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Abstract

Water Distribution Networks (WDN) are amongst
the six pillars of smart urban infrastructures which
can be managed without or in connection with
other smart grids. This research uses an adaptive
study to review and compare the approaches and
international experiences of smart WDNSs. The
comparative results initially verify that smart
WDN can relatively reduce bursts, leakage, and
the reaction time required for operation in
comparison with SCADA. In addition, it improves
asset management, social awareness about water
consumption, the satisfaction of users, water
quality, and the revenues of water companies. This
study also outlines that smart WDN is a
multidisciplinary issue and requires consecutive
steps for implementation as described in the Spiral
model. This conceptual model is more like a
roadmap. It introduces a methodology for
upgrading SCADA to smart WDNs and
illuminates practical steps, in addition to the short
and long term scopes, toward integrated supply
and demand management of urban water. Here,
the proposed methodology emphasizes pilot
studies in different scales and conditions for the
validation of integrated software-hardware system
prior to any practice.

Keywords: Adaptive Study, SCADA, Smart
Infrastructure, Spiral Model, Water Distribution
Network (WDN).
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Abstract

In recent years due to water resources scarcity and
increase in water extraction costs, more attention has been
given to water consumption; specifically, urban water
consumption as a more sensitive and high priority demand
with high costs of supplying. Accordingly the water and
wastewater authorities are directed to modern water
management methods including water demand
management policies and water conservation. These
practices and policies not only have widespread positive
and negative effects in different aspects, but also by
affecting the different components of the system, can
make more severe and immense effects. Amongst the
most important aspects related to such policies are the
social aspect and the main stakeholders of the urban water
management, i.e. households. Thus, the purpose of this
paper is to address these different aspects by reviewing
the requirements and obligations of the integrated
framework in assessment of water demand management
policies. To this end, firstly the importance and necessity
of assessing the water demand management policies has
been discussed. Then, different approaches for integrated
environmental assessment and management have been
introduced by demonstrating the main implications. Also,
some illustrative examples are presented. Finally, the
agent-based model is introduces as the integrated
approach for investigating the micro-level social
interaction and assessment of macro-level aggregated
impacts.

Keywords: Agent-Based Model, Environmental Impact,
Integrated Assessment, Water Demand Management, Water
Distribution Network.

ok 4yl
OMalé 4 Ui (e 9 pole
AR ) liamo FF-15 Olonivo (F o ylacds ey, JUo

$9y0 dlie

&l 942,80 ez )le S Al g s g Ol I
Gt &1 Lo Cy oo Gcawlbow b))l o

ko 7 yg3 yauo awild T ol Sgramne ! Ll Lo yoes| g
"l 3Lt o Tl

3 ol (cwdigen — 0l yes (pudigee AL (6555 (Semls -
ol (L el oSty b (glaoasials

Ol oRils ( £8 oaSiils s ol pes (s ouSails sbwl =Y
AP

o jlanze (cwdige —plpee pwdipe 2B (uliB )5 gemiils S
ol (5 et Kl b (glooaSiails o

mtabesh@UL.ac.ir : Joe! ¢ Jsius oding %

VAAN VTS 12l s &b
VAR FIY e ol gl
WA P g
oyl LB 5 T ezl ©

. o>

v

Jlazinl laai 3o @ Gl g @lie ad 39205 23 sla Lo o
0,5 8 dxgi 0y50 yliun O] Bpas gaoge a5 Cuwl oad sl ol
598 4 S 55V Cuglgl g Sl 5145 (b ol B pas ofga
O gpoge cnl sl Fansa p b g Sl 95 0 oo )5
o e abo Sl (g poe leoged S [, OWSB 5 Ol Cnio
g Sleladl pl .l 00ld g ol B e ;o il gmdd o Sleladl g Lolss
ilitee gloaiz ) glod s ite 5 Coie Slas 5 4 lacslas
5 b ot e gl32] 5 6,08 51 b aileg o Sk wiylo sy 4o
dodizr ol (ot 3l (2 e i il Lo |y Slas () 1S
el (S o) o s imy 0355 ol bl laiind 5 elaiz] ola
9 SLall oy & 55500 Slegdge ay (I Allie (nl Baw o001
Sl b))l o ez g 4z lSe oz )ly S Al o by ,5
Tl cllie ol o el dante glodac> 5l o0 o slolss o poe
Sl Lol o pae slacabon ax LS Dbl Cuenl 5 &8 4
ol owon & vy (nl o ol pealas LI L G 5 600
@edle Cosload als a4z Lo 2Ll A o @y sles S,
ol Jale Joe Cales 5 s 0 ol e 5Olid ol sl 5
oolie S98 Sl 0976 (o) 2 Sl S3lwaz LSS 950, Olsred
S iz slaac (orex Wil S5 Olad b)) 5 sl

ol lwaz LSS ol Jele s3le o


mailto:mtabesh@ut.ac.ir
mailto:mtabesh@ut.ac.ir

Olyen g (Ll Ls juos| vw
I

g as,e yu Jol el cpl a5 0og Lolas g paws £98 5l S
30 5550 gl awl 00,5 g Ol s hesiws | Lolas
gloair doabls (nl drwy Glp GpSereas sl
slacr oz | dadna Ko (arwg 5 o)) soladl
anwg SLll Sae g Wl ade s damacon; 5 eloxa
Fniloler lag ol ol ol oas 4133 000l 7l
loss CoiS v 1ol (ol el wad ol e
(bl gla Lo b b 5 O @js 5 (el sloes o
oyl 5 bl Ote Lany o lapmaciny s 0025 Ol Lo
A dxgl pas Dygo 0 g el S o0 3 bl jo |
ool wsllas S e by ad aisles 5 sauad dagl
dor gt ol Cupas oje o Ol Lol 5 ae
Ole b ablis )3 pliwd 230 Wigs o o5 wien ool
Al asly ol L )55k 5 ol
1 Slladl 5 lacasbons 5| (rpmy oo s e T e
oS e oz 5l (65l GBS 120 5 3l 5 3,5 0 )0
ol sl o g i ganldl (ke wsalazl (elazx]
bulpd )0 jeti g e 2 lad Jloel b aillyi oo oS s
WS 0j9> ol o (pladuiliw 3614 jgime |, Glgie 09290
W3S ) alie o)lse e Sl 2 5 Glgie (5,55 g5 45
Ll o] Bl s icwolow ol 3340 51yl g 31 o
Sonr bl )3 a5 0552 (nl o (Sl o 361 K08 (S5
Ol Losditons Wlgiioo 0500 2l oun] 5 95250 Ly
wals a5 (5 ok ol adls )0 ) glos S e 5 ue
oz 5t ol slaable glizt wilg o > Slas ol
5 ol Abaia DB g 5laer 4t Ol gjy b
wilgs g0 Dlad cplame (13 Sboos |, OB albabas
Sorte b D Sy 9 9970 S e el b add
(e 2l e ojs 0 500 gl isd e Ll
55 (0 ee) algils | Ol (EalS' 8 pas osas 09,8
Joel b cos o 6500 pee 09 ol azes s
Oled b (S e ijlo 518 (60 Ol Sy e slaceslw
G arg AT W b 03 50 Shel (Oliigd) olylog S
5 lasiymely Bse szl o gl NS,L 5 s
Ll Coatl Pl (500 <l o pae slags IS cunlws
5 05,55 () sl Ceranl ol a4 5l o Joils i
wlgrad o la)ld) 0,L,0 (S i) b)lgils (513, 055
Sy 9590 50 il 63 05050l 5 )S5 (V0T 5l e blas
5 bledlnSe (¥ 5 bl Gl (oogee (ipdy poe

doddlo —)

