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Abstract

Recognizing, calculating and planning for reducing
Non-Revenue Water (NRW) has been one of the aims
and plans in Iranian water and wastewater companies
for more than two decades. In the meantime, Real Loss-
es (RL), which constitute a major part of non-revenue
water, are mainly due to leakage in various parts of
the water supply systems and a large part of the NRW
reduction activities is put to prevent and reduce RL.
However, like other projects and activities, it should
be implemented to the extent with economic justifica-
tion. Since it is difficult to achieve a quick and practi-
cal method for calculating the economic leakage rate,
the companies often use a reduction in the percentage
of non-revenue water in their targeting. However ac-
cording to the IWA, the use of percentage of NRW as a
technical indicator is never been recommended. In this
paper, followed by a quick review of the performance
indicators of non-revenue water, the method of bench-
marking of non-revenue water, targeting actions, and
calculating the economic leakage level (ELL) are pre-
sented for a city in Isfahan province. In this city, the real
loss was 7 times the economic level of leakage. There-
fore, the real loss reduction measures were proposed
and planned among which the active leak detection in
10-month interval was the priority due to high ILI.

Keywords: Active leakage detection, Benchmarking,
Economic leakage level, Non-revenue water, Water
real loss.

b dloxe 3 ol pd e ©F Syl
9 ol CE M 600 axdllo il golaidl
Oleo! yluw! Mo

"o e 9" Sl il ) Do lolw ]
S b delyo ey Ol ialS g 8 Co a8 o)
Oleal bl S 4 ol

QL‘“" &-’)L&ls 9 u_:‘ J)...q JALC-)J\.\.A g0 pdne x_:L».tb L,,.:.‘.)—Y
) Ol

u'.@.o.»o‘ utl.w‘ c_:)l.,al.‘! 9 u-:‘ g.,\f).w 6)|$)g 0 0 QjLuo -y
amollabashi@gmail.com :_Les| ¢ Jofme 00w g5

VAPNYIVO il o o b
WAV 0N - ool g
VWAV OIVY 1 sy gu b

L WPNWe

aele g ol SRl Ghpasly 5 amlbre il
Gladali p g Blaal yugs, j0 4S5 Cuwl drs g0 5l o (NRW)
Ol orl o ol a3 )5 18 Gl XSl 5 Of slacs s
O ol 3l Gledes Cwed a5 (RL)  #8ly slacd, un
sl o cui 3l Lab Boes apd o JuSis |y sl o
slocdld 5l (y5 (i o5 oy Glo ] e i
Sybige Gyo ol als 5 6 xSsl> glp NRW  als
plsl oz bl el 5 beojgn nle ozmen S
O sbaws a5 Lol jhasl ails golaidl g a5 04
ok golail gl dsloms gl (ot g 2y by, S
O 2l o) ials I el bl glacs s ol S
.»SL, @ Lo aS wlesges oolatwl 893 (5 lA5Cua ;o sl )0
E2d 28 sl G lsieds NRW s o 5l oolai ] IWA
K5 @ sare b Wlie (nl )d 09d oed drogi (lye
Ol S lags g el g o 68 Shes slaas s
olall mhw aule 5 Sl 6 )la5Ban walys
slp g olaiel liwl sl jo dee jgbas a5 (ELL) cois
oS de ol p0 e e &l il a8 S slxl gl S
Ao b aS oogr i golall mhw plp Vo a8l 280
o] ol jo a5 dly <) p0n als clelasl YU ILIL &
Sldos asliy o sl anle Vo Sbey sl jo Jled Sbows

85 18 s ]

Cdyam (SIS ezt welye e ol rguads wleds



2 Boasls pgs Ghalpg ) Gialejl Gy 31 5 Ll gl 5o
o ol ) Jgaz ek 5 Yo o8 Lo

IWA s Shos slaalis pgs 5 Jol (ialng 99 2 50
lsao)s ©)goa NRW Ly oS 355 0 a5 zedly jsboa
Cone Glesily bl sl SlE oo g 6995 >
wlivwlie 0gd oslitul Cdyyua 5 S2len) Lulpd @y
WS (oo S IWA (g, 5l wisS (oo ool &5 ()5 (&
Ssice aodE by 0iS e oaol |, pge 4355 oyl
o> 3l NRW as s asls ) casliol 5 caslive ool
Lambert at) oges lo ¥ Jgo 10 | el 40 (539,9 o]
(al., 2014

oS Hloge -¥-)

Trhe 58 S legh altee (atlh iy Jlioa
Slp Soletan 5 jotuns Ganlp S5 logy 09d o0
e 45 ol L8l g s ojlwoolyy 5 s« lolis
polae ganlp Koo Ojleay vgdige oSlee i)l 4
(s dmlis jl jolate Lol ol Slikoe anglio jolareas
ar awmlis ol ojle S8 b glyl 5 jsba
fopz az b amlie g So

Slp &S558 e Gl cozly So S e slaosls
ooy 5l oolainl . aiS co @0l ,8 T Sguga g Blaal 0,5 ws,
SIS Wlgh oo 0, 8as (5,50 slasl anl ) 5lel b SS Loz
S Lo Yo oA Jlo o TWA il 5,Slas 35040 (sl
Lambert et al.,) 5,5 puedd diwd 33 ;0 1) del)o g0 ol
12014
6o See ol awlie g pSejlail S Hlogs
A Folate slraasie l)ls a5 Slagivnnw
sy Slp Sllos e lolid gaisld S logsy
s Shae
Lcwya ) bS bgs ol TWA lo..\m Yoy Jle o
Rl o Sles Sgnge Solegs g 0 Shes (21 S leg
8,00 9 NRW (65,Slee sbo alls i 5 (o 050
Paigdsge Ll 5wl (ol Slol 4 O
B 1) 5 pleew So O39e8 wo) 9 )N Bas -
JUARL palcles! 8ly cé)j0e asls Jle leca
ol claaasiive alaS 1 45 b et Cpnt (o28 dunylie -

