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Application of Mathematical Water Quality Model on
the Sooyoung Estuary
Industrial Waste Analysis Division

P.J. Yoo, W.D. Cho, K.5. Choi, K.C. Bas

Abstract

The objective of this study is to apply a mathematical water quality model based on fi-
nite differential method to the Soovoung esluary.

We lound vanous decay coefficients by a trial and error method on the mathemstical
maodel, and planned water quality management schemes of the Scovoung estuary to main-
faim Dat class water qualily for aquabic water use.

Following results were obtained :

1. Kds{BOD decay coelficients) were 0.030-0.230/day,

Kus(org—N decay cocfficients) were 0.001— 0.075/day,

Ke(NH*4—N decay coefficients} were 0.003—0.030/day,

Kaa{NH a—N decay coefficients) were 0.060—0.300/day

ncluding summer, spring and winter season,

2. The dispersion coeffcients were 163—22.16 kni/day, and those values in hige tides were
larger than those in low tides

3. The sediment oxygen demand was 5.8g0s/m day in average.

4. In order to maintain the 1st class water quality for sguatic water use, approsimately

80~85% of the BOD loading 10% of the NOD loading, and 45~50% S0D of the Soo-

young estuary should be removed.
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1. kKEEH Model
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Fig. 2  Water quality system on Soovoung estuary.
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Fig. 3 Map of Scovoung estuary, showing finite sections and point sources.
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Fig. 4 Current velocities in Sooyoung estuary
at sampling point 8 (5 May "B7).
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Table 1. Geological System Parameters on Sooyoung Estuary
during High tide on 5 May, 1987,

Ave. Fresh
Sec- Tidal Water | Dispersion | Reaeration
tion | Length Volume | Cross-Sec Vel Flow Coefi Coeff
m 10’ Arean m/s m' /s knd /d Jday
0 - - 12 - 0.9 a0z £
1 1800 80.5 835 .06 0.98 8.02 0.61
2 1035 1361 1820 0.07 0.98 3.76 0.22
3 1200 364.2 425.0 008 4.00 6.76 0.29
1 850 3540 408.0 0.10 4,00 751 029
5 825 360.1 465.0 01l 4.00 6.76 0.25
B 750 3508 4704 012 4.00 6.76 0.16
7 675 3321 5135 0.13 4.00 501 022
B 500 409.6 11250 0.13 4.00 a0 0.19
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Table 2. Dispersion coefficient of Sooyoung estuary

Lunit 3 kaiyd].

No.of "*87. 5. B "B7. 8 11 "88. 2, 10

SE HIT L/T H/T LiT H/T L/T
i} .02 13.52 6.16 6.16 6.58 7.05
1 902 1352 6.16 616 B.58 652
2 376 6.01 1188 15,64 329 272
3 676 6.76 1813 1584 10.93 .24
4 751 6,01 21.23 1395 7.56 543
5 676 6.76 17.73 13.10 7,66 489
6 676 6.01 2216 15.23 8.39 326
7 601 451 12.22 B.55 .99 2.72
8 am 2.26 769 452 2.20 1.63

aela, &FsEMe SMEREIT 163~2216W/d2] & eH vIFEPAZL fresh water
inflowe] we} 748 RO HE FEWeME et 1.29-129° ka/de] @& 3
=l B (fresh water inflow : 1L87~665 o /)@ fresh water inflow?} #]5=9 Lower
Raritan river(fresh water inflow : 4.25m [s) 8] %5 1204kn/d, potamac river (1557 o' /s)e
25092580 /o) 8 dedor uhelgcl
2) THERSEE | TPESEEEE Table 3004 deldzlig FHz 23dda seobse
HiaE Jehda gled, o TIEENCT ke 38HY Y ERAs] 4222 Bl

o}
FWEHERY KRBT BRAFEES 010~180/days] $E Rech BREEPA THS) A

oo A f#EY e Kife] KEIL(KR  05~70m )& Hfiel =& 5EFO0(KE . 3.05-7.
62m, il : 20°C)2) PREERECT 0.10~038/daye] Et& vleldigich olel HoMl ksl
RS SEe R0 ofF SRERM 122 Hle|c]
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Table 3. Reaeration coefl. of Socoyoung estuary [ /day]

