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Abstract

Aiming at the problem of inflow and infiltration of sewage pipe network, based on the balance
method of water supply and discharge, a method for estimation of inflow and infiltration and
analysis of influencing factors is proposed. Taking a pump station area in the central area of Suz-
hou as a case area, the inflow and infiltration water volume are estimated by comparing the water
consumption with the actual sewage flow, and the overall inflow and infiltration rate (accounting
for the proportion of the total water volume of the pump station) of this area in 2021 is 32.7%. For
the non-rainfall period, taking the day as the unit of analysis, it is obtained that when the liquid
level of the pump station in the case area decreases by 1.0 m, the infiltration rate increases by
about 8%; when the river water level rises by 0.10 m, the infiltration rate increases by about 14%.
During the rainfall period, a total of 12 rainfall events were selected for analysis, and it was found
that the average inflow and seepage volume per 10 mm rainfall in the case area was about 0.20
times of the daily average flow of the pump station; the proportion of rainfall inflow is negatively
correlated with the liquid level of the pump station. Under heavy rain conditions (or cumulative
rainfall of 40~60 mm), the proportion of rainfall inflow is higher than that of light rain, moderate rain
or long-term continuous rainfall. The results can provide a basis for the local “plant-station-network”
integrated control, so as to reduce the inflow and infiltration of the pipe network through reason-
able liquid level control; the analysis results of rainfall inflow can provide reference for the rainy
season regulation measures of pipe network.
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1. 5|

2T B VR 2 A I HEZKE I T I 5 5™ NN B . HEKE NS & T BT il
5B WiTHEERESERE, SEIMSRKEE WK HTIKNE FKEESF SR ENGTK
B, Brh T RARE MR, SRR ERE N, AR RRR; ERRNEAMLT, BT RKERW
NHENTEKE M, AIeE S B /K H I B, SUiid RN AKE MW, HREAHNKIAE, %
WA KRS B o ML ah 55 A0S B A A B3 N IR NS BB LT TR 8T, R IRERIN E K 40K 5 B
TG HE N 25%~70%, [E N AN K & EEAZE 30%~70% [1]; % . ZHVT R I BT N KBANEE
FLE I R I RERR 2, ZHOIXTE 20%~30%2 [8][2]; it AR AN R 2K 12 Wikt w75
WA NRANBEIAT AL, 4R BRI NBEN T 15%~55% [7][3].

B REMWARNE NS, FHREEMREMBEEETETER. B2aMEMaaEiEes, i
TERNENTT B AR = [4] [5]e H— 5T, &M NRNZRGL G WTE KA WAL S %A
YIRS, T 72 S K AL SE P EAK AL, AT REAEARE I I AR K B n[6] [7]. PRk, 4t
XPE AR ERIE . VR BIIAR, el & BRAR I S RTTE AL, AE BT LA I R A T 7K B i B U AR ]
i, — R ERRARANISKE, IR I i 75 20 5 NS AR T VAL, X0 HAH G 1)
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ITNRNIBIAL, FEHT NTRNIB K B S IR JT3E 7KL B B RS 45 (R AR DG o AR DR &5 BT 2 b )
“TTEER RIS S, DU G P ORI ATATTE KA AR, A B A RS K A R
IR NS KR B0 BRI AT 45 2R, ATl S A A B j 2% AR T (R N GRUK B, o 0 1] ) 2
SRS VKT BT RO ) e SR S . A, RS RTE IS 1% R Hofh  IXEEAT AT, AT
WU VS PRS2 0 (X, ALSE AT E AR BB E Tk,

2. IRXEBEMRF*

AT AT S T 7. R iET, BHHEK R ETE R AT TP T E MRS
WEFE AT B AL, 120 VA I IR S B R RO B, XA RN B K AT A 5 A X
BRA RS ANE OUBEAT VR AL, AT L H Bk E I R BOdE AT M. 8 T i AR R 5 E MRS
KRR, AR R, AHA AL, ST ARANE KR 5 2 H RS T8 KA S5 HOAR S 1k
FEXTBERIIG O, LA O B O B, I R A A A AR X L, Al 5 B R SR AR B K,
FEAHT SRR RN R SER M. T RN,

