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Compared with other urban construction area, the park area has large well-drained underlying
surface, which can work with the city pipe network to accept more exogenous rainwater and regulate the
storm flood. This study generalizes the research area and constructs the low impact development (LID)
model and traditional development model through a case study of Binhu East Road Park in Qianan City.
The research introduces the exogenous rainwater and applies the storm water management model
(SWMM) in 1 hour rainfall event with different return periods (once every 1, 2, 5, 10 and 20 years) ,
simulating the regulative effect of two development models in total runoff, peak flow as well as time of
peak flow appearance and the control efficiency of single LID facility under once 2-year 1 hour rainfall
event. The results show that; 1) The SWMM model can stimulate the LID facilities” regulation of
rainwater, and provide the technical supports and theory evidences for urban construction. 2) When
setting goals of runoff regulation, we should plan the catchment sizes of exogenous-rainwater combined

with the site current situation. 3) LID model has a good effect on storm flood regulation, can decrease the
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total runoff, peak flow and delay the time of peak flow occurrence significantly. Under the rainfall return
periods from 1 to 20 years, the park construction based on the LID model can reduce total runoff, and
peak flow by 100% -37.69% and 100% -40.55% , and eliminate the peak flow or delay the time of
peak flow occurrence by 135 — 24 min, respectively. The efficiency of LID facilities decreasing total
runoff ranked as: rain garden > combined system > vegelalive swale > bio-retention cell > permeable
pavement. The efficiency of LID facilities decreasing peak flow ranked as: rain garden > combined system >
bio-retention cell > vegetative swale > permeable pavement. The efficiency of LID facilities to postpone
the time of peak flow occurrence ranked as: combined system > rain garden > bio-retention cell >

vegetative swale > permeable pavement. 4) When designing a low impact development park, we should

consider other functional requirements such as disaster prevention.

Key words

park green land; storm water management model ( SWMM ) situation simulation; low

impact development (LID) ; exogenous rainwater; storm flood regulation
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Fig. 1 Location of exogenous rainwater area
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Tab.1 Economic and technical index table of low impact development (LID) model

RRE| TIiH T A 58 5s et
Item Subitem Engineering quantity Total Proportion/ %
- 4R Common green space 183 569. 2 m?
THEL I Vegelative swale 3082.8 m’ )
£kt Green space . . 217 105 m 86. 28
A= )i B Wb Bio-retention cell 2592 m?
T U LEH Rain garden 27 861 m?
/K Rain barrel 7K Rain barrel 4984 m? 4984 m?
JK{K Water space FEULKAAR Landscape water space 4207 m* 4207 m? 1.67
B New structure 240 m? )
A5 Structure 2395 m 0.95
FUIREES Current structure 2155 m?
K Hi2% Permeable pavement 20461 m? )
i) Path and square 27907 m 11. 09
a AN K s Impermeable pavement 7 446 m?

A Total 251 614 m? 100
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Tab.2 Table of parameters of LID controls

TUT LR Rain garden (424903 B ith Bio-retention cell)

HAHIIE Vegetative swale

T Surface + 3 Soil #7K Water storage 5% Drain M Surface
. HeK 8L .
FKRRE JERE JERE BIKIREE
Rk e 500 mm 300 mm 2000 mm  Flow 0 R e 300 mm
Berm height Thickness Thickness - Berm height
coefficient
, fLBE ,
TWE . fLE . MW %
. 0.15 Porosity . . HEK I8 %L .
Vegetation 0. 463 Void ratio 0.75 0 Vegetation 0.2
. (0.5) (volume . . Flow exponent .
volume fraction . (voids/solids ) volume fraction
fraction )
FMHLKE 2 £ 7K T
Surface 0.4 Field capacity Bk 5 S A% v B RIS R 5
’ 0.232 - 500 mm/h i Surface roughness 0.3
roughness (0.8) (volume Seepage rate Offset height .
. . (Mannings n)
(Mannings n) fraction )
§ 2 )
i — " IR
Wilting point W#ENT .
Surface slope 0.3 0.116 . Surface slope 0.3
(volume Clogging factor
(percent ) . (percent)
fraction)
X pEE: IRV )
FIKR ‘ .
o 3.3 mm/h Swale side 4
Conductivity .
slope ( run/rise)
SR
Conductivity 10
slope
WKk
88.9 mm

