[ Downloaded from hsr.mui.ac.ir on 2025-07-10 ]

oSl b T @399 Sl 39 5 315 F O w0 (5 jlwding? 9 <9 00
Water Gems v3/0 Juw 3

o .oy oL . Yo . Ve s ..
‘;t:\.u.a.:el.t.@.)‘ 2l Geaa o Sals Gl e GS.\S.Sul‘ﬁLau:\M

gy Jlo
oS>

-

Flos o ion 3 (S Sl (3508 OT gy o FOG 5 o Fdslen & 553 0 (15508 ilisne gla by & SbeldT OT tdoie
ST @55 Kb & bl oS )3 obiladl IS Ol o 350 Sl G165 4 b & Sl IS G5 Oliee 5 OS¢ 5087wt s
gTijI&Tijsgsljul}j‘s\ﬁ\l{omw&béa\):.n; Sl b g e (slaa 5a ORTeR g edy S,ldknl 05 gdoes y3 (6,4
3,8 )5 S ow 5 el 3 g0 4508 Calisee LU 53 5 ae IS e 5 bl ) 55 0bileadl JS Ol jes 6 s

Slhes 5 B Oy g3 4 4SS Ol 5 cpl 3l eslizul b s eslinl WaltEr Gems v3/0 Dle s 5l S gildde shen il 09y
%b;@-bb)d—lﬁ‘r:jim

S 031> O IS 5oy 5 g Oljoe ool S 53 58 53 LS Gl 5 g Gl T (slaa 51 (63,57 Jube 53 J L ladidly
L;\ﬁcjj:&,:ﬁbﬁysngmu ,;3wmu.\,ﬁﬁz;”;\ﬁ&,ww,s;t#v 23 oile Bl IS Ol e o 5ls 0L s
3 8 sl B 055 4S5 ) oS LD e ey 4 53 (B pan S Ol o o Ll 3 il o I a8

5035 phOGl 2 (B n) 5 A b anlie 53 s Slay b (aSit 4 IS 5055 (53leaigs 45 313 DL G () 16 5 4500
A3 o 5L ST (B IS Ol 4 e

water Gems ¢ a8 | cebilasl IS @i S Gl 2T e 1SS SOST9

RIF SBATS 53 U7 8255 Ol St § S22 pligr o (e (il Ol e (F3lo (el (ST 261 EL
FF XV DN YA Dl pllss Sl e . WATET Gems v3/0 Juw 3l osliiw! b T
VWAP/FIYE 2 o pdy oo sb AT/ AIYA il 50 go b

Ol el ez oy oty Dl S1ST o313 ¢ pikige (35 0udSCES (O o griga 03,8 ) ulid ST (g gomtils )
(U3 gt ookt ) Ol 63,5 4 03,87 8 (ST ke ol8C5 (bl outSTiils camn Coblilgy (pikign 03 S oLls Y
Email: sadeghi@skums.ac.ir
Ol gl 3l 5l (S p b oliils ¢ bl psle Dl S e ¥
Ol e sls cz sy Aoty (oDl 51T o313 ¢ mkign (5 0S5 Ol ot 05,5 (g0 F

)5 sy oph Ol glie Gl & lial (a8 dodlo

9 A wilisn (GlaljuiS o 1 cand O (o1ju8 9 oo My glyie ol bajls asl B wL Slopl 4 &
28 gt s 2 (32 0mly S 4 ol linie s 9 (S5 (ols) (a5 (Ui g (20) (oS
2 licsslen sy Sue (3 oy 5l ceslio Ll (V) Bl oald i dg3ge (sl luilinl ply (S

a4 008 ek a4 Saelsl O mje clbass

VR O3l /¥ 5l0d /1) o) caodhas pltss oladions dloro 5.


http://hsr.mui.ac.ir/article-1-774-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-10 ]

