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A study on the discharge system of thermal waste water

Ki—Su Kwak

Department of Ocean Engineering, The Graduate School,

Pukyong National University

Abstract

It is important to evaluate the distribution of thermal waste
water from power plant. In order to predict the distribution
of thermal waste water, this study used POM/(Princeton
Ocean Model) improved for applying to coastal area. This
model is applied to the coastal circulation of Cheonsu Bay in
South Korea and is calculated to the effect of thermal waste
water from power plant. So it compared a distribution
aspects at layer and section in accordance with the
discharge of thermal waste water. With the discharge method
of thermal waste water, it analyzed to the effect an oceanic

ecosystem.

This study results are as follow :

i) Comparing the computed results with the observed
results, the tidal velocity and direction showed good
agreement generally. The tidal velocity is about 1.5
m/sec on surface level and is about 0.9 m/sec on

bottom level at flood tide. And the tidal velocity is

- in



about 1.3 m/sec on surface level and is about 0.8 m/sec
on bottom level at ebb tide.

i1) The distribution discharged coatal area is larger than
the other method that area changed water temperature
below 1T on surface level. The distribution discharged
deep sea is larger than the other method that area
changed water temperature over 2C on bottom level.

iii) As the effect which the distribution of thermal waste
water causes in oceanic ecosystem, It is estimated that
Phytoplankton - zooplankton and fishes is slightly
affected by the discharged method of thermal waster
water. But seaweeds and benthos is more affected by
the discharge from deep sea, because the range of
water temperature change on bottom level is large than

the other.
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Fig. 2.3 Flow diagram of the code.
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Fig. 3.1 Observation station of the tidal current.
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Fig. 3.2 Stick diagram of tidal currents observed in
ST—1(summer).
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Fig. 3.3 Stick diagram of tidal currents observed in
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Fig. 3.4 Stick diagram of tidal currents observed in
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Fig. 3.5 Stick diagram of tidal currents observed in
ST—1(winter).

Fig. 3.6 Stick diagram of tidal currents observed in
ST-2(winter).
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Fig. 3.7 Stick diagram of tidal currents observed in
ST-3(winter).

,24,



Z89 FEWey I AFEE Zdolrr] YiM 7 AH 2R/
£ Fig. 3.8 ~ Fig. 3.109] v}ehidct.

AW ST—10A sHAI F 3.8 B> ZAx 2 32 S5
A wpgko g 5F o] Wk BakAol vjwd vk HAF AERA §%

2 33.8 cm/sec, H7 dFAl 45 128.2 cm/sec® YERY F
A 5 GxAlY AT Zow vepwrh ol B4 ST-19)
AckE wig WHRT 2o Rete] FAREe] Hx EF0] ¢
A Aoz wAgkEnt FA F EEFYYTE He-dx wIdew
FAS} A vebdh A7 FEA 45 27.0 cm/sec,
4 9 xA §458 1255 cm/sec® YERY, HEA19 HA f40)

AT Ao ' et

FA8 ST-204 A F 5 FA-d5 BFoez 454

550l A Yerda e, Ak

FEA FEHE 212.4 cm/sec, HA HEA

e, BAEe] xR0t A A
stAI st whE M A 2 BA—dw W 454 550 ]

A7 F2A FE52 2149 cm/sec, A HGxA] FE5S 1469

cm/sec® BAZF7F A% o7 e

F™ ST-30A &AIS] 558 H-dA wake 48 550

vehte, o] gEfiFel Hxlska A

oF7F Al YEbRT HZF HXA FE52

Al 452 62.2 cm/secE YERY} HFE wEEe] A

Aoz yebdth. A= &A ek vk

5ol Yetder, AR FxAl /&5 1134 cm/sec, H Hx

A 642 79.8 cm/sec® AZF7F LM E o7 vheRgTh

rir

3L
i

,25_



St-1 (Summer) St-1 (Winter)
N N

- 4 - ™
V- \ // T

/ 100 - \ / 100 -

/ \ /
36 \ 0.

W Speed(cm/sec) w Speed{cm/sec) 2 £
o 2o 20t vie Yo b0 e 20 mo sfeb b 250 20 10 100 ® e 1o 20 2o o
4 ] i .

o - - - / \ 2 .

Fig. 3.8 Scattered diagram of tidal currents
observed in ST—1.

