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Fig. 1 Primary subcatchment area division schematic diagram
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Fig. 2 Primary subcatchment area correction diagram
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Fig. 3 Primary subcatchment generates subcatchments diagram
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Fig. 5 Study area’s land-use type,elevation and pipe network layout
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Fig. 6 The catchment area map of the study area

divided by manual drawing method
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Fig. 7 SWMM pipe network model diagram

constructed by manual drawing method

RIS ) ) 4R 25 23 /N T 1 g W A0 (L
W BUBAR 2E AR AT 25 %6 5 AE4BL RS2 I () 3 75
TRZEAR KT 20% ., R HFRE S HORBRAT W4
TR R A 5 SR X e DL AR 1, SR T (—)
Tt et SR A7 WA 3B (i) 5 S 0 e L B [ ] B A 2 B
2 min, SUA BRI B TE I A V(B R 22 4390 0
17.044%.6. 981 % , KK & 254 17. 000 % , 477
ECIR T P85 B 6 2R G0 A5 2 AR R e R iy FH AR )%



AL E WAERREFICARKR 258U E

TR RTE 1A G BER L AR GE LR LI 10,74 11,
25 LA SRR E B SR B RRS B4
R 0 5 AN [ 77 T 000 3 1 e R A AR TR 2 40 DL
% 2. BSBOREST RN TS (DA M

(B TE] B 22 1 min; 838 I 2 L VR0 18 i 22 4331
3. 708%6.8. 039 %0 , KLt f 22 R 16. 650 %6 , 4530
B PIHE bR SR D 22 570 o T JE R 0R L 25 R DL
Bl 12, 13, B, LR s 2 8505 0 iU & 21

RAY G5 R 7 < O e SR WL ) 5 S A BNy 3 PR
B8 LM (—)REMEEMA.RE /%
Fig. 8 Measured rainfall 1 and its corresponding liquid level and flow curve
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Fig. 9 Measured rainfall 2 and its corresponding liquid level and flow curve
x1 SHEREEBLERGLNITEE
Tab. 1 Comparison between the results of parameter calibration model and the measured data
24 e B e o LI e Rk
B (—) 08:13 08:13 0. 520 m? 0.225 m 26.321X10% m
S R (—) 08:15 08:15 0. 627 m? 0.242 m 31.712 X10° m?
Uik 2 min 2 min 17.044% 6.981% 17. 000%
BB R R () 09:28 11:29 3.090 m 0.652 m 32.907 X10% m?
SR () 09:29 11:30 3. 209 m? 0.709 m 28.210 X 10% m?
{2 1 min 1 min 3.708% 8.039% 16. 650 %
FRifE <60 min <60 min <25% <25% <20%
HERELES o 343
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Fig. 10 Results of flow rate calibration of model at actual rainfall 1 monitoring point

B 11 ST (—) MR R R R

Fig. 11 Results of liquid level calibration of model at actual rainfall 1 monitoring point

*2 DRRMEMERERSHEER

Tab. 2 Parameter calibration of rainfall-runoff model in catchment area

f— Eij % v/ IO Je
BRAH E2THRHE mm WEE WHABR fo(mmh™ ) BEEABR fommh D) WA K

1A fi% 0. 020 2. 00 2

PR 0. 020 1.50 2

T {4 0. 025 3. 00 2

it 0.150 6. 00 7 76.0 20 2.28
A 0. 040 4. 00 5 34.8 6 3.30
oAl 0. 65 0. 020 3.00 2

B 12 SLpER(Z)SNSRARERELER
Fig. 12 Results of flow rate calibration of model at actual rainfall 2 monitoring point
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Fig. 13 Results of liquid level calibration of model at actual rainfall 2 monitoring point
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Fig. 14 The primary subcatchment

based on basin analysis
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Fig. 15 The subcatchment are

obtained based on basin analysis
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Fig. 16 A subcatchment plot
divided by Theisen polygon method
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Fig. 17 Comparison curves of measured and model liquid level
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Fig. 18 Comparison curves of measured and model flow
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Tab. 3 Comparison of indicators of the three methods