L
1TAY Ol F oyl (pow Jlo

doddo —)

Sl Comoz gy Ay & azg b Ol Lol ol
50 Senl G158 s 50 mlis anugi 5 (S35 slaslaslesl
4 e & aitun halS 4 ) pdyayans o gl 5 1>
ol $loy3iS 5l (F o ehug ssbar s ol ol b Ml
Slos caenl 5l Ol e g Lol o e 14 el o
SpalS ol b wilgs o of oLl alaw el l,55
by S (Wl 8 pan Logase) ol 208 51l
G azg b ol cd)jum Cy o anug Sl o glayeis )
Oizme 9 425 5 S)lee (il e (Jlo slatusgaze
s Gl 3 e st i Gl S 4 5l
SN S RPN S NNE T FpENS
i 5 (NRW) sslyo 900 ©F o coons sl e
3575 o Ghals Sleladl I ol sgus 5 T w395 5 Sl ]
.(Kanakoudis and Gonelas, 2016) s s

Sleladl ple ygmmen sl ys g ol Lials leladl ol
90 9 25l Oledly (o) (g IS B 4 5Ly (S8
Syl oL ch pai 5L 0 lge cnl (s 2 sl 4 009
2 obsS yape et dlie ol o el o] awglie
5 boatls anule walys e ol (63 ,Shee sl ls
L ogd g0 plol Gleaal Hlwl jo s golaidl mlaw s
50 s golaidl mhaw anlos ol plol o) 4 ax g8
S 9 009 S0 H9% g Sguze a> ;3 b g o plxil b !
9iS aaw ,0 o] drwg jglaieds 1 ol sais piiie )
s <oladol ] 3 end ool lac aigas alis ol 5o
wydse @l ol 5l ol b g el

Sl 38 oy o g0 ,Sdes gy L —1-)
ol 85 o] (slapica (63 5koe (slaasLs oy
Gl i Slaladl 51 ey odgame (gl ala VYY
o oad &l o Ken g Alegre lawg ob oo Syl
Ol cpl 03 0l i Yeroro Jlo o TWA alewsa
cdy,am g NRW (60 Shoe BB a3l 5l S>o8 acgame
30 3gs 0a old dazwei Lambert lawgy 1499 Jlu yo aS
ox (Lambert et al., 2014) <3,5 |13 o asls ool ol
cdbgls ,eiS Ve ol Jgl Sialpg slajasls TWA oG] |

Do 3 T (pukigo 9 pole 4 8



(.Lambert at al., 2014) IWA 595 sl 9 Gob NRW g0 Slos s asli —) Jgux

Olused a>lg s ls 95; el
i)l sle el s dglate 5 on ol . s Jbe NRW
olasdl g Jbs las alags 5l NRW i (639,9 o> 5| (Go )0 solazdl
@l o] Al 421 &5 45155 sl S, '/. 5 J NRW
Lol v LDMA 5 gt 5 2455 PLRT N BPXWI oladl
)y g (2ly L) 08 sla el 5l S 5 -
. . M-/con/year 8,15 50 540 ol cd)an
Dedi g0 09,5 4 (g0l
|l M3/con/year a>ls b Jsl ialys 5o - Gl | el id, e
odd &3y ol 3l gas,0
D¢ 00
s &2 (5399 ez SL,9S sl .
EOT S I PSS VRN O y0 5 L3,y ,0
) M>/con/year sty b sl il g 5o 2 (59959 <! 5 Se) SIS0 S )
) S
D99 0du
5| palin s 45 53,Skos el S
Jole S lbleisl (515 sl oo azli Lit/con/day &, 0 500 PR PRUCJIRTS
Lol Ceis W)o)léf)?jt PP
o5 b oleidl (ST a5 olepiacs ¢l ) I
. Lit/km/day Sl pe e Hls <500
Ll A 5 ppe Jole S Al Jsbo g ol
oS Lolge gy 45 A0S o S bl o) j s
45 i b o oS S5 Lyl -.'5'59 “)) u:u -
| il 5l g BB i s e | I S0sl g 097 L L
N N e s
T . i o 45 asly s S5 | ST
Al oyiasd BB 45 oadly < am il o ' ILI
AN . o515 g olaidl Job el
) ) Byl (S Sbledl
et
T . o ] é)‘ﬁdsuﬁ] )| G,y
. ) ) & ey 3l S g gl e T G
s ol Lyl syl el bl e Sl | sl ;) eolin
X T . . Sedd Gkl S e g T
09550 )M Ry 9

sl 1) (A jlad o bl Job coleisl 151,5) 045

9939 ST oz INRW sy a5 Lis 31 ooliiwl 3 ylge =Y Jguz

(.Lambert at al., 2014) s &

ol odliw! g4
Sl goliaidl pbaw — Y- g)sf S celial
Shls o pae ((ABly 8 an als cdled oz o ) T S
Pl ladlg) (agns 9 (L3l Djget el &S ladlg 6]:.& Les
sl [EPOVE] B¢
(6,5 ale o 4 5L5) 32 5 003l oo Collad S 058 oo o |
: <l gl Copae

