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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 intensity rainfall (light rain, moderate rain, heavy rain and storm)
were measured from Jul. to Sep. 2007 in the Chendulu CSS along Suzhou Creek in Shanghai. The results show that the shapes of runoff graph
are similar to rainfall graph, with a weaker 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 first 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 Cus Zn, Cr» Cd> Pb and
Ni totally measure up to environmental quality standards V for surface water of China besides COD> BODs, NH, -N and TP, and the EMC of
COD; BODs» NH; -N and TP are 225.0-544.1, 31.5-98.9, 8.9-44.2 and 1.98-3.52 mg*L™", respectively. The rainfall-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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Table 2 Characteristics of rainfall during samplings

g R MR MM RWEE SohmRt SORMmEN P EREE 2 KR
T /E-H-H /mm /h J—— /mm /h Jmmeh~! B 7d

1 2007-07-09 8.8 5.7 1.5 8.5 1.9 4.5 2

2 2007-07-22 5.7 5.6 1.0 5.6 1.3 4.3 1

3 2007-08-03 23.9 7.3 3.3 19.0 0.8 3.8 4

4 2007-08-05 29.2 1.9 15.4 26.0 0.9 28.9 1

5 2007-08-11 68.9 9.8 7.0 60.0 1.0 60.0 0

6 2007-09-19 12.8 8.9 1.4 5.6 10.7 1.9 0
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Fig.2 Hydrograph of rainfall-runoff in combined sewerage system
900 60 1800 90
2007-07-09 ~ 2007-08-03
| I
T —o— COD oSN ot
S0 —o—SS & S0 B
g 600 o J40 g 1200
= B = i
e ¥ =B B
» + » +
» 7
& 300 20 E g 600 §
Q - .
&} = 8 &
0 ' ' N ' L 00 0
0 20 40 60 80 100 120
750 1200 30
- 2007-08-11 -
. L -
= g0 do
% g % g
£ 500 ® & 800 I~
i ST ®
= % z
2 S o
a 250 E g 400 Z
@] Y o 4
o) & O &
0 1 1 ' 1 1 0 0 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120 140
/min f/min
B3 &SREIHKREERERSEYRELESL

Fig.3  Pollutant concentration graph of rainfall-runoff in combined sewerage system
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Fig.4 First flush effects in combined sewerage system
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Table 3 First flush effect intensity in combined sewerage system
[CaTERRE | % T 2 5 FF;, (COD) FF;, (BODs) FF; (NH,; -ND FF;, (TP) FF;(SS) SEYME
2007-07-09 /NF 1.028 1.104 1.228 1.115 1.510 1.197
2007-08-03 O 1.217 1.183 1.212 1.233 1.268 1.223
2007-08-05 N 1.252 1.148 1.099 1.093 0.925 1.103
2007-08-11 £ 0.956 1.108 0.923 1.067 1.046 1.020
PRI 1.113 1.136 1.116 1.127 1.187 1.136

2.4 PEWARRTS B R)E
4 B S COD~SS\TP FINH, -NI¥ 4246 7
B2 9 M9 156.9 ~ 941.2+ 115.2 ~ 1550.6~ 1.26 ~
5.70 F12.86 ~70.0 mg*L~" (/& 30, 5 W MY 1) % &
G T KA (R 4), A 3v5 /K cop Al SS ¥
F, JEH IR S B, 1R T R mys K, TPk B 2
TY5 KRB 4, 110 NH, -NIR S NI 2 75 KR
FE FK R G & 275 G i) £ BRI AN [F] & iX —
PR B R K, 1 s NH, -N 32 R Y T AR i T
Ky HAR TG V5 7K FRNH, N B 1 b 9 R =2 T A2 9 s
SS FERPE T F AR B GORRY), HooTlk ok T4
TG 7K V5 YRR RN 2 BT RR R 1) 22 R, (A R
R TR AR L AN [R) 7 e Pk B 5 R v 7K I B AH
LU, A AEARDO AT 5 . 22 B R b S J2 TRTAR TN
HAKE W 5, Gt K F A [ 28 8Ly By 1) ok A
HE LT A I IS
X G EIHR R, T EE— kW
BTG 7KV G R R T R e B I ) A7 A AR
AR B2 AN KR 7K T A8 A% 5T A [ FE BB 3 D PR