Ol 558 a5 B o i Jasie o plojle lallas
i LT b el ailisysls puli o ol> IS
als sl ailate Y+ oV Lo ;o "(IPCC) ouldl ,ois Jsollipes
Ol Cumox 3l aoy0 gy 090> b TMENA) i 31 Jled
Cod Gaddy (o ol S 5l as 0 SOl (gasen e el g
IDRC, ) sg aialgs oaldl &l i | b slacan] 56
L a5 el o 5l Sl 5 48,58 50 laimggy (2010
Ol b oan] jo a8 (iblis o ol 545 (28,5 8 & azgs
Vobe Jlo b iomor gy o) 50 9 ol inles axlee O
oo Veoe Gl 2eS a4 a e ol dili oge 633
Loolnl )9aS Geizmen (VTAY ((iduyia g 0lm) dyo
oy 50 iyndae YO U VFe sgu> aVlo o)L lawgis
SB ojlal 4 g9z Y5 Comge 5l a5 Coul ozl bl
Sid bl |y o] Coluw 5l (glodas Caound g diuns S0 1o
6o yedly Sl g (g ,aeliy Coslae) el 4 15 LTS
3 Gl bwgie 4z 1Bk 5HOTRY (5 s Sl
b bl i Lol sccol Jlo jo o L YO+ Sgu> Sow
c2ge Eyoge (pl &5 W)l Jlo jo e des Ve 5l RS
Cool 00 pdiagasy ol mlbe 31 oslail 51 s clls
39S > sl Jlo o plply (Keshavarzi et al., 2006)
ool el il Jlasiw! slaas jo oy Olidl g b wouls
2560e) 025 )18 az g 0590 ey ol B pan £a.d90 45 ol
dgaz s lpl 0 Ol Bras IS 51 ax S1.(VVAF () Kon o
S Lol w098 0 o0l olais! S Ol (ool & doyo #
Sl 10595 2 e Cuglyl 5 Comlas Sl s )5 b &
2 e glasnlp Jols 5 YA (l)fSen 5 i L)
5 Skold Keshavarzi et al., 2006) <l (5 Joduzn 5 432
OYAA o) Son
a3 (ZuiS g CueS bl 4 6508 O Conl cnlplo
ool Ll ot 50 dgame ol gl o] el (YL
Slgsb oS glaanie 55 ol Slhess Wy 5 95zse
e Jio 235l (2l wlio 5l 6 Sose 5 o Ji! canngs
LoylSol) cnl 5l (B Tseges GEndy pae 1 g edylanels O
St Soged Cwwdy |) ONSL 5 o Cuoo Glsie
G pan 4 ailigzad o Slaladl 5 Mol Sy yoe alex 5l oz
ST s I o roe 3,55, el osdle Casl 001 Ggms ]
5 (4058) el oo £33l S s b ol slaalols

AR Qe oF 0ylands comy Sl

Mol g O (oo 9 pole 4w



St T Lol oy e Gcaslw b5 30 2ol g 42, w2 slr K &) G y356 9 wlol
S

wlgzad o boaslyy ol g Lolis Sy e 4 b Cesl 03,8
ozl bl 5 ol asanS ol o lsisas ol Bpae 4o
S8 Lols ey pae (Baumann et al,, 1998) w5 (9,
o2l b oS o gz Jlas b o] Sleas o 52ty 45 05 o0
eal Cagb b B ey camlin Jolas 61,81 el 9
7204 e ol Bl Wlgioe o Lol o pae
Ol Srilarzs (mio )15 O (5als VL slaa s (Il
B yae mals (Sl alS (gl o e slaan e o ralS
A5k azils ol ey 1) (55,1 sloaise 40 o524 y0 50,5 O
@ Sl Glgea a5 Ol slols ey pow (Cheng, 2002)
4 e g oo sl ks G slame (55l 5 T SgeeS
S 2l S e 059> 50 3aallS g 50 lais oS e
lae (590 SUlS Ban g paie dw Jold oo ;3 5 098
@ gltws 6l (1T ol e 5 (LSal) il 5)lnk 4
silie slacenlow 5 Sleladl Ygans «ol Lol 5o o oo
g 50 (Sl ¢ S Alwd g0 4y AT 9l 0 485 S
4wy pd slacesliw 5 TOT Cud 4wy slaceslow
5 isel (O 5l le lacuslew ool (IS jsbar Mol el
G pas slacusgame Jloel (Y (s 5loSon 3) V' ogec 25T
5 o) Grae )0 mszabio s o 5l cblis wlladl (¢ VL
e g LEials A YAS Limllo 5 s lail) o a8 s (F
KRS

Ol Gk 5l lgie & col ol siledoe gl e
olplo (Grigoryev, 2012) 5 5 > |, (a8ly slis oMo
s (28l sloo slo Sasoes 3l slrosms jusled do o
Grigoryev, ) &l (5,55 Sauzn o 4 Cawd o)lgen o
=8l sbio o GhalesT @ Glgisad )lse 5l (g ko 55 (2012
5 0055 Ol iSle 1Sy calie gladool, (8L sl
Lo SUolhs panip am 5l i ol Sae Olpeis ol
&S conl Jl> o cpl «Grigoryev, 2012) wil (Sew e S
slaogz )l B 3 487 (e Giuled 6l (2L, sla e
Jos FaET 5 Jodmmin wias oo laled |) 953 (ele
oo S o Ty (Mg slos jl8, (sileandt (6l 5 S (oo
Sl ol i)l s plul S5 czrge a5 w5l s pal b e gims
O U gilkae (Doyle and Ford, 1998) a8 oo ol j &ilads
OBl 45wl S5 (6 pdy S, b a5l ae sloo
2 pslise @l d 1) lap] Co e 5 oMt S

e Sl Wlgi e 4 Ll ek s genly o Loy Solaponss
Ol 0 s a5 (g9o0 4yt ails o ol 6,500 s g
S 9 Ol @y 4t Wi oo Sleladl &S ol I L56
& 5310 9,000 51w 18 5l o G 1y (S e 095
5 Cewbew S5l LU sladely Wilg a5 Slegoge (i
Sz ol oo Sl E9090 S (o) | Bl Sla]
4 litwd pae 4 e Al e ladsly iz 4 429 pac
Sl )3 5 ety Sl jep (S 9 Celow SG (3890 12
YA e g bKials) 098 55 6 o S
ablis o (Slision wad o)Ll Slegdge Cuoal 4 axgi L
b)) ey 53 Old oBals po Wbl (i)l g 658
Gl sloais I b o Glolis cupon glocosln
i 50 5 oad iy a5 golatdl 5 e (B eloiz]
2 690 byo alin () Bum a5 ol & a2 g5 b 13 el ploxi
» el 2 ely S all e 85,8 5 DL
ol 50 el et Of ol o pae slacils S5
bl Sloldl a5 058 co aiBls y  condlin by & lail iso
5 a Ll gyenl Sl aiiee Cez ol RS USS 0
5 lwdowe w5 b Tl Lol o pae alex | cewnlin
2 Gileaz e 5o 5 Comal 5 il M isjleaz LS
b Lol o bl panlie a5t j oo (glacionlo L)
Slad,Sag) & B9d e A iied G20 £9d9e
iyl 1 TAAM) 4z )LSs (s5ledas 5 bl 25 & @,
5 p9d 3l 6 ASe) Ol & alale SLIL 5 09t oo o)Al
wlop 0je cnl 30 42 LSy 5 el woz )l o ALl Ceal
355, Olyear Toly ele Joo 5 cales 0 s
or Slp s ie Slidss [y eslinul 850 (giluaz LSy

SHp olad byl g el pbde SogS SOl 0g

L gy 9 9lge -¥

Jols ool Lol o pae i o (Spao) slolir &y ko
slyp JiS 5 Sialea (anilojle (sipyaeliy 5l ganlp
Tobw J5uS lp 05750 sl Il g B rae gloosd olulis
auyd g ol 0geS (VAP (iol) col O] Gpas zals
e |y (OLgie) bedss (ol el slagsb anwgs VU

AR o oF olauds oy Jlu

M g ST (ki 9 pole 4 pi



P =
Hieo f = — \
S 3 v,--"'\nnn ol W o
B D -
[~ B " Ladds slis o
OIS, b pls)