2.1. REEHILSHIEBERTER

ARHIF A B AR 17 0 X AR 0l AR 55 P O S X3, 17 IX TR 1.28 km?, il HEK R 4L
i KE MR THAHK RS . ZERMGEWAHK RGP Nk LR Z —, AR X 175
Ko Fr XK I THBUE S AKTELT 4.4 km, DIXERSACEEZ) 29.8 km. 1 X P9I F #2870 DL A3 H b
MASEARS F N E, T T AR, 18 TP SR X, B R A KB F & . ARE 5N T geit
Y, TNTIXVER 2016~2020 FEE N EN 1452 mm;  FRE 2300 BRI 0 ARFE, 6~9 H
B T A AR 2 56%H [

NI P X NI BB O, RIS DL 0 440 «

O ZIEHRAL. TR EREIRE . BRI SIEL R INEGE, BRYER Dy 2020 4F 5 H~2021
12 H, BFEDEEN 5 min;

@ ZIE DX B I T T A7 0 A PR R R B T R R R D)

@) AZ vk P X P R R 300 A 0 2 T B, ) 9 R RO R QD)

@ ZAEu v XN K E R (P 2R ), I IEYE Dy 2021 SE44E, AR EE N H .

2.2. HHEOKEREE

LRV RS PG T SRR A R NR R . A iik[8]. AKESFENE9]. AKBURHER T
IR[10155. b, WA E/MRURZOE T RUIMNE B E VRN E 2T, =M irikid DL i A R
FERAT ANTENBIRGLHI M FR SR AE IR 75 2T RS KK BRI BEXEABE T, 9 7 3 AR
BRI SRR E KA BRI S, 7R AR B2 U R I OIS 1] RUBEX AR IE 7K AT Al
B SGPA N IRNEEETE O, SRR OKE T k.

XTI R ARt X, T AN A A DR TSk, R EE N B2 X BT B PR )

—iRa A P HEBOF N E N RS R AT K E, — 8 N ATRAB SRR E. M K &P R,
— AR XTERE N BN KER AR, A XN S 20, B
V1 _Vo = (QFS + Qu _Qout)'T (1)
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Horh, VONE R ZAEKEMY), V, NERPIIEIEKEM®), Qi AR5 K(foul sewage)ifi f(m%d), ]
IR X A K R S HEK REGEAT 5, Q, A M T (inflow) 5 A\ i (infiltration) & 7 & (m*/d), Q,, N
J X R (M), T 9B BB R B (d) o AT AN, G B A WA 8E A R i K B AR L
AR, BHAAV, -V, ~0, N

Qi = Qo — Qs 2

HIA_E AT BVE ), FERADKE P AR, 5 ZEHEERE M K AR R IO RE M. ARYE B R AN
FeAdi B, I 7 DX 48 P 5 I B B i K A7 it 25 IR124 2030 m®, 249N 383t H B9 B ) 40% . S K A s ) R
FECH BE L R REAE), A8 IO fidt 7K R AR A T8 0 ) LA 5 (BB A N R m B R NNV K BRAG E, 5
PRGN B 25 it /K B R AR T IBORAR M, AT REXS NI AE /K B S 45 R R IBOR R . | T8 PO ik
IR R AR Y], P DA 8 2R bR 46 I VB AT e 2R AR T I Beadb AT 70 e, AT AT Rk
A A it 7K R AR AT SR K T

2.3. BRARNERWHZE

EEXFAERE AR 250, 0 BT MARAB VG 8T X TR &4F, EZELL “R” NH
B, HTEMANRANBKE G EARA R mE R, Hd, HTar “FR7 HrRA
HEFEARAE N -

O REAEFENCHHFFERNEAEDT 2.0 mm);

@ RAZH 2 F R MR (B I R 2E 5 1 48 h AR 52 21 B I S0 5

@ 47K 00:00 5 24:00 KRR AL ZE AN I +£0.20 m;

@ MRF RN 1.00 m (g S L) .

FRMIEGK, ANRISCATIRRIE E MGG K BRI R T HE@%, SRR, A
TF) P 5 R 3 UK I 32 s PR R R FEAR ], 80 3 K AT RERCIA N ) 3~5 R, FEAARILIEE AL It
BT RRIEFERALL, MG HO%0 LS XMIENHRR . W THEO%, FERFZRHIFARENLT, &
SHEIRE REOKNL LT, SRRV KA X, THEAS BN IS K B A R SO Ao, DRLEHERR .

