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Influence of “grey-green” synergistic measures on combined sewer overflow pollution in Yinchuan City / HOU
Jingming' , LUAN Guangxue' , WANG Tian' , YANG Lu', YIN Yalun', LI Xinyi', QIAO Mengxi’ ( 1. State Key Laboratory
of Eco-hydraulics in Northwest Arid Region of China, Xi’an University of Technology, Xi'an 710048, China; 2. CAUPD
Beijing Planning & Design Consultants Lid. , Beijing 100044 , China)

Abstract: Aiming at the problem of serious overflow pollution and black odor of urban water body in rainy days, taking the
combined pipe network system in a high-density urban area of Yinchuan City as an example, based on SWMM model,
under the conditions of short-term design rainfall and long-term design rainfall, the impact of “grey-green” synergistic
measures, such as combined sewer overflow (CSO) storage tank, mixed and wrong connection of rainwater and sewage
pipelines and sponge transformation of green belt, on CSO pollution were simulated and analysed. The results show that
under the short-term and long-term design rainfall conditions, four schemes of CSO storage tank, mixed and wrong
connection of rainwater and sewage pipelines, sponge transformation of green belt, and “gray-green” combination measure,
can lead to the increase of the amount of overflow water and the load of overflow pollutants with the increase of precipitation,
and the overflow reduction rate decreases gradually. Among them, the “gray-green” combination measure has the most
significant effect on the reduction of overflow pollution. When the return period is less than 5 a, the reduction rate of
overflow water volume and the reduction rate of overflow pollutant load basically reach 80% . When the rainfall condition is
moderate rain, the pollutant load reduction rate basically reaches 75% . When the return period is 20 a, the reduction rates
of overflow water and the load reduction rates of TSS, COD, TP and NH, -N reach 64% , 70% , 70% and 70% ,
respectively. When the rainfall condition is heavy rain, the reduction rates of overflow water and the load reduction rates of
TSS, COD, TP and NH, -N reach 28% , 32% , 26% , 31% and 33% , respectively.

Key words: combined sewer overflow; “grey-green” synergistic measures; overflow pollution load; overflow water;
SWMM model; Yinchuan City
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Fig.1 Design rainfall process with different
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return periods
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Tablel Daily precipitation in typical year

SR H Bk i/ mm H 31 H Bk /mm H 1 H Bkt /mm|| H H Bk /mm|| H Bk it/ mm
1991-01-23 0.1 1991-04-16 7.4 1991-06-18 1.4 1991-08-27 40.6 1991-09-16 1.4
1991-02-13 2.9 1991-05-24 9.6 1991-07-21 7.2 1991-08-28 2.5 1991-09-17 0.6
1991-02-14 0.1 1991-05-27 19.3 1991-07-27 11.8 1991-08-31 0.4 1991-10-02 2.5
1991-03-14 2.0 1991-05-28 1.1 1991-07-28 0.6 1991-09-04 3.6 1991-10-03 0.6
1991-03-25 9.4 1991-05-31 11.3 1991-08-02 13.8 1991-09-06 0.3 1991-12-24 1.9
1991-03-26 1.4 1991-06-01 0.8 1991-08-13 0.3 1991-09-10 0.4 1991-12-25 0.4
1991-04-10 6.5 1991-06-09 2.9 1991-08-14 0.4 1991-09-14 1.4 1991-12-26 0.3
1991-04-11 6.8 1991-06-10 1.9 1991-08-26 18.9 1991-09-15 0.1
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Table 2 24-h duration design rainfall pattern distribution

ratio design rainfall rainfall type distribution table

A Bt/h SBC L/ % A Bt/h SrBe L/ %
1 1.00 7 4.50
2 1.00 8 10. 00
3 1.00 9 37.00
4 1.00 10 18.00
5 1.00 11 7.00
6 1.00 12 3.50
13 1.67 19 0.67
14 1.67 20 0.67
15 1.67 21 0.67
16 1.67 22 0.67
17 1.66 23 0.66
18 1.66 24 0.66
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Fig.2 Generalization results of study area
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Table 3 Model pollutant parameter values

