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Yy B ARG SR A0 B A TR S b AR HE K A O R G U e S Y AR A e, —
HEATUREWENR, UEFRAESAACHIERSEARTE SR, B, BN —Si T
WRBE AT T CSOs 15 YL [m i, FIF R T M CHWF 5T B AH N I BRSO

ST R E G RIS G BRIE AT AR ) A AR ER s R R TR T R R KRR IR
%o ARSI T AN X CSOs WG EEI H , AR I T /1T 7 XA ARS8 XT 52, X6 T I 15 44 )
A, 2 S T AR S iz FH 2% TRk 7K 45 AR 7R (storm water management model, SWMM) # {4 #HE 37
1Z b DX K T 2R A 3 e AR AL, HEAT T TS Y A AR B A T G W e T e A AR
7 N o A N O £ R B SO =S 3 o D= Y By SO 8 S 1 1 = R @ ik
JIT T S50 38 T PN 5 R T P T R R ), A PN T HE AR TN B A R R SR RN A Bk T i
RS %,
1 HERHE

1.1 R XEER
BT I FT R XA F i T RS X, Ak S A R 2 KM (IR ) AR X, AR RN A
1150~1 450 mm, &4 4—9 HREFZEWM, FEKE 520 70% £ 47 o K XA 238 IR 4 i X
TR, MHERXTRSE . AMTFREMTEGR T RS, SHEAAH 115 km’, ZHLIX 1 S K
A R4, SRR SR AR B IR L R Y. S, RIRIE SR, T ROK S
oK Ve B . WK E ; RIEE DM BT, LUK R I R . KRR . R AR
R RIS, S LU BN 3
1.2 REBURESHIEE

SWMM J& t 3 [E B FZ 55 P $7 & (United States Environmental Protection Agency) F 20 tH: 42 70 4F
FRAIE ] ) 30 T 2 A B B ALAE A O A AR R AL ST A I IR T R AR U, AL b R AR U R HE K
B HKR . RGBS Rl ARG K GRS A, Wk, XA 5 G T Y R AR
A3 A A HE K B AR BT R U, B — AT AR T A

T K X3 N b T B8 6 32 2R FH 1:2 000 % ], MR i 30 ) o) s XS PR T8 6 A8 1] o 45 DX 4 A
SRR TR IR, R AL X N TR 4 288 ALK FIX 3, miALM 1.4 hm? £ 7.2 hm? R4, R
PEHIE I, TR T XI5 N 1%, 0K X MEAL 5 B Ry 52.66 m. B 2 A4S IX 38 L
FERIZ A0, AT /N KR KT A 5 A, P AR R A I R DL R R VK DX 3 4l 43 45
B, KBRS, HOKE B E TS N IREE -4 8 . i eas 200 8 L a1
1E 288 MK F X IR, HEAKAE MMEAL R 516 N7 fi i1 515 B, 124 HEE, 5 s k.

K A5 S B0 HE 37 K b T 0D R B TR . S 3B K b T ) B R VR B L B K T 2 T R A
&, WRSHET BRI LRG0T 2 BT S8 fe . Hh ABBIAIE R E A, &
KABE, R/PMABR, ABEWRE A 76 mm-h', 33 mm-h', 2 h'0; K53 /K b 40 4 FR
HEVRE N 1.5 mm; ANBEKHETHLES RN 0.015; B/ TP 4G BE R R 5 mm; 35 /K Hb AL ARE 3R
Bom 0.02; HEAKTE M B ATRE L, WA SWMM H P T, 152 2% [ N A A ST AR LR
B, PUEEESTRECH0.01; THEME KRB KT T BN 25%; I FA AR 3R 4 v K 2
R 5 7K T B e % 3 7 %
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A g W RWEE, L-(shmd) "' P AEHM, a; ¢ HER I, min,

BETF R 2SR B 2 B S B S B4 3. 5. 10a, BEMIDIETA 2 h, RIKEFH K
2h, BRI E N 4h, WIERE HBUEW R . P=3 all, —=04; P=5ah}, =045; P=10aff,
r=0.5, WITFEMEOLIE 1 s, Horp, B EIUIHAE 3 a B A S0 W A A (E Y 38 43 591 R 59.60 mm
A 171.82 mm-h™, FEHLHI N 5 a B X5 0 1) 0 K4 R 2t TGS A W 58 43 531 F 71.24 mm #1205.37 mm-h™',
I A 10 a B X 7 f19 A A 9 2 A0 {0 T 56 174 43591 >4 87.14 mm A1 251.21 mm-h™'
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Fig. 1 Hyetography of the design storms with different return periods

