L:Iinology 1

olri71

o|=xzl TAF ARFRIA

OH

SIHIA}

==

r1°

_ etaxted 4 Meloi el

M E

LA A EE A sk, ﬂﬂl% AR, =
T ) LE PAET, o] Al7HA| 8o

)l slrAs QUAle] et 2 ofeks afsh, 7Pgolut
TN wiEehe ¥ E5 S A7 B
S ot /‘sg’cs]—ﬂ-

|z FafstA] s, skrafe|Al2=Hl A
Hbﬂ 33} ]i]?ﬂ Ha, 3k, 35 o R YL 80|,
Z]S}TU]'X] L9 s €

19799 -Elvket Hxo] wA] ARl FAskEA (3
% slrs A o] TFeHUA BlEA SAR] srEAL
ol A= ATk & = 9t 1988 &8 JHE H$35to] F-
=3t skEAE)d Byl dEs theigla, 90do] $RHREl=
Sk, S Fodgkst A Azl whet At e
TA7E YEAF(EL, D7F F7EE AL o] = Qlste] A=A
g gHo] A4 EYHATt 2000 ) HolEWA Fast
T oF Sl SFIATE A& 02 A|7] ol
upe} skl QAR el T8/88 )1lekaL, AFg el e

@HN?:.*Q-I Mz A=t Apx|

A A T B
o7 gkl
A AgHarie] Aldell oA A AR R At
oF 26299] oxke® 50,607kme] #HAAR|7E Dok Fow
AR om, AAA 0w FefE 2] JE WrIRte] itk 8t
7] Gurrgel A=A 013 RO 2 2001 HE] A1}
H sEEAAN B =AY S5 o]..,—hlﬂx%u] /\]Hg,
AT W sEESEARRY T S BTLAKY &
AR}Eo] glolo] FRls| a1 Q). S5 A, A1, %Pil
TokllME BRFIGS] TAES Rt wb7]= o] =
23k FEE AT FRAE B A A45E

QA AR ol #x) eirk. @7kl L %€w@ﬁ
o] AREIE} WY, 4140} [Fe1o] ¥ s

o)
PR

OF’FT&H—E EAZIRRAE R A 24 306 o] Ui E
I B e o B e AR B o g e B e R e
Ao o] 917wl Y AITsHA Algstar, Alds|olof
& 7)Aol ol slrdkA ARAKlME 71 sk
Aol Agnlel M= AlEE A e A= G771t de
ke =dte A B WA= AFdRIE 23S =5t

1) J_
o

i

‘Elﬂ

2 i 3’.9 .
ol o

)

B3 7| @A

H
>1]I

0

=l

B 310 1_ 194 3= AnAA(01-06)0] EE55HE AR
of] Zg3lo] 15t ARYS FRBHEA] AZIEAE DIEA] A
A

HES dolBal FFAKGelA w5 = ARl disks

2t} shgict.




SHIF|
0 85 ulAlol A Al I, Al L 7]
M The B Lok 5 ol

1O |A
=T/

oA

OIA J.L47|.
I. gu2s M=
I, Skt BUE> AAH F1=

A0 M, §3 Sl Holr.
o A olfrm o) BRGYoln g YH o
T xﬁ71—a}: A

2 270 =T = 270 OEE?:}@'@-O—E}\JT’]'E%
FAE ARIETS) Rexdow ANgenA urt 449 A}
deE)7t 7Fsete S Sk

AW FAE Z, BARAe] A 7 e, Fol w9t A
Z, PNl i A2 PAES ek BHos
sejEglon], SR ARIS) $S SR 2 5 9 A
o= F)ojE). Thik AR ] A% Foli= & releoa
FA} Leh)7] wlelo)n, o e al3) =08 Faje] nr}
S e

Awst PPIIER A4S 5 92 Reltt. o]
5 Alms} Batste] S Aol Holsha o= kel
HABPE, HAFER BB F2 o7k AR gl B

2AZ Ala v} 2,

(1) /1= QUZ0|A SxH= M| Q=

(2) /1= AR oll= Zg0| ofgin
HAAOlRH MR7KSEH A ofTI?

(3) ST AH|o| Xo| Tl HHef?

(@) S AH| Maies s

(5) BT DL|E{Z AJAE

Y OF=loF?
22| FAHZIL I -

ol

| SR
=0

ol2fgt TAIE wH sk ARARRIeIA Al A= A

pud

Leof FHate] g ofafel =27t F-E3l Slo] el o of
A, 2 A %Lﬂﬂ Al AEE v]asle] EAES
g o] Bogn AxAC goks 2t Bgo] © 4 S A
o 73t

= B

I/I= A0 SRli= MX| oh= W Of:I|?

