WEER - BETEeR
Fo% B2, pp. 74~85, 19974 6H

FBilEel R Sce 2wk
Long-Term Water Budget and Exchange Characteristics in Masan Bay

Z2FA* - A

p 64

Hong Yeon Cho* and Jang Won Chae*

E goolunel s £38 0D Bels) Wsiii Jue $4x L send 54 B 4
clot ek ¥ ATAAE RYAE G k] AOE LT WAL BHAE LSO, FE U
A2 o FEZE EATE0NE o ate] TS Brxl FARYS oh @ Qs 443
At T3 2ok SR folol §5FF AF RE7]0188 19780 10% FEOIA WA F7bstel, A
29ol o HEF G ol w2, 34 U uA °ﬂ olg FEALFE F AUl o 25% Yrolu]
49 % T 99 MBS 107 Aol B, ST £2IoHd FANLE o IAUETNE, Tkl
2 o %ol XA gtk AT P GENHE BHY @r} Lt Aok FEe) N71He Fede f,
=7 A M gl Y= Ao vehgieh

Abstract[] Accurate analysis of water budget and seawater exchange characteristics is essential for the
improvement and management of the degraded water quality in Masan Bay. In this study, water budget is
simulated for the four divided coastal zones on the monthly base, and watershed runoff discharges which are
important as input parameters are estimated using the runoff coefficient(=0.7). The main results are as follows:
The runoff — contribution rate due to water supply discharge is increased from 10% in 1978 to the equivalent
amount at present. The reduction quantity due to the wastewater interception is about 25% of total inflow
discharges, and the net effects of both precipitation and evaporation is about 10%. As the hydraulic detention
time in Masan Bay is estimated about 3 months, water exchange rate is to be very low. From the analysis of
the salinity variation on account of water mixing, it appears no temporal correlation between monthly average
precipitation and salinity, whereas only regional correlation is apparent.

Keywords : water budget, seawater exchange, runoff-coefficient, hydraulic detention time
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Table 1. List of scientific studies and water quality improvement plans.
A7) e R AN o
70 AR ) 2 2AL
Fuk (1976-1979, A&t 3t 1) A & 8+ 3})
g0l aiel 4z % edmUEY And e Hdweldd 141982
Bkis A3 7) 29 7H(1979-1983, 3 s s kel A
s0do ANBA HAHEAEAT ohabet 2445 7] B 8 - 2(1987)
Fu (1988-1990, =3 g+ 4)
90 iRt A 2 G A E 2AFE 1A oFbeh A 8AFR1(1990.6-1994.12)
Wt (1991, Aol B3 EAATLL) opak - st E AR 141(1993. 11 7HE, 1996.
opatRt EMo) 2 SYHAE S EUEY &7 210,000%/% 12} )
(1990-1994) (7t 8Fid 874 T A AL 2)
Ateddel Dby o WaaEedy
(1991-1992, &< 3] 9o 1 A1)
A4 Aol Fan e T
(1993-1994, 338l F A 4)
st 2 Az pel wsk Ay
(1993-1995, =& 5= 2421 5 91)
0T Qigte] o] & 2 Egvteli 9 Ay wpal - 2Ll 2w g 4 8201999, A 2
St (1994-1997, ki3l ol 7t &)
(AE)  AEAA A7) £(1995-1998, YAt e WebE st FwA S WA Y; 2001, 2011)
el AU oSl F238 3} - HFFe f9)8 & ukdElis oz, F - R He) SSUEL ulojd)
polshatel thah ARl A R AW - W 5 9S W olUe, AEH WEAE B4Y - Y
& Aol diEt g9 HoRs ,| Fe el @2 o @ kel )7 7h ks
T A WA fHgdew Qe I A SH(QE, ] T)o] AL odolelom §9lg
o] el A FHAA S Bzhe 3 iz ¥4 2P bl digk FEEE W odREYg uE B
Al #4, F FEFEH ¢ dhhydrological cycle) #2418 o AR A Ei BE Dol Fr)doz B
el e &AM FAE oM 7Y ¢ < aalz Qluh whw, Sajubabe] 0ol oiahH
N#or Fayojof h= 7|E Aol m, WiEIA% 2 2g o] DM G Mol S 9 2ApE
vpAlolch. &, At K<l - FEH: 3 - ArH & AMANER(GAAZA, AR ZoA Sastn
o] &gt F4L ol FukElo) {l¥)i: 9. QwA es, detsig oz 2 FAEE Askael thafr
wahde] 24, £ qAH - ARMY WY dE 3= H7)1Hel wEe] AW AR ek i, 25
g4 ‘H<.’194 % A A ZH(hydraulic detention time) o MEAT N Pedo] Y HALEL DYoo
98 Ad BFaelt TR S AU, RS Ao Hele & gl
Aoz §9 B IlZ F&5 S 1 Seke] A7) - AYHe) MELS TEE S B
o] 7hEAHQl Ao g ALAE: Al A7) W PR PRI R
TAol £ g 183k Ao E BA7E 9lon, upebd, B AfoAE He Holuul 7R Sk
eqFetE 4, Y SRR FEEE Y9 AR LB RA T A, 1996)2 3-ated ulw 7he
R B exvh 23 5 AKDi Toro and o SAFERH (RS- ETH)S 2YsA) o)=
Connolly, 1980). “12l1}, $-¢lubel chi dgtalele]  B4XEA wael JAYRS 2Yshe vgow o
H FEFS PR v R Aol 4] T FrdRe] Add, Y BeAdd g Qg @
HolM A4E A ol gsje] SURYS WESH: W, 2Uw o] gl BT AN & Q= w
W ol8Eka Ut o] WS HHAHY LA Be Astel, vkt dslde 2K o)



