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Water Quality Management of the Youngsan River based
on the 7Q10 and Q275 considering Wastewater Treatment Cost
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Abstract

Present condition of the Youngsan River poliution is serious. Concentrations of organic materials and
nutrients are high and algal bloom takes place frequently. The poliution is mainly caused by domestic
wastewater input from urban areas like Kwangju and Naju City.

In this study, 6 times of water quality surveys were done for mainstream and tributaries. Delivery ratios of
each tributaries are calculated with the water quality and flow data. With Arc/View GIS, sub-basin are divid-
ed and pollution loads are estimated. These data are used for water quality modeling.

River quality improvement effects are analysed with 5 scenarios including process upgrade of present
WWTPs and construction of new WWTPs. These scenarios are applied for the Youngsan River based on the
7Q10 and Q275. And total wastewater treatment cost in the basin is analysed for each scenario.
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Fig. 1. Sub-basins of the Youngsan River.
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Fig. 2. Schematic diagram for water quality modeling.
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Tabie 1. Delivery ratios of tributaries.

Tributary BOD(%) TN(%) TP(%)
Jeungam-river 6.0 435 8.3
Pungyoungjeongcheon 230 1384 63.5
Hwangyong-river 70 424 97
Oryecheon 117 105.8 311
Gaecheon 19 77 29
Gomagweoncheon 6.1 79.7 10.2
Hampyeongcheon 28 26.2 23
Sampocheon 41 51.8 89
Youngamcheon 53 338 215
Jiseogcheon 84 53.5 96
Chuiamcheon 39 134 30
Pyeongrimcheon 42 9.1 47
Jangseongcheon 104 1207 88
Manbongcheon 208 73.0 39.8
Mangweoicheon 39 19.3 54
Daechocheon 27 84 4.7
Munpyeongcheon 3.1 184 34
Hwasuncheon 6.7 294 5.9
Mean 73 486 135
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Fig. 3. Calibration results of the water quality model.
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Fig. 4. Verification results of the water quality model.
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Table 2. Constants used in the water quality model.

Parameter Used value
Carbonaceous deoxygenation cosfficient (day™) 0.001-0.2
BOD settling rate(day ™) 0-0.2
Hydrolysis rate of organic-N to ammonia (day™) 0.02-0.05
Organic-N settiing rate (day™') 0.1-0.2
Biological oxidation rate of NH, to NO, (day™) 0.3
Biological oxidation rate of NO, to NO, (day™) 1.0
Decay rate of organic-P (day™") 0.01
Organic-P settling rate (day™") 0.1-0.2
Maximum growth rate of aigae (day™) 3.0
Respiration rate of algae (day™) 01
Half saturation constant for nitrogen (mgN/L) 0.02
Half saturation constant for phosphorus (mgP/L) 0.005
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Table 3. Existing wastewater treatment plants in the Youngsan River basin

. Capacity Treatment Completion Infiow water quality (mg/L) Effluent water quality (mg/i.)
WWT 3
(10°m¥day) type year BOD TN TP BOD TN TP

Kwangju 600 Activated 97 1185 31.7 3.0 8.92 21.72 2.09
Songdae 60 slu 98 494 18.7 1.8 4.87 17.31 1.53
Naju 225 dge 94 514 196 22 627  19.0 2.15
Damyang 7 o 99 62.7 294 56 10.19 12.88 1.33
Hampyeong 9 O’Z?t;"on 99 217 9.3 1.1 565 436 052
Youngam 55 99 327 26.2 86 443 8.68 9.35
Jangseong 11 99 119.0 15.3 22 7.98 10.08 0.68
Hwasun 11 Rotatin 9 776 251 26 951 1745 137
Sanpo 35 oo ic:j 424 21 22 525 1678 163
Gongsan 35 Conotgctor 99 52.3 220 22 512 15.31 1.52
Muan 45 99 205 15.6 17 6.41 10.34 0.69
Hlo 3 99 21,3 15.8 1.7 6.41 10.26 0.69

[ ] Bervice areas(Existing)
[ ] service areas{Planned)

Fig. 6. Service areas of existing and planned WWTPs.
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Table 4. Treatment efficiency of existing and planned WWTPs

existing/ Capacity Treatment efficiencies (%)
WWTP 1y Treatment type
planned (10°m%/day) BOD ™ P
AS. 88 20 33
) ) A.S.+coagulation+ilter. 95 58 N
K .
wangu existing 600 A.S.+coaguiationfitter.+adsorp. 98 o4 9
VIP 88 65 80
Oarm exisi 7 Oxidation ditch 84 56 76
yang "9 Oxidation ditch +coaguiation+iter+adsorp. 95 74 9%
Geumseong planned 0.65
Daejeon planned 09 AS 8 20 3
Mujeong planned 1.1
Goseo planned 1.7 )
' Jinweon planned 11 A.S.+coagulation-+filter +adsorp. 98 64 93
Table 5. Wastewater treatment cost function for each process
Treatment type Construction cost (1999) O8&M cost (1999)
1.AS. 3596.4 x QP62 43.08 x Q0848
2. A.S.+coagulant addition 41722 x QO™ 56.42 x Q0896
3. A.S.+coagulant addition-+filter. 5370.62 x Q05%6 59.37 x Q0886
4. A.S.+coagulant addition+fitter.+adsorp. 7201.3%x Q%4.(5.3) 156.32 x Q°942.(5-3)
5. A.S.+coagulation+fiter. 5916.34 x Q062! 63.85 x QU858
8. A.S.+coagulation-+filter.+adsorp. 7201.3 % Q0848 156.32 x Q0942
7. Oxidation ditch 6444.6 x QP55 269,7 x (03986
8. Oxidation ditch+coagulant addition 6444.6 X QP598,(2.1) 269.7 x Q°3%6,(2.1)
9. Oxidation ditch+coagulation-+ilter. 6444.6 x Q0598 (5.1) 269.7 x Q03%6,(5.1)
10. Oxidation ditch+coagulant addition+itter. 6444.6 x Q"59%8,(3.1) 269.7 x Q03%6,(3-1)
11. Oxidation ditch+coagulation +filter. +adsomp. 6444.6 x Q75%%8,(8.1) 269.7 x Q%396 (6.1)
12. Oxidation ditch+coagulant addition-+fitter +adsorp. 6444.6 x Q°59%8,(3.1)+(6-5) 260.7 x Q°3%6,(3-1)4(6-5)

*Q: Capacity of WWTP (10°m?)
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Tabile 6. Total wastewater treatment cost for each scenario

Annual Cost (Million Won)
WWTP
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
Existing WWTPs 19,562 19,562 48,802 118,334 23,043
Planned WWTPs - 2,605 2,605 2,605 2,605
Total 19,652 22,157 51,407 120,939 25,648
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A¥AY Aoz gadn.
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