/1= slAe] R (e exdh) S Frlshs ofg] 74 W
T ool nEs T ® f1 %
UHHS S /1242
sl Ass
Evaluation Survey(SSES)E Al <)

Jolu} Yol M= 5, 2
9 G7k= Al & de] o] 8% L 9t

H7Fsl7] f18hA] vl=tol| A= Sewer System
9lon] o 7|d)=

SR=Ne]

smoke test, CCTV, 1 5o] £glo] 9ivk. 58 A5/
ol Slgk sl B, Seld Sl B 52 Y

]

3171 918k 1 [/1(Excessive I/D) 79S8 =

w=Qlshsian ol

gt 75 2 ste] weleles Adskal ITHEPA, 1985)
Excessive I/l = Transportation + Treatment cost = Sewer

rehablitation cost
Non-excessive infitration : Average DWF < 120gpcd(454ipcd)
Non—excessive inflow : Average WWF < 279gpcd(1041ipcd)

G VIt A7 o, Aelshz vlgo] ¥r1gHIE Fdt

of I/IE Azksh= vl-8wt} & 3¢ 1 23pugrkae] Azte]
J2 1 HISED ENS S8 HE I NLY MY

cost

Transport &

Treatment Loal

Cost

Optimum
Solutlon

% Folw Reduetlon

20060125 | 131



Bdnology 1

HE1 U1 ZALY H7t ZAH

US.A

U.K.

— Merrill et al., 2001
— detailed and good quality flow monitoring is helping to target priorities
and therefore lead to a more cost effective and successful removal
program

— Controlling inflow and infiltration in wastewater collection
system(Wade, 1999)
- I/I removal rate exceed 50%, most cities can expect cost recovery within a
3 to 5 year period

— Niehaus, 1995
— One of the most difficult factors involved in removing significant quantities
of I/I from sewer systems is the large percentage of sources that are
located on private property

- Inflow Reduction for CSOs(EPA, 1999)
—An estimated 20% of CSO volume came from runoff drains. As a result of a
$40 rebate for voluntary redirection and other efforts, some 18,000 homes
redirected their roof drains over a three—year period.

— In indianapolis, flow monitoring in 400 sub—catchments found that
only 27% of the system contributed 80% of the I/I.

- Control of infiltration to sewer(CIRIA, 1996)
— 1,646 catchment included in survey, 28% were reported to have greater
than 25% infiltration and 9% to have more than 50% infiltration

- Dry weather flow in sewers(CIRIA, 1998)
— dry weather flow data from 95 sites in Englands and Wales. Infiltration
ranged from 0-89% of total measured dry weather flow, with a mean of
45%(115-120 litres/capita/day)

— Sewers for Adoption(Water Uk/WRc, 5th editon 2001)
— One of the most difficult factors involved in removing significant quantities
of I/l from sewer systems is the large percentage of sources that are
located on private property

— Inflow Reduction for CSOs(EPA, 1999)

—The guide requires an design flow of 4000 litres/unit dwelling/dry for
gravity sewers serving new residential developments. The derivation of
this figure effectively allows for 10% infiltration, which equates to
120litres/capita/day

FRANCE

Elsewhere

—Measurement of infiltration rates in urban sewer systems by use of oxygen
isotopes(Denedittes and Bertrand—Krajewski, 2005)
- to measure infiltration rates in sewer systems based on the use of oxygen isotopes180)
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- Singapore(Sharpe and Turner,1999)

— Detailed hydraulic models were built in each catchment and a total of 178
flow monitors were used with an average sub—catchment size of 32.5ha.
Dry weather infiltration 0-57%, storm inflow contributions more than
doubled the peak dry weather fliow in a 1yr return period event in some
catchments.

- The New Zealand Infiltration and Inflow Control Manual(1996)
— Three major issues which have an important influence on successful I/I

el 1800 2000 2200 6000 0200 0400 0600 0300 control . Flow measurement(before and after remedial work), careful
investigation of sub—catchments to locate the worst problem areas, and
i s , house lateral rehabilitation.
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— Allowance for manhole : 4L/hr/m diam/m head

REF. : ASCE & WPCF, Gravity Sanitary Sewer Design and Construction(1982)

The guide requires an design flow of 4000 litres/unit dwelling/dry for gravity
sewers serving new residential developments. The derivation of this figure
effectively allows for 10% infiltration, which equates to 120litres/capita/day

REF. : Water UK/WRc, 5th edition(2001)
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