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Abstract

High pressure in water distribution networks leads to
various problems such as increased leakage, bursts and
unexpected consumptions. Hence, pressure manage-
ment plans are implemented using pressure reducing
valves (PRVs), tanks and pump stations. In this study,
PRVs are applied for pressure management in three dif-
ferent approaches; fixed outlet, time modulation and
flow modulation. In fixed outlet PRVs, a steady set
pressure is considered for each PRV during the day. A
simulation-optimization model is developed to find the
optimal set pressures for all PRVs. In time modulation
approach, PRVs are able to apply different pressure set-
tings at different hours of the day which results the bet-
ter control of the hourly pressure fluctuations in the wa-
ter network. In this approach, optimization of set pres-
sures is carried out. In flow modulation PRVs, the set
pressure is regulated according to the average pressure
in the network. In addition, in this study a new reliabil-
ity index is introduced considering the average pressure
and hourly pressure fluctuations and their effects on
consumer’s satisfaction. This index is considered as an
optimization objective function. Finally, comparing the
performance of the above approaches shows that flow
modulation, time modulation and fixed outlet approach
are the most reliable, respectively.

Keywords: Consumer’s satisfaction, Flow modula-

tion, PRV, Time modulation, Water distribution.

u:.l.»:u 6!&&;549) @‘)U MLM 9 6.»)).’
Ol 259 WA Lol

" B (oamol) (5 dgmw g (ke Mo ' o (yolhoxo
9 omon whples wiipe 550 (somiils )
Ol el o st Sl oLY:JJIA gewlas Bl cwdige
(Olyes owdige 0aSiily (Ol e cwiige (655 -V
Ol ool s oBiils (28 slaoaSiisls oy
oaSiils s oyl yos g caSiils ¢ Loliul -¥
m_gheibi@sbu.ac.ir :_Jues! ¢ Jgbume odius g5

VWALZIQIY el o &,

VWASIVITY ol &b
VWASIVIYY 5l Gyl

L WEEFRWe

M oy rse ol maiph slaaSed o JLad (og YL
wwlemrl Brae g Golg> wwts golidl asle (gousin
SRS b lad Copae slaasly jelate (pla 0gd o
ol 5o Sedios Ll lacey 9 0 (S8)Led ot
Lol (g, Lid 0 S0, dw b (S0 )Lid (gla s ) G
58 4ed 53 )lad Cupda sln (20 Glesi 5 Sloj Glusd
i el e b sle e o el sassoslinal
Dediee Jlosl by (59, 2 Slelu plad o (LS serlas
Ol aige Slenlass 8L (gl sledige 5 loand Joo S
a0 Sley lug sl o el oabosls axwgi by i
Jlecl 1) (6 peiiie conliss JLid (g ailis calizes Slelus ,o
Al o jled gele ollog olg oo iy cpla anled
Slokad giluaige o2 350 (nl )0 050 JpS 2 )
b ar g b s lags sla et 3 .l satalosl s o
5% codleds 095 oo el (29> jLid Jlade S0t gt
Colo; wb p guar laebl coll a3ls jiagh ol
5 By lad bawgie g DUl S yoges Blod g S i
Caled ) Cenl oadaid 5 S il Sas 1 (e
&S ol b jiSde sl ,Shs; oS anslie Lo
Sl (252 9 Sy ol @ plog sl Sos; i S

JECGI.S 6)J«.\JULA.».0.]0‘ O i L5|)|\>

Cols) ol o e ol @i slaasd guals wlals
22 Olwg e sley Glagl (S lad kS e



b 4 g oo Dbl JLad o e 355 o8 Ojg0 aSD
5 39 aal QAT S a0 5 IS jite gl i oS
Elallla 05 ol sl 800 0525 Lt 10 (6Ll g ol s
5650 o0 Ol slaaSis jo jLad o e A 40 o sl
ey 3, 8hos dadlg) (55, s)lonose S 50 o2 5 Aok
odd 35 yeto (SeS (yile 5l esliiul (pizmen 5 Lol
m 93! 51 eslaiwl L Nicolini and Zovatto (2009) .|
olawy Ol o gileagy ©lp (Joe dasas S
&g aSeh po s el gla et Slelas 5 slel>
slo i 5l eolawl L Awad et al . (2010).558ls a1, &
SaSes ;o cts iluaieS 4 ' Gl Glugs S Lad
Abdel Meguid et al. .ozl b5 o,6530 Il b Ol
S 5o 20 g b S gl g 2 42 (2011)
&S aBls p goae Jow mlis b okl ol awlie 4
ol 009y b ol ol calio o, Sles saimsylid Lol s
21y ol sy seasis sjlwags Costa et al. (2010)
ool Bua g Gy o ,oS) 5l eolaiul b (6,10 00 500 518
Tabesh et al. .xols sloxil ooy 51 (5,10 0 500 sloas 3o
GoaSil jo IS &) Hlade oy 9 e e (2011)
Lo )5 )0 S5z ge IS ategn Jlake (s Buaaly | OF o8
adaaxiz (g jlways Kurek and Ostfeld (2013) .oczsl
Blaal b (gjluaig jshiied Seaj 0 ysSl L ) of &S
1 53 0920 IS e 5 T (28,5 55 o b ol coiS
oSSl o3l g it 90 ooy (o) b locaey 9 Shes
(518 513 (o) 090 0 S

