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Analysis of Water Volume Balance in Urban Sewage Systems

XIE Tianying, FAN Dandan
(Shanghai Municipal Drainage Management Affairs Center, Shanghai 200001, China)

Abstract: The analysis of water volume balance in urban sewage systems is a central part in ensuring the safety of
urban water environments, encompassing the dynamic interaction among four key water volumes, such as raw sewage,
facility discharge, groundwater infiltration and rainwater infiltration. Taking four aspects of "WWTPs, pumping stations,
sewer networks and households" as the research objects, the composition of these four water volumes in three typical
branch sewage systems in the central urban area of Shanghai is analyzed. The result shows that in 2022, the
groundwater infiltration rates of Branch 1, Branch 2 and Branch 3 were 20. 5%, 14. 1% and 7. 5%, respectively, and in
2023, were 16. 1%, 14. 5% and 25. 9%, respectively. The reconstruction measures for rainwater and sewage mixed
connection can make the groundwater infiltration managed to a certain extent. But the pipeline networks are operated at
the high water level for a long time and the level of groundwater is higher. If the operation water level of sewage
pipelines is reduced, the groundwater infiltration rate may increase. In 2022, the proportions of rainwater inflow for
Branch 1, Branch 2 and Branch 3 were 0. 4%, 0%, and 6. 9%, respectively. And in 2023, they were 0%, 10. 6% and
10. 2%, respectively. With intensified efforts in initial rainwater management, the rainwater volume into separated sewer
systems has increased.

Keywords: raw sewage; facility discharge; groundwater infiltration; rainwater inflow; water volume analysis

FIURE 75 70 U R 5 4 (HLRE A R Bl L 38 i Bk 2 5 A

T

TR MR R

By ik 55 HE K

T K ZR Ge AR Sy BRIl T A 1A it 1) R A
BCER A3, HAaz AT 808 4 00 F 48 Il K A B o
AT AL A B AL E R PR AT AL
KI5 7K F GE I 7K & sl S W 2 A6 e
TSIRAE AR R . /K P o il =k Vs K R g
JRAE TS K B R AE T & T KB A B R K EA
X 4 R, AT LU A W ek rE A BRI AR

FEBEHA: 2025-04-07
EZEN: JEMO993—), &, B, TN, ASHXKAE
BETIE,

J A= 15 7K AR T K R e SRRl A &, 5
N8 B AR P b 45 F S VTR G . AR
FEH, JE R AR I VG K o 3 S KR Y 60%~
75% , A 254k 20T 35 1.5~2.01), 52 B 5 25 A0 I B
SRRAE . V5K AL 2l AR Y s AT hE W R
e 5 K R G R L PR IS ITROCR , 8 T R G 7K 3
J1ih Ao H R KB AR BRI K &4 5y, FORS
HE AL K I TG 5 B AR, AR B R TT 22 5%,
R KB A AT 43 ok 3 sl B (R TE B S B0 T K
FRe B ) 59 sl B OK B B i 55 51 & 157K M2 ) 2

- 253 -



SALA 5% %

WERL, & R T TR R GKRE T oA

2026 475 2 1

2, BT BB AR 60%~80%"2 . TR K HEA Y
FELR M RFAE X 15 K R G PERG B IR PR . E A I
il DX 388, % T 407 399 30 min (448 90 H 1T o 3K B [ R A
T 70% LA b, R i B VR [ AR EHE IS, 5 s
Yy ) RSN % VDA DG T AE 43T X,
P 0] 0 5L R K i A B IR B H OB 12%~
15%" . JEATG K& RIS TTE TR KB AR
FR 7K E A B 3X 4 287K s B T TS 7K R G5 1 2h A T A
KRR B TREAH B 7 M AFAE 5 2% 1 ek, L[l 52
M) 35§75 7K AL BRI it 11 Ak B AKCRE DL R N5 K R GE Y
A RFELIE AT

ARSCLLSTT 3l R P A A T IR X4 i
o AR AR UG 3BT I G K R G R AR S K
WIS 17 5 1T KB AR WK 3 A X 4 200K
a2, JE I TG K R G0N R KB AR R K
A EGA), RIS — 2 T W ¥ K A A B BT K
JTIBATRCRE D AR i e U L TS UK R G A A
PO

1 REHR

T B A SR TS A BT R AR
B KABERR R TE LT 6 K5 /K I6 BLIX S 4%
JRy o KA 2023 4RI, AT HUD I IX 5 KT R T AR
S 724.0 73 m¥/d, H S PR AN B 635.1 T m/d, 15 4T
1 fof 283K 87.7% o

