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Abstract

Inflow and infiltration of external water into sewer systems exist generally in the plain river net-
work area, which weakens the transmission capacity of pipelines and the efficiency of the waste-
water treatment plants. In this study, triangle method is applied to analyze the outlet flow of se-
wage pipelines in a specific time period. The scale and composition of the external water volume
are evaluated according to the principle of water balance using daily wastewater treatment plant
inflow data and rainfall data. The assessment of the sewer system in Suzhou central district during
the period of 2014-2017 shows that the amount of external water accounts for 27% - 33% of the
total flow collected annually. Average daily external flow accounts for 22% in dry days and 43% in
rainy days, among which the average infiltration and inflow rates are separately 16% and 27%.
The severity of inflow and infiltration in wet weather is derived and intensified by the rain. This
study identified the inflow and infiltration characteristics of the sewer systems in the case area,
and verified the adverse effects of external water on the operation of the systems. The analytical
results can provide a basis for the development of the pipeline repair program.
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1. 531§

SrimTE AR ARG, B R AR 2 SR PR HE U TS KRR RIS ROK LR &R AR
FAAETEHEBURTE K, R DR T B S R R R B R AROM B R I b S A 2R TR R
EHITRZK L] AARAKFENTS KB TE IR GUK A uhiT RS K REAOKBKBEE, 3 bHhnis
K KRG BRI K) IS AT R, 4 JE RAAE P AR 2 M S K AR ISR SRAS R [ 2] R AhokoK
SRR S HRSAIE 8 SR SO R T HEK R GEISAT SR 2 2 /KCF I AR A, 52 )5 SaR BUE
SERC R Ry IR

BRI RIRNFNG K RGO BAT RIS, B K E IR/ INRSI) 5 52 218 W 55 X AR K
M EIEGE . FERIEOL. WA SEE R, SRS A T SRR AEXERE 3], ARFEHEK R
28 LI ) 5 3 R AN M I Kt AR B DL, SR P RS T AR AR S A 5, AR
NS BEETFRVA. FHER VA =Mainiiss. WIaR/MLER VOV RFETE TR RNt
EAMR AW TRANE, BRI (8 REZ T F 2115 (0:00~6:00) 1 B &4t 5t T /KA B E[4]. &
ST RO B Bt K DU AT R, T B TR P KA BOK R AR A TSRO TR KB N R
[5]. AL TR BTG K E B S5 ROK PR IEZ R BR . 5 TR F U E oK BRI A 7, Bk
SETKEE KR A 7 BTN AIB 1 -850 /K B [6] [7] [8]o = A /0 HridetR i /K8 I H 7K & H B Y
Ky A SO BHE A R XA 5 R 24ROk & [9] [10].

AT FLERM, WA ER/MESEME S TR0 T RN R RE BT KB BT[],
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ARG TEHE ELBORNS , BT BEABORAFRSL, JEE WHERAEMEA A, BInT e 2800 2R 2 M ok
JS2FA[6]; AL T R v, (H T 7 B IORT R AL B (R L T BN KB R I A, S R AL
BT SEAE R AR, N TRORR X A s TS, =Mk s 8. [, Gl TR
KRR HARS B RS K R S8, PSRRI H . 28 b, ETHPVORMITTEKE M REARA
BRI B, BLURBOR R B3 2895 7K 3R GEAE 2 W DN B35 A BEN AR SR TR BRI, = 70k BN
FRACIRI TG K E W RGN RANE IR A& e 5.

AHIEFE A T KAz i B RT A 5 R R 3R DO S B, AR = A 70 ik R B SR AR SR BT 7T 75
RFATEH DS, TEAFAKCEETGKER T AFNB ISR E, I B, DUxHZ X
HKE ML s 1T g 2 2 IR I SR M K S5

2. ARMREH*
2.1. WARXEER

AW RT TR T O X, MR 100.8 km?, J& T MBS SR [ X, 9] B TR KA
B B EK B FE . 2014~2017 45, JRM AR R & 408 F) 898.2 mm. 1597.0 mm. 1982.3 mm.
1138.4 mm. @It GE il o3BT Z45) X 3T 30 4F B4 N & 1T %, 2014~2017 4F F R 06 R R 7K TSR 43 7] 4230 95%.
5%- 5% 50%, ARG AL F= PRl K ST 264 . BFFEIXCR F 2l HE K AR 22, 5 7K £ 2000 km.
X3k N T TNV IR K HER, BT A 3G T5/KICAERIAGE . AR AT 3 Y5 /K HEATACRE, = S it i
36 73 m*id. HA AR R TG K W 18 J7 mP/d, RS TR 46.1 km? FIS TG X s AR RIS K
J RS 4 5 m? /d A 14 5 mP /d, SEERSS T AR 54.7 km? (IRAR v IX, G IR ARG K b B
BT IR B R B TS K.