So 89y 2 ea b oS s )1l (S Ld gla sl
TR IS I PERICIS RPN
oolaiwl Silad b las slaasiis o jlid o paw g,
395 4 53 St e AT pslites Lages w5dicn
J& ! b (Tabesh and Hoomehr, 2009) 5. oo ploil
Skl et ls dgne sl sliad S pae slaylnl 5l Gl o
S a0 (egaray L85 o s Al yo (bl
bl slo sl aal gl crge a8 55.a8 L allal
39y dlez F5e by Lo |l -l 5l oolawl il sos yliels!
.(Latifi et al., 2015)

Cews 50 Gloased )5 )Lad o pae sl (eiS cnl 5o
Tl gy Jlad b (Salad sleyd ) gl e

L —
1PAT 3wl F osled ped Sl

doddo —)

5 SOy Bl T mje gloasles 3l gladle o
g 33 Gl ool g a8l oSS (5l o CokeS
el CablB 53l 5l el 08l Axal ol3,
@ g b el (pl o Shee 5 (B3 gy Sundy S5
st 5ot 38 s 55 ) 5 o slayspins
] i SoaSd Lol dialiy el ALES g S 4
s 43 opllan EadsS 5 lio Jlad b 35 LT il
pac (ol cpl jo (Tabesh, 1998) coul EaiSS pas
GOdxe DM Jop wrge aSD 0 LS CS RS @i
8 31 Gt 5 35500 Ol 3 o5 e 1
g ooly gulidl 1) asls gliml o ol Jlsl sl o
G ) oS yetee 4zl g pe aSd jas ol olisS el
3 )3 Lad Sllag g 09meS WS (o0 JSin oo den |
31 oS e b oy Sl plebl sl il aSin )
e S Capde g Gyaelin Lol ke o)l cov O]
el (55970 ol T 4 3l (610 o e

Sopde 45l O g GleaSd I sl sl
oladl Jlus &y az g b iy <l &4 o) S eeo
bl el s Gl B o YU rizres
i 5 oo 020§ 55 (sl slaalaber gl pab
Ot dio cpl jo sl Lrasbels pl Co pae g b
el jo Ll Cobl I alize iy )l @il 4 o0l
(Ostfeld et al., 2002; Liserra et al., wlaxsls,y ol ao5e
.2012; Chandramouli, 2015)

WSt pliabl Sl L) gl o0t S (gla asls
Slspien o Skee b g (Solfe S slisoy bogas
Olaebl Coll asls o Jloonl b wlondscsy yo aSes
S S Sals) @Sl (Sdgyaee Sleogas negdle oS
e 51 o el 005 5y 95T oyl Bl 3 1,
@yls Slghd comnl Ol ao595 sloaSiass 51 5,00 o 00 40 &S
Sl 09U Sl &Sl FaiS B ran 5 (S e Suls)
ol o el oaid @il )l LelS g (380 iy a3 (S i ol
SHeol osmt 5 (S s Sl (10,5 (35 jskiien; (ko
Lol 0als oolal Lol Jow SO

2 L8 e jslaiedy o5 Slles g leaslp acgee 4

Do 3 T (pukigo 9 pole 4 8



b 5 ond sl TLad (e (gilend g, S
W ol ol as F 18 Jlatul 050yl 42y S
o5 ol 9 9250 jLud 5l i @S 2 0 °J-“u*’°l’ <
pY s p (e (SIgpaee Jlod bl 6l W el
oAbyl (20 Hlade g 0,8 jo jlad o oewlie alal) ol
oadimal (20 b (25 JLid (305e5 i pe (sl 09d I8
(Tabesh et al., 2013; sl oo &3, goaxio lalgy 0,5 4o
.Ciaponi et al., 2015; Wagner et al., 1988)
Jlad as duld o oad el oo jlade dewbre (sl
aS o &l daslgy il gllas [Lid 5l oo oo el
3550 Gl Sl e @V 5 (0-)) alaly Lagl ols 5o
| POV O RN JVRPY JOCINN PCTJC S e PSS LW
by 5 adl Csllae Jlad | a8 oad ol L2 as
8 ylas 28,5 Loy o L Ciaponi et al. (2015) .ol soisadl )l
6ol cqplin a5 wis S &l 1) (@) akal, ke S5l
4 .5,ls Tanyimboh and Templeman (2010) zls 4
alayly 4 Tabesh et al. (2013) alal, 51 28l iogh ol
51,8 colazwl 5,90 Ciaponi et al. (2015) law gy oudolgaioy

GQ;)LMJW)J OMUML LS") U”JL“"‘U"‘)"W‘ d.d;

exp (-2.570+7.873xH" /H™)
I+exp (-2.570+7.873xH™ /H™)

Qavl :Qreq lf

H, -H™

g
Q"=Q,+Q, [WJ if

if

avl __ Hjnax_Hflmn (iJ
Q" =Q,+Q, W

Lolss o0 10 lass 90 0,5 [0 wyiwd j0 20 10 &S
3,90 ,Lad aa ™ 56,5 10 gm0 Jlid aa IHY )5 o
Baio 53 4z 512l (07) Lolis o0 plas nals s s
2l Lol ] ot oyl HY e ) ol yod L)
S e Ol Jlad s YO B YO oo 1y jlade ol (b
i3 )S e o HH =Y () jlade ghoghy ool jo slaid §
sly o0 pael 28 s Sy 10, 50, izred el ool
Mb@o.m)u:épwljemwtspsw@