Nowof "87.5. 5 '87.8 11 B8, 2. 10

seg. H/T L/T H/T L/T H/T LiT
1 061 1.21 (.55 180 042 0.76
2 0.22 0.36 0.25 1.20 0.29 0.73
3 029 0.33 0.23 (.55 0.29 0.35
4 029 0.31 0.26 0.48 0.28 0.60
5 0.25 0.37 0.21 0.44 0.30 .42
& 0,16 017 0.19 037 017 020
7 022 021 013 (.13 0.15 026
8 0.19 0.21 Q.18 025 0.10 032

4) STk © Table 451 '87. 5. 5H/T2) BOD, org—N, NHi — N9 DOD3] Si@
fire] velslEe, Table 4044 Biedlelgo) kjEc Fie @RS ES] AR
el TiE o Bl ol MR EcHE BAUIs Fite] o Se3le] BEC ol
L ERNE Apn7h kEIvc a4 gon £ ERGc] Bk &S 8 ol
gt EE EAe] SiELLE BEse 2l 2@ Ao fEEn

Table 4. Loading Data for Medel Calibration on Soovoung
Estuary water guality model

FSamplﬂng] Load
date |ing BOD; org-N NH.—N DOD flow
point Cka/dl [l3/d] [¥a/d] [kg/d] 10"’ /d
'67. 5.5 1 3963 134 1355 76 84.7
H/T 2 g
3 90T L&D 2319 311 356
4 17
5 15
i 15
T 14
B 17T
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Fig. 3 Model calibration on Sooyoung estuary program with
data set of 5 May '87, high tide

_‘a]'-



Table. 5  Decay coefficient of Sooyoung estuary [onit/day ).

K Kea Ka Ko
g.6.6 H/T .13 0.070 0.003 (130}
L/T (.10 (us0 0005 (.500
Bl.81W0 H/T 0.150 0050 0010 0.100
L/T 0.230 0075 0020 0,050
BE. 210 H/T 0G0 (.00 0,330 (200
L/T 0.030 0.010 0.005 0,200

ole O e R EAET
o R, HRats Wpigiehe) aMse M X6 JONEE YRe 28t graph® 2
2 HEREDLE AEtsch BODS) B T 050% (BO8% ~000% ), org—N& Fih 018%
(TSR ~0R7%), NHi—-N2 F# 967%(92.1% ~985% ), NO,~N& Fi5 880% (82.0~00,
9% ) EA R EREEe $20e
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Kdat& Kkills] e = Yooz sl Kdzlobe) gIES Snjngict

FELS] A Kdgho] M&(" s8R 2 1008k E(°87. 5. 50|, E8ck= oJ@{87. & 11}
o] o ®ol 57 EobFdel ohel Kdilel Eoldcke —#he) Rl FFadd ¥k
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T . Temperature
K=K, g™ Ky @ 20=CHl| M 2] Kdat
K :tel
ol o4 CHEeE BHRAECD
En{K/Kx) = (T—20) £n 8
IR, In(K/Ko)s (T—2000] MRMET 5|28 o) graphel 48] 71&717} ¢n 09
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Fig. 8 Effect of temperature on decay coefficient.
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2) BOD, NOD, DOD % SOD f#iftc] DO wlAe B8 : golM £ KdgielM
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Fig. 7 Effect of BOD, NOD, DOD and SOD loadings on DO concentration
in Sooyoung estuary(5 May '87, high tide).
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P& HEESR AT 5 5 TS "8 B 11 M Y M el CeR 210 AR S e
el S FihEch o2 o]l BN SODEHES]) Table 6ol Wiehuigic

Table. 8 Predicted SOD loading data for Modol calibration
o S00Youg estuary program.