1.4 KB K 5375 0%
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W SSORAERE, TP R AMMRE /YOI, COD K T 4 FRAT MUst 1 Ak, NHL-N SR 48 G
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FE T IR (o) 422 W T 3 2 o T A IR 95 34 0 9k 8 % 00 02 O BT 4898, G338y
wHE (2) BR.
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Cenc = — = (2)

v f Qur Zm:Q.f

A MOBER SR R Y B, mg; VORISR AR, Ly C o 25K s Qe
BERHEE , mg- L' O, 0 ¢ P ZI BRI R, Loh's ¢ R AE R RAYIEE], hy C O j R HURE 5
Prvk g, mg- L'y QO %S j UORBEIRF Y&, L-h's m A AR SR UCRL
HEA S AR b i) 5 Gy B 0 O 2 A8y, — I o3 DR DA I R I 7 A 8 3 O 75 e BAAT 5 0)
— R HOH TS KBRS AR 5 B it o G DR R T AR B YR DR TS U AT R S SR E R, AT
@) iH.
M; =" CLPS (h=ho) + Out] 3)
S M S A R DR R R B AR TS B, mas C bR WA I RV K TS e
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WiE, mm; hy WM ENE, mm; O, & H 15K HHECE, Lh'; ¢, B i %W
/B, h.
1.5 RAERZ

AT H KB AL F LXK B S BIT T A, X FRBEEMSE, AT AT
¥i. BEELCOD, SS. TP. NH,-N % 4 FlKBF§ARAE IS %2k i YR . AR5 SWMM i F -4t
KA B, w100 SRR S8, )5 B AR B P03 S I B s i b S BT R A, T4
R 1,

R 1 SWMM KFRRBEKXSH
Table 1 Basic parameters in water quality model of SWMM

BT i i
K

jebp  OREBUL CBERIR  aRE SR ROCRBUL CPIRRIER eRR SRR SROCRBUE RIS e
(kg-(hm? ")  FEE/A REC FEE (kee(m®)  BEMREIA REC EEC (ke-(m®))  BEFEDVG RE HEEK

COD 80 10 0.006 1.8 170 10 0.007 1.8 40 10 0.004 12
SS 140 10 0.007 1.8 270 10 0.008 1.8 60 10 0.004 12
NH;-N 4 10 0.002 1.5 5 10 0.002 1.5 2 10 0.001 1.2
TP 0.4 10 0.002 1.6 0.2 10 0.002 1.6 0.6 10 0.001 1.2

FIHBFZE X T 2017 453 H 6 HHI 2017 4E 4 H 4 B WK 2 37552 i B RR WA 005004, 0465 750 s £ 7
FEALRE BEAC A . IR 2 ] WL, RS LAY I e 0 R S S AR R R LA e, R A AR RUE
FISCME AR, R AR S5 BN B hy-, mI s 2 TR R 2.

10 —o- Sl 18 —a 5l
T8 - 154 ‘ —— 154
E
=
0 20 40 60 80 100 120 00 20 40 60 80 100 120
BURE B[] /min BURE B[] /min
(a) 201743 17H (b) 20174F4 A 4H

E2 SENSHENAE
Fig. 2 Actual measured and simulated values of flow
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Table 2 Results of rainfall simulation under different return periods

W Y6 YL R A
HIH/a 5P/ 5P/t 15 4H1/%
JKI/(10* m) JKE/(10* m®) K%
COD NH,N TP SS COD NHN TP SS COD NH,-N TP SS
3 44 2379 3.2 039 15.97 427.95 126.88 1149 1.43 73.33 9 16 21 2118
5 44.48 2175 2.86 036 15.07 481.51 121.65 11.67 1.45 72.86 8 15 20 2017
10 46.7 18.77 236 029 13.45 634.6 127.77 12.58 157 75.69 7 13 16 1615