R
; iy Qmiﬂll!!‘;

o

(Grigoryev, 2012) 3w de bumo jo 28y slis el Suilods (i les —) S

Slp arwg Jb j0 iy, a2 LSS gileJoe anil wlazsl
e slacols 5 Lo,k (ledlbl 0,51 v25,5 5 aezs
Laid &5 Sglis ol g 398 o0 4185 lis Galises pgle 5l a8 ol
asllas | Sslite slapiums 5 CBlaal by ] a8 canl ol doay
lagisya ol &5 col Jds cplay oSl iS00 (o)
S ST 5 b bide «les 8 dagl 5loslainl L 5 iz
.(Voinov and Shugart, 2013) auS co Jas Sglae
S pldse b il LS sloo, Sy, L Lo
Wrmpylae oz ) a5l (ormwy ek )0 0l
olazdl

aily 5 wlasl aswy (opf g « 59099002
095% ) e Siaie slaanlp plesl 5 uils (o5loaz LSS
e e 5 o5 Rl i Wl sy coz )l S
Cople S0 5 glaz LS sla Souzmn oLl 4 SWS
u_gl.i)')l ‘”L')Lv_é.;.lé L (ka5 g bew Judow g 430 ‘LQQT
gy 9 Blad (Lhg) 4 bt o bli)l By 5 byl s
@x Lo byl o playlnl bl o i 4 5L aen
3)50 Ly 9 (6 S el )0 (ohSu Sl (6l (glod S jsboas
5,555, b Jow gy (Kelly etal., 2013) el a8 5 18 sl
Ulg &S ax LS ol s o poe siledae jo ly 9 Jyore
5 &b 5l Gl (leaz LSy g el Sl Sy S0
Algl oo g Wb b Jaw dnwg alewg |y sasie gladis;
oahd pae Ol g dlfais slo wbido «polie ¢ Jluws
WS e 5 1) el ed &S jlie g apo sl 0> o
sl Jow EY\CQ._»J’,‘,.; leaslis fww <5L°L5'L'9" )| o le
Yzjm —ui..ilo (_gl.ch..\.a 9 uL**’ J.ALC (_ngJ..\.o Emg_g..\.;m <\.aJ§.,o
Kelly ) (agis oo i3l 55 Vo s lapiunw lgicds aS)

(etal., 2013

saulp  Giledee ax ST ab ilear LS

Lol sl 009 (yuiione dz g5 0590 45 Canl s s jlaisee

Shlus g OIS ol g Gle L8l a4 axg L
Silodoe 5 2l &Sk S s S (8 50 S laee
Parker etal.,) ol a8l iolidl oz g5 BB lime 4 ax LSS
i slacwlen lwosls 5 2Lk s sew 1 (2002
s a1 Gl el Sy wieils (g slae
ol Gm oz Dl (solal g eloizl oSG d9)
SNV NS LY PRI NI R ELS RNV L gt
gl Gl (S5 5 (s o Blanl 5 pelai! csolasdl 3
Wb b swmiin ms ol @l Olpass o
i 5 S (25 5 ey Sl Mol el
&9 Ol L g (late cdél g) alize Blaal e v‘oc;
Al (Sl bl 4y e laieas Ban S 9,0 Noas
Sloy oole 58 (gie 9 Soe S Cenl (Stee 503 (9
s bl b ol laecen; Sl ams &) Oslite Lo
S 50 e Cag) B bbans U o)lge (S p0 (>
S8 by wiS o0 jop S ezl g soladl glaassa
a5y AT ol o Wsdioe 00) (e (S yiien
Sl 90> S Ky G b)) S o)y s,
orlpls (Kelly etal., 2013) 5,15 5425 )] 18 puonas (5 jLwolST
bame p pi glacadlsd Slpdl pSeiz (I3 L plojes
b &S obaptars Bl g 45 4 el o)
Lopinss (nl 09d o0 S (525 835 (00 323 | pole 5| (ormmos
2l oo o Wigh hrogi plaoe bl 5 wiis Sodiay
039 Sgliie oy g b liio (1l a5 alises glizl Jols
rss psle (sloaiza 5| iline slosSl 5 Sl b olal

ITAQ o F o ylod cpzxiy Jluo

1

Mo g O (owsigo 3 pole 4w



St ST Lol o paw ocumlw b3 )0 olr § 42, waz)ly SO &) (B9 p 5 Slol

03,51 o1 Ggalymy SOales 0975 5 Jlio o 4y bgyye S L el o Sl Sygpe Sl GHob Ol skiea
ol 00 (e ol (Lol o pae slacuslew 25 ¢lp 4z LS

Lol 5o (F 5 ¥ ol US) sl 00 @l e g9 Lo ol o

a5l e ol alist
o pis
k- r
Slaedl b B eme (g8 s SRR L [RIgN PR PR R |
A g ks sy ad calEiES L 45 s Lk fals
v : i S ; L
= NS sl
Pt lelm bl » “gr-.‘p-'.;JP:.':‘;‘; . sl A P ’Jﬂ""'.ﬁ.m‘:h "‘ :‘:;1
2 vt o+ i 2 - y STT1E} ;
(g s e g gn; Ll S S 2
Ala)
e hpadlacsd (Rt
RIS
(1 Jlio JSib) rdir 1550 5 aSud o HLis aslal 51-Y Jsi
.__J;”S
: ]
TS el o e o S At S pilen § el
P L’)-m 1
. 1 Sl
b an Py < o
A
* A
o Al s 800 i | eiaten by i | geduafon |
B AS B s sl S ezt i
L |
T —
Hesbicala 00,90 555 ) »
sy S ol
a3 e LS sl
¥
WD 558 LLg| nesthag 2L =
gt il g Loy $lad!
A (Sapepp SalS

|
(F Jlio JSui) bair 1500 9 ddlain Sy 40 T SgaaS 31 -F JSo
e

yvaa ulw) ¥ oyl e ) Jl Y. g){'élésgi gs“’"‘“'@'“ﬂ\“sh A gl




Olyen g (Ll Ls juos| vw
I

Kelly et al., ) aise sgue 1) oyl lae ¢ Jelge o L
Al & S e ole s3loas 5,525, sblze (2013
& pwdia,o Galan etal., 2009) 5o Le g5lo Joe slo g,
(VY40

Ban s Sl (b)) FoHdly 9 3L Glo 4 s -
D900

A Comez )0 o5 S and bl (o) G e ISl -
S R U e O
Sl (LS yef O g0 | o fole 5 Ligsszrse g oo
(a,S

b obdla slabaos 5l Slad gz pe Gialed Jlesl o5l -
(s oo |y il adly Ul

(S oo wolyd |y ame SBllsd (gle Joe Sl -

555ee oo )3 331 s 3l it (sl Jre Sl -
S o @l 8 1) g Sl uleiie 5 e sla i3

5 or b Sl oS Iy Gep &5 ala)ls) Wi e -
e 3 wax lagsll plge 4 oS 4zl g S olules
Fob haw 50 Jolas s 9 08 (o0 92 e S 51 VL
s oles | ol

Golgiinn DMl 5 0gdll il ey a4 Wlg o -
tuled Jlael Joo jo ) oladiod 9 lanse

3,185t slul oles (g b osS e maly2 1) oSl ol -
(sladlaie o cloixl (golaldl slaacs alox I axly Jow S
ol orlple w88 Sl 0 1) 639k a9 (SeleSS
S o ol ] gl g a4 LSS

(§eiS (nl )3 eoleiion ozl Sinl @ az g b cnl e

Oliisd (r S bl Gl bl sla)lis; olulid Jlisay
Dalss 3la e g (eloizl lodsi (o)) G0 059>
Al S5 55 0151 (56 Sl ool 5 908 o ol S5
Joe 5l @leaz Lo sl sl S5 el o b
o9y o bisele (g5le Joe el oo solazwl ol Jule
50 &S ol loial glaonsay i iuled sl g3lw e
e Ol e9)See oliiie )3 (3l e slagts) nlo b anslis
i )3yl SIS, e L, Sl pasine 5 (04s))
&8ly ,o .(LOpez-Paredes et al., 2005) wijls (g5le o
a3l Slabw adlas Sl ble s3leJos
Heckbert et ) aiie Jols o0 K05 L (Glawal) Koal
Ly, T b 5 0yls L8 o] o a5 awss o Jelse -(@l., 2010