Seg- BT 5.5 5.8 11 "8E. 2. 10

ment H/T L/T H/T L/T H/T L/T
1 377 438 168 192 o6l 253
4 413 701 472 452 763 B56
i ] 1066 1635 1013 2508 1405
4 230 287 952 21 38 B56
b A5 171 278 148 453 1176
& 22 0 Qi 1] 4598 1071
T ] i ] 0 i ]
8 ] i} L] 0 1] 0

S0Ds] & WEMcfE Al §hTA B M 2~10 godn —day B e
58 0.05~01goy/m —day'' & vehdigled KELPR ASTERYE T 146g0./0 —
day, #2] WNIEM2 17 1go/m' —dayE 5lo] 2li=d] Table 82 SODILE HRMLZ A
HE R KB 1844 5% T S0DE S8gm/n —day2 UEldd

3) WL 87, 5 5T Mol 9lolA Kd, kMARHE £AWS 2 DODY)
boundary condition® +50% 8} —50% 2 @{EA7 EF eSSy DOBEE Fig 82
o] ehggc,

Fig. 84 E® DODS boundary conditions] DOMBERHLS] B4 74 2 BEE o
Aa slfel vebtan, ackre] Kd, AMME FRATRE S R8I doie &
HEcE Biel 2 FMe BAle A HRsd 24 8k dE 7 g

EH ola® UE e M dHid T2 292 DOD2 bounbary condition B
fked 2l8f D02 WMol =4 veElten, Kd, RHER 39 RERTR 8t ssME pogl
BEfel 4% g olei ¢ A& Kdil, Aot 9 ARHES] THE T5% DO BEEE XA
ol #E Wt
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Fig. 9 Prediction of BOD reduction for obtaining Ist water for
ficheried in terms of BOD(BOD 3my/1).
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Fig. 10 Predicition of BOD, NOD and SOD reduction for obtaining lst
class water in terms of DO(5 May 1987, high tide).
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Table. 7 Loading reduction schedule to maintain st class
waler quality for aquatic use water.

BOD(% ) NOD(%) SOD(%)
'87. 5.5 H/T a0 10 50
(8 L/T a0 10 50
'87.811 H/T 90 10 50
(I8} L/T a5 10 50
'87. 210 H/T 05 10 40
(Hg) L/T 05 10 40

Tables M E& vbel gho] FHME 80~95%, SODE 40—45% & MEHF KEMAKIES
*EE #HiHE ¢ 2l sleg el
2) IR KEeEN B  oleig HEo s Riffskkol @ LEMIELN BOD
10mg/8 EUF, DO 2mg/é LLER #ERFSH7) Bals] BODE prte 23be, off g ke
Table 801 % viEhd Qi) Table 8ol M= vig} o] SEMEETN) REL Hkss B
#l 4= BODEMRE 60~75% EREA ek #ic,

Table, B Loading reduction schedule to maintain life enviro-
nmental criterin(BOD %)

7 DOt Zmg/E BOD 10mg/¢ o3}

A} o] AF ] DO 2omge oj4
87.55 HT 40 60
(&) LT 40 ]
87. 811 H/T 20 60
(=8 LT k1] 70
BY. 210 H/T 30 70
(H€) LT 10 75

3) AETAEERTIEY B R 2 102 A 3o AETAREEES BBkl
ACBT fifbe] 00%, @A Alle] 80%E BOD smy/f , DO 10mg/d 2 @mecin @Ed
chel BODS} DO MEE Fig 11 © Fig 129} Po] Uelvc
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Fig 11 Predicition of BOD and DO concentration after operation
Spoyoung wastewater treatment plant on 10 Feb. "88, high tide.

&0 132
e W L8] 1)

4@ 8
= =
=
g g

enr 4

10 2

o - - 0

1] i
L L ] 3 O, E| i 1 = Ib: 13 I_L]m-

Fig. 12 Predicition of BOD and DO concentration after operation
Sooyoung wastewater treatment plant on 10 Feb. "88, low tide.
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L FErane SEEHES L63~22 16a/ds] §iE Fech
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4) KalNOS=N decay coeffd & 0.060~—0.300/day
B, WEEDE SRt DORER{ESE DODS boundary condition #ibrsh 71 2 EEE
msl s o thee] Kd, SRS, FREMpARD Hos WEs Fe dog ek
6. BOD3EEO & kST o] kS REAk 18] XHE aislz] far s BE FfiAsc
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Appendix 1. Water quality of Seoyoung estuary