2.2 FEMEM S

K BT 2014 4FF1 2015 4F Y 44 K T AR o HE K A TE A TR, HEZK 3R G0 & 26 9 36 A U 2
ERFE, SRWMEIF/R. HRIFALEN, 206K KER 2<10"m’, iAMERAKTH
COD #73300t, NHy-N£J500t, TP 2J60t, SS#52000t, #JitL@lE/NF 70%, WL IA MG R
il PHE K RE kN, — BRAERERT, ARA AT REAE R K E BT 7= A B T BRK , 3 U NBY,
S KA BT T K IR A MR K, X IAEE R IR . e RT DAHE, BER R RS, EIE A
PRHIE I HEACE PR B0 far 28 47 2 2 B AL o 0 IR T P Y R A

x3 =2FEMRUER

Table 3 Simulation results of annual rainfall

it Vi I
R bty b L7
FKE/(10* m®) K10 m?)
COD NH,-N TP SS COoD NH,-N TP SS
2014 3100.87 723175 114728 14341  4335.1 1977.37 3377.84 515.62 6443 2038.75
2015 3071.72 729867 11609 14511 4376.61 1827.29 3248.13 50029 6252 1953

DRI, e bRk A 285 i Ak BB A AR A G 7K, e R A B AL T e [ AU SR B o A AR R
U, BRI R v A 4 R RE L U 2B A O R P AE 5107 m® LUT O FE i I AE 85% AL,
AT i W YR AR 10 AT o AU I 58 D00 L st A I B0, ik B A 95 e 4 07 52
M X HE K RGE R IR & RE ) SRR BE T, Wl R, AR Sk BRI S K B, AR
LR R AR R G S 5107 . S 15 R RGN,

3 AR E IR

31 ITiEEEER R

FR A A 58 DX 45 ] H AR SRR R, $le — BT TR, bR TR, #E RHZM TR
R RIE R B 7%, RIS TR RS, SIS G RCR e KAk . 38 3 43 B LA Ay 1y
TR A, P HERNLGEABBEAX B, i K8, Tl iR K iE
B, SR R 5 eSS I L, 45 AATIE B TAE RAR K52 e, [m] B RS 7K A Bl 3 A A48 47 A Sk
o I, ARYE HART R DLW X b 25, SR G387 3 B TRRRS i . FNK R B b Be e 2
fiff A5 1B R fer L DR/ YR UL VT K B A T U R L S RO 2, 2 — B AT A AR < s > TR R A
JE U HE K A 5k BB A A R I R R B HE K R G i 2 By by, i AR W, H S R D
FEWAELAT BOR MR B Re 1 RRIKRE ), T ARG AATRZ S, P LA TG0 e HE 7K SR il ok o 4 7 X 7K
i, SRMITESERRN A, FEWE TXERE AR, M H A EER R MR, X DX e A A0 52 e 5 00,

T A I 0 LI 3. D1 K D2 ¥4 3R FH R 7K 8 F5 9l R AR I 2 ol A A, A T A A TR ) A o
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AT K R 5 T R A, R R ) XA Vi D 75 K R DN1S00 48738 S ik = BUnt Aol o B S A
T2 ol AL TR A T K, Y 2R RO R T B8 T A PR K R B O, A W A ¥ K e £
TR EAT . Hoh D1 B A TS K Rk 2= T WAL B, D2 R A5 K s #E AT AR R, D3 R
FH R 7K 3 25 3 FAR 0 2 48, AR R B e ) DX R P I A DX B e R Ts K, RERTRIINT, HER AR
AR TR H], KB AR M, MEE WS, SR E R T, 5K A U SO AT,
Fi R T WAL RN, AR AR R A USSR A RIS, R SR M s 2 el s

R
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Fig.3 Schematic diagram of the interception part of different scheme
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mk*%: ECOD EINH-N BTP @SS
D) TR B EE 3. 5. 10 a &N sol
175 35 (WA 6 0 10 349y 2 by k3 )y 4 45090 1 £ S ol
UM . 8545 7 45 7 W 5 FE T =g
PR, BRI 4 F K 4. LR = 0l
W, FE3~10 a BTN B A 514 F, D2 1Y o LLEE
BULBE I, RSS2 A>T 24%. RIFJF%
20%., 15%, D3 WAL RAr, RS (a)3a
ST T5% . 68% . 54%, {H4%T5 58 B 45 1l 100 mskit @cop BNHN BTP @SS
BRI FICRHOK R, hBIE R LB s T
b 25 9 I R 8 0 L R R 1 A A =l
D2 %} SS UL HL i 43 3 Ky 35%. 30%. 27%, £ ;‘2
DI X} SS & ¥t b 6] 53 51 Ny 47%. 41%. 33%, o
D3 X SS #{ Ui Le 4 43 5 Sk 82% . 78%. 72%.
P ARADL 5 SR T AT, R K R b o A5 3 T AR W
R B AR R TR TS YRR B A T RRAR XS Y i 100
TR — R BUSRARRIOR T Y 4 T TRk 17 o Sof
WEH . AR BB K, #W § 60 ¢
SEREEIEIN, TR K R M T 4595 Y W BRSO £ £ wf
Bl Z 9/, FER R E KR AR, Y or
I £ 8 08 TS, 4 9 7B ‘

