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Fig. 1 Generalized map of study region
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Fig. 2 Rainfall process lines at different recurrence stages
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Tab. 1 Value of hydrologic related parameters
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Tab. 2 Value of quality related parameters

WRAFR ZHA B fE
RABHFE/(mm -+ h™ D 83. 00
AB H/NAB A/ (mm « h™1) 9.56
W H/ ! 2.00
AKX 2T REL 0.01
BAKIX TR 0. 20

PR
AR X L E K /mm 2.00
K X 5 K /mm 6.00

Y RORTRE R/

e . (kg » hm2) T By QR U TE
TP 0.2 0. 002 1.7

JETH TN 3.0 0. 003 1.6
COD 60. 0 0. 005 1.6
TP 0.3 0. 002 1.7

i3] TN 4.0 0. 004 1.7
COD 110. 0 0. 006 1.7
TP 0.4 0. 001 1.2

F TN 7.0 0.002 1.2
COD 40. 0 0. 003 1.2
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Fig. 3 Calibration results of discharge and pollutant mass concentration of discharge
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Tab. 3 Value of relevant paraments of low impact development
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Tab. 4 Runoff and peak flow simulation results of different LID combination in different rainfall recurrence periods

i &/ mm IR BEIER A/ (mm e h™1)
%
P=3a P=5a P=10a P=20a P=3a 5a P=10a P=20a P=3a P=5a P=10a P=20a
PR 57. 64 65. 959 76. 50 87.47 0. 827 0. 842 0. 859 0. 873 9. 07 10. 36 12.17 14. 01
THE— 51.09 58. 25 67.93 77.52 0. 767 0. 747 0.762 0.773 6. 27 7.18 8.53 9. 88
TR 25.97 31.57 39. 37 47. 30 0. 372 0. 405 0. 442 0.472 3. 14 3. 66 4.50 5. 34
TER= 21.31 26.17 32.93 39. 81 0. 305 0. 336 0. 369 0. 397 3.29 3.83 4. 66 5.58

EJL 15. 45 23.55 30. 04 39. 42 0. 264
FEA 22. 24 27.97 35. 94 44. 09 0.319

0. 302 0. 348 0. 393 2.82 4. 15 6. 22 8. 64
359 0. 403 0. 440 1.71 2.19 3.01 3. 89

4 AFE LD AEAREARERENH THERALIERBE

Fig. 4 Runoff and peak flow reduction rate of different LID combination in different rainfall recurrence periods
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Fig. 5 Pollutant reduction rates at different recurrence stages
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Tab. 5 Accumulation of different pollutants and reduction results
_— Ok 5 159 R ke TSR/ %
UIE S P=3a P=5a P=10a P=20a P=3a P=5a P=10a P=20a

RIS 0. 697 0.718 0. 745 0.779
g — 0. 589 0. 601 0. 622 0. 644 15. 49 16. 30 16.51 17. 33
i HE— 0.314 0. 353 0. 389 0. 401 54.95 50. 84 47.79 48. 52
o HR= 0. 308 0. 341 0. 363 0. 365 55. 81 52.51 51.28 53.15
Jr%m 0.196 0. 240 0. 267 0. 290 71.88 66.57 64.16 62. 77
ik S 0. 200 0. 245 0. 290 0.318 71. 31 65. 88 61.07 59. 18

EDN 15. 996 16. 784 17. 866 18. 935
R 13.974 14. 659 15. 589 16. 434 12. 64 12. 66 12. 74 13.21
FE— 7.859 8.553 9. 461 10. 196 50. 87 49. 04 47. 04 46. 15
o HR= 7.085 7.596 8.233 8. 696 55. 71 54.74 53.92 54,07
Jr%m 5.352 6. 348 6.671 7.442 66. 54 62.18 62. 66 60. 70
FER 5.772 6. 893 7.873 8. 460 63. 92 58.93 55.93 55. 32

EDN 292, 097 305. 151 322. 340 339. 403
R 211. 980 219. 856 231. 963 243. 669 27.43 27.95 28.04 28. 21
. FE 116. 023 116. 834 119. 851 123. 542 60. 28 61.71 62. 82 63. 60
cop HR= 116. 050 115.778 117. 696 120. 022 60. 27 62. 06 63. 49 64. 64
e 3L 86. 804 93. 440 88. 855 90. 780 70. 28 69. 38 72.43 73.25
HRHA 83. 541 92. 392 96. 162 95. 884 71. 40 69. 72 70. 17 71.75
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Tab. 6 Construction and maintenance costs of different LID facility