76

pilg
o)

}

k)
&

ek <7)4,
@70l wjz} e o3olo)

=3}
A

22 34 rYREE F

2. 847 EMDEO| T4

2.1 X{UibEA|

Ay
of

o
Br

o
o

oF

of
ar
3

)

minl

i

olJ

Froh(Fig. 1 22).

UYL o)

Bs}o}

_04

g

el
@)

[<))]

H

k<)

o
pe

Ziol =

ooz, H9ALE o &
2 olza) webd, & Aol

1995, 19963 whabgt F2 #

)

139l A (Jolankai, 1983;

7

pu

EAlFolt

[WR]=ofP-A]+B[SW]

& AT (0LB)

o &

3]
Al
e

4 a7 2AHg

()
o

o

L

Foll A

5

714

L

Xé‘ E‘?J- T

f‘,-l.

?l.

1= e X3 B

T

ka1
yod

o714, V=2
oltt.

o183
VIR AL

Ao
1=

]

1A, 1995. 6~1996. 4 7)7

3]

A5(F 1270

L.O)E 7}%

B

N
T

7

=

0.704%-2] o 70%7F 45 714)=,

A42) 0.558.th

100% (-

FEF FYAEG 902 AN FAFETH

[
L

27t a7t

{

P
i

& A (o)

<‘

Z

o )

o)

)

t2 2, o] Aol a3

o]

Ly
s

Z57]

=

[s]

Z FAZRES FEETEht, e, Ao 48 -
Z o5 H]

[e]

o

o]
AA

_‘_—_E_ai—(_f’.

1o

o]
LT

s

23
uh,

)

H

L

[

& Holal

Astel Fede wol7] Al

Eici

o] A|%o] EAA

7
.
i
T o
shH, #

R

Atmospheric lnput & Quiput

=
..X_-o
o

&
—_—
o
on
of
N
o
A
o

o)
b

™ 9

!

for Water Budget Analysis

{Precipitation & Evaporation)

Water Surface

de eysor I ey, A7H

al

Outflow Discharge

Inflow Discharge
{Watenshad Ranoff,

23 2K EM by

Controt Zonef Volume}

model.

