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Fig. 1 Underlying surface conditions in the study area
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Fig. 2 Distribution of drainage pipe network in the study area
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Fig. 3 Distribution map of subcatchment area in the study area
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Tab. 1 Three measured rainfall characteristic values

WemI K EH/a BT /mm i /min PRI/ (mm + b ) I 2
20180515 1 22.0 40 33 0.125
20170807 2 42.0 70 36 0.214
20170812 5 63.5 110 34 0. 269
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Tab. 2 Soil type classification
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C B AL BB
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Tab. 3 CN value conversion table

- H I 2 AMCII AMC |
TR, 100 100
Pt 55 35
i 69 50
Bty 71 52
AR 98 94
AFI I L4 80 63
B 98 94

3.5 EAE

BEAYA A 3 AN [F) E B A 36 W 1 B AL 25 SR 1
M RAR U SRR 22 O, i i T S i SRR 22
A3 —0.43% . —0. 24 % F1—0. 18 % , KR YA T-
W S TSR 22 /N T 200 ] W25 ] T B 4D 45
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AU A 3 37 S0 o T 000 Sy Sty o 258 5 A2 0 &R
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ROV 50 BIABFR KB 2 AR R 5. &35,
SRASFR 1 v 3 375200 R A5 1 255 8 I R AU
4 0. 658.,0. 667,0. 682, 5 K5 T HE /K T 72 ML k) vp
FIAE 1 2% 2 Ik X A2 I &R 88 0. 650 Al H & T IX
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Fig. 4 Waterlogging prone area in the study area
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Tab. 4 Overall evaluation of pipe network characteristics in different rainfall return periods

— ,,ﬁ% — ‘iﬁ%ﬁ%k?;ﬁ}@b?%ﬂ\&ﬁ ‘ %ﬁ?ﬁ@jﬁ?%#ﬁﬁ %ﬁ%ﬁﬁ —
B /R W 0.75 m/s I BRCR /MR W 4 m/s IWEBEOE /R BoE /R
1 7 4.40 0 0 7 4.40
2 39 24.53 0 0 39 24.53
5 54 33.96 0 3 51 32.08
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Tab.5 Changes in the internal conditions of
a typical overloaded pipe section

I
HEBUT S
la 2a 5a
Cas 55 1A 95 1A o5 1R
Caz o2 FiE oL 55 2 FhiE o5 1R
Css 55 3 R AL 55 1R 55 1 RO
Cug 55 4 P AL 55 1 AP 55 1AL
Crr AN E 55 2 IO 55 1 AP
Cor ZN i 55 3 FiE B 5% 3 AL
G A 5 4 L % 1 AELL
Ces AR 5 4 L 5% 2 AL
Cs2 55 4 s 5% 1 AMEN % 1 AELL
Cn ANHE 55 4 AL o5 3 RN
Cis AR o5 4 FhIEBL o5 3 RN
Cos N 55 4 FhiE o5 3 FiE L
Css EN it 5 A BB 5% 2 AL
Col AR 55 4 P L 55 3 RO

A BERR 7y . AT Bol AN A4
PRI BN 3 MR, iU E 5, HAk
WA .

BS5 FAREAYEMZGHTBHERTIRATSELRSH

Fig. 5 Distribution map of overloaded pipe sections and stagnant nodes under rain conditions in different return periods
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AR AR BE DR HE L T R AR 37 B 4K
1 O O B 1 R B S 1 ™ AR BUK s # 3
AR AR L A b 1) BEAR G0 28 AR B
T bR 7O O T Y TS B B
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Tab. 6 Characteristics of different grades of typical overloaded pipe sections and causes of overloading