Suction head
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BKW T (%K% ) Permeable asphalt ( Permeable brick )

R Surface BT Pavement E K Water storage K5 Drain
2K IR JEL s JEEEE kR %
BKRE 5 mm T 150(60) mm 00(250) mm TPRAREC
Berm height Thickness Thickness Flow coefficient
T B fLERLE fLELE 2

- o - Hek i
Vegetation volume 0 Void ratio 0.25(0.21) Void ratio 0.5 0
. . . . . Flow exponent
fraction (voids/solids) (voids/solids)
M HLRE R £ NG BRI , o
0.011 BBER 5 I R v i
Surface roughness Impervious surface 0 # 250 mm/h HIRGA %rﬂ -
. (0.014) ) Seepage rate Offset height
(Mannings n) fraction
RIMHE
Bt HEEH T
Surface slope 0.3 - 800 mm/h .
Permeability Clogging factor
(percent )
WEEH T 0

Clogging factor

&3 SMNERKFMBALSE

Tab.3 Generalized parameters of exogenous rainwater area

—KJEAE
Sl Rl BERF scde WTE
FALKIX ARk FIHL/hm? /e b i he? A ST SR U BiE
m m m m m
s Hi1/hm? Second hm? B/ hm? A5
Cultural ~ Commercial ~Education  Transporta- Urban .
Sub-catchment  Park green class Total Green Permeation
facility facility  and research tion road
no. land/ha residential area/ha space/ha  percentage
land/ha land/ha land/ha land/ha land/ha
land/ha
ZMJ57 9.81 14.91 2.46 13. 06 40.23 14.15 0.35
ZMJ58 5.73 24.19 0.61 8. 64 8.69 0.41 17.82 66.09 19. 00 0.29

T ARG ORISR A BRI RE ) , 2 e ki | — 2 Jm A A Ak 80t A M | 787 Ml e T b | 2808 B MY F b 3388 Sl T b 3T
T B8 M i A R IR/ NT 70% 30% 35% 20% 35% 20% 15% . Notes: According to the Ministry of Construction, Regulation for index of
urban green space planning and construction, green space in park land, second class residential land, cultural facility land, commercial facility land,

education and research land, transportation land, urban road land shall not be less than 70% , 30% , 35% , 20% , 35% , 20% and 15% .

2.1 ZIFETmIERE HE, 5T EI N 2 F R 40. 20 mm FHIT,
W2 W E AR, TR G EI SRR AR LR A R B H AR,
WA 1.2.5.10.,20 4F (1 RN 4, 15 2 45 55 51 A T AR FH 2 N A B R TR 1k,

30. 92 40.20 .52.47 61.75 71. 03 mm, #KHETFZT FIEAAXTOA B R 0.4, ANFEIFFEW R T 1 h W
VLRI B AR R WS XA AE S AANE R W 4,
KGR 1 h 15T 42. 6 mm AR 2 AR 12 3 Ak