S S ez =Y

as usl;)o u‘ﬁ‘«s" ‘l>u)| G ooas c)L.u‘ Jlas (G L
O Sl Copae slacadi a2l il sliies
aS Sl Jae l eolaial 4 5L i sl 5l g ed
sleJow e gl 093 o |y Galize glaacs b)) wilss
s 51 S0 Sgnge jsbaiedy Ol ele g piaen slaobsy
oSt Joas geoge onl taitad coslio ™ elein| 150k 4
slrar Joine g Jlotol @l 5 lob 8 (o) @ lagty, o
Ml 4 Yl 51 e 4 IS olfS pi slo sy slo e
@ o0k 5L US @ s oSSl Jele sla Jow jo Jg e
@ lp boakly jo 1) (soaxie slaad b g nJas wims
Sezg byl W Cad hxs Sy a5 s 3 g0yl 8,90
sl sl Jele sl Jow 45wl osls ol pizmar 00
Sy b o sleixl 6 50b Glp ol L
EMalas g anT s o,bye lus s o] o 4 aiies blaow
‘QT)" 05)19 Jafij.'aa ).b ‘) ‘Sx.o.au L» 9 63)3 ulj.»‘ J—*—"}"s"
Sl g ol oLl o OMles (g5lw Joe 5l Bas sl
Sl an S opcmlie plndele 9,509, e (oS
92l ol Jole (g5l Jow (oo (Kelly etal., 2013)
SLIFIL a5 1) ol BB laghs) olsn b oS (o0 L |,
il asly cilhe Jasredan ) Copde (gile Joe dasine
b awo oo o3l las Jule (giloans Ko Ojledy 0,5 Jlosl
byl jo oS clar! slapinw 4 1) ciwjlae sloJoe
Sloley 2ds a5 glaigSay 0,8 faie awl odd anss
(M550 lidio 19) (63,8 Slogaai 7 g alibail 5 eloz
‘u.:‘ ﬁ05)l.c ow 6)L~.:JAA w).‘a.*?u w).:d.a BN ‘b‘ﬁ"¢5°
)‘ dd=io LSLQL)AJL\QA O u)l.al;u Er 9 axJlUas o)L>‘
oz gl iyalbil Gl STy o) ()l S el
a3 oo |y (S jlanms Co pae slaculiw g lalaos yoss 4
Glp ol Jele sloJoe (Hare and Deadman, 2004)
S comlie jlows o e laiiiy il g eleiz] (6 250k
bt 5 )3l 5 o3les Sl 5 135 (5T e
390 SuiedeST - eleixl b golal - claxs! slaos] s
Dlate Ol 3l g Oleolas 5l Jol> Sy0 U 6,8 o 1,3 ool

1A by o o lous cpaxdy JLw

Mo g O (owsigo 3 pole 4w



e T SLOl oy e Gcaslw b3 30 2ol g 42, Cazslr o &) G )36 9 wlol !
S

P b oS, gl owyp @ oypd g G iluaz LSS

D908 @2 el Jie Gl b cnl egdle canl oal ails
L85 Dy altns 5l 6 5BRL plar o g ala; (] 50 G
Gl gy )90 a5 clllas (gatze b asll o
sl Jow Slaogas 4 axgi b g ol a5 olBasls jo oadicay a5
e a4 (i Ol Cupae laShy 5 siluaz LS
e Szes Dl (Kl (omyp lp & plndele
5 e gloacs whie Sy olas b3l g elesx
ol 48,5 18 oolazwl 5550 allie cpl yudiore Dladss plox]
i ol s o,lil 55 cpl 5l i &S jeblen ol aSls
5 6550 ghlie > o col Gl ) slosSr o byo
Clocinlow Sl a0 ol s oBiils jo o)l swlils )l
(# eleixl Gl glaaiz b ol glolis oy pas
1 cwl pleil 50 g 0o oy i golaidl g s jlaoxe

im SVl 5 5 00t ol gsde uadl b allie gl o
A ..xn>|9:> 43‘)‘ alisee (_ngw) JERE% raL?u‘ ulﬁ...o:u C"L"’

bodg o -0

1- United Nations
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5- Water Demand Management
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9- Water Demand Management
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12- Integrated Assessment and Modelling
13- Agent-Based Model

14- Price Policies

15- Non-Price Policies

16- Education and Public Awareness
17- Water Restrictions

18- Feedbacks

19- Side Effects

20- Trade-offs

21- Distributed Impacts

22- Analyze Alternatives with Stakeholders
23- Systems Dynamics

24- Bayesian Networks

25- Coupled Component Models

26- Knowledge-Based Models

27- Expert Systems

28- Social Learning

29- Top-Down Approach

30- Bottom-Up Approach

31- Adaptive
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Abstract

Minimum Night Flow (MNF) analysis in District
Metered Areas (DMAS) is the most important method
for monitoring and estimating the leakage volume in
Water Distribution Networks (WDNs). An estimation
of night leakage in a DMA is calculated by deducting
legitimate night consumption from MNF. Therefore,
the amount of household night water consumption is a
crucial parameter in determining the leakage level in
WDNs. The household night water consumption may
be different in various countries or even in different
utilities within a country. Therefore, a precise
estimation of household night water consumption and
use appropriate techniques are required to determine
the volume of physical losses using MNF analysis. The
present paper provides a literature review on analysis
methods for estimating household night water
consumption in different countries, their estimated
values, and the effective parameters on the per capita
household night consumption. This review could be
used by practitioners and researchers dealing with
estimating leakage level in WDNSs.

Keywords: Household Night Water Consumption,
Minimum Night Flow, Water Leakage, District
Metered Area.

ole 4 o
AL 4 UT e 9 pole
1vaa QL“M) Foe-VYF Olxiao F o)Ln.& ) JL"’

$29y0 dlio

@B s..:‘l—dﬁugé,a.ot\.ﬂ).w)‘u\iow)ﬁ
alizeo gl gis 5o

olesl 3 7 eoly ool L Lojaaze 559,98 Olg2
¥ b

5 @l uaie —ples pwaige ab)l B semails )
g ylae 5 O (ol pee (cwiige 0ol ( Sy slaojle
Ol sl st e oKl

5 2l lpes owdige caSisls (BB 5 Ol 09,8 Glasls Y
Ol OIS (i e oKy ey s laee

Ol e owdige 00Sils (ol -yl pae  cwdige (5 5SS (Gozeiils -
R T T S e e
m_jalili@Ssbu.ac.ir : Ll «Jgtme sdiug g

VWAANYNN sl s s
R CCVRR 7 SN FE
VR YIYY iy gl
Sl LSl 5 O ezl ©

. o>

v

i e gpSeslal g Gl slaghs, Griete S
dgil @bl o als Blax b,z s ol g8 slaass
Joie oS L eyl m o Al i Jade pradS el o
Slade 1yl oo cawody Ll Plas b > 5l bl jlre B pan
PR AR ETSCN KN IR L AU SEE- PR I-JE N
3 oS s el Bl 4 4 L el ik
2 S ald gl e e coul (Ses 925 0 oloiz]
Ol e 5ol pliy 00l Sogliie wilizes glojsiS 9 Gblie
el @l by PBlas Jolod S5 @ aSih (658 s
cilie (SlacSS ) eslital 5 S Wl by s polie
ous plnil Slilllas s (59,0 pol Allio .ol (55,0 Ol Sl
layeiS 50 (Kb S i Ol Alis Bras e jslaieds
0 o1 Glsee 2 f5e Jelse Grizen 5 o be, b (sl s il
i 0 o Kk 5 e oalitul 5,50 W55 o llis oy

255518 Sloyol slaasis jo

Jas (S S ie O] alis Gpas oS slaojly
oo gl glime gblio ol s wiles b >

e


mailto:m_jalili@sbu.ac.ir

O 9 539,95 ole
e

ol céj0e b b e gl coled laml a5 cl Yl
390 Sloyol ais jo aBly cd,y 00 L bLS )| o pgasa
Loy T s b 5 3280 (e 031l 4 Capd 519,257 )18 Lol
oS 5 Gl Sl S92 g0 S bg,y 0 S )90 0¥ el
3550 Gtgy Tl Jolas o, 13l il le (adly 28108 e
) Caild ol Sl el hsy o Toutd (slaadlse
(Fanner etal., 2008 \Y4) .00F
Sygods Sotd glaadlie oyl 5 O Jolws Jgaz (b,
Jlas Jdow oy, a5 Jl o isd oo plxil (g x80 Slalllas
Ll Sl slas,Sojlul § Olalllas wojls wwiless oL >
Pouiscs pSoslil (slizme (g b sloaSied 5 Ysans g, ol
lrosls jleceis Jlade Sbj,l jekaedy (g, cpl 00,0 0,8
Lolas Blaz loj )0 oS 4l ay (699,9 (b, 0al(g yeS o5l
Gblse 10 (69959 b, Blas 05d go eolatnl was o &,
ol g ams o 7y ol F U Y slacelo oo del (g 0
Wi Hlade ases jo g Plas liedy (S e B pae (Do
>l S w6095 Oluz 5 e p b g vles i
als b, PBlas 6 uFoslasl 51 g ) S asile oals gl
Al ales cuis jlade )] 5l ailss jlxe Bpas Jade S g

(Thornton et al., 2008) o ,51 cowsds o)lg5 o 1, sais algj!