2.2. ZRASTESEMEBEE

H TS K IANAEAE R LSS TP K AR BT 00, BRI, T K B R B, AR 5 N 1)
BON7KE W EHR T KRR H R K N IR BRI R K N TR, J5 3 AT i Bt 18] Y
T5KEP R ANRANERISMROK S . DR, K& 7R a0 50(1):

Quut = Qroul sewage T Qinfitration + Qinfiow 1)

K, Quu WHHTT/KE M HFECT m*/d), EIVE/AE W24 HWCER IS KE, X S X & By %5
K] HBERREZAT Qo sonage V5 KE PR R HHEBUM A E 15K BT mP1d)s Qpiration 975 /KE
FHHNBN T KECT m*/d), BERAEFROCHEN H) R TR S E, BAREWRETHKTE
Tt N ARAL MM RAINB R Quon MTG/KE W 2 HAJRAI /K& (ST m? /d).

= HIERRAE AR R, X I 8] B PN B35 K8 R ) L R 2R3k AT 70 1. ARSI T
SRR, R SR A A BT I 18] B (e R BE o ) RE H 5 K8 W HE T 5 R A PR R R
R DR /NI PHEFIEN L8 n PSS . SN, BSOS S S5 n HE, AR
NEHETGAE R LR, s 1 PR, R 2R IS DU LR (1) & R H A A
W KENE: (2) WRIISMRKERFRKR, HARKREM L ORER/NH, SRR ETH NS
st Rk (3) AEE R DR ERAH, ANFRIRAKS: & 788 ERiE R N f R AR 0, Bz H #5k
MR EANTR K MRAE (L), B AT A 2R Ji RASE T KR Q o sowage 3 IRIEBBL(2) AT
eI R B A MR R AL, R A b Akt g, R A R R B R 2, AR BON R 2, £ W
F R H, NI KK R Qppon A 0 MRAEARRL(3), HEALFREE A F] 100%HT , NIZ 1L N 7K E Q, fitration
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Figure 1. Determination of foul sewage, inflow and infiltration by triangle method
1L ZASIETEARNEREREE

AL T E A CHRIE ) =M ik, AT HEAR, B Bbr HRES &K HREZ LR
BN HRERE, FT/KENFNT. A, EXNRNKE TR, /N B = R 5 S br BT
TR i R 22, R EH I R 1 95%~99% 431 B3 il I 1B AN

XFF IR T RO IX, ¥5 K W IR RIONAR R . AR FI2EVT 3 S5 /KA EE T K B2 f, %
Hedhs B %5 K B A AR R AR B B R R B H R D e R A5 3, Wk fUAL T B X . 2014~2017
B, SAEMFENRE BN 99, 141, 140, 116 K. & ERHE HHOR AR IG5 7KK Sl it B /K B Fm
KRB . RIS ORNGIHEED) |, w153 2014~2017 498 A3 HAEWE K E A AN 4L
P, Y Ol HEK TRERITE) (GB50318-2017), HUM 5 /KA R ECN 0.70, MM #5515 48 fi B
B HAEBU AR5 7KK &, 2014~2017 AE 4S53R 50 7108 19.50. 20.43. 20.17. 19.25 /5 m*/d. XLk 3 Ji5
KT T H K EZ L, RIAL S5 R — 5K Bk K &R 2%~5% A E0a iy, B4 H s R AE
T KHEEAG FAE A TE K B KRR RIRKE, iSRG,

3. BR5WTiE
3.1 EEIIMRKANRANELE

WA 2.2 FITHE ARG B S, & 2 4t T IFEAA R IR T OIIX 2014~2017 4 &4
JE RS AE S KRR, EFMRAKANBEE. NEARABEELL 5., NEELERE,
2014~2017 FEJp M RO X V5 7K TR R 7K 5 67%~73% K 8K 8 BOAE P2 A 35 FITHE B AR V5 5 7K
27%~33% /K E2k I AT B IIAR KK iR R NB A RK G A IR MK &) 11%~15%, W2
ANRNBIA KK Y 15%~20%.

