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Influence of the Discharge Water from Power Plant on the Dissolved
Oxygen Displacement in an Enclosed Coastal Sea, Osaka Bay
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Abstract: Applying numerical analysis models to the Nanko area of Osaka Bay, we calculated dissolved oxygen
displacement affected by power plant discharge in the summer when the bottom layer was hypoxic. The power
plant discharge was found to increase the oxygen supply from the upper layer to the bottom layer during July and
the first half of August. On the other hand, halt condition of the power plant discharge decreased the horizontal

and vertical dissolved oxygen displacement.
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Fig. 1 Calculation area and model horizontal resolution in Osaka Bay and the vicinity of the Nanko thermal power plant.
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Table 1 Numerical model parameters used for the
calculation of environmental factors in Osaka Bay.

Calculation condition Selected Value
Calculation area whole of Osaka Bay (63kmx63km)
Horizontal resolution 500m~ lkm
Level 1 : surface ~2mLevel 6 : 15~20m
. Level2 :2~4m Level 7 :20~30m
Depths and thickness of 0 13 1y Level 8 : 30~40m

model levels Level4 : 7~10m Level 9 : 40~50m

Level 5 :10~15m  Level 10 : 50~bottom
Calculation time step 8sec
May 1st,2002 to January 1st,2003

Calculation period

Approximation of tidal level fluctuation based on the
tidal harmonic constant relating M2,52,K1,01 tidal
component to Sa annual tide

Tidal level condition of
baymouth

Temperature and salinity Estimate daily variation value by the public water
condition of baymouth  body observations in Kitan and Akashi channel

Yamoto,Y odo,Kanzaki,Aji,Kizu,Muko,Shirinashi,

River inflow . .
Syourenji, and Sumoto rivers

River inflow
temperature("C)

Estimate value by the approximation formula of water
temperature and air temperature

River inflow Estimate value by the approximation formula of water
salinity(psu) flow and salinity
Wind direction/velocity _Estimate value by the MANAL data

Sea surface friction

. Estimate value by the bulk formula(Kondo,1975)
coefficient

Precipitation Estimate value by the hourly AMeDAS observations

Hourly observations value of
temperature,cloudage,humidity,insolation at the
weather station in Osaka,Kobe,Sumoto and
Wakayama

Meteorological element

Coriolis coefficient 8.24x107°S!

Sea bottom friction

coefficient 0.0026

Coefficient of horizontal

eddy viscosity 0.05< A" (4/3)

Coefficient of horizontal
diffusion
Coefficient of vertical
eddy viscosity

A\ :horizontal mesh size

X . Turbulent flow model results
Coefficient of vertical

diffusion
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Table 2 Numerical model parameters used for the
calculation of environmental factors in the vicinity of the
Nanko thermal power plant.

Calculation condition

Selected Value

Calculation area

Surrounding ocean area of Nanko power plant
(20km»20km)

Horizontal resolution 50m~250m
Level 1 : surface ~2mLevel 7 : 7~8m
Level2 :2~3m Level 8 : 8~9m
Depths and thickness of Level 3 : 3~4m Level 9 : 9~10m
model levels Level 4 :4~5m Level 10 : 10~12m
Level 5 : 5~6m Level 11 : 12~14m
Level 6 : 6~7m Level 12 : 14~bottom
Calculation time step 150sec

Calculation time span

June 1st,2002 to September 30th,2002

Boundary condition of
baymouth

Estimate value by the numerical calculation results
(temperature,salinity,tidal level,flow)of whole Osaka
Bay

Tidal level condition

Estimate value by the numerical calculation results
for the whole fo Osaka Bay

River inflow

Yamato,Y odo,Aji,Kizu,Muko,Shirinashi,Syourenji,
and Sumoto rivers

River inflow
temperature(‘C)

Estimate value by the approximation formula of
water temperature and air temperature

River inflow
salinity(psu)

Estimate value by the approximation formula of
water flow and salinity

Meteorological element

Hourly observations value of
temperature,cloudage,humidity at the weather station
in Osaka,Kobe,Sumoto and Wakayama

Coriolis coefficient

8.24x10°s"!