3 ol adai IS Jlgs 095 4 bagye Slalllas .l
S Jloj &5 sl 48)5 55 drgi )90yl Ans wix
&9 9 belgd (uix @iy 4Sd Olasile b o sl ale
() )1 (St 4K )3 39290
Al b (95 1 slaeln] dige LblSe ool 2 ogMe
Vol @85 )13 dagi 3)90 35 3y90 N A By
her  Tryby clllas da imgs ol adgl sladiges
ey yiwgr Jome (bgle ol ) & canl VooV Jlo
Silodisgy Jio S )3 g (Brme preal yuiile Oy &
ol s o] Cliuing dom sl 00 > 5 (edn S50,
O ) K A Cans DS Glaguy g oS
P& ol Jawsly cpl gl @S gl o g)leS
SIS Gl @Sl > oxileBl IS ke dgue (e
(Vo) amd o Lials 5 1y olhjus ol Y g
iyl 5l oolizel b Yeof Jlo » f,Ken 4 Prasad
9 A5 BuF sl Gbple Gl an s S5
e Giloaige Ban b oad Jo onledl LS e
A e b (B Of Jlade g IS S e IS B jume
Sile At g o aeS Ciy @ 1y okl ojl 5
My e (Bran S Glie (R L 4 S1.(F) wdges
P bl b Gl 5l gl (sl OYgaxe
Y gae M98 (e (3900 A 8 s slagsingi,
el hoyd (3908 diiy IS 3 G5 NS J) Jols e
sladie Gl jl S plge a0 Wl Suelsl O
(V) 8,5 )18 4r g5 390 b sz (gildinge
T polaio 4 &8l (glaily lojles g, aly > S
ojorel D90 N & bapusw ) oghy g Jlae
3 Sigase 8 4 ol sloasid s )5 esie sl
LOOP , Juo & s bl slojue oyl
Jiiley cwzes s WATERCAD , EPANET
(VYY) 5,5 oLl Gems Water
aSs sl ¢l eaal,8 15 Water Gems 18l 5,3
P il dre b o cul o0 Ol Jliml bgbs 5 056

sodg B 3 )5 gl o & pbplen gy

alieo dlge b plojan (S (o C8 > @595 4D s
2 ol Judo g 0dls (aiSTy gl o)lssd g OF o2 )3 39290
S aies Syle SIS sty (V) Lhe pial S
b pisSly 5 e gl )2 dge polie b ST

Spge aSud 5> & badlgd o)l 59y 39290 Sligu)
S e wledl Bl S e wi s plo s

Siell O 4t I dal e 3 b o cul )35

oyl lbaSids S o pie 1 pie Alae 13l 29340
22 )bl o5l Sy )3 oleBly JIS ol ol (08" Sy
oblo il IS el Jlis ke el 4Sud bl als
A8y JpS pslaie 4wl o cal 1 S et /Y

Geslizo ol yiSlas jlade 5395 Cole) il slac S
piio il D p)S dee /A G /0 o Saselsl O p PH L
5l o2 9050 4 bgyye ML 58 glaie a4y g o
5 (THMS) bepleglosyy JSi 5l syl Gz
(Y=V) 290y Jade cpl 51l 5oy dls (glaos gl 3

e g I8 chale ©jg0 4 Nlgie S BF Ol

P ke e p (o2 E5 Oype abg il S ke
aSe 4y 295 51 g 03D ile By 5l 4aBs
AS il i cdale deng sl yol pl aS 008 ©)g0
gy pie g 0p3d (jle 4 S Sbo)S 53 asile Sl
2 S 2l glees 0 culie osledl I e

2ol S Copte gy b clele I Sy

@ aSed ) B3 ol 5 e o e Slopl slaasis
o asedio 03y )3 a8 blis (oolos 3 clale oS (g ok
Olpee oalpls (M) 2wy (o0 S5 4 (y905 5 p3Y el
doe ks plys 4 Ol opdd il I oolinul sl 4
390 S 3 S 55 by jiwg I G &5
Dged ool 4S5l

5 oblo Bl IS (giludie aiej 3l gl
ooy yiwgs Sl oolinal b )l 52,55 (svoliu] (bl
o1 plodl (o3aste (slajinghy ol mis slaalid