IFAT el & osled

e

w9 J

Hf <H, <H™

Sla 5 oad oolital g olog b 55,188 sloyed
aS obaSlly jo el ol Byre oo pleg b S Lis
ol 00 mujei (Jolee jebay ol ke bla o jLisd
b (59, of it g conlin bl jo (S5 )Lad b s

elily e bl jo jlad Jolss a4 wilgh co conlin

G (o9, =¥

Candg (bt jslateds Sludend Joo G Galind (nl 50
Sl s oats jlid 8L (gl Sledigy Joe SO 5 S0
QO olie gouas Joe g0 cpl Lol cadoleyl S Lis
03,90 1, Lol Jow Blaal asilgn b wloas Jate ,KaSs

Sl aaje8 oSl Judori V-
S (Sgyoue Cunog Julow slp sleand Jow S

ool b aSets o gly (Jow jskate cplay .ol 5L0 550
Todini and lawgs hg, opl .ol oo sloul (Lol g, 5l

des . . .
H; <Hj (Ciaponi et al., 2015) -V
(Tabesh et al., 2013) (=-H
H; >H™ (Tabesh et al., 2013) -V

5o ojg,0l YU glul Lo 4y g 0uls 3,2 Pilati (1987)
oolitl 390 Ol @395 S Julo (5l sla 138l 5 el
I BUY
el e Ol g8 GlaaSed Julow i slaig,
ol s e o 5 50 JLid sl i o 5 slola ples
Lolis 5y50 (20 )lad plad )0 a5 09l o0 (2,8 s,
3ol 9> b Sl @lye o o5 (0258 wagdioe ol
bl 5edly ilwand jshiea sl j90 a4y Cosdly

s
Mo 5 T (putigo 9 pole 4 48



g a4l 5l bl o jlad S s ceal bla el cpl o s 00
Sg S e S bl ] o end il Les Lulul
2 S oo polo (Slad 4l sendas Jlid o jetus
2 lp ol (e SO Sl oY oS Lsd Sl s ol
ool (ool JLES i j5ws 5 oabangd oyl 5l Sy

D5 yols ol

&l bl e -Y-Y
g o) o lad alos 5 (SIgyuee Jlos el 5l
Sl 1y bbbl collB jazls 85 Jlade b bedlg) o oo
Lalg ) o o, Lil dendoe ;0 a5 disS Lo g0d dwlore aSi
300,00 ez g lialsl CLllB Sl auile (gl (goaxie
Odle) 5 S e Cald) Gl Bas (g5, BB
S 8 A o g calie Jlad g (S5 lade 4 O
aS oS len sl ool 35 3 jg,aild Job o UIH
59,805 Job o 5Led ol (Sllug) Sl pis s o L3I LS
5 cawlio o Slos 4y (.5 i slaiel pac 5 2olo )b cel

Qreq 77777777

Available Discharge at Node

g Lled s sl Haio e A cwl ool pidu e 4
sy L 4 iy (03 99 g s LU oo oo S
o0 el jLid 5l ol )] e a5 C oad (el 0
Ol gladiogi 5 (LS Sloy & az g b cwl 05 50
S5 ey B0 boply jo5de (00 90 51 o e lade K00
Gl 20 s (V) alayl) Cojo el oals (5,8 Lol oo
bl &8 el Lad 4 aly g (o S 9 4 L0 96
oLt 1y (1) alaly i ) JSS s capnily b (5 it
Sl o(Hmmy Jlas (Led polie Gubos cpl ,0 om0 o
oY DLl oo s (H™) Sl Lad o (H*) gl
o 43,5 L0 T e 5o
b S)lad o ol 3eiod (nl )0 e o) LAl aS 35 Lo
b oSo)lad lo el (V) 10525 (00 )18 (o 2 990 by 4
Jsb pled )3 (29,5 (cosats JLad o o (ol jo:0ul (25
Olwsi b S jlad la ol (V) sl Colb (6,10 100 00 0,90
Sbid Sy Sl e SG el S 4 bl cnl o Gl
e Fnl S oo i e 8kt Slele Job jo (oeclas
nl 39500 Vb a5l liad 5 ol Bpae &5 b Sl o

H*=30m

Hmax — 60 m

Pressure Head at Node (m)

o )5 50 39290 HLid s p 00 ol (LS o - S

S yia oldy 5l sl cnl s 1390 00 45D pralas
59, Slebe (b jo (B)b 5l aS wS Jes (g0 4 Al Wb
Lgie S50 Gyl 5l g ol ansls |, Lis Sllugs o yieS
il oy gl jlid 4y ol HLad
i ol pdge cnl 0955 (85 lp (Beiow cnl o
Cotlas ojl o )Lid lagie (28,518 &5 50 aF Canl ons
el ok po s oS Sk 5 Lol el sl