F AL T i
Irik W/ SWEW ML 5w e fi/ SUT uEBL WEBUNT RUKEE/ kR
m WEERZE/%  BFE O BFREMEZE/min (md e sTD) WR(EMZE/ Y% BFR] fR2%/min m’ W2z/ %
BATP 0. 244 1. 115 08:12 3 0. 635 1. 301 08:12 3 29 556 6.796
NERZS S 0.225 6. 981 08:13 2 0. 520 17. 044 08:13 2 26 321 17. 000
R/LNKY: 0. 201 17. 059 08,22 —7 0. 480 23. 330 08,22 —7 18918  40.343

3.2 HBERER T A EEFESH
Syt b BATP J5i N T il Mz k2
IR LR ZE 5 4 3 Bhorikis -3 FRE s s Seilk 17
HBEHL s SR FH OGT PR dorv SR 43 M S I At S s L 45
FARURREE . TR R A st i SR 1.2.3,
5.10,20,30.,50,100 a () 9 A hnaFr A, WA 19,
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KX GRS e H e . AN TR KT FhI5EER oK XA 2 H K FR AL R it I (E
T R S IR 38 FH RO UK 307k 6 3 A AT RO R ARG B A I A5 SR LR 6,36 7,
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Fig. 19 Design rainfall patterns

x4 ERREUHT 3 #MAEEMNEAERE x5 ERREWHT 3 MHAEZEMNREIEE
Tab. 4 Peak liquid levels of different methods Tab. 5 Peak flowes of different methods
CRDAS LA m® /s
HIH/a BATP N T2 S U AUBIAS I /a BATP N Tl BREZMILL
1 1.815 1. 766 1. 624 1 27.03 26. 56 23.73
2 2.219 2. 225 2.031 2 35. 80 35.92 31.91
3 2. 355 2. 385 2.174 3 38. 63 39. 26 34. 86
5 2.538 2.579 2. 337 5 43.06 44,11 38. 26
10 2. 607 2. 644 2. 548 10 44. 83 45. 80 43. 32
20 2. 857 2.879 2.738 20 51.45 52.04 48. 26
30 2. 904 2.910 2.790 30 52.71 53. 21 50. 48
50 2.910 2.910 2.795 50 54. 47 55. 30 51.97
100 2.910 2.910 2. 813 100 57.17 57. 34 54.16

&6 HAKORMEERRTERNERQLE

Tab. 6 Paired sample tests of water outlet liquid level peak value by different methods

X 253
Ik WEAH 2 W 2% Wefze M 95% EfFXIE t df Sig i)
BE/m  FRfEZE/m ARAERZE/m TR |- R
BATP- A\ T2k —0.010 0. 0273 0. 009 —0. 031 0.011 —1.137 8 0. 288
BRZ I - N Tk —0.151 0.0526 0.018 —0.191 —0.110 —8.611 8 0

® 7 HAKOREBEEARRFEENERRLE

Tab. 7 Paired sample test of water outlet flow peak value by different methods

X 253
Tk WeH2ZEHME/ Wb/ WEXbRE 2 9% EFXE t df  SigGain
(mPes™1) (mPes™h)  RZEE/(mPes™) FIR B
BATP- A\ T2 —0. 432 0. 615 0. 205 —0. 905 0. 041 —2.107 8 0. 068
BRENIL - N T 4k —3.621 1. 045 0. 348 —4,425 —2.817  —10.380 8 0

#EREEE o 347
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SR FH SO RE A 565 (0 502 o AT i SR s 3
JTRPIPXT U ) Sig {8, FE M EAL P58 45 B & E 22 5
Sig IR R