1FAY bl o o kol (P gu Jlo ONob 9 T wigo 9 pale 4 pid



Gl o 8ly 2800 als cleladl LS sbay
lalgl 5 (2hls Cupae g Sols> 18) CodS 5 e p (Jlud
20l 69 ) Sl sl ol 5 upes Joli
Slladl cpl 5l alaS yo sl s o las |y eacdled ol 5
Om Aol o aS o ls b9y (olaidl mhaw SO AlS Lo
d,,u2) CARL 4 (pisbolos! 8l oé),08) UARL
WL) Ls.))...b‘) u)UaJ WBLLA) J)l.b )|)5 (03?9.4 (5'3‘3
Y (6,500
sl aboz 51 g by (olad (sl py (gams oI5 50 a5 el
ol i golatl mlaw s 098 plosl b A sogasee
Al yo 50wl oad ool lad VN USE yo &S jsbles
a5 5,08 09y ol ABly e, 0e lade 5l e (Sl ]
Oy g gl ol 5l Soml @ ol 2808 als
G ey 2b LES,L g )lFBae ol golaill 4
6olaidl mhaw aculxe jo 0,58 cuis goladl maw
3 SaeolisS 8,5l cudlad Sy g a5 Jlad oboass
e oo blod codled pl slhal aje LS o g lsiea
ok wSolal Lol cudled g Joli Jld obcais
Fantozzi) sas o slis |, Jb obows anls ol
Slles pll 51 o a5 o3 5y (and Lambert, 2008
Ol pas Ojgo,0 g) diwsn b LSl Sbows

ssb Seboe pSoill Al Gl (Gloyes ©)gon

azls (long- run) Soaeads pladl lgieas cplply ool
9 JL!A Gbl.'u.m.i s)L..‘Z.é w).uxo u.JLd W) Uo9s ).b 9 ol
Oloieds 4 aiud 003bog) Sleladl wolg> oalS g Cae
Fantozzi) aisd oo Ll (short-run) oeslisS cleladl
chw Olaulrs iy uen 4 .(and Lambert, 2008
lbl.?u‘ QMOU&S 9 UMJ.JJ 4.1.>).A 99 o ).».: s (_goLad‘
2y

Ol g dege sl pladl Sy lgiear LISy poe
Cdyy00 ymals s relS gy, g el U a5 C]
2 oked Cu e b golamdl a5l o ls Brae LialS
5 (A (alS) dgm plisa i (liee 5 Bole> alS
(2l yo L2blS) S 2alS lgieds B pas rals o )_.Jb
by ye cois golaidl mhaw avuloe jo b aS 048 o0 bl
Se blod codled ol plosil aisjo LS o cdled pl @

L gy 9 lge -

o, 8lee 2L, lp Sk L ansie Yoo Jlo o
Sle ol o a5 o5 &l S ol Cd,,0e o poe
)Le‘.‘> B ‘) ILI s:\..ﬁla d.m.ug.' 9 4.&....19.' JL‘> o 6[9)5m5
S Camdg 00gdome o ;0 A4S odges (goadb osguse
SLIY Jgaz o gandab cpl el ouls &) colu g
Iy Sleladlas’ sgas &)l 5.5 1) F Jaao dunhe cpl .ol oads
Lambert at al., 2014;) cosl 00,5 slpiinn 00gae 12 (gl y

.(Lambert and Taylor, 2010

(Lambert et al., 2014; Lambert and Taylor, 2010)

L
1TAY Ol F oyl (pow Jlo

\

Gbygls |0 b ygis
g cdyyun Co e (A5 glod odguxo | A4Sl dzwgi arwgi Jb>
ILI osguxe | ILI o5gu2xo
5o il golaidl e cl (Sew &) 00 i alS
an Slr EFEES Jelos T a5ieS Comig o A <2 <4
ol o3 (oLl
Sllas )lad Co poe 0,00 0929 az g8 LB dguge Sl
o T TR e B 2-4 4-8
9% ploml 4 )l g Jd hoets e
5 Slsld o 5T s 5,0 Sems a5l imd ol liE
9SS by Jolod 43,59 Sl Jo8 LB o 03 C 4-8 8-16
Dl plodl ctd malS gl i gl i
sl sladsl, o)le s ol mbs 5l ael 5L oslaxul
SO 20 ?5.&{) )“" D 8< l6<
el s oglyl 5 55550 5 el oot
BT

Do 3 T (pukigo 9 pole 4 8



(2005) ILI ouis Gy y25 sWosgumo gl p S SOb duwgo amogi -F Jauo
(Lambert et al., 2014; Lambert and Taylor, 2010)

D C B A Wwosguxo gl (Sl Sb gloarogs
* * * S5 gy LS Ly e Alise gloas T
* * * O (gmiyp Dl pass SodS g S
* | ogd ey bt Sllae golamdl loj alols
* * 39 001S Sgupf 05 plowil cis Jlad S
* * 098 (lulid (5 IS5 Sgnge i slaay 5
* * Sed 2l cuts golaidl plan
* * o5 N5k Solg> Gloj alold
* * * 598 555k (2Ll Cu e Celew
* * S5 gy bl 5 (el ¢ ludl (55,8 25T
N N W B s a0l (hB odgume 4 o) 1
39 plal
* 55 ool lalas ads ol il

UARL ,J_-\‘ﬂ woliiad il

EARL i galashl plas

oS cwl ol g o) dsdce dl) s obows by
ol 00y plol )L_e Hlad Co e
aS(FUDY Lalg)) sges @l 1) als, Yoo Jlo ,o IWA
0,5 dpwle |y cuiis golaidl mhaw e o0 ooyl 51 oolazal b
Lambert and Lalonde, 2005; Lambert and Fantozzi,)
» lalg, ol elel ((2005; Fanner and Lambert, 2009

a0l 5o aS Col (b Slles) Ao Sloj alols

LT
1FAY Ol o ol (pgw Jlo

s S5 lo i oy clbdS L Al o 0 b
Ales by Gl Cel gu,way a5 0ed g0 dbul (Sl
S ol o1 lej Sy (Ga> G A bl ul-l)’ g o
Ol38l #5 ol oed plal Shewas Sldes lodze b
o ol Jly )l 5 et Slles anje wlis ol
©olaidl mhaw dulrs ;o a5 aiwn Jolge alox 5l il
a5 cuis golaidl maw Slawbre o Wgd oo bl cuis