L —
1PAT 3wl F osled ped Sl

59y Dlebo 1o 5 s o0 g 1y (g 5eS sonkas jLid la s
arkits s (i oyl Lid SgraS Wlgi o Y G5y oS
Sg g0 g0 oyl sl oolaiul ey o jeue 1) (5 i
o slajlad ogd sl 5g, Jsb o gsbl-’“-‘ L‘*-W-’ Las
Ot 4 (el Bran ol po ulul o Vgeno oyl 0
so)lid iluaier Glp (oh5) G cnl o Nsdiee
Olwg b oSolid sl ol (V) el 0nds &l sondass

Do 3 T (pukigo 9 pole 4 8



S i Ealdy p )Lad Slile g 0geaS 3T pg0 i 5o
53 )Lad bawgie Gliee (idu (ul o el a3 513 Slaios
by @b 5l eolaul b g oud s (g5luaed Slej o3l
ol o0l olgai Tabesh et al. (2013) lawg a5 (g3
Cwdds Hlo lad 5l s OS] @ be e adlie Jloae
Oygods g Cool (F) aasl) & jgoas abal) pl a5 Wl o
el oalosls iolad (-Y) S o S48

0 if  H,<5
F 5 0.51
(—_J if  5<H <35
PIH, = 30 "
=35 if  35<H <50
30
0.25 if  H >50

i o) 50 iluand Slojojl o jlad bugie 1H, oS
ki 08 1 lis Bk Capsllao o5 w5 PIH, 5 b
0,5 12 lp esnliwwsds Cusgllae sladadlge ol o .l
O e Soldy (Al g 0ad oS 5 pal (owdin O jgod

ilise Sty nj ygon 05 50 sl

CSI, =\/PIH, x Plo, )

1.00

075

= 0.50— —

p

0.25 —

0.00 .

Hy=35m H,,=50m

Pressure Head (m)

()

PID;

53555 alols gm0 5 895 ol ligalsl bl o i
obicy b5 el alS lisab] ol e ¢S e 030 |

D5l sn (e’ S e coldy a3 lo
DS 0 yl8 s gileand Gl ol o jlad s
dle (gilwands Gloj o5l Jsbo jo lajlid jLre Sl il
)l...!.o g_B‘)JLJ aQ 4....,.\.;13 4.&]}0 )‘\.\.M “-;JL..» é’b t_io.sd.s 9 W)
Sygody a5 jlo)S e jlad e Blil ] oo Cussay

M)

Lsgio W28 1 F Spki 08 jo JLid Juxe Sl 10, oS
5o ‘nl-i o)f e )L..MS :Hi,t ‘).léz_‘»..\.a cS'L") e)’l_g S [a‘-i o;
sl (65l Sloy slosl olaws (T 5 k2 e
ol dooS 5Slee Consllae a5 sileloy gl
A0 0 edel casoas polie sl ;s Il
el e B (Y)Y S & gty 45" ol ok 425

1-—+ [} 0<o <10
10 if j
PID; = )
0.05 if 0 210

1.00 ‘ ‘
\ \
\ \

075 — 77777777}7777777777}777
\ \
\ \

050 ———— S S
\ \
\ \

0251 ———— 77}7777777777}777
\ \

005 \

0.00 ‘ ‘
10 20
G

(<

olbn HLid 5l bawgio HLid Gl ol (0 ¢ )Lid jlre B ol (Gl £0y8,8 155 53 gl g3l Iy @b =¥ JSCo

T
174t )Mb & o los (9o Jl.w

e

e
NG 9 T (utigo 9 pole 4 4l



ey lasxe jo sleacls Jas a5 Lol 5l o5 Las
)..J LS)LMJA.....QA ‘)15 u.]}er.u Ls‘)" ‘w‘ o..\;booLJ MATLAB
6‘)‘.’ MATLAB )l)s"o).» Ll 00l lnl.‘?u‘ e pe 0
Lo 5y Cobl gla Sles Jlosl b g adsl conaxr
Sloz 4 o, b Oldes (pl.asS o odgi 1) oo Cone
Voo gmien gl adgl Conez olaai 0gd e S5 A
A5 1D G ey 9 AL pln men cu e 8
ol Aldgl oS Sl (g lwdigs Hgliteds .Cuwl ool ax8 F
JBle s Lo )3 jLad (e (Sgy0e Julod Jae sl
Jate JlBle 5 Gl S35 e8] Rl & MATLAB

el 00

‘53)9& 4&]&-0 —‘“

Silwdingr @lp oalall)l by, oSles oLl jshaiea
kol a5l pisn ol e el I sl o e
ol o Sl (6090 anlllas sl Ol e Ol @i
plol bgl g (b (Lls b ol (Lls esgame 0 4l
Fd MDD dg0s ddhaie ol sele Bras SSlas (iou
3 e yieslS OV lyls adllas 0,50 a5 el 4l o
oo sl 5 ST oz ploww 5 Sl slogi
aS oabaid, S a5 0,5 V4V slaws aSll g5le Jow sl
¥ U Sgb e el o ,S opl jl aSid gLl oo JS
@ aSl ol o aes e plis ) Gon 050 4l SSles
Al cual () dw jo aS S Lad b oSl A SLS
&y 3l 0szge sl ol ouls plal (g lid gunsadlats
plo 68 B Sligdos ol o aiie coll 2,5 lad

g n (s p e Al slad S0

= -¥

B Gileand 3550 ol 39290 Ll b aSes dasl o

OSblad slayel Gl Sy e vgge sepka Jlid o)
Gleands Jae glyzl g aSls Jdoo Lol Jlesl Jow jo