ide | € BOD: | orgN | NHi-N | NO>—N DO pH ﬁ“.l'g
tion | mg/é ng/¢ mg/ g g g/ %
H/T| 1 4620 | 123 16.00 042 0 690 54
(87| 2 | 307 | 056 12.10 024 0 7106 66
5/5)] 3 | 2170 | 043 10.50 0.25 0 7.08 7.0
4 | 2550 | 069 850 0.27 ] 7.08 B8
5 1970 | 043 8,80 024 0 7.05 8.g
6 1700 | 066 5,60 0.16 0.10 6.98 8.6
7 1700 | 050 8.70 0.23 0.12 7.00 10.4
8 1940 | 040 7.20 0.18 127 7.10 123
LT| 1 Jzo0 | 118 1330 0.67 0 694 il
2 | 2040 | 075 11.80 0.43 0 7.02 38
3 | 3100 | 068 11.40 0.33 0 7.02 44
4 2530 | 0.79 10,67 0.44 0 7.08 7.0
5 | 2610 | 057 940 0.32 0 7.06 7.8
& 1600 | 056 820 0.34 0 7.04 9.6
7 1720 | 080 .00 0.37 0.12 T.04 10.1
8 1870 | 059 5.50 0.15 0.37 7.07 102
HT| 1 5310 | 280 2240 317 0.30 7.02 39
(‘87| 2 | 3010 | 121 11.60 142 047 | 700 133
811} 3 2621 | 098 10,80 102 130 B.58 143
4 2403 | 0.70 10.11 0.85 1.35 6.99 16.7
5 2043 | 0.84 9.42 0.70 150 7.04 165
6 1021 | 04 9.33 0.71 225 7.01 16.0
7 1280 | 0.90 B.80 0.54 2.47 6.96 153
8 1402 | 0.70 821 044 2.70 6.93 23.9
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- gog- | BOD. | omg-N NH!—MN NOs—N DO pH sna:];:
tion | mgs2 | mye | ngse m/d | mgye n
T| 1 | 6010 | 211 | 2573 2,64 003 | 700 T
'87| 2 | 4668 | 250 | 2180 2.46 003 | 69 T4
81| 3 | 3s0e | 210 16.33 2.04 013 | 698 120
: | o | 18 | 17 174 013 | 692 125

5 | 2040 | 150 | 120 60 | 0 7.08 14.7

B | 261 | 121 11.80 1.3 005 | 701 141

7 | 1852 | 096 1011 116 067 | 7405 16.0

8 | 1541 | on 784 111 L0 | 7m 213

HT| 1 | 8531 | 157 1360 082 038 | 669 62
(88 | 2 | 4480 | 120 10,80 0.79 038 5.93 159
ar)| 3 | 3659 | 134 950 0.79 119 | 707 204
4 | 2200 | 085 660 0,69 252 | 716 1746

5 | 2102 | 050 460 0.69 208 | 716 20,6

6 | 2543 | 075 405 065 323 | T4 149

7 | 2227 | 068 400 055 410 | 719 187

& | w058 | oM 2.15 051 19 | 747 199
LT| 1 | 6885 | 280 18.33 116 03 | 710 5.2
2 | 4970 | 210 15,70 0,78 064 | 7.04 24.2

3 | o0 | 172 | 1331 1.04 202 | 740 155

4 | s | 150 12.90 087 220 | 720 170

5 | 2880 | 13 12.24 054 132 | 7.8 214

6 | 2439 | 136 9.60 0.44 140 | 714 237

7 | 1970 | 139 9.10 054 195 | 718 | 252

8 | 1253 | 112 7.32 056 204 | 722 %8
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Appendix 2 Socoyoung estuary program abbreviations

and flow sheet,
NOSEG = number of segmeni
K11 =K11 (/day)
K12 =K1z (/day)
NOPT  =alpha option; =10 backward differences
=05 central differences
NSYS =system option 3 1=single system, 2=coupled system
AUP =croas sectional area @ initial segment
QuUP =flow @ initial segemnt
EUP =dispersion coell. @ initial segment
ALPUP  =alpha @initial segment
NSEG =szegment number
XL =segment length
VOL =sagment volume
AREA =area @ segment(l, 1+1}
Q =flow @segment(l, [+1)
E =dispersion coefl. @ segment(l, [+1)
ALPHA  =alpha @ segment(l, I+1)
K22 =K22 @ segment(l) (/day)
BC1UP =boundary condition for CBOD at upstream