St-2 (Summer) St-2 (Winter)
N N
R /w\\
~ \\ - 250 - \\\
250 -
/ o N // 200 - AN
4 \ 7 50 - A
/ \ / N\
/ - \ /
/ \\ '/ \
Speed(cmi/sec
Speedicm/sec) L e yy | Spesdicmisec) L E
340 230 200 150 100 3¢ 0 100 150 280 250 340 3 2%0 200 150 100 103 15C 200 250 0
\\ - II \\
\ 100 ~ / X
\ / '\
N 15 / S\ 150 /
N\ Vs \ /
AN 200 Vs AN 200 /

Fig. 3.9 Scattered diagram of tidal currents
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Fig. 3.10 Scattered diagram of tidal currents
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3.11 Tidal currents observed in SC—1.
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Fig. 3.12 Tidal currents observed in SC-2.
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Table 3.2 Vertical division on the sigma coordinate

Level Z 77 DZ DZ7Z
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Table 3.3 Tidal harmonic constants on the open boundary

Location My Se K, O
O THm [GC) [HGm) | GO [Hm | GC) | Hm) (G
Anmyeondo | 2.052 94 0.732| 132 [0.362| 273 [0.272 | 252
Off—sea 2.022 93 0.722 | 129 [0.362| 270 [0.242 | 233
Daecheon 2.031 92 0.731 | 127 [0.354| 273 10.265| 234
Table 3.4 Computational conditions and parameters
Condition & Parameter Used value
Computational grid system Tmax = 115, Jmax = 225
Grid spacing Az=Ay=200 m
Internal time—step Aty
External time—step Aty
Total computation time 16 days
Central latitude 36°23°
Initial salinity 35%
Initial temperature 20T
Water density 1,026 'kg/ms
Initial horizontal diffusitive 50 m°/sec
Initial vertical diffusitive 0.001 m*/sec
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%S FYAA oY, hF 27| st Zhzh 25417 Fke] Z
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g QAoME U B R e Aike] ik RAMP AlsE AFE-3f
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Fig. 3.15 Check point of tidal elevation and currents.
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Fig. 3.17 Stick diagram of tidal currents computed in
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3.20 Vector diagram of middle level
at flood current.
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3.21 Vector diagram of bottom level
at flood current.
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4. 2l F4 54

T 2l #@ak gl gg Arte Fdsn

B AT E EEaAl BR A wE 2ulg FA e
A7 f)te], 7]1E] BHTFANA HRHE 85 (Case 1) 9
Ak A dE5S F, 7IE R AFSZ 1.0 km Hox
oA 2ujFE WHET F$-(Case 2) 9 o)F WFHoM ujs
& WRE A9 (Case 3)9 v A WIS &8t Wi A
Aol w3 2ol gt EAS FA ekl

ARRAL AFFEH TYs, AT ARRIE 674F
Z A5 RET FAA SEEAt

WAL WEHE LMFEE dHGoR sto] Avstgon,
198345 E 200247k 204 F9re] R/ BEE NHARE
olgatel Sdth7] @ AL FHFL(Te) ¥ ARBAFY 7
AEA) BEge Aol AEHAC™, Table 4.1 22}
&g vrERRRT

Table 4.1 Equilibrium water temperature and coefficient of
heat exchange

Section Equilibrium Temperature ’
water temp. (T) exchange coeff.(W/m*/C)

Summer 96.9 2.094E—05

(July)
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[
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Y

279 v, A5 52 AT LA (2004 8 AEE Fx
&ttt

w0 vl A LA 6.4TolH, BF WHWA S FHen
Atk sAIRE B mHlos 7]EL] FHET W WRT FHAA L
nE ARE 2R 3t AALEES 7.0C2 AARoH, i
B2 HFolA FAA Al WiFEHES sH3lch

AN a7 E £ 18Uzt R dYstgion, A
A ZHEQ AlS Mgt HE Ao skuh. AlAtel ol 227
o7 98L& 350 %E sHATh

Table 4.2 Computational conditions and method

Section Displacement Rising temp. No. of Drainage method
(m*/sec) (AT) drainage pipe inag
Case 1 156.0 + 7.0C 1 EA coastal line
Case 2 156.0 + 7.0C 1 EA 1.0 km from
coastal line
Case 3 156.0 + 7.0C 2 EA 1.0 km from
coastal line