L —
1PAT 3wl F osled ped Sl

ok T 0,8 5 5 e fials) ol a3l 1CST, S
Cawdds polie aSl JS CST Lasls oy0,4] cavsas lp
o) ol Bras Gloli b G55 Comd 4 05 o 5l oo

ol 00 (_g)juj.’L..n

NN
> 0 xCSI,
fi=CSI == —
Z Qireq
i=1

*

Silwaiate 9y -V-Y

ol el LS G peelie 8L sl
izt Joe S w0 55 S slas g, b 55 Lo
slagbs; 5l ol g GladSl i)y b olml
ras Sl (S i esdl aile (gileange bt
o oolaiwl g oudiglwands il pi el ¢ e gian
o o e Copplo g Al Lo Sz 4 drg b o
h Bl jludingy S5 5 (2L ) slaghg) 5l eslitul
3515 slaai S 5 solial o ilae Cypiz 43
Gl oo crlple sl LaSal, wlgs oo S5 o e8! wile
Saa b il sl S w8l g 5l Bdos
Lol oooslazu!

bl ol oges iSTas luaigs Jow jo Bos &b
Slods Jow 5o ol Jlade a5 cusl (CSI) golpinn yluebs!
SYolee 3l wlo,le (giludigs 098 0gd o0 Al
oailS jluarcd oo po o) aliws (oS> Sy 0
aS oS o lad Codguse 4 bgye 9.8 g (Sl oo
GV Ly pleebl cobll (sl Gope )0 sl jsbas
S92 g0 (6 jludings dius ;o Bud b .Cawl ouls oailouS (F

il 25 &0

Maximize i=1,..., NN

fl(Pi,r):CSI
t=1,..,24 )

Subject to : P,, <P, ,<P,.

uiw)l-m;’ Ls‘“‘l““" )L.'Z..é :Pseti sASM ‘_gL&:c)f slaws NN a5
ad)S Sl 0 e YO 9 WV Ll g (S0)La8 ol perdais

Qloads

kglmﬁ.‘i‘: 644.'4» )L.i'é )‘1 .)J‘Q)L,.c pos 6}'“‘-’4-;-.&6). Lgl,mﬁi'i.o

Do 3 T (pukigo 9 pole 4 8



@ L 5 005 (5jlae ;008 b eolpiin wleas > o
b g050 (pl il alold SHas b e VY oo, ke
o 52le) Jo,lit el Jobo 8 sarlass L5 (350 b
ol (el Lol jlase o s

Sblog cdls o (S,lad sl i oladas posed sl
laiges ¥ S b 2l ledigy jloacd Joo (gloj
Ol 1) dges s 9 (sl odwliawods couass slo,lid
Syae) j9, Slebu (b g odg oS oyl 5l (g5 jLid
b loges giee )5 ot Sl i jled (i
e AEFUSS 5s 5g5ald Slele (b aSid bawgie
Sloplas Jloel b aS 098 co oanlive JSi ol jo . conl oals
odl S gera Jlas sels ollug dopd 4 el
Ot Sl psie o YHIY o YY/P o lawgio [Lid o
ol a8l alS (g lade LB 5 Shs, b

ol Sloy Sblogs ol p (9 welals oy, hnd alais
oo Jlo Jgad Jobo 10 G398 culps aSGT b el o
S b Sl Doglis e 9 Gl 50 oguasas g 0092
25 54 59, 0l 5 5T Bl il bl o e il
LU g 5T ol ol pbl o as Jls o aiS o ol
el Brae 5580l 5 all 0o 1Y 5 ¥ Dol j0 ey 59,
5 Sid s Slsle imad ol Oglite yliaol L L
B pas (las, o) Jlu jlole G b Lo jgiS j0 a5 ggmua
Sy oo e BT golb 5l s 5 Slel 4 Ol ses
b ey @ ole Brae oSl ele ul 8L L L s
Slo s a3 15 C8F i fgicsm s 29,5 oo 3
Lol 4 cod ol oloy Sllug b oS Les
Al 35 saes bla lies Lol wsls cob (g5

s Olesdats ol Glp Wb Jow 3 g lw o
S S dle cpl jo0b 1! oo Glblug b S Las
JLid cadais cpl 5o sl Cavots jLid lade wlwl p g ool
o) 35505 ol e 9 eliis Lo e 51 g

