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Abstract

With the speeding up of urbanization process and frequently appearing of extreme weather, urban wa-
terlogging is becoming increasingly serious. In this paper, the SWMM model combined with ArcGIS was
used to stimulate the drainage system of the study area, a part of Dalian, and then the impact of urbani-
zation on the existing drainage system was analyzed. As a result, Hydro-Brake Optimum was brought up
and applied as a renovating measure. The results revealed that: urbanization increases the volume of
runoff and the load of the existing drainage system, and as an aided solution, Hydro-Brake Optimum can
reduce and delay the flow peak in the downstream pipelines by controlling water flow in the upstream
pipelines. This research may provide guidance and theoretical basis for urban drainage system planning
and designing and Urban Flood Control and Drainage.
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BEE T ALHERR RN BR A R AR R SR, 3R ST ILE H 28 E . ASCRARE F RABF A XK, A
SWMMT.R, %&ArcGIS, XHEHKRGEHAT TAEMTHE, BTAMT TRTUNEFIKRERZM, HiRl
R TARALHIBI R B SOE . S55RR Y, iy 7 7K X AR S EREE MK R sz
VR el I s h]_EJ R P KR, AT RO ) P K SRR BRI IR R, ATAR DA Bk B A R B IR -
ASUBT AT HEK R G BRI B SRS R AL T BRI 2

XKigid
BHAE, SoEFEl, SWMM, ik, HKRS, ARSI, BEiE

1. 518

BHEGTIE[L] [203 8], AW A 2B UsA . B R BRI R AT AL S IR B AT “ 34 %
RONL” R E RN, RO SCE ARSI ] LA s . MR HEAKE A, R
AW 5T IR IR 3] — &3 AN IE KA T AR R G N S B R R, SR AW sk S BT I E
PIHEAR IS 73 K, Tioxe b AT s A R A A AN K [4]-[6], Qo £ 2 ) R AR B S it Xof 3k iy Py 57 i
B R AR R A RS AR . H AT i P A R i E 45 5 7Kt L TRl 3B 7K R A 2 (L B R B S [ 7],
B KIIE AR LLHE KX, JRhIE A AT 52 KR (R IR SE) 0 2 B X, 732 /K A ke AN £ e B Atk i
EETHAERESEEAZKIRKHX . JFHELE UM SRR A SRR B s . R, — A
FIEA I Zh 8 (Hydro-Brake Optimum)42 il K (1975 202 AMS 21 1 ¥ 22 52 I [8] [91, 12 Wit = e i 42 1] _E 355 1)
BRI, S TR KRG, AT IR B T R MK ) H

ASLEERH SWMM B, S54 ArcGIS, 3l i A6 il Ja FIHEK R GEEAT B THER, 0 Bl s A HERE X HE
IKRGEHIFEME, IR T OB 3h IR A s S i, XA S0t KR AT 7 00 5 1HE .

2. REXEBR AR
2.1. MEXER

IO T 5 OB T 5, BA AL R K HEKE ™, HEK O B m T i FLK X (BB
RELRHME ) BT AN 41.9 ha, HAPRE/KIEF N 27.2 ha, 15 65%, BE/KIEIF N 14.7 ha, 15 35%. HEKE ML
37T ANEHAT AL LA 44 RETE, EIERKIEL 2.77 km.

B YR AGERR IOER, N DB MK, il e R 5 R UL R X R e TR 2, J5A MpRk . B 5 B
FRNERER. | 355%. SRR M 5K IO 8, TE R HEACE ™, AR N8 T W 9 R
AT RG22 SR E ARG R, T 5K G, BRI E 84 4y, FiEZE 91 Y, B uKiE% 578 km,
KX ARG 2 91.5 ha, AXAE/KIAE S 77.8 ha, 5 85%, E/KIXHEAAN 13.7 ha, K 15%. Wilsl 1 A
FXIEATH K AT EHKE W RG], e @B LRAE Y IR AR Bt BRER BH0EE, 7R H 9K AT,
XA AR 2E B KA G I R I HEHEKE W, ISR T3¢ SWMM - BB ERHE A Y EAT B4R, 40
B 7 U M B SRS, S AR B OK G B OR E TEHE
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Figure 1. Drainage pipe network system structure of the study area

E 1. HAREHEKREMN RS EE

2.2. BN

LA St TR R 12X 45 1515 m K5 2 (1) DEM 204, &% CAD &, DL B0 TRk (R 45 L b R 2R A
KEME B UL T AE#E[10] [11]:

1) T eARYEE MEHE TR, FIHIE T XHEKE M CAD BRI 2 rh e US55, B
HEK EHRESE . S MERGEAT G BRI A KT AR A, AR MR TN R R
PEAAEVE, (5] DEM 4l A sh 4 s - i i fe, il s Rl 2 8 RS R R . A MY
KK, N RIFAESE H IR AR A

