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Research on synergistic relationship between runoff control rate and non-point source pollution load reduction rate
at residential community scale / LUAN Guangxue' , HOU Jingming' , MA Xin', LI Donglai', YANG Lu', DU Yingen',
WANG Jieyu”’, LIU Yuan® (1. State Key Laboratory of Eco-hydraulics in Northwest Arid Region of China, Xi'an University of
Technology, Xi’an 710048, China; 2. Power China Northwest Engineering Corporation Limited, Xi’an 710065, China)
Abstract: Using the community of Tianfuheyuan in Xi’an City, Shaanxi Province as an example, a water quality and
quantity calculation model was constructed based on the principle of the Storm Water Management Model (SWMM). The
model parameters were determined based on the measurements and relevant studies in similar areas in China and abroad. To
analyze the synergistic relationship between the runoff control rate and non-point source pollution load reduction rate in the
study area under different rainfall conditions, 45 rainfall events with nine return periods and five rainfall peak coefficients
were designed. The results show that the runoff control rate was linearly related to the pollution load reduction rate under
rainfall conditions with the same rainfall peak coefficient. The coefficients of synergy of the fitted function curves for the four
pollutants COD, TN, TP, and TSS were above 0.989. The rain peak coefficient had little effect on the slope and intercept
of the fitted function curve. There was a highly linear relationship between the runoff control rate and non-point source
pollution load reduction rate at the residential community scale, and the pollution load reduction rate can be deduced from
the runoff control rate.

Key words: SWMM; rainfall condition; residential community scale; fitting function; coefficient of synergy
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Table 2 Parameters of water quality model
o R EBE/ (kg - hm™?) AR R RIS ]/ d BR3¢ DTG
e 2]
R St ik R E23111 K R E311) i R Lk, T
TSS 140 120 130 10 10 8 0.009 0.090 0.008 0.40 0.20 0.50
COD 100 120 90 10 10 8 0.008 0.085 0.007 0.54 0.53 0.80
TN 1.4 1 1.5 10 10 6 0.008 0.090 0.007 0.45 0.50 0.45
TP 2.3 19 27 10 10 8 0.008 0.085 0.007 0.55 0.53 0.45
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Fig.4 Runoff control rates and pollution load reduction rates under different rainfall conditions
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Table 3 Runoff control rates and TSS reduction rates under different design rainfall conditions

IR % TSS Ml %/ %
HI/a
r=0.20 r=0.35 r=0.50 r=0.65 r=0.80 r=0.20 r=0.35 r=0.50 r=0.65 r=0.80
1 84.10 83.76 82.28 84.09 84.17 88.65 88.48 87.37 88.79 88.81
2 76.80 76.19 73.63 76.89 77.04 82.54 82.21 79.78 82.70 82.75
3 72.28 71.74 69.13 72.52 72.73 78.24 77.73 74.79 78.43 78.61
5 67.85 67.33 64.78 68. 10 68.39 73.10 72.55 69.35 73.36 73.58
10 63.14 62.72 60.29 63.54 63.83 67.15 66.58 63.22 67.49 67.73
20 59.59 59.22 56.47 60. 04 60.32 62.22 61.66 57.70 62.58 62.82
30 57.70 57.23 54.46 58.18 58.55 59.39 58.70 55.02 59. 86 60.21
50 55.36 54.91 52.32 55.85 56.20 56.17 55.57 52.21 56.62 56.92
100 52.69 52.31 49.65 53.21 53.53 52.72 52.18 48.78 53.16 53.45
F4 RITETERDPH 10a HOZTESNES I, D055 RS £ A AR 3R 5 AR AR N B Bl R )N

ARES RS R A TTHDRE
Table 4 Runoff control rates and pollution load reduction
rates of different pollutants for a design rainfall

return period of 10 a

i 2 5 Biyekl  TSS B COD Bl TP B TN B

/% /% /% R % RS %
0.20 63. 14 67.15 68.73 39.48  62.08
0.35 62.72 66.58 68.26 39.14  61.50
0.50 60.29 63.22 65.22 36.61  57.95
0.65 63.54 67.49 69.22 40.01  62.56
0.80 63.83 67.73 69.47 40.25  62.86
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Table 5 Fitting equations and correlation coefficients

GHY WIRRE WA TR Bih 7] 2
0.20 y=1.14332x -0.041 60 0.9956

0.35 y=1.15531x -0.04849 0.9955

COoD 0.50 y =1.17586x -0.06059 0.9964
0.65 y =1.15557x -0.049 08 0.9954

0.80 y=1.15902x -0.052 16 0.9953

0.20 y=1.31271x -0.213 65 0.9972

0.35 y =1.32488x -0.22070 0.9972

TN 0.50 y=1.33808x-0.22778 0.9979
0.65 y=1.32722x-0.22307 0.9972

0.80 y =1.33045x -0.226 08 0.9971

0.20 y=1.17492x -0.33944 0.9931

0.35 y=1.17417x -0.33709 0.9931

TP 0.50 y=1.12429x -0.30146 0.9907
0.65 y=1.19211x -0.34953 0.9932

0.80 y=1.19643x -0.35341 0.9932

0.20 y=1.17421x -0.08005 0.9892

0.35 y=1.18829x -0.088 89 0.9894

TSS 0.50 y=1.22316x-0.1116 0.9915
0.65 y=1.1834x-0.08675 0.9896

0.80 y=1.19362x -0.087 89 0.9896
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Fig.5 Fitted functions with different rainfall peak coefficients
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