Wind direction/velocity

Estimate value by the MANAL data

Sea surface friction

Estimate value by the bulk formula(Kondo,1975)

coefficient
Sea bottom{ friction 0.0026
coefficient
Coefficient of horizontal 0.05x/\"(4/3)
diffusion A\ :horizontal mesh size

Coefficient of vertical
diffusion

Turbulent flow model results
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Fig. 2 Conceptual diagram of the low—order ecosystem

model.
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Table 3 Boundary conditions of the ocean circulation model
and the low—order ecosystem model.

Surrounding ocean area of

Calculation area Whole of Osaka-Bay Nanko power plant

Al t of
. mf)un ° ,.  Hourly observations in Osaka by Japan Meteorological Agency
insolation(w/m~)

Yamato,Yodo,Kanzaki,
Daily mean river  Aji,Kizu, Shirinashi,
inflow (m’/s) Syourenji,
and Sumoto rivers
River inflow Estimate value by the correlation equation of water temperature
temperature("C) _ and air temperature

Yamato,Y odo,Kanzaki,Aji,Kizu,
Muko,Shirinashi and Syourenji rivers

River inflow Estimate value by the correlation equation of water flow and
salinity(psu) salinity
Dissolution rate of Dissolution rate of phosphorus=axexp.(0.0388xT-0.541xDO)
saline mud Dissolution rate of nitrogen=axexp.(0.064xT)
nutrient and oxygen consumption rate=axexp(0.115xT)xHxDO
oxygen Where T is temperature:H is bottom layer height:DO is
consumption rate __concentration of dissolved oxygen.

Approximation of tidal

level fluctuation based

on the tidal harmonic Estimate value by the numerical
Tidal level condition constant relating calculation results for the whole of

M2,S2,K1,01 tidal Osaka Bay

component and Sa

annual tide

Estimate daily variation

value by the public Estimate value by the numerical

Tesn; ﬁ:riau(lr:fj)c ) water body observations calculation results for the whole of
v inKitan and Akashi  Osaka Bay
channel

Table 4 River and ocean inflow load of the low—order
ecosystem model.

Surrounding ocean
Calculation area Whole of Osaka-Bay area of Nanko power
plant

COD
NH4-N
River NO2-N
inflow NO3-N

Estimate value by the
correlation equation
of river inflow and

Estimate value by the
correlation equation of
river inflow and load

load PO4-P load
(T/day) Public water body Public water body
DO observations in observations in Osaka
Osaka City City
COD Estimate daily
Open sea Egg:ﬁ variation value by the Estimate value by the
inflow public water body numerical calculation
NO3-N L
load PO4-P observations in results for the whole of
(mg/l) Osaka and Osaka Bay

DO Hyogoprefectures

WEEDBH 6 AHNH 9 HRETE LZ, £77, DOIX
BUKIEsk N T EF-425 2 L1302 O BUKEEOE
EHOUKEEDMEIZE LS D & L, BUROKAT B HR
KPFEBE, HMKNEIBELAfBE L, 1ok,
HREICER LT A—2FHO 5 (1997) O
Ex2BEICHRE L,

BRI D W TldTable 312, {111 A fF &,
BT IS OV CldTable 4 1I2R LTz, HAT
JIVE R H i S oo FERIE 2 vy, FERIE o
UNRRIE 1]+ EE) ] - IESESE - PNAINZBI LTl
b7 —ZEOZWKFI & OftEfHREE S HE
EflE 5 27,



REING : EEATBUK D EFIRE OB G X 5 8%

\“\

Fig. 3 Water depth chart in the vicinity of the Nanko thermal
power plant.
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Fig. 5 Daily variation of vertical dissolved oxygen
displacement volume in the segment area (D in the case
of Oton/s discharge at each depth. Positive value means
upward DO displacement volume, negative value means
downward DO displacement volume.