Effluent Discharge,
Other Jone Outflow )

Fig. 1. Schematic diagram of the water budget analysis
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Table 2. Zone information of the Masan Bay.

Zone No Surfaceb Azrea Ratio of Mean Depth(m) Water \’701131me Watershetzi Area Remark

’ (X 10°'m%) Surface Area (X10'mr) (km")
I(Masan Bay) 9.28 0.125 6.96 193 I1—1
II(Yulgu Bay) 9.42 0.127 10.46 - I-1I—-1I—
II(Chinhae Bay) 45.85 0.619 53.65 - In—1I—
IV(Hangam Bay) 9.56 0.129 7.36 46 IvV—-II—
Sum 74.11 1.000 78.43 239

(Description) - : Lateral watershed runoff are not considered
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Table 4. Total evaporation for annual, summer and winter
season period.

Annual(A) Summer(S) Winter(W) S/A W/A Annual(A) Summer(S) Winter(W) W/A

Y (mm)  (mm)  (mm) (%) (D) Year mmy  (mm)  @m) AP ()
1976 1175.1 498.4 158.3 0.424 0.135 1976 1179.2 479.5 290.0 0.407 0.246
1977 1301.5 529.1 185.7 0.407 0.143 1977 1173.5 488.2 305.0 0.416 0.260
1978 12114 825.9 208.3 0.682 0.172 1978 1342.4 548.0 297.0 0.408 0.221
1979 1851.3 1241.9 228.0 0.671 0.123 1979 1169.5 429.2 279.4 0.367 0.239
1980 1991.5 1127.8 144.1 0.566 0.072 1980 1083.0 397.2 275.9 0.367 0.255
1981 1300.3 950.3 172.0 0.731 0.132 1981 1170.8 4779 272.2 0408 0.232
1982 1242.6 674.3 208.4 0.543 0.168 1982 1154.2 519.8 258.4 0450 0.224
1983  1603.6 960.2 356 0599 0.022 1983  1087.5 454.5 288.8  0.418 0.266
1984  1502.0 1128.4 2067  0.751 0.138 1984 11394 461.2 241.6 0405 0212
1985 2349.1 1357.2 122.1 0.578 0.052 1985 1077.8 474.1 265.9 0.440 0.247
1986 1297.8 842.4 187.3 0.649 0.144 1986 1137.9 455.7 270.3 0.400 0.238
1987 15594 1067.7 108.3 0.685 0.069 1987 1105.6 406.5 260.8 0.368 0.236
1988 823.1 488.0 346.8 0.593 0421 1988 1180.5 473.8 237.5 0.401 0.201
1989 1814.1 1261.4 210.7 0.695 0.116 1989 11533 4749 2445 0412 0.212
1990 1530.5 883.0 1774 0.577 0.116 1990 1151.2 510.0 251.6 0.443 0.219
1991 2022.9 1568.3 170.0 0.775 0.084 1991 1063.6 405.3 253.9 0381 0.239
1992 1306.6 657.5 263.3 0.503 0.202 1992 1149.8 4759 283.3 0.414 0.246
1993 1640.6 11204 119.4 0.683 0.073 1993 1019.9 349.1 298.6 0.342 0.293
1994 730.9 181.9 145.8 0.249 0.199 1994 1295.9 587.2 282.7 0.453 0.218
1995 956.2 517.1 198.3 0.541 0.207 1995 11447 450.9 308.3 0.394 0.269
Mean  1460.5 894.1 179.8 0.595 0.139 Mean 1149.0 465.9 2733 0.405 0.239
S.D. 411.7 350.9 63.6 0.129 0.084 S.D. 73.2 53.7 213 0.029 0.023
C.0.V. 0.282 0.392 0.354 0.217 0.604 C.0.Vv. 0.064 0.115 0.078 0.072 0.096
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Table 5. Yearly variation of the inflow/outflow components in Zone 1.