x4 AEMEWEETH1hERRRESSR

Tab.4  Distribution of one hour rainfall under different rainfall intensities mm-min '
]2 14— 2 A —1l 54— 10 4F—i4 20 4F—14
Time step/min Once 1-year Once 2-year Once 5-year Once 10-year Once 20-year
1 0.19 0.25 0.31 0.38 0. 44
2 0.20 0.26 0.32 0.40 0. 46
3 0.21 0.27 0.33 0.42 0.48
4 0.21 0.28 0.34 0.43 0.49
5 0.22 0.29 0.35 0.45 0.51
6 0.23 0.30 0.37 0.47 0.54
7 0.25 0.32 3.87 0.49 0.56
8 0.26 0.33 0.41 0.51 0.59
9 0.27 0.35 0.43 0.54 0.62
10 0.28 0.37 0. 45 0.57 0. 65
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F4(4)
IRIETE S 1 AF—1 2 AF—1l 54— 10 4F—i4 20 4F—14
Time step/min Once 1-year Once 2-year Once 5-year Once 10-year Once 20-year
11 0.30 0.39 0.48 0. 60 0. 69
12 0.32 0.42 0.51 0. 64 0.74
13 0.34 0.44 0.54 0.68 0.79
14 0.37 0.48 0.58 0.73 0.85
15 0.40 0.52 0.63 0.79 0.91
16 0.43 0.56 0. 69 0. 86 1.00
17 0.48 0. 62 0.75 0.95 0.98
18 0.53 0. 69 0. 84 1.06 1.22
19 0. 60 0.77 0.94 1.19 1.37
20 0.68 0.89 1.08 1.36 1.57
21 0.80 1.04 1.26 1.59 1.84
22 0.96 1.25 1.52 1.92 2.21
23 1.20 1.57 1.91 2.40 2.77
24 1. 60 2.08 2.53 3.19 3.68
25 2.32 3.02 3.68 4.64 5.34
26 1.79 2.32 2.83 3.57 4.11
27 1.44 1.88 2.29 2.88 3.32
28 1.20 1.57 1.91 2.40 2.77
29 1.03 1.34 1.63 2.06 2.37
30 0.90 1.17 1.43 1.80 2.07
31 0.80 1.04 1.26 1.59 1.84
32 0.72 0.93 1. 14 1.43 1.65
33 0. 65 0.85 1.03 1.30 1.50
34 0. 60 0.77 0.94 1.19 1.37
35 0.55 0.71 0.87 1.10 1.26
36 0.51 0. 66 0.81 1.02 1.17
37 0.48 0. 62 0.75 0.95 1.10
38 0.45 0.58 0.71 0. 89 1.03
39 0.42 0.55 0.67 0.84 0.97
40 0.40 0.52 0.63 0.79 0.91
41 0.38 0. 49 0. 60 0.75 0.87
42 0.36 0. 47 0.57 0.72 0. 82
43 0.34 0. 44 0.54 0. 68 0.79
44 0.33 0.43 0.52 0. 65 0.75
45 0.31 0.41 0.50 0.63 0.72
46 0.30 0.39 0.48 0. 60 0. 69
47 0.29 0.38 0.46 0.58 0.67
48 0.28 0.36 0.44 0.56 0. 64
49 0.27 0.35 0.43 0.54 0. 62
50 0.26 0.34 0.41 0.52 0. 60
51 0.25 0.33 0.40 0.50 0.58
52 0.24 0.32 0.39 0.49 0.56
53 0.24 0.31 0.38 0. 47 0.55
54 0.23 0.30 0.36 0. 46 0.53
55 0.22 0.29 0.35 0.45 0.51
56 0.22 0.28 0.35 0.43 0.50
57 0.21 0.28 0.34 0.43 0.49
58 0.21 0.27 0.33 0.41 0.48
59 0.20 0.26 0.32 0. 40 0.46
60 0.20 0.26 0.31 0.39 0.45
J3T Total 30.92 40.20 52.47 61.75 71.03
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Fig.7 Exogenous runoff curve of once 1-year 1 hour rainfall event
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Fig.9 Exogenous runoff curve of once 5-year 1 hour rainfall event
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1 hour rainfall event
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Fig.8 Exogenous runoff curve of once 2-year 1 hour rainfall event
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Fig. 10 Exogenous runoff curve of once 10-year

1 hour rainfall event
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Fig. 12 Runoff curve of once 1-year 1 hour rainfall event
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Fig. 15  Runoff curve of once 10-year 1 hour rainfall event
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Fig. 16 Runoff curve of once 20-year 1 hour rainfall event
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Tab.5 Simulated results of the runoff under different rainfall intensities
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Fig. 17 Runoff curve under different rainfall intensities
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