BB AT AR B LA AR Ak S5 AR P R KN 9. 2014~2016 AFEHATE], B BRI EEER N, AR
NBAN KK 5 & i 27%38 N5 33%, H FRZFEFZENFENRANBIEM; 2017 FRENERD, HA
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Figure 2. Flow components of the sewer system in Suzhou from 2014 to 2017
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3.2. ERFEHWMIRKNRANEE

2014~2017 = S0 X 35 7K B A RoK B RE H b 45 SR an 14 3 flrz . 2014~2017 4%, B H NIB/KE
fH73 74 5.66. 6.19. 8.78. 9.48 Jj m*/d, HIH TWARIGAK) MBI EE s BHANRANBRISMRKE
B 38 19.08. 19.22. 19.04. 20.48 /i mP/d, ZEE S E A HHER TS AOKEHIE. AR
NBL TN O X HEK RGBT R I E IAREE BAL. AR K B A I 2 R BT — RIRAE T 5k
BRI, K2 il T 82 F P R B I 60 mm, 3R BH B R SR /K NI NB IR0 1 FH B . b4, 2017
FEHIBNB B H KB 0N RN TR, FRRVEIE T B X it R KAz X AR SR K NS A7 TR R 1 1)
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Figure 3. Daily inflow and infiltration in the sewer system in Suzhou from 2014 to 2017
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IR4E 2014~2017 SETCPEM REANE R REL, /AR R & S RK B E A L S L,
ZERINE 4 FioR. FRIGKE MU RKE PN 25,56 15 m?/d, b NiB AN RKEL Hi5K RS
RN 22%. F4 % LU 5 H At 77 VR N S TR NS & 7 EEEAT R B, G iR 43 /N X 10%~35% [12]
1L R IX 38, 15%~30% [13] RIIARH X 25% [7], R A O3 X R RS & & HG R g 45 R ab
TR R X ]

0 ) IeHEBOs K B RN BSRK
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Figure 4. Average fluxes and ratios of flow components in the sewer system in Suzhou in dry days and rainy days of 2014~2017
B 4. 2014~2017 SN OB 5K EM R R E K EHE(F m*/d)5 SEE

M RT5KE MK BTN 35.14 75 mP/d, B4 = sk B &L 36 /7 m*/d, Hd
NBIANRKE S RERIEART, (HHZN 16%, NRKIZNSRKE SHIEE] 27% 44, ARk E S
2] 43%. DU T NRANBTE B XTI 745 R, AFEBENE 5 R0 v X ARABE ST
13%~55% [14], VLA 45 R A &M,

ARG RERERML, NBEEAREAET,, RPREWNRIMSRKNAEFE N, 25
KA B KA FIRESZ B R s If [F B Ha T, o T NN, AN AR B 2 A R AR RN
BREERMIE: WORT5/KE M Ao N 22 7 RK M R 2Tk, K TI5K) s TSy, R
V5 78 4 () TR 422 1) R A5 R o

33. EMESMEARANENXR

M 20 [ 3 FlE 4 aRLEH, AFREMINRABIERARAME, FWELHEENPHEE. o
SO AR R P S X AE 2014 3 2017 4E RN FH =M ik, AR E A KA FRSER TR ZEAN RS
B IR L, TG K E PR SV A B R R AT RN NBKEREAT RN, AT 3R R (P < 0.05)/)
KGR R, WK 5 FiR. S55REH, X 100.8 km? R M drL IR X, MRS 10 mm, BPEEA
X330 100.8 73 m® M &, X R AMANBERIIN 5.7 7 m® o 41X 10 mm R FTE Lh
KA —F—81 1 h FIRFBERREE A 0.67 mm/min, SEFERTEZ) 40 mm), Kexd oo X s S
Bk 36 J3 m? fd (1) = BEY5 K i B S S e vy, TR SIS K RGNS AT IR E AR B RE . N T
P ST FRE IR T A R EEE 0.97 MBS ABESHWNEMN LR, RFEWED 6% NRNBITT
TG K TE[15]: A A 2T S 28R R RRE R R B s T i/ . K= R N
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Figure 5. Rain volume vs. rain dependent inflow and infiltration
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Fppeh KN, MIME— B R BRI /K W R GHs T BRI IR R . S8, vl =AM bk
2 HARF R R X, S HEKE NS 0] 8 A e A e R S 4%, (Rt HE /K X B e IO BT
15K IR IEAT.
E&ImHE

[ Z K AR5 Gedas il 5 vG R B K % 11(20172X07205001) .

SE

[1] U.S. Environmental Protection Agency (USEPA) (2014) Guide for Estimating Infiltration and Inflow. EPA, Washing-
ton DC.

[2] Federation of Canadian Municipalities and National Research Council (2003) Infiltration & Inflow Control-Reduction
for Wastewater Collection Systems.