Sig=P{y’ =y, (W} =
B Ji 2T e Fda
2ET() e
Kol an N AR TGO M R 5 Go K75

BeE A HT S DL Sigd =0. 05 1E Hy 5 2 M Il A
5., M 6. 7 TSI . BATP k5 A T4
DA B O REAKE B8 (1) Sig 4351 0. 288 Al
0. 068, ¥ K F Sig0, A ik Bl i MK M 4R £
B 5 N T4 3k W AE B i 12 B R AR G 56 7
Sig ¥k 0,38/ T Sig0. 78 E L BN . £5 b AT

B BRRZ LA FEHIE R, SWMM KA K
FEA . T BATP J5 5548 B 2 B 1A 4] o0 510K
DX T A 2 38 A+ 7K DX Bl 25 2R
Fr N TSR X BT ARADL 235 R B e A ARG
FEw .

R BHRZIEL BATP A5 AT
] R 9 87 B it e W (L O 22 » 0 T 4 2R (BR 8.3k 9)
R A HEIY N RRZIL LS N T RRER AL
B VB A 25 B R 5 . A3 00 A 2248 b T
AV RERTE SN L 288k 2 A BB B A K
S i 22 23635/ — 3060, BATP J5k 5 A T4
VRS S e W (i 25 78 3 03 BTN . DRI 26
RRZ TV S ) TR 7 A O A8 20 25 R o7 e {1 O
AR R IR IR  BURDRS A

RS REZUMERCKREST

Tab. 8 Thiessen method liquid level bias analysis

I isjﬁgzmﬁzfz }:Tféﬁ%ﬂ(z ‘ I§ATP %ﬁ?i@ﬁé?ﬁﬁk?é@%ﬂ& B{\T? 5 A T4k fxﬁzﬁﬁ,«z% BATP
WAEE/m  WAIEE/m W AIEE/m WA W E D 22/ %6 WA E D 22/ 26 WA W B D 22/ %6

1 1. 624 1. 766 1.815 —8.74 2.70 —10. 52
2 2. 031 2.225 2.219 —9.55 —0.27 —8.47

3 2.174 2. 385 2.355 —9.71 —1.27 —7.69

5 2.337 2.579 2.538 —10. 36 —1.62 —7.92
10 2.548 2. 644 2. 607 —3.77 —1.42 —2.26
20 2.738 2. 879 2. 857 —5.15 —0.77 —4.17
30 2.790 2.910 2.904 —4.30 —0.21 —3.93
50 2.795 2.910 2.910 —4.11 0 —3.95
100 2.813 2.910 2.910 —3.45 0 —3.33
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Tab. 9 Thiessen method flow bias analysis

ERZWERE  ALefkRE  BATP ik

BHRZBLEENT

BATP 5 A\ T4k TAHRZMIBIES BATP

I it i es Wl o es ) W/ o es ) BIEVCRIERIRE Y RGO Y R %

1 23.73 26. 56 27.03 —11.93 1.74 —13. 80

2 31.91 35.92 35. 80 —12.57 —0. 34 —10. 87

3 34. 86 39. 26 38.63 —12.62 —1.63 —9.76

5 38. 26 44,11 43. 06 —15.29 —2.44 —11.15

10 43. 32 45. 80 44, 83 —5.72 —2.16 —3.37
20 48. 26 52. 04 51.45 —7.83 —1.15 —6. 20
30 50. 48 53.21 52.71 —5.41 —0.95 —4, 23
50 51. 97 55. 30 54. 47 —6. 41 —1.52 —4.59
100 54. 16 57. 34 57.17 —5. 87 —0. 30 —5. 26

4 & it

N T 22132800 43 F- 107K DX AR AR 235 S 5 S 45
PR 2250/ i R HLVE R R A .
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Subcatchment division and simulation precision of rainwater pipe network model
YANG Jiali' , XU Yongjun®, LIANG Ji' , TANG Ying®,LIU Zilong"
(1. School of Civil and Hydraulic Engineering , Huazhong University of Science and Technology sWuhan 4730074 ,China;

