,400~ 0.2~ 1.6~ 539~ 1,740~ 720 1,400
76,340 0.6 20 111.0 1,920
(62,870) (04) (1.8) (82.5) (1,830)
Songjung Bay 193,800~ 1.3~ 20~ 52~ 1,810~ 1,754 3,440
205,480 14 92 76.4 2,210
(199,640) (14) (5.6) (40.8) (2,010)
Jindong Bay 158,600~ 14~ 11~ 14.2~ 3,640~ 1,570 3,075
270,000 2.6 56 24.0 3,990
(214,300) (2.0 (34) (19.1) (3,815)
Danghang Bay 89,900~ 1.0~ 11~ 6.1~ 754~ 957 1,876
165,140 18 43 114 2,580
(127,520) (14) 2.7 (8.8) (1,667)
Gohyun Bay 21,700~ 0.2~ 0.6~ 04~ 480~ 471 924
81,340 0.8 34 6.1 540
(51,520) (0.5 (2.0) (34) (510)
Sum 1,059,000~ 4.2~ 23.7~ 150.1~ 23,324~ 12,712 24,915
1,569,300 114 53.5 978.9 30,240
(1,314,150) (7.8) (38.6) (564.5)  (26,782)
( ): Mean
Table 4. Shellfish farm facilities in Jinhae Bay
Species Crassostrea gigas Mytilus edulis Ark shell
Sub-areas Number Area(ha) Number Area(ha) Number Area(ha)
Western part 125 819.0 11 40.21 6 157.0
Jindong 9 101.7 45 247.95 13 162.6
Eastern part 2 6.2 1 13.1 63 543.2
i gl (4) AR A28 7%(SO0D)

ojelre 23 AFEXY HF wWHFL 7F
o8 o] k4 G o3 A FRAWE
<P Ek $EEE ARlEEA e 3% 3F 3063
£ Wi go] AN, EFE] 45 88E0] A
e Aoz #EdE

dH F EE T fUlE: FHS 26~20%
(A, 1977013, HEHE Heftipe A B 23
walE I FHe o Eamye AXAEM A7
Al Hedl @ERE Y 15~33.0% (A, 1981) 7}
gigto] shetgte Aoz WA vl =g b
el 30% 7t vhgtol AR n 4R n R/
9 FHS 15%2 JHASE F£Fo 2F3A 5
= FrleAa g gl AaAiERe 3% 321 ton
Jday, SRS 9.2 ton/day® BEATH
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F w2 FolAx ZEdAl 713 A e
3 oo}l & g2 kb £(1991)°] 88 TFIE
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day Bt £& g BRE o)A AT
zpole] 71918 Re.z MztHL} )

(5) FYE 425
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e £E284 B2 2mgd ©l3R "oiAe 1Y
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day, 109mg/m¥day B}, o)t 3h2 LB A
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Table 5. Sediment oxygen demand in each sub-areas of Jinhae Bay

Month Sub-areas Oxygen uptake Correlation SOD
rate(mg/l * hr) coefficient (») (mgOym*/day)

June Masan Bay (St.7) 0.158 -0.98 1517

Central part (St.10) 0.146 -0.99 1401

Western part (St.16) 0.154 -0.99 1478

/doy Bk & grolloy B (1982)7F BA F=H
Hise B 2 LS XA Ne mibEE
10~300mg/m*/day, POl WBHEE 0~50mg/m*/day
WY W golAd.
3. TS ABFE Kl AlZaolM

D dAFaEd A
32 AFHE Rdo i FHK-S B

A3l sl KESS AR @ e
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Fig. 8. Computed velocity fields in each level during the flood and ebb flow.
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Table 6. Typical ranges of reaction coefficients and used ranges for calculation

Variable Discription Unit Typical Used Remarks
range of values values
a Phytoplankton Maximum /day Variables 059  Eppley(’72)
growth rate at 0C
a Phytoplankton respi /day variables 001  Jorgensen('79)
ration rate at 0T
a Zooplankton maximum fi- mgC 0.05~1.2 0.18  EPA(’85)
ltration rate at 0T mgCzo0* day
A Phytoplankton mortality /day 0.003~0.17 0.01  Jorgensen(’76)
rate
as Zooplankton mortality Jday 0.001~0.125 0.054 Scavia et al.('76)
rate
s POC decomposition rate /day Variables 0.32 Bansal(’75)
at 0T
[o73 DOC decomposition rate /day Variables 0.02 Ogura(’75)
at 0T
as Sediment release rate for mg/m%/day variables 10 Observed
dissolved phosphorous
) Sediment release rate for mg/m*/day variables 50 Observed
dissolved nitrogen
K. Reaeration coefficient /day variables 0.15
Ks Sediment oxygen uptake mg/m%/day variables 1500  Observed
rate
K, Half saturation costants Lg-at/l 0.008~0.04 001  Jorgensen(’79)
for phosphate phosphorous
uptake
K. Half saturation constants ug-at/l 0.15~2.2 026  Jorgensen(’79)
for ammonium uptake
W, Phytoplankton settling m/day 0.08~17.1 0.173  Jorgensen(’79)
velocity
W Detritus settling velocity m/day 0.00~666.0 2.00  Jorgensen(’79)
u Zooplankton ingestion ef- - 0.7 Jorgensen(’79)
ficiency
v Zooplankton growth ef- 0.17~0.45 0.3 Jorgensen(’79)
ficiency
Bk KME AYT d94= Fig 118 2o mgl °l8te] TEEE o, B yY2eo
level 114 &E429] FXFHE MEKE L 20mgl o3t BHEE REQAD. level 4914 &
AAE Had o2& wRAA 90mgl ©13 T EAA: FErt U gado] tREe MHigE 7
EREE BRI, SHiEE AERAAE 80mg1Y WEKS 20mgl LT BEEE AU BREY
TEREE EFov BILE Vﬂﬁl olvt AT o nleE4 level 5ol uhe] szl 8
Zol dLEFA Fde] B HMe HEAE AHYh
FAEY FFHOR 120mgl8 B2 FEEX FH 7 levelEE AN g F dFB=A)9)

=

g HAch level 39 A MEAR HiTdME
6.0~80mg/1e] F-EHYL, te] MEo g 42 R

B3kl Fqolgol WY il FHRHEHS 40
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Fig. 10. Comparison between calculated and observed dissolved oxygen at each station during the summer.
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Fig. 15. The predictions of dissolved oxygen depending on various SOD reductions under present conditions.
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