174t )Mb & o los (9o dl.w

e

LIS ¢
]

wg e

andlao ;0 oolasiwl 8 50 aSiuls Soilowds o guai =Y SO
(o) 45 1P 9 1Y 3blno) 69,90
9 0wl Cawods 9,4l Slelw Job jo aSlis lawgie jlad
e b dele (CSI) oS jiiee culs, asls laie
odls roles @lf S jo cdls ol jo aSls lawgie HLid
Yy O G».CL..J hw}a.o )Lwﬁ FLY 09*»‘.54 FUETS PR P W
o Llad as g LB lug @ azg b el lug 0 xe YA L
b pl oS e 2ol pasld jlade g,ald Slelu Jobo
o o.\.a] Cewdds <IYVYY
OS8LEd (sl o (bt 5l ol @bl (o 12 IL
6l s 40 0gh 0 0Ll T4 idu (ol 40 4T sawl Cawsa
Sy 5 eorlas LA (giludingr (ol (g > L S LAS
Sgue sl &S sl 1 51 S mls 8 )5 el byl
oebas Jlad lade b aSll jo S e ol sl
Jlad b halS 3g2ge by 4 S (S5 L3 sla il
AHF S 0 jealls kit wleln jo aSlls Lhwgie
o> oal b aS 098 oo alimde ol oadosls ioled
Ll lgs 50 %0 YAV B YY/Y o aSiils Lawgle Hlad
oaslie 09> g0 mg b gl aslie o WY S alaxdle
(oolpinn Clokas Jleel b g cdl> (pl jo a5 058 oo
b s 5 00,5 iz jods lagie Jlzd ey il
e osllae jlid 4 el hwgie [LaS ol SSGo3
oadline yizmed . Cawl a8l yioli8l S i Cols, sl
9 9970 @y Sl )0 4l lawgie L3 gl oS 95l e

e
Mo 5 T (putigo 9 pole 4 48



S5 4zl 9 (GXu e -0

el )0 alizes 0 505, A (625 S bl (b (ol yo
L8 I8 sy p oye Sl 5l 5l gy LAS
SHger o ol sleans Joe S gslaie pend
Glp ety Joo S Of mp aSd jlad i
solie 5554 5 00l dloml (gerlais JLad Ay polie (3L
Sl ol g aSed S rizmen Wi Jate [S00Ss &
b bl 65,90 anlllae pll gl (o lid (canailaie

() 55 o

903925 9, Slelu 1 (ol (S8,La8 5l (g5 Lid a5 Cul
RS 275 L a5 Lanogie jLa o5 S (s ki (5970 &
3 2,509, s bl w8l 5,50, cnl cnlple wad azlee
Abdel Meguid et golpainy g, (wlol p 358 Jow .ol
..\,176» Cowddy abgy o Olandais § 043 o0 |21 al. (2011)
Fols Dl 4 S o Bl b8 5,859, (S
05 e B mn it 3 Sl b b 3 Lol

ol (Cbidas Slels o Slas il slolss aile)

gl ey U st e S e L

e g b R S

S i U g 5 2D

Sy olwg 0,59y 50 Aiges (Kb HLid 90 (coudiss HLAS (o tlagy jluw 51 STy 50 A Luwgio )L Hludio (I -F S

I
1T 50l & osled p9d o

N

N
o 9 OT woign 9 poke 4 4l



(2011), “Mathematical modelling of a hydraulic
controller for PRV flow modulation”, Journal of
Hydroinformatics, 13(3), 374-389.

Awad, H., Kapelan, Z., and Savic, D., (2008), “Analysis
of pressure management economics in water distri-
bution systems”, Proceedings of Conference on Wa-
ter Distribution Systems Analysis, August 17-20,
Kruger National Park, South Africa, 1-12.

Chandramouli, S., (2015), “Reliability based optimal
design of a municipal water supply pipe network”,
Urban Water Journal, 12(5), 353-361.

Ciaponi, C., Franchioli, L., Murari, E., and Papiri, S.,
(2015), “Procedure for defining a pressure-outflow
relationship regarding indoor demands in pressure-
driven analysis of water distribution networks”, Wa-
ter Resources Management, 29(3), 817-832.

Costa, L., Ramos, H., and Castro, M., (2010), “Hybrid
genetic algorithms with advanced search for opti-
mized operation of water supply networks”, Infe-
grating Water Systems, Boxall & Maksimovi'c
(eds.), Taylor & Francis Group, London, 621-626.

Kurek, W., and Ostfeld, A., (2013),“Multi-objective
optimization of water quality, pumps operation, and
storage sizing of water distribution systems”, Jour-
nal of Environmental Management, 115, 189-97.

Liserra, T. Maglionico, M., Ciriello, V., and Di Federi-
co, V., (2014), “Evaluation of reliability indicators
for WDNs with demand-driven and pressure-driven
models”, Journal of Water Resources Management,
28(5), 1201-1217.

Nicolini, M., and Zovatto, L., (2009), “Optimal location
and control of pressure reducing valves in water net-
works”, Journal of Water Resources Planning and
Management, ASCE, 135(3), 178-187.

Ostfeld, A., Kogan, D., and Shamir, U., (2002), “Re-
liability simulation of water distribution systems —
single and multiquality”, Urban Water Journal, 4(1),
53-64.

Tabesh, M., (1998), “Implication of the pressure depen-
dency of outflows on data management, mathemati-
cal modeling and reliability assessment of water
distribution systems”, Ph.D. Thesis, Department of
Civil Engineering, University of Liverpool, Eng-
land.

Tabesh, M., and Hoomehr, S., (2009), “Consumption
management in water distribution systems by opti-
mizing pressure reducing valves’ settings using ge-
netic algorithm”, Journal of Desalination and Water
Treatment, 2(1-3), 95-100.

