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A Comparison between Reduction Methods for BOD Loadings to
Achieve Water Quality Standards at the End of the Yeongsan River
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ABSTRACT

The key point in establishing water quality management measures is how to decide the load reduction for
pollution sources. This study was performed to compare reduction methods for BOD loadings to achieve water
quality standards at the end of the Yeongsan river. The target year is 2006 and 2011 and reduction methods are
uniform treatment and treatment by influence rate. Using QUALZ2E model, the study was performed under the
conditions of establishing and non-establishing the publicly owned treatment works(POTWs). Uniform treatment
which allocate the same reduction rate to pollution sources showed that all streams into the river should be
applied for the reduction. However, treatment by influence rate which allocate the reduction rate by the order of
influence rate showed that achieving target quality might be possible with a few streams for the reduction. But
total amount of load reduction of streams was not significantly different from two methods.

Keywords : Yeoungsan river, QUALZ2E, water quality standard, load reduction, reduction method
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Fig. 1. Network of computational elements and reaches with publicly owned treatment works plans on the Yeongsan river.
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Table 1. Prediction of BOD concentration in the year of 2006 and 2011 with and without publicly owned treatment
works(POTWs) plans (unit : mg/1)
Dry season Low flow season Average flow season
POTWs | year ["Up-  Mid- Down- Up-  Mid- Down- , Up- Mid- Down-
stre}z)im stream  stream Average strere)lm stream  stream Average strelzlm stream  stream Average
with 2006 | 11.86 9.50 9.16 10.17 806 652 6.35 6.98 6.75 540 533 5.83
2011 | 13.17 1057 1023  11.33 896  7.28 7.11 7.78 7.50 6.03 5.96 6.50
without 2006 | 14.33 1141 1089 1221 9.87 1791 7.62 8.47 8.25 6.38 6.01 6.88
2011 | 16.68 1320 1259 14.16 | 11.49  9.15 8.81 9.82 9.62 7.38 695 | 7.98
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Table 2. Reduction rate of BOD loadings to achieve water quality standards in dry season by uniform treatment with and without

POTWs
POTWs Year 2006 2011
Grade i m v I I v
with reduction rate(%) 81.0 36.0 6.0 86.0 45.0 19.0
simulated conc.(mg/l) 3.0 6.0 8.0 3.0 6.0 8.0
without reduction rate(%) 85.0 48.0 24.0 29.0 53.0 370
simulated conc.(mg/l) 3.0 6.0 8.0 3.0 6.0 8.0
Table 3. The influence rate of each stream into the Yeongsan river and its rank with and without POTWs
with POTWs without POTWs
2006 2011 2006 2011
streams
Conc. of | Influence rank Conc. of | Influence rank Conc. of | Influence rank Conc. of | Influence rank
End | Rate(%) End | Rate(%) a End | Rate(%) End | Rate(%)
(when ail Strems are in) 8.37 9.36 9.95 11.50
HEAD 6.82 18.52 2 7.55 19.34 2 8.31 16.48 2 9.59 16.61 2
Pungyoungjungcheon 8.29 096 | 6 9.26 1.07 6 9.91 040 | 7 11.45 043 | 7
Kwangjucheon 6.39 23.66 1 7.19 23.18 1 6.78 31.86 1 7.52 34.61 1
Kwangju Sewage
7.64 8.72 5 8.69 7.16 5 9.24 7.14 5 10.92 5.04 5
Treatment Plant
Hwangryongriver 942 1254 | 3 10.51 12.29 3 11.20 12.56 3 12.96 1270 | 3
Songd:
ongdac Sewage 841 | 048 | 8 | 941 | 053 | 8| - ] - -
Treatment Plant
Jiseogcheon 9.25 10.51 4 10.28 9.83 4 11.00 10.55 4 12.72 10.61 4
Naju Sewage
8.38 0.12 | 10 9.37 0.11 10 9.95 0.00 9 11.50 0.00 9
Treatment Plant
Komagwoncheon 8.43 0.72 7 9.42 0.64 7 10.03 0.80 6 11.60 0.87 6
Naju Livingstock wastewat
AN LIVINGSOCK WASIWEET | 937 | 000 | 11| 936 | o000 |11| - - - ; -
Treatment Plant
Hampyongcheon 8.39 0.24 9 9.38 0.21 9 9.97 0.20 8 11.52 0.17 8
Table 37} 2t} 2 A Ho] a7l o|X&= F&2, & o] J-3lFo] ol & JEkS A ZI 1 A=, 7
EAEGE 4U), P71 20 MAE A% 0 KUSE LAYl 2 WU SR
o), B, HEAD, 887, 43, BFEAE  o)AE 98 £ 2 402 Yein
TR, oA A, R, v Table 3& HWHZ 22, FFE W& 23S 7
FoA e, AR AN B LA B o] SEAA el B 2 A A
H, 373720l AXHA ob& Ao, 37, A3 A 9 JAE APAFHS ¥ Table 49}
HEAD, 387, XA, F5strAed, 1o, 2 dAE Aol ke e AHAA
TAAA, FBA, st H Ay £AR, dake o] Azko] Fo F o}, JEFE wWE AP elA =
A%} ul5 e A0E Bl AR DAY AYUOZE R BEFAE
SEAYY SFel AT IHE, SAATel L GHT S AUE A2 dehink 2, 354 5 o
7HE ARLFE 2 A i A gE ot ojs A TERE ngéol FEEE AFA Gl A 9 AHto)
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Table 4. The result of reduction rate of each stream by two methods to achieve water quality standard with and without POTWs
(unit : %)

