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Hydrology and Water Quality of Rainfall- Runoff in Combined Sewerage System

Along Suzhou Creek in Central Shanghai
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Abstract: In order to obtain the processes of hydrology and water quality of urban combined sewerage system (CSS) in highly urbanized region,
the precipitation, discharge and pollutant concentration of four different irtensity rainfall ( light rain, moderate rain, heavy rain and storm)
were measured from Jul. to Sep. 2007 inthe Chendulu CSS along Suzhou Creek in Shanghai. The results show that the shapes of runoff graph
are similar to ramnfall graph, with aweaker fluctuation range and a 15-25 min delay between rainfall and runoff graph. Runoff coefficients of the
four different rainfall are 0. 33, 0. 62, 0. 67 and 0. 73, respectively. The 30/ 30 firg flush phenomenon is found in Chendulu CSS. The peak of
pollutant concentration graph lags rainfall peak about 30-40 min. The pH and event mean concentration (EMC) of Cu, Zn, Cr, Cd, Pb and
Ni totally measure up to environmertal quality standards V for surface water of China besides COD, BOD,, NH, =N and TP, and the EMC of
COD, BODs, NH;-N and TP are 225. 3-544. 1, 31. 5989, 8 944.2 and 1. 98 3. 52 mg* .~ ' respectively. The rainfalt runoff pollutant
concentration in Chendulu CSS is close to those of other foreign cites. At the confidence level of p< 0. 01, good relationships exist between SS
and COD, BODs, NH;—-N and TP, respectively, and the average proportion of particulate organic pollutant and nutrient is 70. 21% .
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Fig.1 Location and pipe network of Chendulu combined sewerage system
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Table 1  Operational water level of pumping station in Chendulu combined sewerage system/m
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— - — — -319 - 5.88
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Table 2 Charactenstics of ramnfall during samplings
2
/ - - /mm /h /mmeh™ ! / mm /h /mme*h™! b/ d
1 2007009 8.8 5.7 L5 85 1.9 45 2
2 20070F22 5.7 5.6 1. O 5.6 1.3 43 1
3 2007 08-03 23.9 7.3 33 19. 0 0.8 238 4
4 2007 08-05 2.2 1.9 15 4 26. 0 0.9 289 1
5 2007 08- 11 8.9 9.8 70 0. 0 1.0 60 0 0
6 2007 09- 19 12.8 8.9 14 5.6 10.7 L9 0
1) 2 S mm
1.4 ,
1L
, 47T :pH
SS COD BODs NH;-N TP, Cu Cd Pb Zn 82. 70%, 0. 80,
Cr Ni, COD BODs NH;-N TP 10
.pH Hach 0.33 0.62 0.67 0.73,
SENSion 156 s
[29] 2.2
2 3 ’
2.1 e
0 , 20070709 . 4
20070803 200708-05 200708 11 ,COD SS TP NHi-N
4 , .4 ,
- (2, 4 )
) ( 3.
, 30~ 40 min,
, 20070805 3 s 2 2.3
(first flush effects, FFE)""™ ™.
) , 15
~ 25 min, 5~ 20 min M(V) ,
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Fig. 2 Hydrograph of rainfall runoff in combined sewerage system
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Fig. 3 Pollutant concentration graph of rainfall-runoff in combined sewerage system
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Fig. 4 Fimst flush effects in combined sewerage system
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Table 3 Firg flush effed intensity in combined sewerage systan
FFx( COD) FF(BODs) FFy (NH; -N) FFy (TP) FFy (SS)
200%0F09 1 28 1. 104 1.228 1 115 1.510 1.197
20070803 1217 1.183 1.212 1 233 1.268 1.223
200708 05 1252 1. 148 1. 09 1. 093 0.925 1. 103
200708 11 Q0 956 1.108 0.923 1. 067 1. 046 1.020
1 113 1. 136 1.116 1 127 1. 187 1. 136
2.4 :
4 COD SS TP NHi-N Hol (event mean concentration, FMC)
. 156.9~ 941.2 115.2~ 1550.6 1.26~ .
5.70 2.86~70.0mgL (  3), 4 04 : pH EMC
( 4, D  SS 7.13~ .54 , «
, , , TP M(GB 3838-2002) V ; @
, NHi-N /Zn  Pb  EMC Cu Cr Cd Ni ,
Vv )
. :NHi-N i ™. ® cop
, NH{-N : BODs NH;~N TP  EMC Vv ,
s , COD  ,EMC 25.0~ 54.1 mg L',
’ 299.2
mgeL ' 314.1~
, 614.0 mg*L."' B
« o =221 @Ccop BODs NH;-N TP  EMC
, \% 4.6~ 126 2.2~ 8.9 3.5~ 21.2
i 4.0~ 7.8 9.3 5.6 1.7 6.1
i , 2000~ 2007
4
Table4 Events mean concentration of rainfall runoff in combined sewerage system
COD BODs NH; -N TP S Cu Zn Cr Cd Pb Ni
it fmgL" " /mgL ' /mgl ! /mgL ' /mgeL ' /mgeL ! /mgL' JmgrL™! Mgl ! /Mgl ! /HgeL!
200%0709 713 25.0 59.7 35.8 2. 98 334.9 0. 01 0.22 0. 05 0.40 4.45 30. %4
2007 08-03 710 494. 4 R.9 4.2 2% HU4. 8 0. 16 1. 83 0.07 1.46 80.75 56. 47
2007 08-05 7. 54 382.7 31.5 12.4 1. B 176. 4 0. 4 0.62 0.04 0.69 35.13 37. 29
20070811 7 36 44.1 75.5 8.9 3.5 580. 0 0. 05 0.69 0. 05 0.45 19. 88 37. 30
710 247.7 8.1 53.6 3.4 177.9 0. 06 0.26 0.07 0.74 13. 15 9. 83
\% 6~ 9 40 10 2.0 0.4 — 1.0 2.0 0.1 10 100 —
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SS
100.3% 10'm’*a ', o ,
; B8SS  EMC 176. 4~ SS  COD
944. 8 mg= L', EMC  ( 3). BODs NH,~N TP p< 0.01
bl ( 5) 2
) 45.11% ~ 93. 21%, 70.21%.
tel SS
[19
2.5 , Chebbo '™
11
3 5 SS 56% ~ 94% ,
TSS TN TP
0.95™; , SS
SS  COD TN 0.8 ',
5 D
Table 5 Correlation coefficients between different pollut ants
COD BODs NH -N TP SS
COD 1 000 0.518 0106 0. 555 0.736'
BOD; 0518 1. 000" 0 063 0. 533 0.582"
NH;f-N 0 106 0.063 1. 000" 0. 210 0.359"
TP 0 555" 0.533 0 210 1. 000" 0. 644"
SS 0 736" 0.582" 0 3%" 0. A4 1. 000"
1) * p< 0.01
3 COD BODs NH;-N TP  EMC
225.0~ 544.1 31.5~ 98.9 8.9~ 44.2 1. 98~
(1) CSS 3.2 meel ', V 9.3
) 56 1.7 6.1 NH:;-N COD
N 15~ 25 min, .
(5)CSS SS  COD BODs NH;-N
TP, p< 0.01 .
30~ 40 min. 70.21%
0.33 0.62 0.67 0.73. )
(2)CSS 30/30 B it
(3)4 COD SS TP NH:-N ,
:156.9~ 941.2 115.2~ 1550.6 1.26~
5.70  2.86~ 70. 0mg*L™". 1
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