Tabesh, M., Azadi, B., and Roozbahani, A., (2011),
“Quality management of water distribution net-
works by optimizing dosage and location of chlo-
rine injection”, International Journal of Environ-

174t )Mb & o los (9o dl.w

e

VY

S e Glaebl Colll s sl all ogdlea
A0 LS gileaigs Gae b flaieds g ool Sixe
&z &9 5l OSALad Gla et Glo (cwyp 990 S
dslns 45 35250 by sly LaSlE ke il Colt
o et digy Slopdats Gludigs Joo SaS a4 o 00
O e Sald) Sl 4 olies lp Sl (g b
8l dgegy Sl Lasli e 45 0t ali>dla 5 drmlons
Sllogs 0500, b byt (onlass lad jlade sy al> o o
b ol 5l (29,5 sLid e 5,509, (nl 5o ol e Sl
3 Bras i gelul g 0o o 4l Slebu 5l (ol
10 G sl ol e il 5 ] ke A
s Coldyo el adly glabasde LB sgge S8 0,500,
3 28 plnl (@3 Sllag 0,50y, (lulp (g5 lid
At g aSed Sl (bl e lad S el b ooy,
B Oypo oS LS (25 jLad e b sl e
D9 g0 Ala>do 098 oo pdaid [T > j0 00 28l 3 jLid
Spdolaabl 51 o Sog) plo 4 Cand j5500 0,559, a5
AL oS ie Sals) Wlgs e g 00 1093 5 65V
u)).o.)

bodg o -F

1- Time Modulation

2- Flow Modulation

3- Fixed Outlet

4- Head-Driven Simulation Method (HDSM)
5- Consumers’ Satisfaction Index (CSI)

6- Selection

7- Crossover

8- Mutation

9- Average Zone Pressure (AZP)

&=l -V

ol 5l eolawl L ol 258 Bt o ,LLd
VWAV o lpas (potigo (ot 0,58 ot (558

Abdel Meguid, H., Skworcow, P., and Ulanicki, B.,

e
Mo 5 T (putigo 9 pole 4 48



L —
1PAT 3wl F osled ped Sl

\Y

mental Research, 5(2), 321-332.

Tabesh, M., Shirzad, A., Arefkhani, V., and Mani, A.,
(2013),“A comparative study between the modified
and available demand driven based models for head
driven analysis of water distribution networks”, Ur-
ban Water Journal, 11(3), 221-230.

Tanyimboh, T.T., and Templeman, A.B., (2010),
“Seamless pressure-deficient water distribution sys-
tem model”, Journal of Water Management, ICE
163(8), 389-396.

Todini, E., and Pilati, S., (1987), “A gradient algorithm
for the analysis of pipe network”, In: Infernational
Conference on Computer Applications for Water
Supply and Distribution, Leicester Polytechnic, UK.

Wagner, J.M., Shamir, U., and Marks, D.H., (1988),
“Water distribution reliability: simulation methods”,
Journal of Water Resources Planning and Manage-
ment, ASCE, 114(3), 276-294.

B
Do 3 T (pukigo 9 pole 4 8



Journal of Water & Wastewater
Science & Engineering (jwwse)
Autumn 2017, Vol. 2, No. 3.

DOI: 10.22112/jwwse.2018.91896.1035

(Swgo g pols
Wb g T

w0 9 pole A gl
M g of
\\'ﬂf‘ }*?.L’: ‘T' O)M ¢ﬁ5n> JLM)

Conceptof DALYs Index and its Calculation
in Estimating Disease Burden

Kaveh Alinejad" and Majid Ghannadi?

1- Head of Implementing Wastewater Projects Group,
Office of Observing Water and Wastewater Projects,
National Water and Wastewater Engineering Company,
Tehran, Iran.

2- Advisor of Deputy for Engineering and Development,
National Water and Wastewater Engineering Company,
Tehran, Iran.

* Corresponding Author, Email: k_alinejad@yahoo.
com

Received: 29/7/2017
Revised: 13/10/2017
Accepted: 14/10/2017

Abstract

Simultaneous with the change in the sequence and
track of diseases, referred to as the “epidemiological
transmission of illnesses”, and for the aim of measuring
early deaths and disabilities, the use of a common basis
seems essential. Since the late 1940s, researchers have
identified ‘time’ as a common criterion for measuring
early deaths and disabilities, and based on that, the
DALYs have been introduced. This index, which is
used in economic assessments and calculation of health
expenditures and functions, consists of two factors:
“years of life that are lost due to premature death” and
“years of life associated with a type of disability with
specific intensity and duration”. The World Health
Organization has used this index in developing its
guidelines for the microbial, chemical and radioactivity
quality of drinking water. In this paper, while presenting
the basic concepts of DALY, how it is calculated
correctly in an effective cost estimate is presented in
the form of an applied example.