with POTWs without POTWs

streams year Grade [T Grade 111 Grade IV Grade 1T Grade 1T Grade IV
uniform infleence uniform influence uniform influence | uniform influence uniform influence uniform influence
2006 81.0 90.0 36.0 0.0 6.0 00 | 8.0 90.0 210 21.0 240 0.0

HEAD 2011 860 900 450 320 190 00 | 89.0 900 570 570 370 00

, 2006 810 00 360 00 60 00| 850 00 00 00 240 00

Pungyoungjungeheon o\ g0 110 450 00 190 00 | 890 200 00 00 370 00

) 2006 810 900 360 8.0 60 140 | 850 900 900 900 240 00
Kwangjucheon

2011 860 900 450 900 190 450 | 8.0 900 900 900 370 0.0
Kwangju Sewage 2006 81.0 630 36.0 0.0 6.0 00 | 8.0 740 0.0 0.0 240 0.0
Treatment Plant 2011 86.0 900 450 00 19.0 00 | 89.0 900 0.0 00 370 0.0
2006 81.0 900 36.0 0.0 6.0 00 | 8.0 90.0 0.0 00 240 0.0
2011 860 900 45.0 0.0 19.0 0.0 | 8.0 90.0 0.0 0.0 370 00
Songdae Sewage 2006 81.0 0.0 360 0.0 6.0 0.0 - - - - - -
Treatment Plant 2011 86.0 0.0 450 00 19.0 0.0 - - - - - -
2006 81.0 900 36.0 0.0 6.0 00 | 850 90.0 0.0 00 240 0.0
2011 860 900 45.0 0.0 19.0 0.0 | 89.0 90.0 0.0 0.0 370 00
Naju Sewage 2006 81.0 0.0 360 0.0 6.0 00 | 8.0 0.0 0.0 00 240 00
Treatment Plant 2011 86.0 0.0 450 00 190 0.0 | 89.0 0.0 0.0 00 370 00
2006 81.0 0.0 360 0.0 6.0 0.0 | 850 0.0 0.0 00 240 00
2011 86.0 0.0 450 00 190 00 | 89.0 90.0 0.0 00 370 0.0
Naju livingstock 2006 81.0 0.0 36.0 0.0 6.0 0.0 - - - - - -
wastewater treatment 2011  86.0 0.0 450 00 190 0.0 - - - - - -
2006 81.0 0.0 36.0 0.0 6.0 00 [ 85.0 0.0 0.0 0.0 240 0.0

Hwangryong river

Jiseogcheon

Komagwoncheon

Hampyongcheon
2011  86.0 0.0 450 0.0 19.0 0.0 | 89.0 90.0 0.0 0.0 370 0.0
22 -~ T T T "
20| 2008 by uniform = wihad redudion
18l —— B1% redudtion
6L —— 3% redtion
1al -~ 6% redudion
g
= 12} b
g’ 10 R b
£ | o, R S S e o N
8 8- a— e 4 —A— e e, v
B 6] PR 4 1
al ]
B i e I
0 L ; L ) : L
0 10 20 30 40 50 60 70
Distance(km)
22 T T T g 22 T T T
20L 2011 by uniform = without reduction 20} 20 fl
ol % rection ot 11 by influence
Irys —— 45% reduction t
il v~ 19%reduion
8 ¥ v v
Sk m I
4 4
of Il i
0 A1 1 il 1 I 1
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Distance(km) Distance(km)

Fig. 2. Simulated BOD concentration trend by two reduction methods with POTWs.

Korean Journal of Environmental Health Society, Vol. 27(2)



=2t X
o

s - HEFE - 0]