A4l

VPR bl /7 0 kot /11 Jlol caodhs pls Olsions dloro


http://hsr.mui.ac.ir/article-1-774-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-10 ]

e S B2y 5 e Slwding 9 Cuyrte

L o5 Adbioo it Sleoy Sl Cunl o Bl ol ()
S

Sud jl0yd (jlee o5 Canl cpl B8 &Sl
loly | osiitns S0 & Ol 315 5 00 Bl Ay
Sy oSl & daoly ol Sl oSt 3 SIS L Glojen
Lo 0 oy e ) i b 2 (n ol 09
b audins Sboy 5 85 s g5 > Water Gems l5sle 5
Jb aSd oJgh b s 2k g Jae ol She
P oopdd e 9 s &5 0 rgn b b
A By g Ml dSud Cand (nieg 9 il
2925 0 4B )y g oad ploxl 33 9yl ) Laid
o) 0y e &S Cuwl sdds 5,8 ( Sb ped s
oy dlinsg & g paite yobo & Ol @i 5 00d Blo S
4S5 ls glio cul IS B3 b plojen O Wy e
5 & o) o S el s ) s calple 208
s 9 oSl e awlis 4 (oxledl LIS e
by oo b Ol @ig &b o ol 350 (sla el
RV

14 o 43 29390 (gl 221>

bl cal p3¥ aSd A T g L oo (ol
Gaag b g g Ngd lold &S Fge sla el
9 4ps a5 4 ) oeed g el g5l
2 Y990 (slaodld D35 pusd by Cldgyre aSus Julo
il (1) Jgi b allas a5l Lo

Sslod Oygo 4 |y el (g o0 13l o nl bawg &S
bl eyl 08 Gilwand ol plide b g
bolis cod cbasid p ol clapl e U8y (giludnd
g Jisl bt s 5 | by ol Sl Sl
gyl ey dooS dndg Jold Slgi o @iy laasud
U3l 45 08L ot g o el ik dbSOb da s
P lyead S5o)se 4 bgye cleMbl als’ Ll 4l S
() 2,8 oy ol (gl g iy Cawd

&g Sed Sy ildo b )8 (o Lo laghy (nl
NBley dhwgs s Sloy 9 (B b g3 > (Al
2 ASud ol > IS B rne oo Water Gems
w3 )18 (Sdgyden il g 4356 5,00 |y (6065

9,
Gl Jse plgim 2o el Sl aSud e oyl )
Wl g S Aee Plao irwg b 1o (ul AS wyp g
O) oldlus clasw b by adaw jl 5o YYor Joles
02)= ABB O g o VY g Sy Jobo add> VY g ey
Sy e VOFAS (b a5 oyl sbe Jled
2 &S abbe ol (b gladg) g Glorw Canl sla i
B3 e S5 |y L yeas 5,5 VOPY g 435 VAVA ggarme
Shog L & 8ibso ol il V5 5l &S ) 2 O el
iy ) coo yio VWWeoo )l a4y (35 93 «BleiSy
Slopl &b b anlie plyie 4 & (650 S S

Carog Judod 5o oolatul 8590 JSle ) Jeu

\Vid

\/Y

/Y

/Y
OB

ol S 5

ol ol oy o
alygy Jol= o

&JHLTQU)))J{W

e Jalod g,
J ol mig s aS 9 (S Jio gilwand lyp
ol ol WATER GEMS (V3) )1).9]ﬁ): pow 03)9

VPR bt /Y 6 ko 119 Jlsl caodls pls Olidions dloro

\ras


http://hsr.mui.ac.ir/article-1-774-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-10 ]

so oloj iy blE 4l 3 O adgl o 5 035 (wgsenles
Cuol 048 (1538 s Slhoy Jd pinped Col odd Llxd
Orcwlio | laoly 4l 5 oad Bl 0pdd (il &S
95 S 455 & s 90 & i

g 039 aSud 4 IS 3y blE (p powlis daoly I (65
Ol 3l ey g Ve lawgi Al ke 4 (G55 Slles
9 o0 plol wlie

il

suo oy plp BB &S 55 Ol adgl o a8 ol 33 L
9 B @iy b 9 1y ol wle gl (V) Jgdo 2l
A oSe spSeilul ad e (Ui puiee Sley
WWlawgio jolay 1y 033 ojbre (295 3 odiledly
ol 0l (15,8 50 Jdo & pd b lis ) o p )5 e
busgi olx Ve 5l oY jlake 4 g caslie bl ) IS &S
A Olie 55 (V) JSS 098 By A 4 ey ey
3o i Ay sl e 93 3 1) exiladly
POy Sbgey yiug bug odd Grae HIS e
&S Brae p jg) S chlisee Glebu )3 pufitune floay 450
(V) Jgso b @ilae adlioo ol Bpae Sy Joli
bl o