KA VLB, AT RERANRANS ST EAR G, fiEr XKIEHMARNEKE, H5
SRR TTIE KA AT AR M o X TR DR SR AR DGR 0 #r, W LASRFH Pearson #HC REE, X T£
NNV PR N S ETw- A A ISy pr

2.4. BERARNEDHE

SRR R AEAE, X TRERAT S, BL“R” BRI AN e 7853 S Bl Bae R 787 Do Sk PR 520
—JiTH, —Y PR RRREEET AT RS I 2 A I, A5 AR AL AT B 2k — S BN W B 1) o T 0 B ey
T /NN s S — 7T, P P 3 ) SR P RETE B R & R G REERAT TR, WSRO R AR FE R 1
MRBEAT T, W ZNE G S R, ARHEFE R ARSI 1, EEL “IIRER” N
B, BT SR EE N T B T b B T B B, RN -

© BRI AR EH BN, HHRREAL. MENIERRSKF; Ao s REEILIRZ, i
IR E 2D ML 3~5 K

@ FER E B AR B

@ WERMARRE, b HIMAr. I BIHT BE W R A /T K.
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VRDII = Nye '(Qwet _ery) (3)

XA, Ve NIZIHREN N, BN IKEI AR AB EKEM?); n,, WIZEEBA, BN EE SRR (R
FERER2IR) s Qe NMEM R AT (K H B G0 A E(m®d),  Qq, AR R R AE AT H 253k it ik (mP/d) o
HEAARIGRERINRNSKES, LK &M BT . b 2347 e M 23 T
3. &R5118
3.1 REBARAERETGER
FRAR 22 Hb 15 SR 2 FHE AL B8, B 58 X 48 2021 45 R 4F F 7K S B4 136.6 i, B H 35 F /K & 3742
mid. HRIEAHZE, K 0.90 1E NHEK 2% SRR AT KRN 3368 mid. XfEE 2021 4EFE B
M EY 5006 m¥d, —FHZEEARZA XN RNBKE N 1638 m¥d, (5 E7 & # LI (BN R IBZ)
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Figure 1. Overall situation of inflow and infiltration in the study area in 2021
Bl 1 MRXIE 2021 EARNEBEER

KHFERE T, AIiE A FIANRNBKERARN SR EATIME, 4R ERE A PHARNBKELE
750~2500 m*/d 2 [AlJ% 5, KRN FRANS RIE 19%~42%2 (8% 5. #% H N TRANB KRR 2 H FEN
BT, WRE 2 fos. AT A BEEIERE, NRANS/KER W =S IEA—E, Flin
1~3 AR T 9~11 AR &E, HHEARNSEEE] 36%, wFHmT 9~11 HI1 22%. HiknT L
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32. BRARNEDER

KA 2.3 AT 7, HREE 2020 45 5 H~2021 4 12 H I, EFAH T a8 < RR7 3L
181 K; Hr, o REUFAAEZR S R INR E /AN . S5 R GEORUCRL B, XX 8 o £ 7 LA R,
B AT B0 SR KB 148 K. BT HETIUVSEER] 2021 AF /K E AU, X BB E 2020 45 K&
552021 FX LA AR A IR H K E 3L B A 1) HIE W, BIHEAA B S A R RIARAE
KE. GiRER, i RERUHBINRNBKEN 1687 m¥K, ZEUE & T 11 CH 2021 £ NRAE
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Figure 2. Monthly inflow and infiltration in the study area in 2021
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Figure 3. Relationship between liquid level and inflow and seepage volume of pump station in dry days (sorted by liquid
level of pump station)
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Figure 4. Relation diagram of water level and inflow and seepage volume of dry sky river channel (sorted by river level)
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Figure 5. Daily pump station discharge and daily rainfall variation under typical rainfall period
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Table 1. Statistical results of rainfall inflow and infiltration
= 1 IRBERNENSKEGITERRK

