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Abstract

characteristics of rainfall runoff and pollutant scouring rule, orthogonal experiments were conducted to study the rainfall runoff pollution of three

(School of Environmental Science and Safety Engineering, Tianjin University of Technology,
[ Objective | To study the influencing factors of rain-runoff pollution of urban permeable underlying surfaces. [ Method ] Based on the

permeable underlying surface (grasslands, permeable bricks, bare land) under laboratory conditions. [ Result]The results showed that the runoff
coefficients of grassland, permeable brick and bare land were significantly different, which were 0.28 —=0.43, 0.35 -0.55 and 0.72 —0.74, re-
spectively. The proportion of dissolved pollutants into runoff water was high, and the scouring rate can reach 50% —-88%. The slope of the un-
derlying surface and rainfall intensity were the most important factors affecting the runoff process, which influencing the runoff yield, runoff vol-
ume and conductivity. The time of peak runoff, peak conductivity and water withdrawal, the amount of water withdrawal and the coefficient of
runoff mainly depend on the underlying surface properties. The influence of rainfall kinetic energy was larger than that of underlying surface infil-
tration, which was the most important factor affecting the scouring efficiency of dissolved pollutants. [ Conclusion | The study can provide scientific

basis for the construction of the city.
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Table 1 Orthogonal experimental design of rainfall on permeable underlying surface

[K % Factors

K FEmISBE(A) R EE (B) WRE(C) TEIE (D)
Level Rainfall energy Rainfall intensity Slope Underlying

1074 mm/min % surface

1.99 0.64 0.5 i
2 3.99 1.21 5.0 Bk
3 2.67 0.98 10.0 R SRR M
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Table 2 The characteristics index of rainfall experiments

2% Factors

Rt hass J I A ] R H R
5 T ] ot
Test Runoff Confl time // Conductivity
No. A B ¢ b time //s ontuence tme/7:s peak // us
1 1 1 1 1 350 420 128
2 1 2 2 2 50 70 36
3 1 3 3 3 50 100 50
4 2 1 2 3 60 90 54
5 2 2 3 1 55 65 15
6 2 3 1 2 150 200 94
7 3 1 3 2 80 240 42
8 3 2 2 3 35 70 29
9 3 3 1 1 80 120 13
! WA 7= A I ] T bk IRk IR KA i) ER IR UL R ES
T (tl 7 Conductivity Flow FEA ] Water Water NaCl IRJIL/ \ff
Nes peak time peak Peak discharge withdrawal withdrawal washout fl;no "
o min mL time // min ml time //s rate // % coetticien
1 8 115 25 164 180 87.23 0.43
2 3 295 28 240 240 61.39 0.55
3 3 290 18 107 95 85.72 0.74
4 2 175 10 126 125 67.12 0.73
5 22 185 60 161 500 76.20 0.28
6 5 190 37 325 430 76.20 0.35
7 160 41 372 300 62.20 0.38
8 1 330 14 107 120 77.91 0.72
9 21 190 53 236 320 52.46 0.41
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Fig.1 The change of conductivity and runoff during raining of each treatment
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Table 3 Correlation analysis of orthogonal test

W K o s DT nn o grmeew o kenn B g
b7 e mE wr ME e e gy g BAKRE ool R oy
Index Rainfall rainfall Slope  Confluence  Runoff Conductivil}g‘onduaw“y Flow Flow peak 'Water discharge NaCl Runoff

energy  intensity time time peak pAeak peak time withdrawal time washout coefficient