NP Py pidiad 38 g g iaidpig 5l (S JjBle 3 ool cand
R IS 3 G ) g bl Syl glaaSis S
aSh A A 1 e ol o ooltul Jdo Cps 39 p
» o Mol plxlw ACAD Lo 13 ol w5
GEMS WATER e Lue 4 5 <5 ool ] 55
=)l 5 ArC View lisle s 5l esliil L. )3 )l
N3l py as Jols Sledbl g ok iy 0,8 b & bgse
A 0d] Lgn

9 0 2o Ad Sl 4Sd culio 9 @l )2 sl
g 0 (B Sppo 4 &S 2o Slopl b (S s
ol odd Juo b (65503 9 Wil oo @8 (e 9 b
F o roSe » Gy pog Vo by (55508 Cllos o5 o
GBS e (Glpl O (SePgmgSee sla o)
3 B eles o Lais b lo ] &t ol s oile
silbe (PPM) 2 )5 oSl /A=210 (ole Ll
)

foRg R Cldg o

lp gedly g b9y 9 039 g b abyy ol
gl oy (ke 43,5 QB! e 5 bawgs 4l Jlos

VEYF

o
B L T T O A

. - st
I — -—V 7

|>-_.'_5 mgfll . |-_-'.>—-_-'A mg/ll | 1A mg,.n'll

AT Oblegs dld

by s i Sboy 9 B Sl 33 50 Bgl ST Wil Ol e ¥ Joi

vy

VPR bl /7 0 kot /11 Jlol caodhs pls Olsions dloro


http://hsr.mui.ac.ir/article-1-774-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-10 ]

—

L > < Y T 6t -t =

- -
— .

'Y

FAAP-

(h) 55 40 s e

8 YP-

SY4P-

(1) posiiad 3oy 4SSl 50 Ailo

FAAP-

e lS 81555 Oliae (S5 lwdings 9 S pie

8-YP-

$Y4P-

\VAK

Y/
Y/
¥/
f/av
b/4as
ZIA
A\
A/
A/AA
/0.
\RVAY4
\RVi4l
ARVAYA
ARVIAR
VV/AP
Y/ F
\Y/YE
VY00
VY04
VY/04
ARZANY
\Y/VY
AAPZN

Vo

Y/on
Y/
¥/
f/a%
7N
7IVY
\24
A/XE
AAR
a/va
Vo/F0
\RTAR
VV/VY
VY/YA
VY/AY
AAVARY
\Y/VY
Ve
VF/fF4
VE/A
\O/\Y
\O/FA
AIAN

\VAK

\7AR
Y/
¥/
¥/44
b/ay
/NS
\lidd
AV
/vy
4/40
\RYVidi
VA/YY
ARVAYS
\Y/OV
VWY
\Y/9F
VE/NY
\F/0%
VF/a%
VO/XY
\O/VY
\#/Y
V#2700

Vo

\ZE
)
/A
/Y
¥/FF
¥/Yv
Y/VE
¥/00
/X
Y/4)
Y/ay
Y/¥A
Y/
I
Y5
I
Y5
I
Y5
D
¥/
f/vy
\aas

\VAX)

V/44
Y/or
Y08
£/V4
£/
/T
Y/oV
Y/Ya
YA
Y/AV
Y/5V
Y/
Y/4)
Y/eY
Y/r
Yy
Y/r
Yy
Yy
Yy
Y/AS
Y/vF
YA

+/29

\/VF
Y/#4
Y/\
Y/AA
Y/AY
Y/40
\/AY
V/F4
\/0F
/AN
\/8A
/YA
\/YY
\/#A
\/#A
\/FA
\/ZA
\/#A
\/#A
\/#A
\7AR
Y/f.
Y/¥%

P > 3 i 5oy 40D Sy yiwgy Tyl (D pan N7 Ol T J9o

\ . PAIPF ARRYAYA Y&/ OY/bY Y&/08 [4VAN . . VOA/YE
Y . FAIF¥ ARRYAYA Y#NY OY/F4 Y#/08 [4VAN . . VOA/YF
Y . . AREZAV . o) YO/A? ALVAR . va/Ny \2VAL4
¥ . . VAIVY . o) Y7/9f 71/8% . I\7id AARVIN
o . . Ve AIVY . oY Y#/9¥ IAVAY4 . A¥/% VA/OA
4 . \AYAl VY07 *4YV . YV/. /NS . vy V44/%A
v . \AYAl VYY/PA Yv/-4 . YV/. VA/SA . vy V44/%A
A . ¥/ZA ARI~TA Y4 Yo/AY . YZ/YA OA/AY 7O/YF IAVANS \AQ/F
IFAF Ol /Y o lod /1) S/ Codhw pl Olindce dloxo \ras