SRENE  BFREBSIAR REHHW ARREEF 10 mm FER

FE MR R B Mm)  AEKR)  ROREEM)  HRATEATER) (md)
R 1 2020 4 6 H 5 H 46.2 6197 0.76 1341
FEm 2 202049 H9 H~11 H 46.6 7087 0.31 1521
FEM 3 20204£ 10 H 3 H~8 H 33.4 -358 1.32 -107
FERY 4 2020 47 11 A 21 H~27 H 65.6 3781 1.12 576
FEI 5 2021 44 H 27 H 12.6 1372 -1.02 1089
FERE 6 2021 4E5 H 4 H 19.2 1409 -1.20 734
FeRi 7 20214E6 A 17 H~19 61.4 11,208 -0.25 1825
PEW 8 20214E7 A3 H~10 H 158.0 22,038 -0.02 1395
PRV 9 202147 A 25 H~28 H 258.4 9121 0.71 353
FEFY 10 2021 48 A 11 H~17 H 167.0 16,711 0.60 1001
FEM 11 2021 4F9 H 12 H~15 H 498 8631 -0.02 1733
FEM 12 2021 4F 11 H 5 H~7 H 41.0 6975 -0.46 1701

NSRRI R R, KRR NIRAS B S R R E SOy “NRAE” , EilE
10 mm PERY XL NGRS () AT 2 5. M 12 BB E, P35 10 mm BRI R NI
B4 982 m®, ZygE sk HIAUR R 0.20 £, %8R 2021 4 4 PR A 1356 mm {5, M AR ERE,
BRI o 2 3 KB LE B 2008 7.3%, FEARURR: (B0 TRERAZERIN B, B A2 3808 PR
fr ETb, WHK RGBT KK T PR R L 2R, R 1 4 R A 1 R 4t
SRR .

K6 AIEL 7 735 0 RARFE R B —— ANTEREL Sl H WAL e —— AR B o8 R R
TN ESARAB KRR, BT RN 2 FENEEEZLEBESORE I EN, JFA™ 4%
Wi, BTN AT S, ARURBOEE BN 6 TR (SR B R R 40~60 mm), A R H0T
%45 1300 m*~1800 m® £ 10 mm FERY: W 7E B EBCKIIEL R T, HOKRG OB B 6, 2R
NIRTEBENE W, BN R EOCH BTN T NI R ECS RR AL 6 R, W B Rl
R TR, AR BRI SN FR RN S TR B By, S R DR P S L ) B T
BN, RS RAEAR . ANGLRBREN s TR TN B B 3 R R R AR JR A R s AR L
T, HEEE R R, BRI AKE RS ks, R AR e A (1.0 m)iY
UL, WA RS KA R AE B B s KU, DI AR R B35 T B B9 U Bl 1
G 3, H A BRI (A F] 1.32 m, BERTIREI NGB K 9358 m®, &I B R SYITE) £ T 2479
BT ACFE R SIIA) o e SR B, L7 1 P R T I35 K R 2 B R B AN, R B A A T 1.0 m

H BRI L, R R IKEN NSNS K &, L B N R R B TR P i, DA HER R GRS A
REJIA K. FEBPRIEOLT, B9k B For R8s, RO AR A, et A5 K& M)
IR AR AT PR (EE RIS KT @R Re 7 a8, ££ B i IR AT R AT Re OR5 A5 PRI K 38 4T
82 B UL R AT REE— 2D 1
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Figure 6. Scatter diagram of cumulative rainfall-inflow coefficient relationship
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Figure 7. Scatter diagram of the relationship between the maximum daily average liquid level of the pump station and the
inflow coefficient
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B HIME N 1638 m¥d, 5K E BN 32.7%.

2) EFXFAERERIARE, CARON AT 0T, BIE H 0 fUR 24 SR AR L. H BT EE,
i T A B AERE I A, TR EHNRABKE, FERIZR AL WITE KA BT OGP o i . &5
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3) EEXSFERN A, LASZ KPR O AL HEAT 20 M, 38 KT B R A A HI S AR H v, TSR
M RN NN S K& B0 SR X, e X 12 S5 FE R RE4T 704, Geit 45 20 294 10 mm [ Hr
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. JFH KT (ECR AR & 40~60 mm) 2k AF T RIAFCEL B T/NFE L H B e R T R LE
Bl T B RN RAT BEXT T I e s AT I RO, TR B IR AR, EAR SR HEK RS
= R It -

4) ERINRNE R SHOK R GHERRE ST T8 S Rl A i S 5 DI G o 157K b B A
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