under different rainfall conditions in different return periods

A [ e [ —

Cas 0.04  TUFBUKER UK 67.53 16.07

! R 0.77  MABER BIRF RO 76.60 60. 89
BUKB#E Gy 2,03 RUEAER/ FUBUKEER SRRk 65.67.36 $1.19

Cu 0.05  FUFRPIEER/ FIRAEE ARV 52.67 83,53

Curs 0.13  HAHER BIR A BUK 29,48 162. 30

LEMBRE Cs 0.27  LUWHBHA R R 62.69 7110

Cro 0.33 BIAHE BIRPARUK 18.79 81. 09

Cos 0.87  LiFpydiER AR AR 61,48 135. 60

’ G L80 RN UK 70,55 100. 00
BUk R Css L21  HREHR A R 47,56 109. 74

Cis 1.39 i i AU 70.55 100. 00

Cas 2.68  FUFNYIEE 17 UK 67.53 16,07

T 5 e B Cs2 2. 49 - 32 P R 2 By Bk 76.60 60, 89

Css 5.83 L FupNBHEA e UK 65.67.36 81.19

Cor 0.50 BIR W SRR 54,66 92,78

- (383 0.67 ?ai?w%ﬁit - ﬂgff%fp\yk 72.60 90. 76

Cat 0. 63 _EWERU A B A P R A R K 59 .61 114. 23

Crrs 0.81  HAEH R P RUK 29.48 162. 30

Cu 120 UPRYEBE TR B KBk 52,67 83.53

Cis L60  RUEBUKEER R R BUK 62.69 71.10

5 BUKHIAEL Cro 1.07 A YA Rk 48.79 81. 09
Cas L59  RUWEBUKEE/ TR AR AU 61,48 135. 60
Cao 2.82 TP E A B E UK 70,55 100. 00

Css 2.06 KA R R BUK 47.56 109. 74

Cis 248 LRiWEER R R BUK 70,55 100. 00

WERE 6.0 RUPLAHAR/ FUHAVIER 295 ERUK 67.53 16,07

Cs2 4.22 I iy PR R A 2 4 2K e UK 76,60 60. 89

Cas 9.19  ETFURASEER Hy UK 65.67.36 81.19
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BUKS 55 2 %04y . il 25 Bk T 2 900000 A 086 K
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A 8T R AEBUK BERE I 2 a B4 37 4
W RUPAEBUK R E IR 5 a BHE 60 45 8™
HBUK,

R AR PN 7 T BCHE 7K R RS 1A 5 AR oL A
FBUKEHCAE 2 h DL BUK S AT DR HE 1 A
PN B B DEAR 35 AR T A5 B BUK /N B R
FLHEAT IR 43, %2 FRUK/NE B 0~2 h S BUK
BL2~4 h BT R KT 4 h ki . ANFE
PRI RN 251 S RUK Y S IHE O 3 7. 73 A 1E
LULE S,

%7 TREERMETHEETRATAGEHER

Tab. 7 Statistics of stagnant water nodes under rain

conditions in different return periods

FHIH]/a BBUK R BUKIF K /h BUK F 2K

0~<2 7

1 8 2~4 1

>4 0

0~<2 19

2 37 2~4 13

>4 5

0~<2 25

5 60 2~4 16
>4 19

BUK SBUKIE PR 08T o X BRI @ By
X5 NS RRK R BT A7 B Y b B P AR B
PEAT AT » SEIMBUK 525 18] 3t PR J5E WL 6

B 6 SHMFRsK S (A IR IR R

Fig. 6 Geographical environment map of measured water points
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S FRAK G L2321 a5 A T 1R BT DX 2 A I X
FNAE AR B 1 s HEAGZ T ST IK AN B 7K 3
7 66. 96 % ,CN {H 4 80. 530 0, K F &L HEA
R FRK R Z T R S A RUK

SRR S, 22 32799 AL T BT DX 28 AR 31X
PRI 1T, R 3 ALK X HE T A
IKZAF R 43. 17 % .45, 81 % ,59. 88 % , CN {H 43 53
K 67.477 8.67.809 9.76. 968 0, {Hi/K FB&E .4
AT REKEZ A S 5 AU

SEPFRIK £33 31T s AL T R XY 8 A X
A WAL W% 18 2 ALK KA HER T AN i
JKZ Ay Bk 61.11%, 64.01%, CN {H 43> %1 N
76.260 4.77.434 5, W/K T B &P, HE AT AT

SEPARIK S 42321 S5 T R DX 9 AR 3 X
FAE PR 1T, R 3 A FILK XA HER T AN
IKZAY RN 72.99% .48, 03% .76. 24 % , CN {E 4351
g 83.154 6.74.770 0.85.519 1, WiK FiB &, HE
AT RSB KB 2 Y S 5 7 AR BUK

SEPUARK S 5 3% 5L T BT X 2 S X
FE BB 1 11, Sk 3 AT K K HER T, T
IKIR AR5 H 68. 82%.57.19%.33. 49% ,CN
H4 5 81. 221 4.75.275 4.63.434 3, FiK Fi&
D HEAT S KR 2 il 5 5 AR RUK