[3] Karpf, C. and Krebs, P. (2011) Quantification of Groundwater Infiltration and Surface Water Inflows in Urban Sewer
Networks Based on a Multiple Model Approach. Water Research, 45, 3129-3136.
https://doi.org/10.1016/j.watres.2011.03.022

DOI: 10.12677/wpt.2019.74022 158 KI5 G Je Ab B


https://doi.org/10.12677/wpt.2019.74022
https://doi.org/10.1016/j.watres.2011.03.022

TN

(4]

[5]
(6]

(7]
(8]

[9]

[10]
[11]

[12]
[13]
[14]
[15]
[16]

Long Megan, E. (2017) Quantifying and Modeling Surface Inflow and Groundwater Infiltration into Sanitary Sewers
in Southern Pinellas County, FL. University of South Florida, Tampa.

W, fkEBKR, NE2E. RETHOKEER T KRBANENTEL]. B % /KHDK, 2003, 19(7): 12-15.

S, R, T, . ETUFIERE 7 RIHKE Ml R RN TE ] R RS2 (R BHERR),
2016, 44(4): 593-599.

XFBHE, TK4FA, Goulven, I IRINTHHEK RS R /KB ANEVISHIA[I]. HE L KHEK, 2013, 29(3): 77-79.

Kracht, O., Gresch, M. and Gujer, W. (2007) A Stable Isotope Approach for the Quantification of Sewer Infiltration.
Environmental Science & Technology, 41, 5839-5845. https://doi.org/10.1021/es062960c

Weiss, G., Brombach, H. and Haller, B. (2002) Infiltration and Inflow in Combined Sewer Systems: Long-Term Anal-
ysis. Water Science and Technology, 45, 11. https://doi.org/10.2166/wst.2002.0112

. HEZKAE KB K T A R S IS AT AL SR O BIT T [D]: [ 224218 3], Jbst: K27, 2010.

De Benedittis, J. and Bertrandkrajewski, J.L. (2005) Infiltration in Sewer Systems: Comparison of Measurement Me-
thods. Water Science and Technology, 52, 219-227. https://doi.org/10.2166/wst.2005.0079

FAL, R, BRfe REWATHOK R KB NEIR ZXT D] iK%, 2003(3): 15-18.

A, B BRI A XI5 KE M R ARSI RED]. #/KER, 2014, 33(5): 96-99.

FBEE, B, TIEIE, & BEXHTEKEMELRERN I 4KHK, 2012(S2): 210-212.

BRI, XIJBZE, F¥EIE, 5. WG KEENRANS ISR 5T 5 A R D] B8 LA, 2013, 31(2): 17-21.

Zhang, M., Liu, Y., Cheng, X, et al. (2018) Quantifying Rainfall-Derived Inflow and Infiltration in Sanitary Sewer
Systems Based on Conductivity Monitoring. Journal of Hydrology, 558, 174-183.
https://doi.org/10.1016/j.jhydrol.2018.01.002

Hans Xt

PR R PR

1. FTIFEE TR . http://enki.net/, s ol T A7 “ 4h SCH P 22 CNKI SCHOLAR”, k%% % http://scholar.cnki.net/new,
HRAE N EERA CERR S, AT
st “RRKER”, TIHIRMELRE: [ISSN], HAMAT] ISSN: 2332-8010, EJAl#Fif).

2. IR T http://enki.net/ TS “IHAR H 7 BEN KNP IHAR : http://www.cnki.net/old/, 7 3% 4 « [l br STk &
BN, HRIEEEMACEE, R i,

¥efEiE b hitp://www.hanspub.org/Submission.aspx
HATIMEAE: wpt@hanspub.org

DOI: 10.12677/wpt.2019.74022 159 KI5 G Je Ab B


https://doi.org/10.12677/wpt.2019.74022
https://doi.org/10.1021/es062960c
https://doi.org/10.2166/wst.2002.0112
https://doi.org/10.2166/wst.2005.0079
https://doi.org/10.1016/j.jhydrol.2018.01.002
http://cnki.net/
http://scholar.cnki.net/new
http://cnki.net/
http://www.cnki.net/old/
http://www.hanspub.org/Submission.aspx
mailto:wpt@hanspub.org

	Quantification of Inflow and Infiltration in Urban Sewer Systems Based on Triangle Method
	Abstract
	Keywords
	基于三角分析法的城市污水管网入流入渗量评估
	摘  要
	关键词
	1. 引言
	2. 研究对象与方法
	2.1. 研究区域概况
	2.2. 三角分析法与基础数据

	3. 结果与讨论
	3.1. 全年外来水入流入渗总量
	3.2. 旱雨季日均外来水入流入渗量
	3.3. 降雨量与雨季入流入渗的关系

	4. 结论
	基金项目
	参考文献