ROR 2 3B W55 o D3 X BRI 1 ATS Qe ) A
B A RO AR, 3 2 AR TR R AR e )
B4 TEEMERPATES RHOMEE

& SE=3
BRI ‘ e Fig. 4 Performances of the schemes under different rainfall
P 1 AT LLEH, D1 A D2 B %S return periods
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*4 TRERARTIHFRSRATHERUER
Table 4 Simulation results of pollutant loads under different rainfall return periods

s T i A g
% EIM/a by bR L7l Y%
JKER/(10* m’) JKE/(10* m’) K 4t/%
COD NH,N TP SS COD NH,N TP SS COD NH,-N TP SS
3 199.62 6726 7.01 0.87 40.71 410.62 100.19 6.62 0.82 45.96 33 40 51 5247
DI 5 20496 5606 549 0.68 34.62 5454 11044 7.82 097 5052 27 34 41 41 41
10 21467 4432 397 0.49 2845 919.01 1277 1042 13 586 19 26 28 2833
3 141.83 5486 5.69 0.71 32.81 459.57 12507 9.61 1.16 61.81 24 30 37 3835
D2 5 14456 4627 461 0.57 28.13 577.35 131.58 1047 127 6554 20 26 31 3130
10 149.56  38.08 3.66 0.45 24.88 862.23 13559 11.67 142 6727 15 22 24 2427
3 24.66 6.62 052 0.1 535 10.78 135 016 003 1.16 70 83 76 7582
D3 5 25.26 597 049 0.09 5.02 14.47 151 019 004 139 64 8 72 7078
10 26.7 584 047 0.09 4.89 25.34 202 026 005 1.88 51 74 64 6372

PURF M i AH 22 AN K, A W 4R e, IR T MR EdE s T4 200m’, Fit, &
s T 7K 1 AN G P i A B A BT AR R . R SR A I A B B 1R R N K B U Ak 1 T B K
W, ST PN B ) A T R, R R TR TS K A R K, X IR B R IR . D3 B
TR BT, A RN, SRR 3 AN R B KR, USR] D3 e i ik A K H
WS K o PR R AR i EL A ORI R & R ) B K RE 1, MK R & it 2R BRRK R i RN, i
ZHL X R TR AR5 K, RIEEEHINC R M, R A WA TS K 5 BOKE Y
3%, PG, TEOHE MAUK R fm o, WK, SIRACRRAL, D2 78 50 i S
EMAR R E 1S DLRML, (AEH Tt —Z0nfb b B R R E N 2.5 m’s™, M MEmS
Sk 0 L R R TE K B AR sz B RR S, P R ORI

2) FEAE [ P OR 0 o R BADL A A X FU AR, D3 TR U 5 Yl s R A e T At
FE. FEELEWARMT, 2 50%F 347 LTI T, HE5T 3 Pl Jr S8 26 AN [R) B W i B2 X5
e s R B BE ), BRI 5, T IE W, 3R OF B Ak B R R R T
90%, AR T B ERI L B I TE 95% L b, Hivh D3 ¥E 2014 45 1 2015 4 14 % I 54 B8 158.8 m?
M 14239 m®, 723D E Rl XHR 2 MBERIE R, i K E DT 1.75%10" m’,

x5 FRFEMTERYBRTBULER

Table 5 Simulation results of pollutant overflow under different years

o Vi Wt L)
i . . .
VE S m% Kkt R Kt/ Y . TEY%
IK /%
(10'm) cop NH,-N TP s8S (10'm) COD NH,N TP SS COD NH,N TP SS

2014 31 525056 8007.0 1256.6 157.1 4813.8 32425 689 55 0.736.2 94.2 99.2  99.6 99.6 99.3
D1
2015 20 493509 77617 12235 1529 4662.0 33228 598 5.1 0.632.0 93.7 99.2  99.6 99.6 99.3

2014 46 4660.75 103129 1631.6 204.0 61822 506.15 1306 119 1.577.0 90.2 98.8 99.3 99.3 98.8
D2
2015 32 452742 10302.8 16354 2044 6177.7 498.80 1147 10.7 1.3 66.1 90.1 989 994 994 98.9