60

doddlo —)

ol drol> Sl dnwg j0 S5 Lol o551 SO ol
5 38 3t Jalse 51 (S0 (il 5 Ganelsl DT &y g ptaas
slaalls Gk jl a8 cul Sl Comex (IR )0 s
IR oS JE QB Spae LSl s Sl ol
lag] o 'Ol slacs ) jue ke ( Sl ol slaass Edlaxs
FO 0g0> cdrwgs Jb ,0 slo,giS 10 04ge el Gubo ol
(@i SBaSd jo cutd Bk 3l ailisy ol coate (selee
Voo vgum 4 Gloyiwas gl o sl ez (nl 457 09,00 00
(Kingdom et al., 2006) <l S ;& yguleo

2 3l sladle o (ppasa Of 05 altes olnl 5o
Pl Gl 05 e wgmme 1385 O o IS Ll
wgioo Jbo g ol wax b ol el Tael e
oy 3 & e ( Sopd sbald) ue hals aS g sba
IS Gy 1 3 e sl T i W polie 8 3
G2l 5 ol 5l el sl wor sl NS ale 4y 5l
g ce ML 5 O glacs i ol slaanse

il g o] als slaclls Lol clapls 5 S
Sloyol GaaSs ;0 28,08 4 bgs e slizl g eatlie Sy
Loy T 51 s 2 s b 5 3280 (55031l 5l il Jga

e

4]
(=]

30

T\

&

408 p A i 0Ly E9
(]
-]

20

10

o
g 8 8 8 8 8
s § 3 g8 &8 &

S pLod

- 10

(Thornton et al., 2008) il oLy JSlos Judoi (gl g i il YF (550w Juo —) s

el L.S)Bj‘o dJJUaA\b)yo

Oy, Oledllae 3 (55900 Y

30 S S i alld B yae il Jlade i Al o

ol s a5 ol sud pll ilisee Slallas « odlip aha

Al OB e diljs ciomion ills b > Blas oo jo

S 3 S 3 sl el G s 51T (S S ke O
5 2P sl ol 4 axgl cwl cuis laas
IS alis sl pas jlade conl (Sow HgiS o cloixl
U gladhio 5l sl G o g b 500 j0iS 4 (5)0dS
Al ol e Gt 0l b sl Cglae (S dilaie
LSSl sl w@wiles b ,> Bl Jdos SeS a

AR Qe oF 0ylands comy Sl

Mol g O (oo 9 pole 4wl



Gl g ygis yo givlauT ALl OB pao il Hlodo (w9
I

159 U5 ol ol b sl ol 5o o (S slaslays,
S wled Bpan nlply webge 43S iy pln sl
2 ez o olyg, olass Cyo ol lawgie b cal ol
(Creasey et al., 1996) sla3,
ol Gleas 5,385 Hlejle NAAe ams Sl o
olaisl 5 e slaosls 5B 5g0i pile |, S 5 LSl
SIS eolie 5l eslitl 5 08 solizul dihis j2 Sldllas (gl
ocels o obatil o @il md VY il (ysman
ol sl ol o a5 Sldllae alox 51 el Jgu3 b6 ,é
b aS 05 1384 Jlos o st 2 ol Sloas 8,5 aladl s
1y oS e il slacdpms b mn (il (o 5l ool
4l Gl (ot @8ly 50 SBras b 4ol oged o3l
g5k & 4>l (509,9 (sl )5S 3l lagy] o a5 Cenl ond gyl
o ol oed oo oolaiul S i Bras (6ol
Slacdyas (npnS GBLYls> a5 99d o0 Sl slisSTay
5 w3k a1y g)bs 5 Seie o ras wile (S8
Gonaib Glea) Bpae oS Lld 4 o] oS mie
S e Sl 5 (bl Lloday 5 aslis ((Kin b 5 cslozz]
Ol 595 e gy (Sline aril anel> 0550 (sl (rmnlin diged
Voo BYee ) oS yiiin olawd (090 05 g0 40 a5 el
o ozl & e sl 535 SsS 5 (S ik
Bl 392y (Bras b 45 0ged S (Glld Gl o oL
sl il el e Sl 4ol 4 5095 ol g il
S yae (1) abal) SeSay aileds (alls ot (e s 5l g
(Thornton et al., 2008) 55 o (yunss (S (1S oo ailids

Domestic Night Use (DNU) = MNF - NNF )

Silee MNF ( S5 S e o &l b pae DNU a5
alds palls et NNF 5 4l o5l j0 4l 4y (599)5 b
i Ayl ezl o
Wb Bpae eand (sl Ald ol o ol adllas
ol uls des 1ol aid S las s el g0 O g0
bl ;o alid by jlade o5 Sl (nl wal Jol> (o)
el Ol (LS slez! ganaab L o) b
Gl Jyad Job o wailaie Sy 5 e ol sl pogdle
Brae il Jlade Ho53e hg, 5l eolawl bl psie 3
50 oleasl o gl ) VIO adlas 050 4l o 4l
Sy, el g s S oslul dalsl Lol 08 (pess casls
Gy Vo oA Jlo 5o Jyi s 855 doosls (5,68 1eSles

ol Slalllas .09 oo o )Ll by oy et 51 (g0l &y allis
Bpae oS ol las VA avs Blgl jo lldS jo azs §
Lgin 5 o b Canar ool (U oS e e
Oeed (1) bl Sloslainl b ol Jobo jo 585 2 el 8 pas

W9 50

Normal Domestic Night Use (NDNU) =

(POP,., x POP) xPOP,, Y

S, 50 X gl S S e aills B pas NDNU oS
LJS ZPOP “.A.MJ )Q JL‘é V\.»_’-A? M)b :Popact ‘“LMJ )b
i 4 Carez Slas,o F Lo aS el B30 G ol o
Fed Ve il (0 a0 e Sele Bras hawgie g cl JLd
Al Bpae aliw bwgle (V) aal, 51 eolatwl L il
03) GeeS Zab )3 585 ya il i 1P (S (S i
daflac 5,50 adlaio ;o leils o 28,5 Jaio b colys o 0%
2ol 4 g VY (S S e alld Bras e
B pao awgio a5 Conl S8 4y a3V 0l el Ceel jo STyl
sdgiend Ol e pz ol s Jsb 0 585 50 sl
U gladhie b jeus 3l cul (San (S8 sbacdly oans
(Industry, 1994) ws” Sglas o 3ble
Slocd pas 0511 sl (o)Ll i, Creasey et al. (1996)
Ol er P b abn SO Saedy YU cds Gl sla,gus
axb o of Gl sl asla ol Slleg jLis as >
(5999 Bl b2 Sblgi ) 5 098 g0 (258 <oll Loy 13220
e e, cnl 9 el 4l Sl Glads pan 51 256 SLlS
b olisS sy, g o 5l Slie (Kb Gy o5 39800 59
B gy Ol ()30 Jlte lsiear) asiv § Cub o
Le) (.5)"5°)“L" 0,99 ] wl.' UL‘)? JS Ja.wg.a.n 9 Cnl (u.”g.a
0,95 (pl 9 95 oo el 48B3 O LY 31 ol giloj sloosls
|y Sloj ok @+ + L ) YO Jlus a5 sl (slojluilay b
bugie p 0y 02 S5 el b Gloj 03k 2 503,550
lolayg, Slawl a0 Jolrs lade )55 oy, o>
2 silen slaolayg, olows a8 cusl T 5 (28 . oo Casoay
285 WS (o0 CexS gl @595 5l gl (Sloj slaesl
Sllogi aS T4 azrgi b wiply o8 b @i Guiliyly 5 oSl o

AR ybano F oylad cpzxiy Jluo

Mol g O (oo 9 pole 4 piid



O 9 539,95 ole
TN

0 oolaiw! b pae
Gy o3l el 5102l 5l 3 (S i sl 2015
O Sog ol o S5 4y Al
Bpas sl gblis jleolatul -Y