2) FIH SWMM HERIMELL T 5800, AR LR R RSO A R HEKGE ], ek 2 10 IR BT K IX B
¥ T FIEKK, ERE—ANE AT 55 FAHE D X B — AKX, FERBUL K X A RN 5. P
P E S, S K X EA A IR SR SO PR I . ARSI IX ek 1l 40 38 AN THLKIX, 3k 4 5k
J& . ENEIKIX K43 85 ANFLKIX

3) HRHE SWMM A5 fry £ N 75 SRAIAS 20 R 200 9 X A B SRR 61T M A, 79 B8 4 N\ SO,
LB,

2.3. BEM1ER

HRHE CEAMHEKBEHRTEY STHEKPRUER e, FEHH— M 0.5~3 45, F 2 X 25 3~5 ol m[12]
[13]o A SCHFFLIX 5 B BE X, SR 7 SR ILIION 3 4F .5 4R 10 4 1) B4 R 26 4, e 6 2 imBF B MO 9 284 [ 14] [15],
JEE 2 /NEE, BETR A B 48.9 mm. 54.8 mm Fl 62.7 mm. € 2 45 H T H R T 2 T B A AR B AS R
BRI 2 R A
3. B 5x
3.1 EHAFENRESHILE

1971 4, R RR-ZHAERA A B2 BIA KSR EE K E A R A REEE R R R T, 3 FE
T AN TEEA R RL-SWMM (Storm Water Management m Model) B8, 3= 55 -5 %1 RT3 B Bt i 2 74
BRI BT AL, SWMM BB AT IS e B FE RN . R8RS Je s shid 2, 0306
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FETHEAE . PUT B AR S5, TUANTH SRR 2y T AR B . S i . 7 Fa s AU R A7 At A BB,
— RGBSR, BRI G IR, PR A MR R A ST TRe, XA
HIER[16]-[18].

RERY A R E VE S B (AR B K 25) 7E SN SWMM H B B4 B, HORH 2 S 8022 [ N AMNIE 9T SR [19]
[20] B HF 56 DX 3 Ay b TR AIE 0 o A SCHRCEE it Y 28 fe KR B /NiB 2243 33l 2 76 mm/h AT 3.18 mm/h, NIz KX
AUZEKIX 2T R85 7079 0.01 1 0.24, EEHEE RECH 0.012 55, HHUI AR B TR EEE, 15
iFE] 3.5 h, THEEAZE KN 5 min.

3.2. iHIBIR T {EIRE

DEA A Bl 1R T4 8] 3 PR 7RO DA T 280 7 1 s S i koK A H o IR i o AN AR R, e e
IR P A R RAZ B, A Rt gz 17 H KR, PLR R [21]. 2R B — BUE T LR A R
BORA KX, £SOV B A, 6 B2 AT US4 B Tt DOR PR 4 R sh X . SCRR 216 K s T8 &
PERIFEREEAT THTTE, FRT, SRR ) 3 B (DL 3 IR 4% ) 2 Al TRt e B, IR S S Blmt ot
AN BiT T P g ) e HE A T8 AR RCR, s 3 B . AT B SWMM B8, |1 78 SWMM ik
A VA Zh 1 TR T, T2 Ak B AL 1 3 EREAT A e 70 o 1 SWMM L 11 (Orrifice) 2 B HEAT A R B B LUE
fi B AL PRI SEBUR HE K T8 PR A iV e R AT

33. MiRAE

1) B SWMM AR T AL AT R B HEACE RUEATRUTT S, AHK EPRES  HURAR TG SUAVE X DA 15
SL=T7 AT R EE A i 51T 18
2) WY, IR ROREATH BSOS SR ARG N, XA EAE R, AR T s %
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Figure 2. Different return period rainfall
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Figure 3. Working principle of orifice and hydro-braker optimum
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K EEAT AR, B SWMM BERUKH AL 2l S I A A HEACE PUEEATBEBLTE B, U, R iR
EATTHET A RS T, PRSI RCR . Wl 4 s, AR R E LI Eh I 01 A1 02,

4, RS
4.1, W ITHEK RG RO 5 4

1) HIKFRES

HK D HEK R s gar BBt HEsy G BB R, &5 MK 6 2R F SRR R AT, ik
AT JEIE/K X H VB E 7K B 5 K KRB I TR AR R, AR, 3l A0S H K I T R A K IR I
KRFWALRT. EEIMA 34 5 FM 10 FMPEN AT, GRS HHEKK 0.04 m¥s. 0.047 m*/s
0.058 m*/s 4 /n% 0.069 m*s. 0.073 m%s 1 0.079 m¥s. H 1 S A KIE K9 0.11 m, 0.12 m #10.13 m,
B~ 0.15m. 0.16 m A1 0.16 m. /KIR/NTFZH N EER, B8 SHKI X =L BFENAR, HEWE
T UK TR AGHT,  BREA RN T B 2 ROMK, BN T B EHKIE T .