2. Huadong Engineering Corporation Limited , Southeast Regional Headquarters , Power Construction

Corporation of China , Hangzhou 311100,China;3. Department o f Urban Construction , Beijing City University ,
Beijing 100083, Chinas;4. Beijing Municipal Institute of City Planning and Design , Beijing 100045, China)

Abstract: In recent years, it is common for cities to accumulate rain and flood during rainstorm. On the one hand, due to the neg-

ative impact of human activities on the environment, extreme rainstorm events occur frequently. On the other hand, with the ac-

celeration of urbanization, urban hardening road surface increases, green space decreases, urban rainwater infiltration capacity is

insufficient, easy to form waterlogging water. To solve urban waterlogging problem, urban waterlogging model needs to be

built. An important part of urban waterlogging model is urban stormwater pipe network model. The key step of urban rainwater

pipe network model construction is the division of sub-catchment area,and the division result has great influence on the simula-
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tion accuracy of urban rainwater pipe network.

Based on the theory of surface hydrological analysis of urban DEM, a basin analysis based Thiessen polygon subcatchment
division method was proposed to solve the problem of inaccurate division of urban subcatchment area. This method took into ac-
count the effect of topography on the simulation accuracy of stormwater pipe network model. Basin analysis was carried out
based on the raster data of the high resolution urban digital elevation model, and the runoff unit with concentrated catchment ar-
ea was divided. The elevation variation in the runoff unit was small, and the runoff unit was defined as the primary sub-catch-
ment area. The primary catchment area was revised to ensure that there are pipe network nodes in each primary catchment area.
The primary catchment area was subdivided by Thiessen polygon method and the corresponding sub-catchment area was ob-
tained.,

Taking a certain area in Beijing as an example, the basin analysis based Thiessen polygon subcatchment division method
was compared with the two most commonly used subcatchment partitioning methods: manual drawing method and traditional
Thiessen polygon method. The manual drawing method is a method for professionals to manually delineate the sub-catchment
area corresponding to each pipe network node according to DEM elevation raster data,satellite image and data of different land
use types in the study area,and then refine ground object elevation data. The classification process of this method is tedious and
the workload is heavy, but it can accurately match the catchment area served by the actual pipe network nodes. Thiessen polygon
method uses geographic information system software to delimit molecular catchment area based on inspection well, which is
quick, simple and easy to operate, Based on the simulation results of downhole liquid level peak, peak emergence time, flow peak,
peak emergence time and total runoff, the simulation accuracy of different catchment division methods was analyzed and the ad-
vantages of basin analysis based Thiessen polygon subcatchment division method were evaluated. The case study showed that
the error between basin analysis based Thiessen polygon subcatchment division method and measured data was the smallest,and
the deviation of the peak value of underground liquid level, peak flow value and total water amount were 1. 115%,1. 301% and
6. 796 % , respectively.

The indexes of the model obtained by the Thiessen polygon method to divide the molecular catchment area had great devia-
tions from the measured values,among which the total water amount deviation is 40. 343 % , showing a poor fitting degree. Mo-
reover, the model flow peak value of Thiessen polygon method was significantly smaller than that of manual drawing method,
resulting in low accuracy of simulation results. The deviation between the manual drawing method results and the measured data
was small, which met the requirements of the specification and had high precision. The basin analysis based Thiessen polygon
subcatchment division method had a small deviation between the simulated results of molecular catchment and the measured val-
ues, which met the specification requirements. Compared with the manual drawing method, the index error was smaller and the
model accuracy was higher. Therefore, the urban stormwater network model constructed by the method proposed to divide the
molecular catchment area had high precision, and the method proposed was simpler to operate than manual drawing method,
which can reduce the workload and improve the drawing efficiency.

Key words: rainwater pipe network model; subcatchment division; basin analysis; Thiessen polygons method
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