time rate

[ Bhfg HMEME 1,000 0 0 -0.215 -0.273 -0.108 0.249  -0.317 0.262  0.10  0.546  -0.090 -0.279
Rainfall energy el 1.000  1.000 0.578  0.477  0.781  0.518 0.406  0.496  0.796  0.129 0.817  0.467
o4 R 5 M 0 1..000 0.127 -0.513 -0.674" -0.547  0.266 0.723* 0.236 -0.214 0.270 -0.015 0.003
Rainfall intensity ~ @3PE  1.000 0.746  0.158  0.046  0.128  0.488 0.028 0.542  0.580  0.482 0.969  0.993
YR MEME 0.000 0.127 1.000 -0.563 -0.397 -0.484 -0.108 0.262  0.052 -0.117 -0.020 0.107  0.149
Slope BN 1.000 0.746 0.115  0.291  0.187 0.783 0.495 0.894  0.765  0.959 0.784  0.703
R M -0.215 -0.513 -0.563 1.000  0.930"° 0.874°" 0.043  -0.642 -0.030  0.085 —0.005 0.437  -0.0343
Confluence time BEM 0.578 0.158  0.115 0.000  0.002 0.913 0.062 0.940  0.828  0.991 0.240  0.365
PRI e -0.273 ~0.674" -0.397  0.930°" 1.000  0.825°°-0.089  -0.687° -0.003  0.305 -0.018 0.331  -0.375
Runoff time BEE 0.477 0.046  0.291  0.000 0.006  0.821 0.041 0.993  0.425  0.963 0.384  0.320
H SR MM -0.108 —0.547 -0.484  0.874"" 0.825 1.000 -0.346  -0.467 -0.347  0.083 -0.162 0.575 -0.085
Conductivity peak T3P 0.781 0.128  0.187  0.002  0.006 0.362 0.206 0.361  0.832  0.676 0.105  0.829
ST ARGHE 0.249 0.266 -0.108 0.043 —-0.089 -0.346 1.000 -0.353 0.827°* -0.016  0.647 -0.229 —-0.625
ﬁz:ld“c“"“y peak oo 513 0.488  0.783  0.913  0.821  0.362 0.352  0.006  0.966  0.060 0.553  0.072
T HMtE -0.317 0.723°  0.262 -0.642 -0.687° -0.467 —0.353 1.000 -0.383 -0.363 -0.384 0.048  0.617
Flow peak B 0.406 0.028  0.495 0.062  0.041  0.206 0.352 0.309  0.336  0.307 0.902  0.077
TR AR MSe: 0.262 0.236  0.052 -0.030 -0.003 -0.347 0.827°" -0.383 1.000  0.492  0.890"° -0.378 -0.881""
Peak discharge time WEYE  0.49 0.542  0.894 0.940  0.993  0.361 0.006 0.309 0.178  0.001 0.316  0.002
SEK e 0.101 -0.214 -0.117 0.085  0.305  0.083 -0.016 -0.363 0.492  1.000  0.561  -0.495 —0.650
Water withdrawal B3V 0.796 0.580  0.765 0.828  0.425  0.832  0.966 0.336  0.178 0.116 0.176  0.058
SEKEFE] Water — AHEHE  0.546 0.270 -0.020 -0.005 -0.018 =-0.162 0.647 -0.384 0.890°° 0.561 1.000  -0.245 -0.900""
withdrawal time BEM 0.129 0.482  0.959 0.991  0.963  0.676  0.060 0.307 0.001  0.116 0.526  0.001
AL R R A -0.090 -0.015  0.107 0.437  0.331 0.575 -0.229 0.048 -0.378 —0.495 -0.245 1.000  0.193
NaCl washout rate 2% 0.817 0.969  0.78  0.240  0.38  0.105 0.553 0.902 0.316  0.176  0.526 0.618
[ M -0.279 0.003  0.149 -0.343 -0.375 -0.085 -0.625 0.617 -0.881"" -0.650 -0.900"°  0.193 1.000
Runoff coefficient @25k 0.467 0.993  0.703 0.365  0.320  0.829 0.072 0.077  0.002  0.058  0.001 0.618

2 FIRTE 0.05 ACF- OO FIBEARSE; # * FIRTE0.01 /KON F R

Note : * indicated significant correlation at 0.05 level(bilateral) ; = = indicated significant correlation at 0.01 level (bilateral)
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Table 4 Range analysis of orthogonal test
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time /s time /s mL ime// mi % L time //mi ctivity peak  ivity peak washout
1me min (4 my me min Ms t]me//m]n rate//%
A 255 335 150 37 0.36 204 540 51 17 13.00
B 350 545 360 32 0.05 160 255 174 14 0.55
C 435 510 295 67 1 252 445 225 21 5.90
D 340 345 295 96 1.07 597 660 120 33 10.32
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