AR 5T 36 B 9 T O 3R X 3 A% LR S 2R K
ARG RGNS Hb 1 53R A TR 0 X5,
R IR S5 ] 22.4 km?, 15K H B PE TR A A
i Y5 K AR 38 5 2 5 S 4R T 1 e vt X3, b i A
R 559 R 15.1 km?, {5 KIC A e s V5 K Ab #5355
LA T AT X sk, L i R 55 Y T 65.0 km?, 75 K
R A AT RS — 5K AR BT, KRR
G5 1) HAR 2 FR AR 55 Y B DL 1

F1 MEATLTKRGPA

FIt I IX 45k SRR Ui IR S5 B km?
AR 1% 22.4
Ep/AT 2% 15.1
P 3% 65.0

2 4EKEWME

4K < AR TS KR | B s
KB A KA

frie b~

21 [FEEFSKE

Z K e R HEK K BCE s P i
Tk s R AR AT B T R AR R 7 Ak 3 K A
o MR CESMEK BT E ) (GB 50014—2006) LA
K Bl , VR BUE RERG KT 58 280 0.9, W I
A G KT AR

JrAE TG K =K E5%0.9 (1)

22 EMIEITE

IR 8 B 2 LR S 2R X P Y5 K R A
it ) Ak ) Bt s A T A
23 WTKBANE

RIS K R FH LY S 2 DXk PN R KT K B ik e
FI1I53 Ji A= ¥ K o AR R W K 2 il H 8 e T A
F, AT R KB AR,

T KB A G =5 KI5 K ik - R AR 15 K -

IR 7K ZE i H Y800 & (2)
W KB AR=(H /KB A FEHE/N3 d B &)X
100% (3)

24 FMKENE

PEN S SR P (R Y PNSEPN
H 429 124 4 1) 22 (EL VR O R R 5, P AR 0l g 19 4 3
SRR EA LA -

FRIZRHEA HEA51l= (R R 1/ 5 KA 1 4 ) X 100% (4)
Horp WK BT H R R H 225 2 d s 52K BR R
KGN ]

3 HRN

31 FEETKE

SR FHHEZK P Lk GIS 9% w342 F /K & 50808 1 7
%, 3T GIS [ shape &1 )2, XF V& 7E 3 4% B 57 4% X 35k
PN A T AT s 57 500 SR A, 3 M L R S 2 X P Y
FHoK B, PR o =0 D) AT R A V5 7K B i T3
32 EHIEITE

KRN 3 A MR S 2R X PN 95 K 2 Y 5
Kk i 5 A Ak A = 2
33 HTKEANE

2022—2023 4= #L 7 37 28 N K B A B M
2,

T X 26 2 Bt BN ) X EE A AT, TR F 4% 5
2 S P I 2 2 AR ARAE . e/ 3 d H 38k % R dE
Frrp, 15 X4 H 3.52 71 m* B £ 3.36 1 m’ ([ 1H
4.5%) ,2°5 LM 6.73 T1 m* i [ & 6.56 11 m® (P& IR
2.5%) I RICER T S AT KR, 1



2026 55 2 M

WS, 5 R TR A G K A T

SALA 5% %

25 SRR R . IR 2 R LTS
KANPETE KRG TFRE . 175 .25 2L 2022 47 F1 2023
AF Y HL R KB A5 IR 20.5% . 16.1% Fil 14.1%
14.5% , 5 A R IE AL 70 7EH T KB AR
D7, 2 %5 R IR R E (IR 1.1%) , 1 %5 X4
A5 2022 4E A T R B (BT 21.5%) , X 1T fig 5 W15 1R
EMER A G, T KB ARSE T —EBREN
o T BRI KB AR
TRR % BB T AR B il TR /K 3 A AR K

35 H R i/ 3 d H Mk R 46.3% (H
10.80 J7 m* 34 2 15.80 J7 m?) , {H J§i A= ¥5 7K & A 14 K
16.5% (111 8.41 J7 m*34 22 9.80 J1 m®) , — F 4 o 4 2=
30% . 455 1% AR R T KO = ) EE 3 K 20.3%
(1.2 5 m 38 2 1.9 07 m?®) BB, 0 25 J40 e s 7K
B AT i 05— R AT A A — AR B YRR TS R
e IR MR G5 KEE B m KM SRS e &
ARBTG5 T8 K R IR /DS | T 48 T8 A0 R 7K A7
FRRE , FEUE I A K R 22 CRIK 86 B8 ) 38K,
Bt T 7K B AR W AEETH S AT et . HIR AR 5
FAHEHEK P i i A 5T R B, ZE WA TR 1.0 m
B, AB AR LT 29 8%.