124

G99°cT  SOL'ET  LE6'9E  8SILE 0969  610°LS |990°V9 | vLT'6 £€5°6 16¥°TC  8LS'TT  088TY.  OSI'ey [ ¥61°0S 1102 <
. X . . . . . . sgurpeo jo wng
WIEl  LPTEl  ¥LY9T  S6¥'9T  TTS'OY  LI69Y | L61'SS | 09T £0LC 70091 LIT9T  TEI'9E  68¥'9c | 8YOSY 900T
0 P01 0 £91 £5T 05T 18¢ 0 LE 0 68 0 1L1 661 110¢
uoayoSuokdureyy
0 09 0 611 0 e 6¥C 0 1) 0 09 0 gel 991 900C
- - - - - - - 0 I 0 € 0 S 9 1102 jueld
JUSUNED1], JJEMISEM
- - - - - - - 0 0 0 (4 0 ¢ 9 9002 yooisguiar nfeN
0 €0t 0 Ly 9EL 8CL 818 0 Sl 0 89¢ 0 €0L 818 1102
uoayduo mIewoy|
0 081 0 09¢ 0 8¢9 0SL 0 94 0 0LT 0 809 0sL 900T
0 € 0 9 0 8 6 0 I 0 Lz 0 1s 65 1102 JUR[q JUSUIEAL],
0 4 0 v 0 L 6 0 ¥ 0 1z 0 8% 65 900T agemag nfeN
0 SE0°T 0 €791 618°C 16¥°C 86L°C 0 10$ 0 S8l1°l 1LET $9T'T ¥£9°C [10¢
uoayogoasif
0 16S 0 181°1 size T60°T 19T 0 Lzl 0 190 €06°T g1Ll ST 900¢
- - - - - - - 0 I8 0 61 0 89¢ L1474 110T JuR[d JUoWRal],
- - - - - - - 0 € 0 9€l 0 s0€ LLE 9002 a8emag oepduog
0 Sed 0 ¥9Z°C 12053 SLy'E ¥06°'€ 0 6£9 0 vIST 870°¢ €68°C ¥9E‘E 1102
IaAll SuokiSuemy
0 S€8 0 0L9°T I€1°E LS6C 6LY'E 0 8L1 0 L90°1 999°C 00T £96°C 900t
0 €15°e 0 LOS'S 9S8 1St°8 S6v°6 0 679°1 0 868°E SILL TLE'L TLS'8 110z JUR[J JUSUIIEAL],
0 6LTCT 0 86y LTOL 1L0°8 S61'6 0 90¢ 0 6€0°C LIES LES9 ovr's 900T 23emag niSuemy
Y99°'€T  191T1  T8S6T . P90°61  TBS'6C  €ST6T [ 698°TE [ ¥LT6 916'¢ 8YS'8L  YLT'6 8PS81  €TL'LI | 609°0T 1102
) uoayon{Suemy]
YIEl  LEV'9 8CIPT  vL8TI  8EI'WT  L6LTT |0T8'9T | S09T 9111 70091 6699 LPL'OT  TLOSL | L09'8L 900T
0 So¢ 0 €LS 861 6L8 886 0 [ X44 0 %49 8¢l 666 911 1102
uoaydFunlFunokSung
0 Sol 0 68¢ 0 689 118 0 19 0 9¢ 0 818 010°1 900T
0 SLLY 9G€°L S8YL PIOIT  S8Y'IL | ¥06'TL |0 1vET £¥6°€ Spe'S 16011 865°01 | €TET! 1102 °
. avdH
0 699°C 9€€'T 6£€°S 110°01  ¥St'6 €TI’IT {0 €£9 0 66L°'C 866 658 ¥$S°01 900T
QOUANJUI  ULIOJIUN JOUIN[JUI ULIOJIUN  JUINJJUI  ULIOJIUN oouSN[jUl  WLIOJIUN  QJUAN[JUT ULIOJIUN  90USN[jUl  WLojIun
AT 2peID I opeID Topwn | PRl e IIT apein Topup | uPeel
pataAlpxq - pataAlidd [ reak sweang
s3urpeo] paonpay s3urpeo] paonpay
SM.LOJ moyim SMLOd Pim

(Kep/3 : yun)

SMLOJ MOYIM pue ym prepuels A1i[enb 1s)em aA3IYSL 0) SPOLISW Om} AQ WSS YOBS JO STUIPEO] PIONPAI JO I[NSA YT, °S QB

Korean Journal of Environmental Health Society, Vol. 27(2)



G SR BEFE D4E 99 BOD Fal Al v 125
22 T T T T
20} 2006 by uniform —e— without redction
184 —e— 85% reduction
IT3% 4 48%redudtion
14 [ v 24% reduction
§ 2f .
g o ey —— VT Y —y ]
8 i 'v"'. -k : -k A A R v v
6 doo A AT ok " I
4 ]
P _./»-r\._—*,,__..k—f- 1] I
0 . . . N A .
0 10 20 30 40 5 6 70 0 10 20 30 4 50 60 70
’ Distance(km) Distance(km)
22 T T T T - - 22 T T T
20} 2011 by uniform | —*— without reduction 20l 011 by influence | —s=— vithout reduction
8[ —e— 8% redudtion 18l —e— 2nd Grade redudtion
6l 4 58%redution sl 4 3rdGrade redudion
1l ~—v— 37% reduction 14l ——v— 4th Grade redudtion
$ i e, ] B}, T ]
pF e ] 10 _— ]
g s “ - '}_' e T Ry v g s ! '_—.\_,'__,_v- ANy W
- A - % h— Ao 4 : . R i T
6lv . A T e m 6 Az — -4 11l
41 B ap e 4
2[EReRTme i i ) oy At I
0 L 1 1 1 1 L 0 1 1 1 1 1 1
0 0 20 30 4 50 60 70 0 10 20 30 4 50 6 70
Distance(lan) Distance(km)
Fig. 3. Simulated BOD concentration trend by two reduction methods without POTWs.
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