=
3

S
3

NN

AL S
Y YWY

6/1 6/16 7/1 7/16 7/31 8/15 8/30 9/14 9/29

I
0
3

Vertical DO displacement
volume (ton/day)
o

-40

[ —on —bn — |

Fig. 6 Daily variation of vertical dissolved oxygen
displacement volume in the segment area (D in the case
of 78ton/s discharge at each depth. Positive value means
upward DO displacement volume, negative value means
downward DO displacement volume.
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Fig. 7 Daily variation of vertical dissolved oxygen
displacement volume in the segment area (D in the case
of 156ton/s discharge at each depth. Positive value means
upward DO displacement volume, negative value means
downward DO displacement volume.

Fig. 4 Segment areas based on the water depth chart.
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Table 5 Differences in the monthly horizontal dissolved
oxygen displacement volume (kg/day) between the
segment area (D and the area @ in each layer. Casel is
Oton/s discharge, Case2 is 78ton/s discharge and Case3 is
156ton/s discharge. Positive value means DO displacement
volume from segment (D to (), negative value means DO
displacement volume from segment @) to (.

Depth(m)  Jun Jul Aug Sep

Ist layer

(0~3m) RO S ST

2nd layer -1,792  -1,441 -1,008  -695
Casel (3~5m)

3rd layer

(~qmy TR T 0%

4th layer

O~gmy 2 BT MR

Ist layer

(O~3my 14230 8431 13068 15581

2nd layer 20,344 18,215 14,054 7,977
Case2 (3~5m)

3rd layer 7323 9,713 7,240 2,312

(5~7m)

4th layer

(7~8m) -353 565 787 -351

Ist layer 36,253 24,209 29,498 27,054

(0~3m)

2nd layer 42,766 37,267 30,839 18,571
Case3 (3~5m)

3rd layer 20,820 22,312 16,593 7,432

(5~7m)

4th layer
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Table 6 Differences in the monthly horizontal dissolved
oxygen displacement volume (kg/day) between the
segment area (D and the area (@ in each layer. Casel is
Oton/s discharge, Case2 is 78ton/s discharge and Case3 is
156ton/s discharge. Positive value means DO displacement
volume from segment (D to (3, negative value means DO
displacement volume from segment @) to (.

Depth(m) Jun Jul Aug Sep

Ist layer
(0~31m) 1,918 2,658 2,554 1,627
2nd layer 730 515 -66 3
Casel (3~5m)
3rd layer
(5~7m) >82 28t 2 7
4th layer
Ist layer
(0~3m) HIO8 203222898
2nd layer 2,774 925 -256 53
(3~5m)
Case2 3rd layer
(~7m) P % 62800
4th layer
g~gm O 4 AT 0
Ist layer
(0~3m) B0 D0 1092723
2nd layer 1,622 -2,737  -4,066 -1,262
(3~5m)
Case3 3rd layer
(ST -1,840  -3,131  -3387 -1352
4th layer
e I
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Table 7 Differences in the monthly horizontal dissolved
oxygen displacement volume (kg/day) between the
segment area (D and the area @ in each layer. Casel is
Oton/s discharge, Case2 is 78ton/s discharge and Case3 is
156ton/s discharge. Positive value means DO displacement
volume from segment (D to @), negative value means DO
displacement volume from segment @ to (D..

Depth(m)  Jun Jul Aug Sep

Ist layer
e
2nd layer -755 -744 1,086  -892

Casel (3~5m)

3rd layer
s I

4th layer
(7~8m) -0 -44 > >

Ist layer
(O~3m) 10908 9991 86d6 4458
2nd layer 4,199 3821 3,296 2,209

Case2 (3~5m)
3rd layer 3,618 3,029 2309 1,915

(5~7m)

4th layer
g~ %0 T M

1st layer
(0~3m) 19,341 16,638 13,310 8,306
2nd layer 8,471 7295 6,159 4316

(3~5m)

Case3 3rd laver
W 6,195 5408 4207 3,195

(5~7m)

4th layer
(7~8m) 985 830 o v
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