A R 7K B TR K AE el £ SN Bl %
BEA/(E « m™2) 300 120 350 260 200
PP A/ Ot em 2 ea ) 2.0 5.0 3.5 3.0 1.5
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Tab. 7 Lifecycle costs for different scenarios
A TR~ FE = Jr& M WES
BB A/ T TT 146. 709 919. 365 1.006. 415 1614.107 1527.057
i) N 8.309 14. 104 8. 081 15. 151 21.174
A R AR /T e 274. 443 1136. 181 1 130. 643 1 847.016 1 852. 554
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Tab. 8 Annual benefits and rates of return on investment of the different schemes

SRR AR T Il 43 WE S FE FE= E L E S
A1/JiTT 1. 059 4. 871 5. 641 6. 298 5. 797
A2 /TITC 7.254 33. 369 38. 638 43,143 39. 707
B/t 0. 070 0.157 0.158 0.177 0.178
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Impact of different low impact developmental combinations
on water quality and quantity and cost-benefit analysis
RONG Guiwen"?, LI Shanshan' , GAN Danni' , SUN Haomiao' , WANG Lili' , HU Liangyu'
(1. College of Earth and Environment ,Anhui University of Science and Technology » Huainan 232001, China;

2. College of Water Conservancy and Hydropower Engineering . Hohai University , Nanjing 210098 ,China)
Abstract: With the rapid development of urbanization, the impervious surface of cities and towns significantly increases, which
causes the change of hydrological process and the increase of flood events. Due to the special construction properties of industrial
parks, the impervious area is much larger than previous area, so it is easy to cause waterlogging disasters and runoff pollution in
the industrial zone. Low impact development (LLID) facilities can effectively alleviate urban waterlogging and improve the urban
water ecological environment.

Impact of different LLID combinations on rainwater source control and pollution load reduction, taking an industrial park in
Huainan City as the research object. Five LID combination schemes were constructed by the SWMM model. In different return
periods, the water quantity and quality of five schemes were simulated,and the reduction effects of different schemes on runoff
volume, runoff coefficient, peak discharge,and pollutant concentration were analyzed. Methods of the life cycle cost and the ben-
efit monetization were used to calculate and monetize the economic benefits of every kind of LLID combination scheme,and the
return on investment also was compared to the five different schemes to select the most appropriate LID combination scheme.

The results show that the combination of green roofs, rainwater tanks, rainwater gardens,and permeable pavements has the
best reduction effect on runoff and pollutants concentration, and the combination of green roofs, rainwater tanks, vegetative
swales,and permeable pavements has the best reduction effect on peak flow. The combination of rainwater tanks,rainwater gar-
dens,and permeable pavements has the highest investment return based on cost-benefit analysis. Different L.LID schemes have a
certain reduction effect on water quality and quantity, however, the reduction effect decreases to different degrees with rainfall
return period increase. Different LLID schemes all have a considerable return on investment, but the addition of green roofs re-
duces the return on investment of the combination, resulting in the low return on investment for the combination with green
roofs.

Adding LID facilities has a significant reduction effect on runoff and flood peaks in the study area. Even if the simplest rain-
water tanks and vegetative swales are added, the reduction rate of runoff can reach about 11% and one of flood peak discharge
can reach about 30%. However, with the increase of rainfall return period, the reduction rate decreases, so more LID facilities
need to be added. Vegetative swales have a better effect on reducing peak discharge,and rainwater gardens have a more obvious
effect on runoff reduction. Although the addition of green roofs can reduce more runoff and peak flow.,the effect of the rainfall
return period is more obvious. While the rainfall return period increases, the reduction rate of peak flow decreases to a certain
extent. Life cycle cost analysis and benefit monetization analysis show that rainwater gardens can well improve the rate of return
on investment,and green roofs have a certain effect on the reduction of runoff and pollutants,but the high investment cost and
maintenance cost of green roofs lead to a low rate of return on investment. The combination scheme of green roofs, rainwater
tanks, rainwater gardens,and permeable pavements has the highest comprehensive benefit and is more suitable for the planning
and construction of industrial parks.

Key words: low impact development(LID) ; SWMM; water quality and quantity; peak discharge; pollutant; cost-benefit
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