MK FH
—_— IH
Y K
X ifkianim

Figure 4. Setting about hydro-braker optimum
4. REHBIEREREE
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Figure 5. Outlet discharge curve before and after urbanization during different rainfall scenarios
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Figure 6. Outlet node depth curve before and after urbanization during different rainfall scenarios
5 6. FREFEMEHE THB AR KRS QKR

2) HERARFE O

X HRARREIBANE IR, T PASRE SR 78 X AR B S AR e s 0L, 9l . I O RE R 7t
MBFFIRBESE . WATAHT R IK XHRARTRE DL 1 Fral. PR, i S BULOKXARREIG N, b
RGBS D, ERERINE IR, 7€ 3 4F. 54, 10 FEIMIEM KT, HRE 75 mn
7 65m’s 111 m’, 179 m®, HEUHA B EE IS M Ry . X2 T RAHK RERHEK AR
A2, AZ A TR XK LRI RK, BT R TE R KR .

3) EIEMG I

SR HEACE P AT R, SR REHKRE S, KN RIBOR T o 2 m B T8 i AR IR, qnnlsl 7 s BL
BB A SR B AT DL, WA 2 Brgle AT, ORI TN e R e, RN EE
EHCEIG N, BER R, HEEE R OREIOR, BT, EIRTTET, MR EIUN 3 £, 5 &
AN 10 4ERF, 2007 3 AR 2 MRy L AREIE B E RO, M0 LR N AR AN PLY o SRR 2 AT
14 Ry 16 1R\ 16 MEE MBI E I, HBENRZHN 1R LLE, BIRmir, SKEMAPKEEIHE T
B BT Mr R g, A REHEE KA FEK, (HR ST 8 T RO K o 3 RO LA N R
MR, —J7 e RO T HEKE BB AR RN, —I7 R B ANE KA R, 645 5 2 A MR AR BE A HE
IKZRGE, SR

4.2. RAHIZNRRFERE 54

1) S R A R A A

IMEAMPE AR, B T EIE KRN DR HI B RALE o LR 5, e — e
PR RO S AR T R (LI 8), A AT/ ZK Y U B R IAL I AR DA i) 3 W s o i S (AR A A L. AAIE 9~
11 HHEEN, RARIZIRENE, SR 7 EEKRRKRIES MRt ERERER, BIRENZ DA —, &K
W7 EE S AT S R T AR B DR R, PR RSO B BRI, O R IR R I (W L14, LS,
L6), #EESiRAbh AT, ot g S R AN (i L1, L1, L2). T H AT RUKEL, AR T R
8, UK TR H R A B TR, IR PR A i B Ik E i K — O T AR B K IR
MK, — 5 T BR 1) 7 Ak /K W T g T AR, Rk 5 30 R UK el AR i 2 (D

2) X A KR

T RUKGONE B BB E RO I, ST SRR TR, S B . [FIRE, R
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Table 1. Simulation results of surface runoff on catchment area before and after urbanization
= 1. W AR LK X RERIELER

KX TR (ha) [5% R 25 2 34 SR (mm) NiB & (mm) g (mm) T Em?)
34 31.2 11.0 16.4 0
WA K AT 22.9 5 4 34.6 12.2 18.8 0
10 4F 39.6 14.1 221 0
34 68.9 6.7 48.6 65
Wik s 91.5 54 76.4 76 55.6 111
10 ¢ 88.4 8.5 66.2 179

Table 2. Conduit surcharging during different rainfall scenarios
2. TEMBETEEARIFER

- T 5K A T I R] (h) I T T T I TR (h)

34 5 4 10 4 34 5 4 10 4
L15 — — — 1.39 1.52 1.65
L3 — — — 1.53 1.64 1.77
L24 — — — — 0.06 0.55
L32 — — — 1.28 1.42 1.55
L26 — — — — 0.21 0.53
L25 — — — 1.1 1.26 1.4
L1 0.27 — — 1.68 1.78 1.89
L28 0.01 0.01 — 0.01 0.01 0.01
L29 — — — 1.07 1.19 1.31
L30 0.01 0.01 0.01 0.01 0.01 0.01
L31 — — — 0.01 0.01 0.01
L2 — — — 1.56 1.68 1.79
L27 — — — 1.39 1.52 1.65
L16 — — — 1.29 1.43 1.56
L4 — — — 1.48 1.59 1.71
L5 — — — 1.22 1.36 1.49