B
NG 9 T (utigo 9 pole 4 4l



Rate of Rise RR = Qu/T

Q volume/day

Intervention Level
——— — -

Exit level Qo

Time T
(Fantozzi and Lambert, 2008) Lj cuids b

dslore i 5T ool Wl ibies cod 0 AY aldS 6l
Coslae) Cd 5 Sise () abal, 5l eslinal b asls oyl
AT (6 5002 Sl (50l s

L L
UARL = (18 X m/NC +0.8+ 25 X p/NC) X P
)

Job 1L, «oblasdl slaxs IV, ((eghsS) oS Jobo 1L, a5
Sy ol lawgle JLid 1P g (5) Sbleidl dg) lawgie
LA (o)

iz sl ol ez L UARL Slawle a4z 51
by A5 45 8 GO S 0 plonl 6 s
Slp ks &5 0l i (pl g wBl s g Ay polie
A Jawgie Hlad 09l dnwle asls ol il ol F4
s 38 5 ) ool Laagia Jgbo o gzl il
slaabls )l ableasl slass 5 4l Job 9 GIS § wleid]
OBl 4" ws Gl a5 (60,90 ol gzl 5wl GIS 5 MIS
il 09>y bl 31 0 sl UARL asls aculse
Lugie jlid ool )l 5l (SO cosdad soe b jlads wsb
15 45 U Jobo by latil bgie Jsb e
Sl 3 WSt b Sl oy b o 5| 5
90 (AZP) b Sl abais jo e )Lid el Jore
Al gl 0,5 5 olowl BB s lid oledlbl
S0 phlolisl aVle dly od,) 00

S o aslol o (ILT) cws lop; el aulxe
Chglre) Gl dwlee LB (F) alal, gl a5 28,5 ol
OV stz Sl 63 0l )l

ILI= CARLVUARL *)

L
1TAY Ol F oyl (pow Jlo

o b5 SU i S50 51 Seilands 3 gud —Y SIS

3Ll RS L e, e O o)l 5 Jleb ol ot 2l

EIF=J(0.798>< ct ) M)

CVXRR
&5 RR oL Ollas o golaidl Sl alold (EIF a5

whawis anie (T (Jlo )0 55, [oaSs ) cutd jiulsdl
A (oSe i IJL) o1 ol anze 1CV 5 (L)

EP (%) =100 x 12/p ¢ )

Ll oS el @Lu)ﬂ s 3l (golai8l oo o Jlade (EP a5
Sldes o olaidl Sy alols (EIF 5 043 il a¥le
ABI (Ju,) = EP (%) x CI )
sbran o ) sbowis Sldes gl a¥le a9y 1ABI 45
Db a4 Slo pl w5l golatdl ao s Jlake (EP o o
s (b)) sbaws ag e 10T 5 0ss il AVl

EURL (m®) = 4B/, )
wads F oedly oy ,an golaidl mlaw (EURL a5

ey g b -Y
oliwl il yo sl yo e T SKousylogy -
olee!

Cd) e gloalh i b S Lo (ledol (il 5o

Do 3 T (pukigo 9 pole 4 8



acwle UARL .o lel laasli acule b oylgaol sla]
Lyl 4y a5 cd) 0 5l case aS ol lisd byl (gl 0nl
O S el Claa] LB,g o ls Sy aSCln G508
aSid oYU leled pals g las cu g b cd, o ol
Ao (Sl LI avssloee b S50 B )b 5l cosl alS™ LB
slool Sl SOL davwgs ool @3l sle lre b i Condg
o 3l G Sz Sk bawgs oot @l 558 Bk s
Sloludl oS ..\3)‘.) )‘)3 ‘SH-'-AoS L 03 o LSLQJQK"" )|
0dgama) Wlo i golaidl cul (Sew 8,00 ualS
b sl p3¥ O olyme yls @) az g b oS (Y Jgo A
Slpea) céy e yrals Sleladl Sy o3l (solaidl Syl
28 @laged S Grends 3 pdy el (phois Jle
Sloladl g yiin ax gy 4 jli wilas 5 1,8 C 3B slaodgase
o ..\.’La 0l é‘ﬁ D obj..\m o as 6).% Ui"l .Aﬁ)‘b ).aé..mj

Dl Dygo b Ol o Awgy g o> H9ba

ORARP I WL P WS B o
b leaol bl slal o K legn asll o
el 0 jlel 2Bly <8 0 rals pladl G lgacas L
S slajed saai g Gl (FopnS 4 azg L 4z S
2ol 53 5 35S e pladl 5455 4 plaBl ol oy
ool a8 0y plxl o gl 5 (gogaome [l olawi (gl LS

18

16

50 el ol el aly 28, 00 AVl ladke :CARL oS
o s 31 plaS 2wVl iYL Jgu SIILL ezl dwlxe
ool 05 FR gl TLT asls ¥ UKo o .o g5l
Sl o0 &l leas]