BC1IDWN =boundary condition for CBOD at downstream
BCZUI"  =boundary condition for DOD at upstream
BCADWN  =houndary condition for DOD at downstream

V(K] =BOD at each segment
S(KD =D0D at each segment
DK} =CBOD loads

D2CKY) =DOD loads
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START

CF1=5280 X 5280 X 0.00748
CF2=0.864%(.748

NSYS, AUF, QUP, EUP, ALPUP

l

QUP=QUP*CF2

|

o K=1 NOSEG

/ READ NOSEG, K11, K12, NOPT,

l

READ NSEG, XL(K), VOL(K). /

AREA(K), Q(K), E(K), ALP(K}, K22(K

EP(K)=( (EUPXCF EP(K}={{E(K—1)%CF1
AREA(K - 1)/{(XL{K~-
XAUP)/XLIK) ) 1)+ XLIK) )2}
QPIK) =QUP QPK)=Q(K—-1) % CFz2
ALPHA(K) = ALPUP ALPHA(K) =ALP(K-1}

ALPHA(K)=1—{( (EP
(KD /QPCKD )/2)

| | BETACK) =1-ALPHA(K)|, 1>
VOLK) =VOLIK)x7.48
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l

K=NOSEG+1

EP(K)={ (E(K—1)XCF1 X AREA(K—1) }/XL
(K—-1) )

QPIK)=Q(K—1) CF2

ALPHA{K) =ALP(K—1)

<=1

l

ALFHACK) =05

1= ALPHMKJ:l—HEPmJi
et QPCK) )/2)

k.

{K) =—(QP(K) # ALPHA(K)) — EP(K)

a

+:= 1,NOSEG

L3

B(K)} = QP{K+1) x ALPHA(K + 1) —{QP(K) X BETA(K) )
+EP(K) + EP({K+ 1) + (VOL(K) X K11)

|

N=NOSEG—1

.-!I(= LN

;

(K} =(QP(K+ IJK_EEET.ME{+1}-EP(K+ 1) }

!
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]
ZREAD BCIUF, BElIJWH/

K=1NOSEG
/ READ NOSEG.DI(K) /

Wi1=( (QP(1) X ALPHA(1} ) +EP(1) } X 8.34
W1ll1=W1xBCIUP

II=NOSEG+1

WNSEG= (—QPUI X BETA(II) + EPCII) X 8.34)
WINSEG=WNSEG X BCIDWN
DiL=D{1)+Wi1

DINOSEG) =DINOSEG) + WINSEG

4

CALL TRIDAG{1LNOSEGAB.CDV)

K=1NOSEG
VIK) = VK834 |

[=1NOSEG
S(D=v(D/m34

A

DD ={V{D = {VvoL{D xK12) )

i

[ K=LNOSEG

IF

B(K)=(QP(K+1) ¥ ALPHA(K+1) } = (QP(K) XBETA(K))
+EP(K)+EP(K+1)+ (VOL(K) x K22(K) )

CALL TRIDAG(1NOSEGABC,DY)
Al
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!

I=1NOSEG

S(I)=V(1),/8.34 |

.

/" READ BC2UPBC2DWN /

K=1NOSEG

!

LREM} NSEG.D2(K) /

v

W21=W1 X BC2UP
WZNSEG=WHNSEB A BCZDWN
D) =D(1)} + W21

DINOSEG) =DINOSEG) + W2NSEG

.

CALL TRIDAG(1NOSEGABCDY) ]

k=1,N0SEG

VK =V(K)/8.34
SUK)=S(K) + V(K)

.
/ RPINT K.5(K) /

= /o =