79

Annual average

Summer Season

Year SW/WR IW/TR SW/WR IW/TR
WR SwW w (%) (%) WR SW w (%) (%)
1976 434,960 0 0 0 0 561,153 0 0 0 0
1977 481,746 38,000 0 7.9 0 595,716 38,000 0 6.4 0
1978 448,396 46,000 0 10.3 0 929,826 46,000 0 49 0
1979 685,247 47,624 0 6.9 0 1,398,135 47,624 0 34 0
1980 737,115 49,026 0 6.7 0 1,269,752 49,026 0 39 0
1981 481,289 63,630 0 13.2 0 1,069,879 63,630 0 5.9 0
1982 459,945 64,880 0 14.1 0 759,112 64,880 0 8.5 0
1983 593,564 66,433 0 11.2 0 1,081,025 66,433 0 6.1 0
1984 555,946 67,244 0 12.1 0 1,270,428 67,244 0 53 0
1985 869,489 102,850 0 11.8 0 1,527,981 102,850 0 6.7 0
1986 480,364 110,715 0 23.0 0 948,402 110,715 0 11.7 0
1987 577,192 132,616 0 23.0 0 1,202,052 132,616 0 11.0 0
1988 304,660 158,364 0 52.0 0 549,407 158,364 0 28.8 0
1989 671,466 173,060 0 258 0 1,420,126 173,060 0 12.2 0
1990 566,495 189,000 0 334 0 994,111 189,000 0 19.0 0
1991 748,750 203,690 0 27.2 0 1,765,644 203,690 0 11.5 0
1992 483,621 383,530 0 79.3 0 740,235 383,530 0 51.8 0
1993 607,247 390,095 4,996 64.2 0.5 1,261,384 390,095 4,996 30.9 0.3
1994 270,533 387,763 127,676 143.3 194 204,789 387,763 127,676 189.3 21.5
1995 353925 360,461 178,818 101.8 25.0 582,168 360,461 178,818 61.9 19.0
1996 212,730 212,730
Mean 540,597 380,462 212,730 70.4 23.0 1,006,566 380,462 212,730 37.8 153
(92-95)  (96) (92-95)  (96)
Variance 152,372 - - - 395,019 - - - -
C.0v 0.282 0.392 - - -
12~39721 8] )2, FAu D 379 554 ek Ao T KdFe] oF 15~35%010], Ft 23%
o mefste] PyaATh St Bit)eol 20°C o) o AgRTh T, Al 19 AP 210,008
APl Z97h YFH AVl wad fdo] ofgh & AASHQS0.000E/0] 2HF FolnT A
3= A7ol Sk, Eo0i Watrleo] 10°C ol el FAglolt & U olarel uhabke) g
ofit, 7-5-¢] o] A& Al7}el sligdeich SHdEA 7 AREAE 7UE g AR T
ohabnt fole] gaEiel o fEvl0le e 4e  obEch me AN HHoA AR, A §
ol ueh Wwgol glovk, 19854 ol WA 10% YAV EIE Wit 4% ) FOR 15% Yuol B3}
welolu, 1986K1 o] FHEjiz 20~30% Hxolm, & sz, 797 AEEE= o] 7|7k iR o3
Fyagol sAs] Fvhek 19924 o] (o] 7)o 7 o] npidvte® A% fedsEla W}E}H 54
o 3t olaholis Wit 60~ 140% Al oA Jlolis SHENAY Y R EAR AR 3
Atk AR B ko] W &Y o—rPLlr MEe 71e7] 8o v, F87)ed s g7
F7e) 49 farledgol wovl, 1992 o] of ulste] sael R Aol B 2R An
A9 BeeEe 82ET A HEY O 0% ESHF AT el PR PATAE A
3 dshi= Srolvt o8 veke] o8] &M o R {115 7] wjFol,
B, 54 AguAel g vhabvtonel 9agel 2 4@l 19 sjelg 91 Ak Sgslojor @
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Table 5. Continued.