53 o 3 TWA deogi b as S35 j5bplon
oolaal (lyie g 4wl woys (aSls Slaslys (eas
a0k e (Sidly alys g T Olie 1 08
St T sl el slil 3 s &S (Ko5b bl
Szl sy 0gr 00 dwles oyl (gl ILT a3l oS
Soges yo a5 285 sleil NRW asyo o ILI aslis 4
ouls alyl 5oS e sl o 5l (golass (gl dslae ol B SCS
NRW s ,0 gILL azls a5 cas olsi oo (IS gbay .ol
o s 5l s50mm St 45 e TS 5 Capns S5,
doyd &S (S 53 g wlie iz & Cuns 0l o b
Sl o g ol 45 8gd o y9al 5 doyd Yo 590> NRW
a5 00 dolne (A 05ga5e) YN plp ILL Jlade ool b
oSe 35 3 oo il e S st 3ok
Yo aalyo e ol a5 6 0d ,0 0,00 393y op dandd oy
Slade 3ls (29> L:w-*'-’ Ll a5 o) o0 Jlaiay g 0092 2y
Y Jgo Gub a5 ool acwlome (D odguamwe) VY/IY il ILI
Db aelye e OF Grals wlaladl gl Jlocudgl bl b 5o
DS o0 )l

5 elys e ol Sl wd aiS &5 jebles

14

10

it
at ]
1 ¥ 3 4 % 08

78 S WIS 161781930 71 27 23 e s

W17

|y oA

33 34 3% 35 37 30 39 &0 &) &7 43 22 4% 4 A7 28 49

WA Jlo jo letuo! ylaw! sl o 51 golany uT FIBY U v ILI R W g LW

T
1FAY Ol o ol (pgw Jlo

\n

B
NG 9 T (utigo 9 pole 4 4l



Olz same pSeill g Alecsy Sl e o3l S
Slp ol Bl s Oygoas gLl cpl wcwl ailils
b o ead plelis glats Jlel 5l ey ool ez
Ol 5l e A5 0adse 28 g oolaiul SlLowi olles
Lools wmles 7, Jai 0y90 Sloj o3l (o 5o loazs o i
VAYF e ol ol ol 5o (C) Shess an e Olucs|
22 sl Juy W0 2l (CV) Ol eads ples atze 5 L,
e 28lg 28 00 golaidl ke Slowle (ol CaSe o

(23,8 bl sy 4 F U L,

192600000

EIF = J(0.798 x 192600000
13405 X116.6

) =99 =10 ob
EP =100 x 12/;,=120%
ABI = 1.2 x 192600000 = 231120000 L,

3y — 231120000 - 3
EURL (m3) = /13405 = 17241 m

Sllas 5l o oo (g, 505l wilis by = Yo/NVE mY/
(i

oo Galul ) 0 05) (e il o> = YO mY/h
Jlo S5 5l (oas 83

6Lt ol Ll = YAS (mYh) (m¥/day) =)1$/8

cuis ili8l &5 (RR) = VV#/# (m3/day/year)

20.0

ploul Caws yo 5 i (golail mhaw aulre jelata oy
Y 9)lge 5l (Fp lalllas ol 092 bgs 4 az g bl
Sleladl g gy S jsiile b g oloj (b 5o Sl (sl
Slaslo 45 dlae ol dalol jo 06 Jlasew! b gladlslos
2 oleiol sl Glal jo a8 Jbd sbows goladl xlaw
Dg go AN 1 Cal ploeil s

Sygo )y Sleladl b i golaidl mlaw aculxe ly
22y
JoB a5 095 b b (obtets Sllas ploxl -
Slbee plosl 5l an alolddl ales Gly> spSojlwl -
b
laojl ;o Blax b g polae joboay ailed by 3,5 %o -
el Sl
Sl el 0ats i (slocuts al 8 ¢ 5 b -
(b
Hly o) 00 solaidl mlau aculow -

sl pledol plewl slajees 5l (o sln Gs8 slepls
&l Gy et 5 pbeds Slbee 5l w288
S35 = 0y puiz ol by oS edogn b adkie
SSoal i ast 5 okt et 5 K byks
oads 5Ll o3l vl pl aS Lel o plosl ailss b,
CdS 4 ks RR) cus (ili8l 75 sl gl 5 o

70

18.0

16.0

14.0

120

= 100

3.0

6.0

4.0

2.0

0.0

1 2 3 4 5 A 7 & 9 10 11 1?2 13 14 15 1A 17 18 19 20 21 22 23 24 25 26 27 28

WAD Jlo 53 ool oybiw! by 31 golowi o @395 a5eis NRW woys s ILI (aslis Conidg dunglio —F S0

1¥ay ul:.nb“ ¥ b)m P g JL»

N

NG 9 DT (quntigo 9 pole & 585



a2 @ oy el el es Ol (8 gy ps IWA
Ssly dol 30 g0 S oyl 15 eogi solaiwl als laxe
2,00 Sl (S8 bl il 4 ol b

S 3 Gl Sl b g ool &Ll o681 3
alS L3l 65 55l 8 by )0 oddh oo 2 (5lo g
Jga A 03g0) i Hlaias solaidl cul SKow &8, 00
5500 b el oY OT Gl Lulyd 4 4z b oS (Y
03b dwle Jlio lsicas) i, o jialS Sloladl ¢ golazil
@A i pepa o pdy el (Jled ploets S
St azg & ks wlad S 18 C 5 B sleosgames ;o oS
&8lg D oogazs ;0 a5 (5,08 ST adyls Jawy Sleladl g
ol olas g 0,8 3 ol Cuglgl o Wl sad
Do A ol 50 g 5 Gaz jsbar 28, jae Lals
Spdy

b (oledol bl slal o SuS g aslsl o
Sl oas jlel 8ly ) o pals pladl SO laicay Jld
03game sl s alex 5l g Lot aled (gl a5 ass] S
&l o5 ol i 5ol el s 05 plowl b A
el Gledal plinl Wl gy s slaseed 5l (S
dibie ;o @ly il b JS (pbowis Sldee jlan
Loz g5, mi0id paiz o] (b o o5 Gebs b
Ok @rSoilul b peess 5 plulid oladil 5 ass
Jaie ¥ 5 ¥ Y O Ly, 5 ol b e 5 plowl 6l
ooy 4l g Sl 5 canSayio VWYY by o goluat
Gk 0 dslone oo V¢ g ol 4 Jlab ol 98 om
3929 b Sler Sk g 5l oud Al ganail Juo
ialS SLaladl a5 el p3Y e ol ;5 ) el ILL sl
Slles aS0T ad il anugi 5o ol )0 (Mg 2500
Sleladl w8y plol aale Voo glaalols o Wl Sbows
&) oley Rl g Candg 3 lid o e Hezen K00
Sy 9 Sl Sandy o) p @St sladly) Pl i Lols>
235 85 g 5wl o3l

