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The Estimation of Marine Environmental Capacity forAthe Reception of
Cooling Water from HTPP in Southern Waters of Cheju Island using a
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Abstract

The field surveys and the measurements of seawater temperatures were conducted every
month from 1997 to 1999, and the distributions of seawater temperature were simulated
and reproduced by a three dimensional hydrodynamic numerical model over the southern
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waters of Cheju island. In order to estimate the marine environmental capacity for the
reception of the heat loads of cooling water discharged from Hwasoon Thermal Power
Plant(HTPP) in the study area, the simulations for predicting the situation of unfavorable
environment in which marine organisms might not be satisfied with change in seawater
temperature were performed using a three dimensional hydrodynamic numerical model by
controlling quantitatively the heat loads of cooling water from HTPP. Currently, HTPP
discharges cooling water of 359 into the sea as much as 112,800m'/day in summer. As
the results of simulations, the more the heat loads from the power plant increase, the
more increase the seawater temperatures around the water areas adjacent to the power
plant. In case the heat loads of cooling water from HTPP become about 5 times as high

as the present loads,

seawater temperatures at near-shore waters adjacent to HTPP

appear to be increased to the extent of 0.5°C above the existing seawater temperature in
summer. The marine environmental capacity for the reception of thermal discharge from
HTPP is estimated to be about 530><106kml/day which is equivalent to the increase of a
factor of 2 in the temperature of cooling water without any change in the discharge rate
of cooling water or which is equivalent to the increase of a factor of 4.6 in the discharge
rate of cooling water without any change in the temperature of cooling water. Comparing
the case of the increase in the discharge rate of cooling water with the case of the
increase in the temperature of cooling water on the basis of the same heat loads of 530X
loekra!/day, the former case is expected to increase seawater temperature a little higher and
to extend the area affected by heat loads a little broader.

Keywords: Three dimensional hydrodynamic numerical model, Marine environmental capa-
city Heat loads, Hwasoon Thermal Power Plant(HTPP), Cooling water
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Fig. 1 Location of stations for seawater temperature and current meter, and finite—difference grid
of a 3-dimensional hydrodynamic model in the southern coastal area of Cheju Island.
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Table 1 Input data for a three-dimensional hydrodynamic model
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Parameter Input vlaue Parameter Input viaue
Mesh size 4x=4y=185.2m - .- B .
Water depth Chart datum+MSL | Soriols coefficient oo sne
Time interval 6.0 sec urtace TlCt.IOI.I coel. :
: Interlayer friction coef. 0.0013
Level 1: Om~20m Bottom friction coef. 0.0025
: Horizontal viscosity coef. 25E5 (cm/s)
2 1 20m~50m . . .
. Horizontal diffusion coef. 25E5 (cni/s)
3 : 50m~bottom

Water temp. & Salinity
at open boundary

Calculation time

1:2365C, 32.08%
2 1 18157, 33.27%
3 :1537T, 33.93%

30 tidal cycle

Source of Discharge
Hwasun Stream (S1)
Thermal electric station (52)
Hwangkae Stream (S3)
Sewage treatment plant (S4)
Joongmoon Stream (S5)

Flowrate & Temp.(C)
1.642E4 (m'/day), 18.0
1.128E5 (m'/day), 35.9
9.504E3 (m'/day), 28.0
5.184E3 (m'/day), 29.5
1.987E4 (m'/day), 24.0
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Fig. 2 The distributions of seawater temperature(’C) on surface level at high water(upper) and low
water(lower) simulated under the present condition of heat loads from 5 sources of discharge.
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Fig. 3 The distributions of seawater temperature(’C) on middle level at high waterfupper) and
low water(ower) simulated under the present condition of heat loads from 5 sources of

discharge.

Fig. 4 The distributions of seawater temperature(’C) on bottom level at high water(upper) and
low waterlower) simulated under the present condition of heat loads from 5 sources of

discharge.
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Temperature (C)
St Level Computed Observed RE(%)"
High Water | Low Water Mean (A) (B) (B-A)/B
A 1 (Surface) 21.43 21.90 21.67 23.72 + 86
B 1 (Surface) 21.50 21.27 21.39 23.06 + 7.2
C 1 (Surface) 22.07 21.90 21.99 21.64 - 16
D 1 (Surface) 21.16 22.82 21.99 21.46 - 25
2 (Middle) 19.74 20.86 20.30 19.93 - 19
1 (Surface) 21.89 2257 2223 23.03 + 35
E 2 (Middle) 18.83 18.87 18.85 18.79 - 0.3
3 (Bottom) 16.10 16.73 16.42 16.15 - 1.7
F 1 (Surface) 23.64 21.04 22.34 2256 + 1.0
» 2 {Middle) 18.46 18.18 18.32 19.55 + 6.3

-9



B

)

A dRaEF(=2F 114%10%4/day)
ok 530% 10%a/day &) @ ¥-3} o]
HEd olgd A4, sy B
Fig. 59l A A3 uie} o) A9}
AA AGolA 202~236CT2A &A=
o detydnn JEEe 20 ¥ FEFE U
Yo 2 Fig. 29 et d4 Exe @ Ao
b ek oy esE A Aa(S2)] Eueg
b fYste AL FRAgGgE T2 o
02T, AZA] & 05T & A&o] o=
o 283 01T #& dso) 9%
He nzAd e AL FFo
Z2ogy o 15m7tA, gEORE
2 dFHAL, AXAdE HHA
oF 1km, NZEOZE oF 2km7A,
07kn MR 2 o) 25 ).

o] § o= ZAFEFE Fig. 20 AAE A
2} o

L

[°)

of fo

05CY 2 4%
st £ g 244 FAH LS HA
o] 2ul IR o Sule] siEElE oF 530
X 10%/day ©) tt.

126-20 B

;

=2

= 4%
WA 29l =24 3BITE FAE T 24
£ FZe A9 112,800m/dayl A 521,800m

/day2 4680 FItAI7|E A$E dA g3
(F 114%10%d/day)2] 46¥7F 5= < 530x%10°
k/day®) A¥sto] mdsjdon Wi o
23 A9 A EE £ £XT Fig. 69 A
A whe} o), mzA}t AzAld Aybyoz
202~236TCEA =A% AgdFdrg &%
o] o] ¥& AL Uetdo 2 M Fig. 29 W
Bt HA Bxe & zojrt giddvh 23y &
SR 2(S2)9 LS st BHa T
s M= mERAIS oF 03T, A=Al ¢F 05T
B ogHs
ok 12kn, MEO2E & | Tkn7tA,
06kn7tA 2 e FH AL, AzAl
ok 12km, MZFoZE o
& 0.8km7tA 2 ol & H A
Fig. 2o} AlAd @AY 4
AFE G799 g

fr ol 1o o fo

o

13314 N

[33—11 N

F33-13 N

Fig. 5 The distributions of seawater temperature('C) on surface level at high water (upper) and low
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_]0_



M
Eh
l(')l
I

[a8
i
>
EN
51
%
®
1

i

rlo
>
for
o

b
oa—-14 N

Fa3—-12 N

A
N ‘LSS—IQ N

F8a-11 N

Fig. 6 The distributions of seawater temperature(’C) on surface level at high water fuppen and
low waterlower) simulated under the condition of loads about five times as high as the
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