BT S 2 W K A E A B R KB A SR i E]

LT,

F®2 2022—2023 FFHMBT L TKBENESHT B FTmd
£ RSO RS O b @’k
4R Bk K ;

A A Aft R/%

1% 2022 3.52 2.78 0.02 0.72 20.5
1% 2023 3.36 2.80 0.02 0.54 16.1
2% 2022 6.73 5.00 0.79 0.94 14.1
2% 2023 6.56 4.92 0.69 0.95 145
3% 2022 10.80 8.41 1.58 0.81 75
3% 2023 15.80 9.80 1.90 4.10 25.9
3.4 MKHFENE

3 S5 ML TR S 28 DX P T R B o RN R K E A L 5]
L3RR 1, 15 LMK IEA LB iy 2022 4F (1)
0.4% T P& 2 2023 411 0% , 5 H1 R /KB AR TRl
20.5% B 22 16.1%) f& #— 3, BPUE T W {5 1R 32 e ik
Tt B AL BB . 2 5 SR TR K UE A HE B 2022 4 A
0% I Ft % 2023 4F- 1) 10.6% ; 3“5 32 2 TR 7K UE A EL ]
A 2022 4F ) 6.9% | T+ % 2023 4E ) 10.2% . 7] RE it
PR 2 AR fF 5% 3o A i D S 2R M B T I R 4, T
W53 W R K R G IR AR BRI EE IR, B R T
Wit B A B, DR GBS i T R K

*3 HAYTHMRIEENMAKFENLEG B Amid
X2k ~ SN TR . MKEA
: e NP, R R
B ) Bij EfTE TR Wl
1% 2022 3.67 3.68 0.01 0.40
15 2023 5.42 5.42 0 0
2% 2022 7.80 7.80 0 0
2% 2023 7.37 8.15 0.78 10.60
35 2022 14.35 15.33 0.98 6.90
35 2023 16.72 18.43 1.71 10.20
28
_ WK HE LA 2023
Sl BRI TKEAR
ﬁ 2022
N 20
<
- 16
?—\J
=12
X
<
o 8
*
B 4
0 N\
15 25 345
LR AT
E1 BB EMAKHENLLGI R TKENE
4 #5 iF

(D15 .25 354 2022 4F 09 F KB A%
S50k 20.5%  14.1% Fi1 7.5% ; 2023 4E 1 b F K B A
Oy N 16.1% . 14.5% F125.9% . T 15 Th 2 04 1 4

Jith e R KB A BEAS B — R R R (EAE

KN F mK iz 47, BT KA 888, QAR5 7K

EIBBATKAL, M KB AR RS TR .

(2) 155 2% 35324k 2022 4F Wi 7K 2F A LE 6] 43
51K 0.4% 0% F116.9% 5 2023 4F T /K 1k A L 51 43571 b
0% . 10.6% 1 10.2% . Fifi % 1 35 /K 7K 36 B 7 B2 /49
K, 3Ll 22 G0 0 TR K E R TR TN

(3) 1 X5 R 7K 2E A 2 O R 1) DX 8, 0 4 82 T e
DX R 75 TR 2 HE A A 5 X AP K e A B A1 4 K X
N e 2 HER A6 TR 5 [R] R s S A I A T &
52 TAEL R B VAN AR 2R, T8 B 25 A0 0 45 1) fgkt
LR BEALH .

S K :

[1] BUTLER D, DAVIES J W. Urban drainage[M]. 3rd ed. London: Spon
Press, 2018: 112-135.

[2] TAFURI A N, SELVAKUMAR A, SULLIVAN D. Classification and
mitigation of inflow and infiltration in sewer systems[J]. Journal of Water
Resources Planning and Management, 2022,148(3): 04022003.

[3] LI L. Q, SHAN B Q, YIN C Q. Stormwater runoff pollution loads from an

urban catchment with rainy climate in Chinal]]. Frontiers of
Environmental Science & Engineering, 2012, 6(5): 672-677.

[4] CHEN Z, LI H, WANG Q. Isotopic tracing of illicit rainwater inflow in
(F#%279M)

+ 255 -