&=l -0

(_gl.o.;.m‘)" EOAED) «S )= Ca.wlg.) ‘_go).,.a‘) C.))LEJ C,JBL’.A
g ol Clux 4 0T o ge Jolse (quyp 5 bl

T
1FAY Ol o ol (pgw Jlo

VY

15 oBly ) jam golazdl lae b lobns 4 4z b

S yte WWYFY ply 09290 jLad Lawgio b g j550e ped
ad)F s 0l opl 0 Bas e wilg o a5 Col
wolaidl cé) ue (pilbolin! cd) un polie gl ool
S8 50 SSled Spgotr et (nl 3 29290 800
o 5o i ol (#8lg Cé) 00 jlade 0gd oo canlie O
b s sl 039 oolazdl _ably i, jom lade ply aiin
anaib Jgoz Gk b ool Vo Rl ILL (a3 ls o092y
Sials Slaladl a5 el o3 Slgr Sl ggm 5l 0 1|
Slles aS0T (ad il anwgi 5o ol )0 (HBly 2500
Sleladl w0 pdy plol aale Voo glaalols o Wl Sbows
&) oley Rl g Candg 3 lid o e Hezen 00
Fare g S Sumdg (o) p D sladly) 3ol (sl

DS 0 )85 Hges 55 Gilke

S5z -f

Oiigy Cod 0l AY oS (ol M])b Q}Qgi&ﬁs}u@&g
aS b o g ool JRTILI Lasls acwlxe b oylgas! L]
Shib S il axtee o adly polie bl eles
Job S Lanugte )L slajial ly 51 S Cupnlsd pae |

UARL = \Y+Y# Jbp e

EARL = \YY¥F) Jo 0 wnfase

9 Cld golaidl mhaw « iy bolos! cuis polie -0 S
e S dili )0 )Ll peel )0 39290 WYl Clid Hlude
Y8 Jlu 30 yladeol oyl

OSiles alais Ol pae b g aSied S Job colatil bawgite
45 0 s ¢ iy liS eai e lgiea; (AZP) 4>
on D e (a3l cpl Ll el TRl L
wa>le a5 ols LEs NRW ws o o ILT el o Jlox!
Aoyl G 9 0S ed S 0SS INRW ws o o ILI

B
NG 9 T (utigo 9 pole 4 4l



L
1TAY Ol F oyl (pow Jlo

\Y

b @Y A 4 ,85) O0F & s &yl 2ol sla,Sal,

Fanner, P., and Lambert, A., (2009), “Calculating
SRELL with pressure management, active leakage
control and leak run-time options, with confidence
limits”, IWA International Conference, Water Loss
2009, Rethymno, London, 373-380.

Fantozzi, M., and Lambert, A., (2008), “Recent de-
velopments in predicting the benefits and payback
periods of introducing different pressure manage-
ment options into a zone or small distribution sys-
tem”, Second International Conference on Water
Loss Management, Telemetry and SCADA in Wa-
ter Distribution Systems, Ohrid, Macedonia.

Kanakoudis, V. and Gonelas, K., (2016), “Analysis and
calculation of the short and long run economic leak-
age level in a water distribution system”, Journal of
Water Utility, 12, 57-66.

Lambert, A., Charalambous, B., Fantozzi, M., Kovac,
J., Rizzo, A., and Galea St John, S., (2014), “14
years experience of using IWA best practice wa-
ter balance and water loss performance indicators
in Burope”, Water Loss 2014 Symposium, Vienna,
Austria, 30 March - 2 April.

Lambert, A., and Taylor, R., (2010), Water loss guide-
lines, Water New Zealand, New Zealand Water and
Wastewater Association, Vienna, Austria.

Lambert, A., and Lalonde, A., (2005), “Using practical
predictions of economic intervention frequency to
calculate short-run economic leakage level, with or
without pressure management”, Leakage 2005 Con-
ference, Halifax, Canada.

Lambert, A., and Fantozzi, M., (2005), “Recent advanc-
es in calculating economic intervention frequency
for active leakage control, and implications for cal-
culation of economic leakage levels”, IWA Interna-
tional Conference on Water Economics, Statistics,
and Finance, Rethymno, Greece, 8-10 July.

B
Do 3 T (pukigo 9 pole 4 8



Journal of Water & Wastewater
Science & Engineering (jwwse)

Vol. 3, No. 2., PP. 14-22, Summer 2018
DOI: 10.22112/jwwse.2018.127185.1079

Ao 9 poke 4yl
M g of
YAV il FY-1F olomis oY 0o oguo Jluo

Estimation the Marginal Cost of Production
of Drinking Water in Tehran

Fateme Molaei'* and Morteza Tahamipour’

1- M.A. in Economic Systems Planning, Shahid Be-
heshti University, Tehran, Iran.