http://hsr.mui.ac.ir/article-1-774-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-10 ]

q 41/4y Vi/a¥ Y/ ¥ YV/FY
\e 4y/4Y Vi/A¥ VY F YV/¥Y
AR EAVANS Vi/A¥ VY F YV/¥Y
VY A vY/# VVV/YF Y#/NO
Y SXVAV vY/% VYV/YF YZIAY
¥ A vY/# AARVA'4 Y#/NO
A A vY/# A\ARVard Y#/ANO
\# AXVAV vY/% ARRVAnd YZ/IAD
\\% A vY/# VVV/YF Y#/NO
A A vY/# A\ARVard Y#/ANO
4 /Yy vY/% ARRVAnd Y&/Y0
Y. A vY/# AARVard Y#/NO
AR A4/ ¥ FAIDY ARRVAVA YO/4Y
Yy A4/ ¥ FA/DY ARRVAVA Yo/4Y
Yy A4/ ¥ FAIDY ARRVAVA A AN
Y¥ A4/ ¥ FAIDY ARRVAVA A AN

€ FYY/ovE \\\Vidd YO /Y OOR/AFA

OY/YA

OY/YA

OY/YA

OY/YA

[AAVAYS

\avidl

OY/YF

OY/fN

OY/YF

OY/FY

OY/YY

Fa/5Y

oY/6f

OY/bF

OY/0f

OY/0f

Y AQ/AN

YWY S04 YA VANV Yoy
YV/VY S8 VEIM VAN Yoy
YV/VY S8 VEIM VAN Yoy
Wi iz . Ve/SA YFa/4
Wi 2 . Ve /SA YFa/4
Wi 04/4 . Ve /SA YFa/4
/4 z . Ve /A YFa/4
/4 2 . Ve /SA YF4/4
/4 z . Ve /A YFa/4
/4 z . Ve /A YFa/4
/4 2 . Ve /SA YF4/4
/4 z . Ve /A YFa/4
YS/YA 04/f . . OA/A
Y&/YA 04/F8 . . VOA/Y
YS/YA 04/f8 . . OA/A
YS/YA 04/f . . OA/A

SED/OY FPV/FL YAS/AA  AYeEY FAL NP

o Dol cpl 53 bz IS S 4 O Slay 5 IS 5555 Joee 0550 0SS s 50050 4 s O ISl cams 059 b g0l ocins OLis (4) s

@l ol ol 0ad o3y (L5 (V) Jgdor 5 wafitene Sleow 5
Vb ol sl plise (8 @5 a5l ) & canl ol 5l (S
bli jl (Bp p celo ¥ Job 3 &5 )b & il
Oened 5 Mbe celo V80 (ol Wle iy 4K
5 il g 4 IS S 1 5 Sl ol
S ol jlasy £l i 50 Ol Sle e 4 s 0
Cadl Jo > ol il el Ve VL g 5ylukl
9 yuda celo 0 5l Bl & ol Wb s o
S sy o (ol il xl oy (10-19)
ST e ool il S o Jitie 45 3,0 4 |y
oy 4 S g0 )3 Bpan oo 4 (g8 loj De

il

1ol Wlo oy 5me
@ 4 & 2959 3l o Ol B iS o Job o5 Slej e
aiiS Ol Wl (4 > Ol uile (3L o) Sy B puas
Sle ki Sl anglie gl &S pladly) oy (VY) S0
Sl 0ydd il gl (58,90 2,8 sl lgiee o
P aSd 0 dge 03D il & sl I il e
alple )y I3 b dbd g 9 s
&I S hwy yee i ool 4 dlgd )00
&S oad Sl jpd Sie > aly A aw 1V g dales
B @5y sy adlg oyl Ol Sle Gl 4 bgye ls