S S yidio Al B pan cpsd Gl aslllae ol o
Bre Ol b oS wd Jos 455 pas 5095 18 piw
BYF Olebo om0 008 e () Brae lade ( Sl S il
Al OB pan jlade g ool 095 8l 8 s SaSa olowl ¥
35 o3l o o Ll 5 lanl 815 e glis 51 STl 4
B9yl 3 S e Aled SBran (iSilee ol (s el
U5 S5 1 5855 0 e sl s g yan osnc
D S ddlllae 990 (S e

(bl ddlaie) L3 addlls alin ouls Oldlas oyl 5
Syan | ok e allid Srae polis el ol Jol>
adlaie 0 Glil B pae 0g celw ;o Oleidl o ghila I VY
D9 lade ol Wl AL O pgs adlaie 05wl ALY/
00 S oolaiwl Jdoas ol Jla 4 ol Cawsds polie
00l 003 (edS ol dchal slaolKiws 5l adlate opl (S yiie
50 ol plol Gladlas jo ol pogdle (Hunaidi, 2010) ol
Ol Bl sloadlie (e sl (delow Joe S L) 3
Joe opl elely ol ools drwgs wgpl Al 2,0 ailll
S9lss e iy adlge aw @y Alld lyr Jhe (oS
:(Hunaidi, 2010)
tdio) Cuds —)
ool¥ L eads (5585 sl Jsls) ool BB ol -v
HERWA
S e dild B e -V

ool 5 by Jao cal Do b
L1 s oo 7y byt g DLl oo jo Ll aey i @
] conliie VO ()lg b M adlaie ailids lawgie jLid
b abbes 5l ool U (o Kuuss) olas! LB olils
o35 b e s Lyt L2514 szt Sl gdaie s
LAt conlie ¢ /0
P OO Sl azgi ) S e alld Bpas hgls @
ol 4l Lid ) it (edlgs oaidd gbgcands o ()35

azsliz wuwl ool &3 (F) abasl, jo a5 Lo Jow () jo
Olsear oo oy 0 R0 B30 5 wls b2 S Glgieas T
Srae ol g Sl BB oids Gl ey ot Gl
JBlas g Soslail b gt a8 )5 s 0 Py jlid o Sl ailiss

Uil el s olatil o lilay 2 YIFR L 008 e ails
(Fanner et al., 2008) <l 05,5

L oLl Slidss Lo ezl YooV B Y28 gl Jls o
Sl 1o9tS e Slops l Jols slaosls 55T 23
55 lasdllas )3 o canlin Jlos 6155 ol ailaie Slllas
Ml polie 90,5 (ilwesly l5lsl o jo ool gyl sl
Cowddy |y i —jLid alayl) 5 asey colis « S ailils B pae
Gy b yan il sblie 5l eolinul b axlllae oyl 5o 0]
@ 609y9 Ol bl med p ad st (S e il
b slasl gz Sloy Jolgd yo ailid o3l )0 oals gl 4>l
cs Hlareds ool (g S0 lail lade JBlas GBI b e L0
69955 0Lz 5eNle dslome (Wbl 195 45 ()50 )0) AL
bl Brae (o 5l Jlade g0 ol juS g ailid o3L o Al
S o adlhs ol Jols @l b e S e
ol 5 iy S S e il sl pma 5525531
:(Hunaidi and Brothers, 2007)
il I WY g ol glacs 05515 51 ailids B pme e @
SrSoilal s elul 5 139 ans o aS el jo Cleidl 2
23 ggog0 !l iy wdal Cavsdy LSSl jeiS
Mo a5 g9y el Bl iy S (5L 55kl Jgad 5o
0 3 e 9550 pln YU O
w3 B oed 5l g BB jsba aled Bpae (g5 ole yo @
e $LaS ll b ol Jletol 4 oS oS (o0 358 00
el
)l 18 s slad ilal o3l 5l gyl 45 ST ole yo @
5 A oo sl Calites glands 15 oS l5ee 4y Al OB pae
Selo jo ot o il I WV e 5l i IS jsba
2 el 5 YAR 5 VIVA ey il 6 pme il s e .o
o obetsl o gl i YIVE o1 hawgie 5 cele o olesdl
g Sl
iz ST g g5 slaole ;o sael oty il bl @
sloss; 5 Comaz I (5 it woyd Vet oS sy 00 ]
s gy o ol 3 s Jokass

55 JblS liizs Lo cyazel Y+ cA B Y+ oV gla Lo 4o
Jol 42U 55 g 0ol Lazr) o 50 1) K03 oud gl 4l
sy yskiedy (udls S1il Yo pgo 4l o 4 VAT
VYV 5l JSase slacgoays g Jol 4l JS 5l il B yae
Al oslawl Brae b (2le lsieds pgo 4l jo ST,
ExSo3l el Lbs, 99 5 bl ol o .(Hunaidi, 2010)

AR o oF olauds oy Jlu

Ml g O (owsigen 9 pole 4wt



Gl g ygis yo givlauT ALl OB pao il Hlodo (w9
I

Al S81,8 L go wlael T U YT Slelo o ol o 50 T
Soedy Sldas ) S STl slaws fog oby Judoa
sty aslllas cpl )o aelml Jobar (395 ole o atin G
ond Sojlul gladyas I Al Sras (2She e
s S oslail .l oals chgeiz celu p I YO 5l 55 )5
WY lime 4ol o aled Gpae Sl a5 ol olis
OB STl gz gay az gl bl Celes xS yie
S e ol il Bpae :Sils waslllas 590 03guma )
ol s AYY Jobes a5 celes s canSo o VEIF _Sils
S gt 55 e i e e Ses 5 Sl el o 4
YIN (s, sbolle 51 Ol Gras e pdaiwl L)
5o (Islam, 2005) cuul ouds s Cele 5 coSoyie
Sl ales glacdpas ot ¢lp Gllllae Koo sloy5is
3 A O jpo 4l aS cal aid 5 aloil SO S i

el oo ooy ioled V 9o

Jol> (V) adal, Ps g P2 Py oglae jlis 0wl oL >

Dy s
f]T:f]BL_i_fIRL_%m
jfZT:];BL+jf2RL+]p2RD:
P 1.5 P 0.5
G ()
! ! ™

]pST:f‘}BL+]p3RL+Jp3RD:

f[BL (E)U +f1RL (g)as +f3RD

adlie dw polie V) dlal, o> SYolee plucew J> b
g0 Geend bt 0l Plos
Sl dld Bras (ni pslatody laalllas Yo o0 Jlo o
s o STl Yoo b e b G jo SB uS jiie
oS s jglite anty 4 ol wills S
O ygods dalllas 550 00gue [0 dgzge S STEil VYA

(Fantozzi and Lambert, 2012; Amoatey et al., 2014) Sl S yiiio o 45lads OB gt (utd diowo ) 53 0 plonsl bz - Jgu

SN (S e Al O gucro Al puw

aslllao 3 590 ddlaie

VY L/household/h
-I#  L/person/h

Sl oie sy Ve ) alid lyz Bl ol 5o Jleb Corez a0y #

1249 ¢ o L, ,81
(Clgs Bans glgliams ST SRS

VY L/household/h odds yatedie Yoo ool

i adlaie 1 30 63 Frver BV e Comoxr -

-I¢ Llperson/h ’ , Yoor bl
o B ras e

\I«A L/household/h VT 5l cts g g 50ums gdgund Ol e pa AERL W

oA L/household/h

I Baaas sdigland Ol G35 e = oliwg, STasl | Ve Ve ¢ i coasie YL

Y L/household/h als b, JBlos Julos YY YLl duslsyl
Ry L/person/h o S as ey liome dilaie o 0 g Free s BYe e Comox (W[poow
¥ L/household/h oAl patedee abls’
& L/ household /h oA yateiee sk

/¥ L/household/h
-/fo  L/person/h

Ol s g ploz wdlgy 5l Jlad Comaz 2oy ¥ ool 5 g5 am (0 U Y | Lol 5,0 Gaim 0 (glailais

22 50 yd Gl 585, Gae e LIPEISON/N § celes yo 50 1id l5l (o] 0 gl ams s azgi L) STl 1o G pas ol 4l :L/MoOusehold/h =

b g g 0 ololids {98 Jawgi ool &l b > (5SS
E989 Oloj 3l s g b8 Celo ) aele 90 o3k SO ol
bl Al o)l (GeisS Lot ot Sl B,z S
69959 Ol 5l S eSle b (S iie all B pae