Keywords: DALYs index, Disease burden, GBD,
YLD, YLL.
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Abstract

In this study, the photocatalyst of TiO,/Fe,O, based on clino-
ptilolite natural zeolite was synthesized by co-precipitation
method and its function in degradation of Bentazone, as
one of the most widely used herbicides in agriculture, was
evaluated. The effect of process parameters simultaneously
including pollutant concentration (1-40 mg/l), pH (4-10) and
hydrogen peroxide concentration (25-100 mg/l) on photocata-
lytic degradation efficiency of Bentazone was investigated us-
ing design of experiments in response surface methodology.
Synthesized photocatalyst was characterized by XRD, XRF,
FT-IR, FE-SEM and EDX analyses. The results of XRD,
FT-IR, and EDX confirmed the presence of TiO, and Fe O,
nanoparticles on the surface of clinoptilolite. The FE-SEM re-
sults confirmed the deposition of TiO,/Fe,O, on the surface of
clinoptilolite zeolite and also the approximate particle size of
TiO,/Fe, O, was 52 nm. According to XRF results, the synthe-
sized nanoparticles had Fe**/TiO, optimal molar ratio of 0.06.
The results showed that Bentazone concentration, pH and hy-
drogen peroxide concentration were the most effective fac-
tors on photocatalytic degradation efficiency of Bentazone,
respectively. According to the experimental data at optimal
conditions (pH, pollutant concentration and hydrogen perox-
ide concentration are 10, 10 mg/l and 50 mg/l, respectively),
degradation efficiency of Bentazone was obtained 97% and
the degradation efficiency was 78% at maximum concentra-
tion of pollutant (40 mg/l). This study showed that the synthe-
sized photocatalyst has acceptable efficiency for degradation
of non-biodegradable pollutant and removal pesticides from
contaminated water.

Keywords: Bentazone, Herbicide, Photocatalyst, Water
treatment, Environment.
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Abstract

Recently, the use of hybrid techniques is taken into
consideration in wastewater treatment to achieve a
high efficiency and effective removal of contaminants
especially for resistant contaminants. In this research,
the process of a combination of chemical oxidation
by ozone and biological oxidation by aerobic attached
growth bioreactor in the different modes for treating of
wastewater were studied. At first, the performance of
aerobic biological reactor was alone studied. Synthetic
wastewater (sodium acetate as carbon source and
ammonium chloride as a source of nitrogen) with the
initial COD of 300 mg/L and the ratio of carbon to
nitrogen of 10 was used. The results showed that there is
a complete nitrification in bioreactor and COD removal
efficiency is 89%. When using ozone oxidation before
biotreatment, it was seen that the efficiency of COD
removal increased to 94.0% and TSS was achieved
to 75 mg/L in output. In the next step, the ozonation
was used after biotreatment and it was observed that
COD removal efficiency increased to 97.0% and the
amount of TSS also decreased to 35 mg/L in output.
In the final step, ozonation was used simultaneously
before and after biotreatment as pretreatment as well as
final treatment. In this mode, the results showed that the
efficiency of COD removal in the output of the system
increased to 98.3% and the value of TSS was declined
to 20 mg/L.

Keywords: Aerobic attached growth bioreactor,
Combined treatment, Nitrification, Ozonation,

Wastewater treatment.
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Abstract

The maintenance of health and quality of drinking
water is one of the major priorities in water supply
systems. Formation of biofilm in water pipelines, tanks
and domestic water purifiers is one of the important
concerns in this regard. Viruses, bacteria and protozoa
could easily transport with water flow among which,
some certain bacteria have the ability to attach to the
surfaces and form biofilms. Formation and growth of the
biofilm could negatively affect the water flow, quality
and health. Biofilm forming bacteria eject compounds
which protect them against the damaging factors
and through this process biofilm become resistant to
degradation. Some of the biofilm creating bacteria also
have pathogenic capabilities even in humans, which
is crucially important in maintenance of the health of
drinking water. Due to the importance of knowing the
biofilm forming communities in urban drinking water
supply, the present paper investigated the biofilm and
its major bacterial agents and removal methods.

Keywords: Biofilm, Coli form, Drinking water,
Escherichia coli, Microbial Pollution.
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3-Virus
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7- Single species
8- Virulence

9- Autoinducer
10- Total coliform
11- Spore
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Abstract

The physical, chemical and microbial properties of
water are crucial criteria for its drinking suitablity.
Unfavorable changes in these parameters may threat
consumers’ health. The aim of this study was to give a
clear view of physical, chemical and microbial quality of
drinking water distribution network in Ahvaz compared
to the national and WHO standards. This study was a
cross-sectional survey conducted based on 48-week
sampling program in Ahwaz water treatment plants No.
1,2,3,4 and 5 as well as in six points in water distribution
networks. Water analyses were implemented according
to the standard methods. Nine tube of fermentation
method was used to determine fecal and total coliform
bacteria. The mean values of measured parameters
were as follows: electrical conductivity 2282.5 ds/cm,
turbidity 2.3 NTU, pH 7.8, alkalinity 144.8, hardness
535.5 mg/L as CaCO3, calcium 137.2, magnesium
46.3, chloride 473.2, sodium 311.2, residual chlorine
1, TDS 1382.7, fluoride 0.53, nitrate 6.7, sulphate
370.2 mg/L, total coliform (0) MPN/100 ml, and fecal
coliform (0) MPN/100 ml. Accordingly, the quality of
drinking water in Ahvaz was not problematical from
the health point of view and except the EC, hardness,
sodium, and sulphate, all cited results met the national
and WHO standards.

Keywords: Drinking water, Physiccal-chemical
quality of drinking water, Standard no. 1053, WHO.
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