Winter Season

Year SW/WR IW/TR
WR SW w (%) (%)
1976 178,219 0 0 0 0
1977 209,067 38,000 0 18.2 0
1978 234511 46,000 0 19.6 0
1979 256,652 47,624 0 18.6 0
1980 162,270 49,026 0 30.2 0
1981 193,643 63,630 0 329 0
1982 234586 64,880 0 27.7 0
1983 40,042 66,433 0 1659 0
1984 232,710 67,244 0 28.9 0
1985 137,464 102,850 0 74.8 0
1986 210,869 110,715 0 52.5 0
1987 121,928 132,616 0 1088 0
1988 390,439 158,364 0 40.6 0
1989 237,213 173,060 0 73.0 0
1990 199,723 189,000 0 94.6 0
1991 191,392 203,690 0 1064 0
1992 296,432 383,530 0 1294 1.3
1993 134,425 390,095 4,996 290.2 23.1
1994 164,147 387,763 127,676 236.2 30.6
1995 223,253 360,461 178,818 161.5
1996 212,730
Mean 202,449 380,462 212,730 1879 36.5
('92-'95)  ('96) - -
Variance 71,609 - - - -
COV 0354 - -

Description: WR=Estimated watershed runoff (precipitation
only) [Ton/Day], SW=Supplied water discharge [Ton/Day],
IW=Intercepted wastewater discharge [Ton/Day], TR=Total
watershed runoff (WR+SW) [Ton/Day]
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Table 6. Precipiatain, evaporation and precipitation to evaporation ratio.

(a) Zone I (Masan Bay)

(b) The whole zone

I 39 A 31A| A A 49 g 3HA| A
AL[FAFEY) 37,132 69,136 13,904  Z[FRFI(E/Y) 297,056 553,088 111,232
ZuH S SNE/Y) 29213 36,091 21,135  ZU{SE|*(E/Y) 233,704 288728  169.080
7+S-g/Zur e 127 1.92 066  7+ap/Zure 1.27 1.92 0.66
ool £EUS Fa 290l % FYT R Fkel A lv|el §5Y
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Table 7. The major estimated results by the water budget model.

Zone No
Zone 1 Zone 1I Zone III Zone 1V
Item
Inflow component watershed runoff Zone 1 outflow Zone II, IV outflow watershed runoff
precipitation(*) precipiatation(*) effluent discharge precipitation(*)
Outflow component Zone 11 inflow Zone III inflow precipitation(*) Zone III inflow
evaporation(**) evaporation(**) open sea outflow evaporation(**)
wastewater($) evaporation(**)
Daily inflow(DI) 708,329 716,248 1,151,040 205,844
1,174,298 1,206,533 1,803 856 316,917
370,181 362,950 686,117 125,246
Precipitation(P) 37,132 37,726 183,877 38,320
69,136 70,242 342,361 71,348
13,904 14,126 68,853 14,349
Evaporation(E) 29,213 29,680 144,663 30,148
36,091 36,668 178,723 37,246
21,135 21,473 104,661 21,811
Daily outflow 716,248 724,294 1190254 214816
(DO=DI+P-E) 1,206,533 1,240,107 1,967 494 351019
362,950 355,603 650,309 117.784
Ratio(DI/DO) 0.989 0.989 0.967 0.962
(Dimensionless) 0.973 0.973 0.917 0.903
1.020 1.021 1.055 1.063
Detention time 97.2 144.4 450.7 3439
(Water Vol./DO) 577 84.3 2727 209.7
191.8 294.1 825.0 624.9

(Description) *: Atmospheric input to the water surface by the precipitation **: Atmospheric output from the water surface by
the evaporation $: Intercepted wastewater discharged to the Okgye coastal zone by the diffuser Shaded cell values are
estimated values by the water budget model. The three values in a cell are represents annual, summer and winter seasomn,
respectively. Unit of the detention time is days. The other variable units are all ton/day.
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