O O 5 A caid e (59,5 65 5 bk o5l o 4l
S S e ailld Bpas aliw asdllas ol jo ol

el Celo

Wl Gyan cghallae gab olpl o VTR Jlo o

Sliwg) o Sran il 4l g, SeSay (S oS ylie
sgbie redd L sl Gl Qlened &lE 1
Joad b ;o ole (il Doe a4y 4l 4y (694,95 (L= sbeols
Gl Brae i gl ol 3 IV Jlo 5ol g sl

WIS I aS 0l s S Hgo B EH W) °)'Lf ‘Q*SW

PR by o o lous (i JLw

Mo g O (owsigen 9 pole 4 2l



O 9 539,95 ole
TN

e 3 o pSofal (S oS e ol Sl by
S5 & e 5 e o Lagy) S0 sleibaze 5 clalllas
ol wlis G pas Hladie ol plo o dalgs s pess o Uas
2ol ol p sl el 4 azg L (S o8 e
a3 B 3 39 (S oslul el 5l 9590 a5 (ladlaie
3503 o)Ll 15 0lee 4 lei o 0o plol Slalllae

O 2 550 Slo gl (n Sretes 5l 6led bz PBlas ol @
U3l o3l o bl &g ol Sl T Lt G5y
55 o o alins ol el aels 5 o5l JBlas ileds ol >
Dygeys g 3,5 I3 lide Wb pelies pd g e by,
(g 10 U g azelo ¥ o5l ,olis) 5o slaosly 5l oslizal
Farley and ) o ,5° 7ol Wb 1) ouls (5,503l0l &8 pan ke
«(Trow, 2007

shoad dgpl 4ol Cuid (B urdien i b9, 50 @
sl (S STl Bran s 2 f5o oy (2 ietes
5026 (28 b ogas g, (ol S8 & 428 50 50 lalllas o
Al cid s 4 pladl (il Sl i Jlase os
clplersle U ablis o s, ol 5l eslital g e
sl 5 0355 ol S by Bl cets palie b carod (HgSne
109000 Dlwlne y0 oz 59

B s o hy) SeSa (S ailed Bras (i )3 @
b s Slilos sl iaenl & (635,50 5o 5
Cid b 40 092 g0 i Ly NI Gubon! 5l ogd alxl
Obey oo JLad Olisd Wb cal pedle op walss ae)
Ol et oS Lz ol Pl 4l @y (9995 Gl sz (55501l
Syt zrgo ol 5l e 4 g Cotd e Sl i rge Lt
355 g0 S Ald B pme e ety U g Jloim] g
@ (SB S ie alid Bras (eSS (el Ghs; 50 @
s s Gl 6 5S o3l Jdsay g 009 annly aSit ot
Gh9) N S Sy S80Sl iled Bpas lyea 3l
sl 51095 2 finne o

3L layguS alss )0 ez 59 Jleio! s 29, ) @
39 g0 00ld r 3 90 ol 51 2818 sle oS 5l eolanul ool
L yo eylpl 50 o plowl anlllas o o ymeas il 5 pns @
b Bble 5o ol 5l plgisel 5 ol (plisy, bl 4,
g5 oolazwl

$550 5 Boli 5 (S5 (8 i ol i By oo @
Jsb 3 o3l iy g Jlab e S s )
el (5, K508 i olie 5| 5 s e

PRUON | Iy SRV OUES LT ISR RV Sy [{ PVRSCON I R VAR COWP )
AARE

2k )3 g on 0o plonil Slalllae 51 IS gange S o
6led B yan e 355 5 g eess sl labs, Cn i glte &5
o les las Glies 038 b (S (S oo O
iome ©)gods 4ol (8 b 5S4 2wl Bran (o) =)
(pedtns (29)) S0
(ot i) o535 s e ol o b o

R l) lmd)m 6,»..?0)‘&:‘ aS ol Qj 3o JB‘ U"ﬁ) oo
Wged ColiS o) cnl 5o S 9 9 ndyee Sjpe o) sl
Cnnl Pl o el b ol 5 CoeS 5 ) o ol

Span il Gblie Vsl a5 cusl (1 50 g0 by, Cuje
S g 20 g0 ) S e 5l o0k L olass
o rae i pap clea LB .cul 565 o] 0 (5 S aiges
WSl 63955 55 ol LIS e Gl s S e S5
S )] a4 o pe 4655 ) o 5 _ololids ISl
o, g8 cpl g Col (S jiiie slo,gisS (5 uSojlail asbiw] ;)
ooy O s ahadi 0l o pol 3 aius o] cud a0l
locd pas dewle ;0 G 5pS 80 5 Jgl alag yo a5 cunl ]
(S yn 5 B yanyy (S e 575 a5l g0 5 el 055

Gz =Y

ous ploul Gldllas gwypw b 28,5 sll (Sl S i
oSyt ailal Glodran el gl a5 Cdl o olg e
b g oyl oled a5 o)ls 0459 alie sl g, « Sl
asloe U5 Lo by, ol 51 plaSTes 5 Conl ez g 951
Syl 1y (S S i O il B pas jlade G180
IS o 0 (KB oS e o als Bras lade
FEK) g9 00g ugl.n...n 9 uol.‘> ‘_g)‘.\.tbo 0L r:l.?u‘ Sllas
3o STl o S AYY B V/E sgas jo polie opl ol s
90 990 dLbs_Aij B o5)1; Q‘?‘\S" |) cde cosl celos
Camdge ;0 dgzge Syl ,0 Wy oyln slahs,
polie 5l eolatwl 1) .cuils o ué g olsp g Ol Ll i e

AR ylano F oylad cpzxiy Jluo

Mo g O (owsigo 3 pole 4w



Gl g ygis yo givlauT ALl OB pao il Hlodo (w9
I

Lol g oF (58 sloyline g (cwiige 280 950 )3

(S yeiee S aled B pae (lags gy 2" YA g el

= S Ly, 69,50 addlae) o1 5 e Jolse 5 (S

i )l ulid )5 aliplly Ml ol g

ol ol e jlass 0aSiils (s jlare — )] s

Olnleol s

Amoatey, P. K., Minke, R., and Steinmetz, H., (2014),
“Leakage estimation in water networks based on two
categories of night-time users: A case study of a
developing country network”, Water Science and
Technology: Water Supply, 14(2), 329-336.

Creasey, J., Joy, J., and Oakes, A., (1996), Direct
assessment of district leakage levels, water research
centre. Report No. PT 1097. United Kingdom.

Fanner, P., Davis, S., Hoogerwerf, T., Liemberger, R.,
Sturm, R., and Thornton, J., (2008), Leakage
management technologies, Water Environment
Research Foundation.

Fantozzi, M., and Lambert, A., (2012), “Residential night
consumption-assessment, choice of scaling units and
calculation of variability”, Proceedings of the IWA
Water Loss Conference, Manila, Philippines, pp. 26-
29.

Farley, M., and Trow, S., (2007), Losses in water
distribution networks, UK: IWA Publishing.

Hunaidi, O., (2010), “Leakage management for water
distribution infrastructure, Report 1: Results of DMA
experiments in Regina, SK”, National Research
Council Canada, June.

Hunaidi, O., and Brothers, K., (2007), “Night flow
analysis of pilot dmas in ottawa”, In Proceedings of
the Water Loss Specialist Conference, Canada, pp. 32-
46.

Industry, U. K. W., (1994), Managing leakage report e:
Interpreting measured night flows, WRc plc/Water
Service Association/Water Companies Association,
Swindon, UK.

Islam, M. S., (2005), Analysis and management of
leakage in a selected area of bangkok water
distribution network, Asian Institute of Technology.

Kingdom, B., Liemberger, R., and Marin, P., (2006), “The
challenge of reducing non-revenue water (NRW) in
developing countries; How the private sector can
help”, Water Supply and Sanitation Sector Board
Discussion, No. 8.

Thornton, J., Sturm, R., and Kunkel, G., (2008), Water
loss control, 2" Edition, New York: McGraw-Hill
Education.

