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An Evaluation of Solid Removal Efficiency in Coagulation System
for Treating Combined Sewer Overflows by Return Sludge
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Abstract : In this study, the sludge that occurs in the initial operation of coagulation system developed for the treatment of CSOs
were returned to the flocculation reactor. The purposes of this study were to analyze the Characteristics of flocs that are generated
through the recycling sludge and settling characteristics of sludge, and to evaluate the possibility that high concentrations of par-
ticulate matter in the initial inflow of CSOs could be used as an weighted coagulant additive. As a result, the concentration of
treated CSOs pollutants at the beginning of the CSOs influent with a large amount of particulate matter over 20 pm was low, after
gradually increasing the concentrations of them. The flocs generated from the sludge return were similar in size compared to flocs ge-
nerated through injection of micro sands, and settling velocity in case of return sludge injection was decreased from 55.1 cm/min
to 21.5 cvmin. SVI value of the sludge accumulated at the bottom of the sedimentation tank was 72, and settled sludge volume dec-
reased rapidly due to the consolidation of sludge to the time it takes to 10 minutes. these mean that sludge used for recycling has
good settling characteristic. A condition of returned sludge which is 0.1% return of 0.3% extraction was formed in the balance of settle-
ment and extraction. In this case, This condition was to be adequate to maintain the proper concentration such as 100~200 mg/L of
TS and 50~100 mg/L of VS in the flocculation reactor. The usage of the return sludge containing particulate matters of CSOs as
an weighted coagulant additive was able to secure a stable treated water quality despite the change of influent water quality dyna-
mically. Furthermore, it can be expected to reduce the alum dosage along with the sludge production.
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Fig. 1. Schematic diagram of the pilot scale coagulant system and panoramic view of the installed system,
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Table 1, Initial startup operation condition of the coagulation

system
Alum Polymer  Micro-sand
G Value .
dosage dosage dosage (sec”) HRT (min)
(mg/L)  (mg/L) (mg/L)
In line mixer : 20
100 1 20 3,000 (Coagulator : 5)
Coagulator : 80  (Settle tank : 15)
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Fig. 2, Sampling points for floc and sludge extraction,
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Table 2, Hydrological conditions and influent EMCs in each storm events

Event EMCs (mg/L) Turbidity Rainfall  Aver, Intensity  Duration time ~ Cum, Flow
vents
TCODcr BODs SS T-N T-P (NTU) (mm) (mm/h) (hr) (m®)
1 3520 120.7 2612 30.00 243 4163 85 51 167 81,1884
2 1707 96.5 1550 2277 158 144 4 10 16 6.33 187,489.5
3 80.1 456 579 32.54 1.41 2201 121 76 16 203,834.7
4 1828 1072 848 27.80 1.33 416.7 465 85 55 182,021.8
5 737 412 80.6 2118 120 621 22 16 1367 281,1827
6 1910 83.6 2207 16.46 0.80 3043 135 26 517 68,538.0
7 203.0 94 1 4037 22.40 176 336.9 63 13.0 483 155,594 9
min 737 412 579 16.5 08 62.1 85 16 17 68,538.0
max 3520 1207 4037 325 24 416.7 1210 13.0 16.0 281,182.7
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Fig. 3. The changes of SS and turbidity concentrations during the coagulation system operation time,
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Table 3, Characteristics of flocs in the coagulation system

Characteristics of floc ~ Alum+Polymer+MS Alum+Polymer+RS

Settling velocity

(cm/min) 551 215

Size?
(mm)

6 5

dMesh size is different each other; 2 mm and 1 mm, respectively.

Table 4, SVI of the sludge at the sampling points in a settling

tank
Location Vi
Case 1 Case 2 Case 3 Average
@ 68 86 64 73
@ 45 19 35 33
©) 333 154 250 246
@ 500 1,000 200 567
o e Fe T e

120

Settled sludge volume (%)

0 T T T T
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Fig. 6. The change of Sludge volume through the settling time.
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Fig. 8. Solids concentration in coagulant tank (point ®) from sludge return for optimum removal efficiency.

Table 5, Operation condition for proper sludge recycle rate

Operating condition? (%)

Case
Extraction Recycle Disposal

Case 1 05 0.1 04
Case 2 05 02 03
Case 3 05 03 02
Case 4 05 05 0
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Case 6 03 0.1 0.2
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Fig. 9. The effect of Alum dosage reduction by return sludge.
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