¢ AR MESEEIL 7502 Q8 FsiEe) SRR NN, 2004, () HRFHA
4.2 AA47
4.2.1 AF F742 9 Ak (Case 1)
ActellA WRHE 2o FAF WS oFsR e, Fig
4.1~Fig. 4.3° drelA el v gt ddd 35 Vepliioh
oA el WH F29 gk Hovk 7 wA vebten, 44
of ZAAAALE A HAVE AA FAHY vEerdth dANbEgo®
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Fig. 4.1 Change of water temperature on
surface level(Case 1).
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Fig. 4.2 Change of water temperature on
middle level(Case 1).
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Fig. 4.3 Change of water temperature on
bottom level(Case 1).
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Fig. 4.4 Change of water temperature on
surface level(Case 2).
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Fig. 4.5 Change of water temperature on
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Fig. 4.6 Change of water temperature on
bottom level(Case 2).
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Fig. 4.7 Change of water temperature on
surface level(Case 3).
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Fig. 4.9 Change of water temperature on
bottom level(Case 3).
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Fig. 4.16 Water temperature distribution of
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Fig. 4.18 Water temperature distribution of
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2ulo] R Y X|o] wE 2w A HE dhebsbr] flst
Wk =2 W3l W9 E Table 4.3°] Yehjlon], 2l
& BF JHo g 2xws AAu|E Fotstr] 9J38ke] Table
48 2 1932 77 e

05 T = T<10 T & A% 25037 S8t HAS
Ak W FA (Case D7) 28l W74 (Case 2) W olF HH
= (Case 3) R} AFoNA o ZA HeleH, 1.0 C < T
<20 T < A 2359 F3oMe Ak B/ (Case 1)0]

9 270 JeEou, AFdA: os] WA (Case 2) 2 olF
A

a2 (Case 3)°] ¢ ZA YERGT =3 20 C < T <
3.0 T 29 A¢E EZoME Ak HFE2A (Case 1)e] ¢ ZA

veton, 33 A= 28 wEwa (Case 2) ¥ olF
W WA (Case 3)o] o & AR e

T3 54311 W2 (Case 2) % o5 WR# WA (Case 3)= Y]
WEHEH, 0.5 T 2xWsrt st Hd 7gjs &) &
2] (Case 2)9] %i‘ﬂx—*.gi o ZA veRET

=
T

Table 4.3 Distance of change on water temperature
(Unit : km)
Case 1 Case 2 Case 3

Temperature
North|South} West [North|South| West |North|South| West

surface| 10.0 | 13.0| 6.0 |100| 86 | 26 | 9.0 | 74 | 24

0.5 C| middle | 7.6 |11.0| 5.0 | 96 | 8.2 | 2.2 | 84 | 7.2 | 2.2

bottom | 2.6 | 9.6 3.8 86 | 80 | 20| 72| 70 | 2.0
surface} 5.8 [ 11.4] 54 8.2 7.2 2.0 6.2 6.4 1.8

1.0 C| middle | 1.4 | 6.8 | 44 | 66 | 70 | 1.8 | 5.8 | 6.2 | 1.6
bottom | 1.0 | 2.2 | 30 | 54 | 64 | 1.6 | 48 | 58 | 1.4

surface| 0.8 3.8 4.0 - 1.8 1.4 - - -
3.0 T | middle | 0.4 1.0 | 0.6 - 1.4 1.0 - - -
bottom - 0.8 0.4 - - - - - -
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Table 4.4 Area of change

on water temperature

(Unit : km?)
Temperature Case 1|Case 2|Case 3|Ratio 1"|Ratio 2"
surface| 40.2 16.8 14.8 0.58 0.63
0.5 C < T<1.0 C | middle| 32.0 16.2 12.6 0.49 0.61
bottom | 27.4 14.8 11.2 0.46 0.60
surface| 33.8 14.6 12.6 0.57 0.63
1.0 C < T < 2.0 C |middle| 22.2 14.4 11.0 0.35 0.50
bottom | 5.8 13.2 9.0 —-1.28 | -0.55
surface| 20.8 10.2 6.6 0.51 0.68
20 C < T <30 C | middle| 3.8 6.0 8.0 -0.58 | -1.11
bottom | 1.2 5.0 4.4 -3.17 | —2.67
« Ratio 1 = (Casel - Case2) Ratio 2 = (Casel - Case?’)
Casel Casel
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tH(Fig. 4.21 &X).
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