2014 9 1109.13 7379 110.0 224 7924 158.80 203 25 05168 90.5 973 97.8 97.8 97.9
D3
2015 8 862.5 5335 748 15.1 565.6 14239 147 19 04 13.0 90.8 973 97,5 97.5 978
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COD Ji /> 17 3295.5t, NHy-N Ik 7 505.8 t. TP /> T 63.1t, SS#/ T 1981.1¢, i [n] & 45 5
W Rz fig, Pl Je ik b 2% . D2 A D1 BRI /K fE 290 D3 19 5 4%, U WIFE TS /K i 8 25 ki %
i, RESIREA AN, B WA a2l HE K I A T RS, AR DTS Y T, 3 A
J7 % T s i B9 NH,-N A1 TP 225K K, [HE M /K & . COD 1 SS 224K, D2 Fl D1 B ¥ it 7K
D3 225 200t, H A D3 MAR G R EUNT 10 R, 3% Uk B 78 A B W & AR R A, R A D3 AT
DR AR Rk WA RTINOF S I NEE L7/

AR WK A B T A AR, (R IS S R) A T R K, RSRAE A B KRN I B
BRI — [ e 6 S A 75 G %) 1) R A B R B AR T HEK R Gl S it G UK
B SRR, AW AR ) A X B =, AR AR T R K B A . B K R AR JE TR R
PRI, S SR AR DT AHE K A TE (A5 T P U A ) R R RO T HE K R Gk
T, A BOR A FREAL, A A SR B, R R TS e 0y R, S EUK B B A SE Ak
B, T 00 A R il (%) O AR Ao
4 %Hip

1) SWMM £ B A7 0S40 365 38 75 G A 00, 7 s D0 b DX W PR, HL BB X R AL AT
b, AIAER CSO Vi i 15 Y s il AU B A 0 T H, S B A A 3 i A 2 2R 0 el A6 D o I it i
PR} 2= AR

2) % LT A R T I Ay A S IO AR R | s T AR IF EAT T RN B b, 4
FW, JE I D3 A A AR SRl AT R AT XA T B F) 10 IRATR K SR Y 8
T EE B X K T 90%, R K B Y R B B X TE 95% DL B, AR WK O A T 1.75%107 m?,
COD J#/0 T 3295.5t, NH-NJ#/> T 505.8t, TPk T 63.1t, SSUE/ T 1981.1t, AMEM T H
PG I KE (= R A L] P10

3) 6 10 R b R 4 A ) B R i LA SR R B e ) S K BE T . FE 3. S RN 10 a [ RN E
B, X AR T R B L 9 2 R 69% . 63% . 51%, Xt COD #if L 64351~ 83% . 79% .
74%, Xt NHy-N 87 520 B9 K 76% . 71%. 64%, %t TP #5520 9 K 74% . 70% . 62%, %t
SS B LA 43 5k 82% . T8% . 72%-

2 % X M
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Simulation of combined sewer overflows pollution control system based on
SWMM
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Abstract Xunsi river area of Wuhan was taken as an example, aiming at the problems of urban water logging
and black and odor problem in the urban inland river caused by sewage overflow in combined sewer network,
the storm water management model (SWMM) software was used to establish the hydraulic and water quality
model of the combined drainage networks. Both the rainstorm at different rainfall intensities and the annual
rainfall were simulated, and the overflow pollution properties in the region were analyzed. The reasonable
modification schemes for combined sewer drainage system in Xunsi river basin were proposed, and the overflow
water volume and water quality control effects were simulated under different schemes by using of the SWMM.
The results showed that under the joint action of culvert and storage tank, the interception ratio of overflow
sewage volume was above 90%, the annual overflow times were less than 10, annual overflow water volume
reduced by 17.517 million m® on average, all the interception ratios of contaminant were above 95%. The COD,
NH;-N, TP and SS entering the surface water through overflow dropped by 3 295.5, 505.8, 63.1 and 1 981.1 t
every year, respectively. The overflow problem could be greatly alleviated, and the overflow pollution could be
well controlled. With the increase of the recurrence period of rainstorm, the interception effect decreased. The
combination of culvert and storage tank had significant reduction and control effects on overflow sewage, which
could lower the risk of urban water logging and black and odor problem in the urban inland river. Through
quantitative characterization of the control effect on overflow pollution by the combination of culvert and
storage tank, this study provides a scientific basis for renovation of domestic combined drainage network and
sponge city design in China.

Keywords  combined sewer overflows(CSOs); combined drainage network; storm water management
model(SWMM); rainwater storage tank
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