A LRUK S AR i B R A K XA %
IR KX CN A K DK TR L 3kl 28 4 A
PIE WS SERRE . 36 8 AN ) 51 U 4 9 2 1

IKEZ AT S S A BUK . R AYRALL Y MK SR R R AT
=8 ARENHEREHABTAKT SF M0 EE D0
Tab. 8 Analysis of influencing factors of typical stagnant nodes simulated by models with different return periods
HIW /2 BUKI FUK I E /h RFEKFE/ N CN1{H /K X T AR/ hm? W AR X AR 1
Jio 0. 41 60 76 40. 03 P o
1 Jos 1.31 75 85 30. 29 7 75
Ju 2.59 65 74 31. 98 b b
Jso 0.53 62 79 20. 56 2= %
Jos 1.55 55 76 70. 32 & R
2 Jio 3.72 60 76 40. 03 P %
Jos 3.87 75 85 30. 29 2 iR
Ju 6. 34 65 74 31.98 P E
Jro 0.98 48 72 58. 36 % %
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Urban waterlogging simulation and rainwater pipe network system evaluation
based on SWMM and SCS method
ZHANG Jinping"? ,ZHANG Haorui' , FANG Hongyuan'
(1. School of Water Conservancy Science and Engineering , Zhengzhou University s Zhengzhou 450001, China;
2. Yellow River Ecological Protection and Regional Coordinated Development Research Institute
Zhengzhou University s Zhengzhou 450001, China)

Abstract;: With the acceleration of urbanization, the underlying surface of a city has undergone tremendous changes. The area of
bare vegetation has been reduced,and the area of construction roads has increased. This has significantly increased the imperme-
ability of urban areas, reduced the amount of rainwater infiltration, and condensed the drainage system. Surface rain can not be
discharged quickly,and urban flood disasters occur frequently. To change the urban waterlogging problem , the improvement and
transformation of urban rainwater pipe network systems are the key points. However, most cities in China have low design
standards for rainwater pipe network systems and can not cope with extreme rainstorms with high return periods. Since the
1980s, with the development of remote sensing technology and geographic information system and its wide application in hydrol-
ogy,significant progress has been made in urban hydrology research. Many urban hydrological models have been developed and
applied in urban hydrology. The model performs urban waterlogging simulation and rainwater pipe network system analysis can
provide solutions for improving urban waterlogging problems.

SWMM (storm water management model) is a dynamic precipitation-runoff simulation model, which is mainly used to sim-
ulate a single precipitation event or long-term water quantity and water quality simulation in a city. Its runoff module part com-
prehensively handles precipitation, runoff,and pollution load in each sub-basin. The confluence module part transmits water vol-
ume through pipe networks, channels, water storage and treatment facilities, water pumps,and regulating gates. The model can
track and simulate the water quality and quantity of runoff produced by each sub-basin at any time with different time steps,as
well as the flow,depth and quality of water in each pipeline and river. Likewise, the SCS model is developed by the Bureau of
Water and Soil Conservation belonging to the United States Department of Agriculture in 1954. It is widely used in watershed
hydrological simulations. The runoff curve number method (SCS-CN) has a simple calculation process, few parameters re-
quired, easy access to data,and consideration of the characteristics of the underlying surface of the region.

The surface runoff continuity errors of the simulation results obtained by inputting three spots of rain with different recur-
rence periods are all 0,and the continuity errors of flow calculation are —0. 43%, —0. 24% ,and —0. 18%, respectively. Using
the comprehensive runoff coefficient method, the comprehensive runoff coefficients of the measured rainfall data are 0. 658,
0. 667,and 0. 682 in sequence. The pipe network is analyzed: when the rain return period is 1 a, the full pipe rate of the pipe sec-
tion is 4. 4%, and the pipe section overload rate is 4.4%. When the rain return period is 2 a, the full pipe section rate is
24.53% ,and the pipe section overload rate is 24. 53%. The return period of rainfall increased to 5 years, the full pipe section
rate was 33. 96 %, and the pipe section overload rate was 32.08%. The main influencing factors of pipeline overload are the
overload of upstream and downstream pipelines,the accumulation of water at both ends, the impermeability of the surrounding
catchment area and its total area. The nodes are analyzed: when the rainfall return period is 1 a,8 nodes generate water, when
the rainfall return period is 2 a, 37 nodes generate water,and when the rainfall return period is 5 a,60 nodes generate water. The
main influencing factors of node stagnant water are the impermeability of the catchment area, the CN value, the total area, and
the density of the city and the pipeline network.

The model can simulate the urban rainstorm and waterlogging in Zhengzhou High-tech Zone, but the rainwater pipe net-
work system in the high-tech zone can not well cope with the heavy rain in the design return period in the drainage code of
Zhengzhou City. The overload pipe section and stagnant water of the drainage pipe network of Zhengzhou High-tech Zone have
different nodes, but the two have a close positive correlation. The nodes at both ends of the overloaded pipe section are more
prone to overflow, thus forming four obvious flood-prone areas.

Key words: SWMM model; runoff curve number method; pipe network overload; node overflow; urban waterlogging
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