BTG KR 52 AR 7K A4 (1)1 G a8, R P B R AR UL 5
5P 35 7 2T Cevent mean concentration, EMC) K %)
— 35 RN I A TS K TR 15 G S g Al B AR VTR 3R
4 8R4 RER LT, GG K pH EH) EMC
T 7.13 ~ 7,54 18], AR, 45 4 €L 5K 2 7K 3 58
JEARE)(GB 3838-2002) V /K brifE; @ E4LJE
Zn A1 Pb [ EMC #JEAXT 5 Cus Cr Cd AT Ni 851,
HIIAE TV KK bx UE, 5 A6 50 175 44 7K 1 Af
U7 T T 4 T HE K R4 O cop.
BOD, - NH; -NAlI TP (1] EMC 348 1 V 27K F5 #E, LA
COD A1, EMC 2L Y5 24 225.0 ~ 544.1 mg° L™,
BB XA K R 4T 8 2992
mge L™ _E A T XA R HE K R 4 31401 ~
614.0 mge L™ R0 & 45 A et iz in T
A A 3k T OHE K R G A YT K TE B K
7029 @) cOD. BODs~ NH; -NAT TP £ EMC 4> 5!
HEIL V ZRIKARHE 4.6 ~ 12,6+ 2.2 ~8.97 3.5~21.2
M4.0~7.8 1% P2 mK 9.3, 5.6. 11.7 F1 6.1
2 W5 b3 T A RGBT S8 9 R 2000 ~ 2007

F4 ERHHKRFERETBGTHRE
Table 4 Events mean concentration of rainfall-runoff in combined sewerage system

GEOM o (:OD_l BODS_l NH[-}\I TP_l ss_l Cu_l Zn_] Cr_] (:d_l Pb_l Ni_l

/mg°L, /mg°L /mg*L~"  /mgL™'  /mg°L™' /mg'L /mg°L. /mg*L pgeL Jug* ™" JpgeL
2007-07-09  7.13 225.0 59.7 35.8 2.98 334.9 0.01 0.22 0.05 0.40 4.45 30.54
2007-08-03  7.10  494.4 98.9 44.2 2.94 944.8 0.16 1.83 0.07 1.46 80.75 56.47
2007-08-05  7.54 382.7 31.5 12.4 1.98 176.4 0.04 0.62 0.04 0.69 35.13 37.29
2007-08-11  7.36 544.1 75.5 8.9 3.52 580.0 0.05 0.69 0.05 0.45 19.88 37.50
BREAK S 7.10 247.7 58.1 53.6 3.54 177.9 0.06 0.26 0.07 0.74 13.15 9.83

VEMEK 6~9 40 10 2.0 0.4 — 1.0 2.0 0.1 10 100 —
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FF RS B HE 7K 2R G HE N 95 P 1) 5 WY ¥ YL 7K
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Table 5 Correlation coefficients between different pollutants

Y COD BOD; NH; -N TP SS

CoD 1.000" 0.518" 0.106 0.555" 0.736"
BODs 0.518" 1.000" 0.063 0.533" 0.582"
NH; -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" 0.359" 0.644" 1.000"

D x RIRTE p <0.01 K P LR

3 g

C a3k DX 95 PH TS 2 CSS (1) B WY 42 9t
T FR 28 T 2515 I W ok it 6 A B, (L 3 3 s A1 T %
WIS FEZR, Il G TP A2 2 15 ~ 25 min, H (7]
IR 2552 R 11 A o W i 90 o T e ™ A PR A0 4 ] 4
SN R AR e WU B i R e W S TR
YU 2924 30 ~ 40 min. 7N R H R KT8 W 1)
BRAE 5 0.33+ 0.62+ 0.67 F10.73.

(2)CSS B R AR IS G ARAEAE 30/30 AnifER)
WIUE RN , 5 G W) R 5 G = B DTk %
oY T A I 8 FEE A 55 MR AT) 46 o A e B B DR 3%

(3)4 KEMZWH CODSS. TP FINH, -NAE L
Y2 49 :156.9 ~ 941.24 115.2~1550.6+ 1.26 ~
5.70 F12.86 ~ 70.0 mge L~ AR UL AN [F]5 4L 4 ok
P5RT = BE TR 1) 22 0, AT AS [RIAR IR TS R L S
G A b B AN R AR 2 5

(4)4 KRN AR pH H A ELE Cus
Zn-Cr-Cd~ Pb- Ni ] EMC 3K TV 2 Hh 2= /K b 1,

COD~BOD~ NH, -N A1 TP ] EMC 2% 4k 3 [ 43 3 4y
225.0 ~ 544.1+ 31.5 ~ 98.9 8.9 ~ 44.2 Fl 1.98 ~
3.52 mge L7, P 3 iV R R K AR UE 9.3,
5.6+ 11.7 f1 6.1 £%, L NH, -NFI COD A A iivE 7K
i B 2 K5 e

(5)CSS MM+ SS 5 cOD-BODs~ NH, -N
TP, 7F p < 0.01 KV 38 HAT — 52 (11 A7 G,
AL RN FZ K75 G ) ¥ 70.219% h kL
EA.

B BN 2 Ol B N IS A T KA B 15 )
I T HEK T s s A R F R AR e g TR
T A R K BT SR I v g TR 5Kk S T
R UTRHVLE Bl B TR 0 K 0 385 B, 1 B0
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