R 7K ST

Figure 7. The piping distribution which greatly influenced by the urbanization
7. ZFPWHHEMRANEES T IER
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Figure 8. Pipelines which were selected
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Figure 9. Variation of the upstream pipe flow’s maximum flow before and
after the adding of Hydro-Braker Optimum during different rainfall scenarios
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Figure 10. Variation of the downstream pipe flow’s maximum flow before and

after the adding of Hydro-Braker Optimum during different rainfall scenarios
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Figure 11. Variation of the dowmstream pipe flow’s maximum flow before and
after the adding of Hydro-Braker Optimum during different rainfall scenarios
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Figure 12. Studying nodes which were selected
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Figure 13. Variation of maximum node depth of upstream nodes before and
after the adding of Hydro-Braker Optimum during different rainfall scenarios
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FEERRENT SR, EHEERNELZRKE, TRRE T FHRHK.

3) S K X 3 I R i o b

S [A] B S B T DX A I 10 92 3 48 H T ERAK T 20 IR N T 5 P S R R o, B R BRI 38K
ERTT ARG, RIS, RE I AR RIS, R B B R R R A, — T
HIRZE 7 R AR, RISV B, W (A AR5 — J sl 1w N R3] R R, Rk
BNMENINRET, BT AT AGTE N, ARSI, BT s R AT R

F A NIRRT, AHsh iR E TGk e EER. NRPATUAE, RAeszhREmnE, T
TR, EUEA NG I A, VK ORI RN, HAENEN A N RCRE AW, EE
WI34E, 54E. 10 WAL, BEiiE &S5 tIFERA 65 m, 111 m® Al 179 m® 43 5l F#M > 53 m®, 90 m® I

g
o

~

i

4
v

NI AT R OKIR (m))
.
w

o

17 16 17 116 15 14 13 12 il
R IF AT AT
{397 — G (34D G (547 ]G (50D
Peililag 104 m— S (104F) —a— R

Figure 14. Variation of maximum node depth of upstream nodes before and
after the adding of hydro-braker optimum during different rainfall scenarios
14. AEFEMFS TRUEHIZEIZHRIE LFEHT R &KX T RKR
THRIER

Table 3. Node flooding of the pipe network during different rainfall scenarios
7 3. TEEMAAERFH TEMRIF R

R DA 11l 3 1 R i . Ak 1) 30 R f&
e R T B U o . B o :
A A] (h) HaE(m?) HE LA A (h) I (m?)
J4 0.78 23 13 0.4 1
J8 0.68 7 J7 0.89 21
34
J3 1.03 24 J10 0.92 23
J 1.08 11 J 0.87 8
Ja4 1.01 42 J3 0.7 7
J8 0.96 21 J7 1.05 37
54
J3 1.17 31 J11 0.33 3
J 1.05 15
J9 0.48 4 J3 0.97 16
Ja 1.19 70 J7 1.18 60
J8 1.16 37 Ji1 0.61 15
10 4F
J3 1.32 39 J10 1.21 51
J11 0.32 3 J 1.21 24
J 1.34 26 - - -
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Table 4. Total flood volume before and after the adding of Hydro-Braker Optimum during different rainfall scenarios
i 4. T EIFEMFZE TRAHIEEE ERTERREXEE

Ak 1) 5 1 4% i v 9 (m) B AR 50 1 e B s 37 ()
[ R 22 230 SR R R H 43 E (%)
ki i mE L By M
34 0 65 65 44 9 53 18.46
54 0 111 111 77 22 99 10.81
10 4E 3 176 179 40 126 166 7.18

166 m*, ZFHIR/> T 18.46%. 10.81%7F1 7.18%.
5. &

1) EEF SWMM A5 Ffr b s 3 i HE /K 19X 28 SR A B s o 9ok iy 9 il AR AT AR sl SN, T AR 2
AFTA R A5 R, EWAE R R R BRI EEIEIR, W] DUk X B HEE AR
RPEIARS R .

2) WA HK R G ER Y], A E KRG IS B R OR, T IAR RS TG KT R K R
Matis, K TIKIXEfiE. BrC i @ sy sk, B 7oK R gkl vt b, EERAIE € b
1K AR, SN S AR A KA e 5

3) DA Bl IR ] L3 KR, SR B 1 BR S N IEOK T H Y, AT — M R T B (EAESK
B 82 FH o, DA Hl 30 R P R — i i A A A RE IS BEAR O ROR, DRI A B 1) 2 18] 7 R Y ke B A PR
AR FE W T B, FESEPR IR HK RGE M, IR G EIKM. Rl SRR TE. Ak,
WHIBRBALE . BoE, KADNEBUE, R ERANIT.
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