2- Assistant Professor, Faculty of Economics and Polit-
ical Science, Shahid Beheshti University, Tehran, Iran.
* Corresponding Author, Email: fa.molaei67@ gmail.com

Received: 16/4/2018
Revised: 24/7/2018
Accepted: 18/8/2018

Abstract

The main objective of this paper is to determine the
cost structure of the companies in charge of water
production and distribution and to estimate the marginal
cost of production of drinking water in Tehran. For
this purpose, the Translog cost function is used to
estimate the cost of production, transmission and
distribution of water in Tehran Water and Wastewater
Company. Analysis framework is based on a seemingly
unrelated regression system. Time series data for
the period of 1997-2012 has been used in this study.
The results indicated that the labor, raw materials and
other services inputs are substitute sand labor and
capital inputs are complements. Results also showed
that product cost elasticity is greater than unit and a
diminishing returns to scale exists in Tehran Water and
Wastewater Company. Finally, by using the calculated
parameters and objective of minimizing the total cost
of production, transmission and distribution of drinking
water, the optimal production capacity in drinking water
is calculated for Tehran. The results showed that, the
optimal production capacity in Tehran drinking water is
376.15 MCM per year.

Keywords: Drinking water, Optimal production capacity,
Return to scale, Stretching the production cost of the
product, Time series data, Translog cost function.
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Abstract

Considering the importance of sufficient pressure in
supplying demand in water distribution networks, it
is necessary to study the factors affecting pressure
variation, that the roughness of pipes directly affects
the pressure of nodes. Therefore, the study of factors
affecting the change in roughness coefficient (Hasen-
Williams) in water distribution networks is important.
Pipes diameter, age and corrosion are among factors
affecting the change in the roughness coefficient of
pipes that are evaluated in this paper. The roughness
coefficients were plotted against each of the above
mentioned factors, and the approximate relations
of the roughness coefficient was obtained by fitting
to the obtained graphs. Finally, by combining the
relations obtained, a general relation is obtained for
the roughness coefficient. Also, in this paper, the cast
iron pipes, for which laboratory data is available, were
used to obtain a mathematical relationship.Then again,
instead of using the roughness coefficient of new
pipes in analysis and design, the roughness coefficient
for the end of the design period was used, taking into
account the effective factors mentioned.To evaluate
the results of the proposed method, a two-loop network
was investigated in two common and real situations.
The results showed that if the roughness coefficient
of new pipes at the end of design period is used for
designing, there will be a save of about 50% in cost of
pipes, but then the network pressure at the end of design
period will be reduced by more than 25%. Therefore,
in order to ensure that there is sufficient pressure and
demand satisfaction throughout the design period, it is
necessary to accept an increase in the cost of network
implementation at the beginning of the project.

Keywords: Consumption, Corrosion, Hazen-Williams
roughness coefficient, Pipe age, Pipe diameter, Pressure.
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Abstract I s>

Human societies nowadays undergo huge expenses to
meet the water requirements aiming at maximizing the

benefits and minimizing the costs. The goal of reduced alS Lol dnia salS i e . 7
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network pipes while satisfying the minimum pressure
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in Kerman province. In optimization of water distribu-
tion network, in addition to financial problems, other
aspects should also be noted such as pressure and ve-
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Abstract L WEFRWe
Water contamlnatlon 1§ one of the most important bl ks'i.o)Lw 2 oo sl o e ) ;.»T ; S Bﬂ
challenges involved in the human health and il 5L Ssdl s ol ol
environment. In particular and due to the high growth T Sodl b ol o sl G baee
of industry, the contamination by heavy metals is very 039 005 1, s molio (4938055, Al o 4 S
e 1 O o) X 1y o s S S 35 s
especially different types of cancers. During the recent w2l Le"‘uaf“ gl ehste SUyks slelon 5l sl
years, chitosan and chitosan nanoparticles and their Lls cdeay sl Gliin g luogns <l 3gl (lugins .ai5le

derivations have attracted many researches on adsorption

i . ) 5 omb S (o9 (oow e NH, 9 OH loog 57 (y35
of contaminants especially heavy metals, due to their

content of OH and NH, groups, non-toxicity, low cost s w3 glr el gl b )Q,Q%" S )‘i
and availability. In this review paper, preparation of Iy o 51 (6 ks az g8 ¢S Sl3l8 Logases laoas V|
ch?tosan, chitosan nz.mopal’ticles and kin(.is of modified colosS (6 5Looolel s g o Aliia 1l 5o iles S il Sg5a
chitosan have been investigated and their applications ST ol o loenS ol 3ul
in heavy metals adsorption process from aqueous S °~“\“‘ x0T OlwssS Elgl 5 ¢ 9":‘5 <oy
solutions have been briefly outlined. The effect of & sl el 5l S Ol Gas wnlyd o ol gles IS
Chtosanerystalzation. th conenraton of s, 270 S8 B el gl 4S5 s
the initial concentration of heavy metals, process time, il ok QB"’"’ S R s il
solution pH, and temperature as well as isotherm and 5 Lo g Jolowo pH )8 log oS Sl3l8 adql clale
adsorption kinetics have been investigated. Then Slgid T 13 ey 350 o St g p Sl Caioren
the response surface methodology (RSM) has been hin ela o ool o L X
explained and common methods for optimizing the Jslacie slassg; 9 0ud 00l byl grhans sly (g aolol 5o
adsorption process parameters for heavy metals have Ol gl (o Cix ganl S sle el )b Sbaige sl
been examined. Fipally, recycling and reuse of chitosan- al p slodls oLl ol o ol ons oaliiul 5
based adsorbents in the absorption process have been

390 s o anld o gyl 5l sose eolatwl 5 yluglS
o w5 15 L)

evaluated.