. A AU (kg - b =) S A0 E AT L/

K bR : )
B S i Ity et S i Ity
TSS 140.0 120.0 130.0 80.0 10.0 10.0 8.0 5.5
COD 100.0 120.0 90.0 65.0 10.0 10.0 8.0 8.0
TP 0.6 0.5 0.5 0.6 10.0 1.0 10.0 10.0
NH, -N 1.4 5.0 6.5 8.5 10.0 0.3 10.0 10.0

) o K e

KB bR ‘ ‘
B S i oA A S i oA
TSS 0.009 0.090 0.008 0.008 0.40 0.20 0.50 1.80
COD 0.008 0.085 0.007 0.007 0.54 0.53 0.80 1.80
TP 0.004 0.002 0.004 0.004 1.70 1.20 1.70 1.70
NH," -N 0.008 0.005 0.005 0.004 0.54 2.00 2.00 2.00
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Fig.3 Actual ponding points
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Table 4 Comparison between simulated

and actual values
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{jéﬁggﬁiﬂﬂ 0.25 0.237 0.013 5.20
égﬁi:& 0.34 0.355 0.015 4.41
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Fig.4 Schematic diagram of rainwater and sewage

diversion transformation ( unit; mm)
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Table 5 Statistics of sponge transformation of

green belt in Xingqing District
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Table 6 Overflow load and reduction rate under short duration design rainfall

g wee COUKES BUKE TSSO ISS B COD o COD U, g TP U NHEN G NHE N6
Fmd o HAR% A HIRE/% R B/ % MU/ % g pRRE %
1 4.93 3.05 2.13 0.06 0.36
Bk 5 8.26 4.52 2.63 0.09 0.54
20 10.41 5.46 2.88 0.12 0.66
) 1 0.95 81 0.37 81 0.22 90 0.01 89 0.04 88
LJ%J;T(:TE 5 4.47 46 1.99 56 1.03 61 0.04 57 0.24 56
20 6.71 36 2.97 46 1.35 53 0.06 47 0.36 46
i 1 4.05 18 2.71 11 1.93 9 0.06 11 0.32 11
T 5 7.38 11 4.11 2.48 6 0.08 0.49
20 9.54 8 5.05 2.76 4 0.10 0.61
S 1 3.96 205 2.62 15 1.95 8 0.06 13 0.30 15
. 5 7.03 15 3.96 12 2.44 7 0.08 11 0.47 13
e
20 9.07 13 4.85 11 2.70 6 0.10 10 0.58 12
et 1 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
TN 5 1.88 77 0.90 80 0.54 79 0.02 80 0.10 81
20 3.73 64 1.66 70 0.87 70 0.03 70 0.20 70
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Table 7 Overflow load and reduction rate under long duration design rainfall

Sy 5] WVK  BSWKE TSSH TSSfifF  COD i COD ffi w s P fifF  NHS-N  NH;-Nf
KR R/Twd HIEE% B WEE/%  fEa0 EE%e T HREER/% fagis pRiEe %
JINF 0.15 0.04 0.04 0.00 0.00
BR AR 11.42 4.06 3.70 0.09 0.41
K 25.49 9.37 6.49 0.19 1.02
0 JINF 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
1F]${l£ AR 7.35 36 2.40 41 2.46 34 0.05 39 0.24 42
- KR 21.43 16 7.68 18 5.30 18 0.16 18 0.83 18
s JINFE 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
R RERERIRL
) N R 10.21 11 3.57 12 3.41 8 0.08 11 0.36 13
i3 e
K 23.39 8 8.66 8 6.21 4 0.18 7 0.93 8
s JINFR 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
i
i IR 9.92 13 3.50 14 3.34 10 0.08 13 0.35 15
Bt e
K 23.90 6 8.95 5 6.27 3 0.18 4 0.97 5
s JINFR 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
ka R 4.91 57 1.05 74 0.94 75 0.02 75 0.10 76
s &
KR 18.24 28 6.38 32 4.78 26 0.13 31 0.68 33
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