This article is an open-access

@ article distributed under the
@ terms and conditions of the
Creative Commons Attribution

(CC-BY) license.

ol lajeiS o S ie Ol Al Byas Jlabe e
wode slajlis, 5 Slole jo wslar Jdoas (b ez )
5 Ol LSl azee) (oDl i (gloyetS 4 o
el 5t Yoz (L]

5 Jebani slajg, 50 (Sl S e Ol il G yae jlaie @
il o3l 55 (S e S o Jled Jdoay caiin ST L
el atin )5 slajg) 0 bt Bpas l S

plo 0929 Judoar (obiwg; onaS yine Ol wilids B pan oo
sleizl Slole (59 Golate iz 5 Gble (ol ;3 )5l 5
Yioiol g Oglite (s (a5 piden & Capnd 55 s ]
Celo 5o 50 58 50 @ly il 1P Jlade b pln O0F 452
oo plol Sliazs 5l a8 5 Jlade (] a5 (sl ol slpaing
o sl Shg bl g (60w VA ans o (LLISST o
(o, bld 4 0> gl 4 axg LI c]
Bt sl pas 55,50 4 4y b (B 5y olendSSl
sl as il ladhie 9 Lo polie posd jolaieas aS
39 55l maw (o los plS lllae (S (S i alil
2gb plnl (ogas (xl

boedg o -F

1- Water Loss

2- Non-Revenue Water (NRW)

3- Top-Down Water Balance

4- Bursts and Background Estimates (BABE)
5- Minimum Night Flow (MNF) Analysis
6- District Metered Areas (DMAS)

7- Household Night Consumption

8- Consumption Monitor Areas (CMAS)
9- Net Night Flow (NNF)

10- Automatic Meter Reading (AMR)

11- Average Zone Night Pressure (AZNP)
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Abstract

In the present paper, based on case study, risk
measurement using failure mode effects analysis
(FMEAY methodology was performed in 4 chosen
water and wastewater treatment plants in Mashhad.
In this method, first the chlorination units were
categorize to 6 classes including cylinders storage,
chlorination room, gas cylinders, transportation of
chlorine gas, joints of chlorination equipment, and
educational systems of employee and management.
The different potential modes of failures of these
water and wastewater treatment units were listed and
the severity rating, occurrence rating, and
detectability rating were determined  with
interviewing the experts. According to these, risk
priority number was calculated and the risk of mode
of failure was prioritized in the parts of the water and
water treatment plants. The results indicate that in
general, the first priorities corresponded to the risks
in terms of electrical and transportation; and using
standard equipment and appropriate means of
transport were suggested.

Keywords: Chlorination, FMEA, Risk Analysis,
Risk Priority Number, Water and Wastewater
Treatment.
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Abstract

Construction of wastewater treatment plant, if energy and
water resources are recovered, can justify some
undesirable effects such as greenhouse gas emissions.
sludge management and treatment is one of the most
complex and costly parts of treatment plants that can
cover up to 60% of initial capital and operation costs
of a wastewater treatment plant. Considering the
importance of reducing energy consumption in
wastewater treatment plants as an environmental and
economic point of view, some investigations have done
to construct and modify wastewater plants worldwide in
order to the self-sufficiency of energy supply recently
year. This article is a practical study that the costs of
capital and energy consumption were analyzed in
comparison with other processes for MLE?® process with
aerobic digestion in wastewater treatment plant in east of
Mashhad with flow rate of 80000 m?/d. The results show
that energy consumption in this system is about 2 times of
similar wastewater treatment plants with optimal process.
Also, however, the energy level will decrease from 1
kwh/m® to 0.58 kwh/m® with the change of aerobic
digestion to anaerobic, but it is necessary to use of CHP
system for decrease of energy consumption and recovery
in comparison with constructed or optimized of
wastewater treatment plants in worldwide. Therefore, it is
necessary to pay more attention in selecting the process of
liquid and sludge section in wastewater treatment plants
under studying or optimizing wastewater treatment plants
built in the country because of the numerous benefits of
reducing energy consumption in wastewater treatment
plants, in order to be self-sufficient in energy supply.

Keywords: Aerobic and Anaerobic Digestions, Energy
Generating  Resources,  Environmental  Effects,
Wastewater Treatment Process.
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Abstract

In the present paper, the HELP model was first
introduced as a US EPA approved software to
estimate the amount of leachate produced in
landfills, and its implementation was described.
Hydrological data were then prepared for the time
of operation of the hypothetical landfill of waste
produced in Urmia (as a case study) and 30 years
after its closure at different conditions. According
to the results, at the time of operation during the
most severe rainfall conditions, due to incomplete
final coverage, infiltrated leachate into the soil
will increase to 8.282 m®/year, which can have a
significant impact on soil and groundwater
contamination. Also, using its outputs as baseline
data in leachate calculations during the 30 years
after landfill closure results in a 6.71% increase in
the amount of leachate (this leachate is generally
ignored in leachate design calculations). In other
words, precipitation and hydrological conditions
change the moisture contenet of the buried layers
during the operation of the burial site, which, if
approached by saturation conditions, will result in
excess moisture form the leachate. In the long-
term, increasing or decreasing precipitation will
have a direct effect on leachate.

Keywords:  Landfill,  Leachate, = HELP,
Operation, Precipitation.
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. 12th Eastern European Young Water
http://iwa-ywp.eu/ 31 Marggz—lz April Riga, Latvia Professionals Conference: Water Research and
Innovations in a Digital Era
https://www.efficient2021.org/ 7 -9 April 2021 Bordeaux, France L1th IWA Efficient Urban Water Management

Conference

http://wwrr.put.poznan.pl/

9 — 14 May 2021

Copenhage, Denmark

IWA World Water Congress & Exhibition 2021

https://micropol2021.org/

16 — 19 May 2021

Poznan, Poland

Wastewater, Water and Resource Recovery
Conference

https://lwwtp2020.net/home/

6 — 10 June 2021

Santiago de
Compostela, Spain

12th Micropol and Ecohazard Conference

https://www.siww.com.sg/event
s/details/water-convention-2020

13 - 17 June 2021

Vienna, Austria

13th IWA Specialised Conference on Design,
Operation and Economics of Large Wastewater
Treatment Plants (CANCELLED)

http://www.ecostp2020.polimi.i
t/

20 — 24 June 2021

Singapore, Singapore

Singapore International Water Week — Water
Convention 2020

https://iwaywp.ca/conference-
2021/

21— 25 June 2021

Milano, Italy

5th International Conference on Ecotechnologies
for Wastewater Treatment (ecoSTP2020)
“Impacting the environment with innovation in
wastewater treatment”

https://mtc2021.wustl.edu/

24 — 25 June 2021

Hybrid, Canada

1st Canadian IWA Young Water Professionals

http://iwa-ywp.eu/

1 -4 August 2021

St. Louis, Missouri,
USA

The 10th International Water Association (IWA)
Membrane Technology Conference & Exhibition
for Water and Wastewater Treatment and Reuse

http://www.watersafety2021.or

11 - 13 August

Narvik, Norway

Water Safety Planning 2021

g/ 2021
https://www.wrrmod2020.org/ 2125 August Arosa, Switzerland WRRmMod2020: 7th IW'.A‘ Water_Resource
2021 Recovery Modelling Seminar
https://iwa-

network.org/events/the-8th-iwa-
international-conference-and-
exhibition-on-flotation-nano-
micro-bubble-technology/

1 - 3 September
2021

Busan, South Korea

The 8th IWA International Conference and
Exhibition on Flotation & Nano-Micro Bubble
Technology

http://cest2021.gnest.org/

1 — 4 September

Athens, Greece

17th International Conference on Environmental

2021 Science and Technology (Supported)
s 5 — 8 September
http://iwarr2021.org/ 2021 Istanbul, Turkey 4th IWA Resource Recovery Conference 2021
https://iwa-nss.org/ 15- 1823(23;1)tember Pretoria, South Africa 1st IWA Non-Sewered Sanitation Conference

http://www.isep.ipp.pt/iwa_Port
02021

22 — 24 September
2021

Porto, Portugal

The 5th International Conference on Water
Economics, Statistics and Finance; The
International Conference on Rethinking

Treatment with Asset Management

https://www.olores.org/en/iwao

26 — 27 October

Bilbao, Spain

9th IWA Odour and VOC/Air Emissions

dours2021 2021 Conference
https://digitalwatersummit.org/ 15- 182l(;|201vember Bilbao, Spain Digital Water Summit
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