Keywords: Chitosan, Chitosan Nanoparticles, Heavy
Metals, Isotherms and Adsorption Kinetics, Response e SI518 clgnS @363l lugnS guadS GladS
Surface Methodology. e by g, cod> S 9 05595
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Abstract

The reuse of urban wastewater treatment needs to be
further explored due to some extent of potential hazards
raised from the spread of various contagious diseases
and the presence of toxic elements. At the same time and
due to the presence of carbon and nitrogen, the treated
wastewater can have beneficial effects on physical and
chemical properties of agricultural soil. To assess the
impacts of such irrigations, research has been made as
farm pilots for depths of 0-40 cm in soil, in a completely
randomized design with three replications of five
treatments of irrigation. The study treatments were the
well water T1, wastewater T2, combining 50% water
and 50% wastewater T3, alternate irrigation water and
wastewater T4, and the combination of 33% water and
66% wastewater (used by farmers) T5. The well water
Chemical treatment were considered as control sample.
analysis showed permissible changes in cations and
anions in soil irrigated by treated urban wastewater in
accordance to irrigation standards. Average amounts
of Calcium, Potassium, Phosphorus, Nitrogen, Sulfate,
Magnesium, Sodium and Chloride were measured as
22.80,494.4,7.87,1.028,9.34,8.34,39.2 and 25.7 mg/l,
respectively. The amounts of average EC and pH were
respectively equal to 3387 um/m and 8.7. In general,
the results showed that using treated urban wastewater
had no destructive effect on soil.

Keywords: Chemical Properties of Soil, Cotton

Cultivation, Wastewater Treatment, Well Water.
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http://icws2018.webs.upv.es/

30 September - 4 October
2018

Valencia, Spain

16th International Conference of the
IWA Specialist Group on Wetland
Systems for Water Pollution Control

http://www.iwaterbarcelona.com/en/home

13 - 15 October 2018

Barcelona, Spain

iwater — International Integrated
Water Cycle Show — Supported

Water IDEAS 2018 International
Conference on Efficient

http://water-ideas.com/2018/en/ 17 - 19 October 2018 Bologna, Italy Management of Water Loss, Energy
and Demand and on Smart Water
Distribution Systems — Supported

Medellin XIII Latin American Workshop and

http://ingenieria.udea.edu.co/daall3eng/ 21 - 24 October 2018 Colombiz; Symposium on Anaerobic Digestion

(DAALXIIN)

http://iwareusethailand2018.org/

31 October - 2 November

Phuket Province,

IWA Regional Conference on
Opportunities for Water Reuse in

2018 Thailand Southeast Asia
Querétaro 1st Latin American and Caribbean
http://www.lac-ywpconference.org/ 5 - 8 November 2018 . Young Water Professionals
Mexico
Conference
2nd Water Energy NEXUS
http://waterenergynexus.org/ 14 - 17 November 2018 Salerno, Italy International Conference —
Supported
Brisbane, Nutrient Removal and Recovery
http: nrr2018. 18-21 201
tp:/fwww.nrr2018.org/ 8 November 2018 Australia Conference 2018 — Closing the Loop
http://www.iwadp2018.nu.ac.th/ 19 - 22 November 2018 Chlang Mal, 3rd Regional IWA Diffuse Pollution
Thailand Conference

http://dechema.de/en/industrialwater.html

27 - 30 November 2018

Frankfurt am
Main, Germany

Pretreatment Industrial Water —
Supported

Vadodara, .
http://www.iwa-rmtc2018.in/ 10 - 12 December 2018 Gujarat State, IWA 6th Regional Membrane
. Technology Conference
India
Manila Efficient 2019 — The 10th IWA
https://efficient2019.org/ 13 - 16 January 2019 Philippines Specialist Conference on Efficient

Urban Water Management
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https://8thswimpoolspa.sciencesconf.org/

19 - 22 March 2019

Marseille, France

8th International Conference on
Swimming Pool & Spa — Supported

http://www.wasser-berlin.de/en/About/

26 - 28 March 2019

Berlin, Germany

Wasser Berlin International 2019 —
Supported

http://iwareuse2019.org/

16 - 20 June 2019

Berlin, Germany

12th IWA International Conference
on Water Reclamation and Reuse

http://agro2019.itu.edu.tr/

19 - 21 June 2019

Rhodes, Greece

10th IWA International Symposium
on Waste Management Problems in
Agro-Industries

https://mtc2019.sciencesconf.org/

23 -27 June 2019

Toulouse, France

9th IWA Specialised Membrane
Technology Conference &
Exhibition for Water and

Wastewater Treatment and Reuse

http://iwa-youngwaterprofessionals.org/

23 -27 June 2019

Toronto, Canada

International Young Water
Professionals Conference

https://www.adl6conference.com/

23 -27 June 2019

Delft,
Netherlands

16th IWA World Conference on
Anaerobic Digestion

http://eventos.uva.es/23274/detail/iwalgae-
2019.html

1-2July 2019

Valladolid, Spain

IWA Conference on Algal
Technologies and Stabilisation
Ponds for Wastewater Treatment
and Resource Recovery

http://www.iwa-network.org/events/the-

The 11th International Symposium

Y okoh:
1 1th-international-symposium-on-water- 9-11 July 2019 OJ; :rina, on Water Supply Technology —
supply-technology-supported/ P Supported
Aalborg 9th International Conference on
http: . . 27 - 30 August 201 ’
pi//www.spnd.dk/ 7-30 August 2019 Denmark Sewer Processes and Networks

http://www.iwarr2019.org/

8 - 12 September 2019

Venice, Italy

3rd IWA Resource Recovery
Conference

http://www.iwa-network.org/events/20th-
international-symposium-on-health-

related-water-microbiology/

15 - 20 September 2019

Vienna, Austria

20th International Symposium on
Health Related Water Microbiology
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