Y80

VPR bl /7 0 kot /11 Jlol caodhs pls Olsions dloro


http://hsr.mui.ac.ir/article-1-774-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-10 ]

e S B2y 5 e Slwding 9 Cuyrte

DOA) 20,5 g8 PBlas Jlude §

NBleys (S Jlodi g 35 9 0ad S5 b 9 gy b
dle aSud 93 5o 3 IS w35 Olie col 2
033> e 93 )y yols Jb aSs a5 bl 5l S
2P MY (50 5 035 o o \Fov e o 4y O]
Erae B olie ogdie BuF oibe cpl @ S
3,5 duwla jg 53 )5 VFA-

> 4 el slae)S g Wb oo S jlone ojluil
£ b A5 35 Sad o) > it SIS (lie 398
&S glagS @ 0D it 90 Slelw el o ol
Mo oyt b ply 03D jbre I 0)5 (gl clale
s> ol b Ll c8)S oys0 395 (/A MY/l) sl
s > dgd o sdalie 0 (V) JSKE 0 &S 4sSlen
Sl yeS oyS ST )0 clale wpsd i 90 0 Gy
@5l cnlply sl gl )3 05 e /0 (g Slre Bl
A Oy pshaie 4 IS 55 (sl st 0SS (ke
ol dgpiie MolS 5kl s 4 ao,S osilagil

dg2g dadi 93 b o 3 oS <l LS )5 cnlple
sladsed I8 5,5 ple sl s b g A8
b 0d)sly F slaplSe Dl SIEl g Gl

3l o3y 53 o) osile 3l LIS 58,5 L3 4 whan
pLsl 4Sud & palilee Ojgo 4 Sley & (Bhb pgd
P oglite g IS 505l qte Vel 43S
ol Sy ol gy mlie cpl oS Conl oas a8 5 s
g b ol o e a4 IS )5 cee
o g ol 5l (2ep (229 ke 2l A S e
P28 Bpac ey S gy yiwg 355 ol
25 55 VOVEY dgus bl o o el Sy 0k,

P e ol Jols @l daddgd cpl Jld (als L Jy
e aSus p Hlid &S ol ol Water Gems lsle
aype dx o dadgl lad )3 Mol ol el g ab anls
L1y aSed (b sl (Jy amde pials 1) 6l e
o quritins Slay &b )3 Lol 3,8 mlss g5, JSUe
4 ool Sl Ol gy 39y 9 033D (e (AN by
b o 1 1y oY eb colue Sy o (S0 aSty] 4 aSd
(V) oo j bl ol 38 o3 (b @y &b sl
Ot pba eioe Jloy 450D 3 &5 3580 ol @l ol
Yool Sl @aSs Z¥e 5 aag colo FVA O sl
dle celo 5 5 ol Slo a8 jl aop FO g celu
Ll o

P 2,5 e (Il (ow)

GBS B 35 cnl (ol Ban b S &S g5 len
Dy 3yl 03b 5 4l bl als” j5 il IS clale
Sogo ol e > bid IS 55 B g 4
GF &5 Cunl 0ad (23 pudts Fleoy dSud 53 9 305 (o0
23,5 plxil 0Ad 4 Sy yiwg: bawgs dadi V- 118
ol 2 ogMe ipudins oy @9 e | 03latul Cyje
Ol il A 5 45D )8 Gy e SRl cage
23le 4 oxilo 3L IS Glise (ilo) ized 9 (Spae IS
5 persSle gloj o 4t o JLid S el ol 5l
bulyd 3 &5 ©jg0 cpl @ VY) 900 8 Span pesine
ol 4 b L cuslite g by, oy 48T Bpas Sy
il L @myd 4 e e Sl 1) oY L8 5 5l 390
by (23 9 4l Gl )Lid mhll aSud )3 Syas
ollaol Ll )3 bgaay aSul 5l 8 el il oo S5
9 5olid agdow bawg 5yS )13 )5 plesily bld
Digels (65503 ) L (N i 4 gy ooy slaglls
MolS Lyl 5> (389) slageay plo &5 (5550 42335 oo
Sad > SBpae GilBEIL LS )13 6 ogllas 5 culie
e 33 9 48l B LS ccaey b o IS Sl

VAP 3l /¥ 0 ko /1) Jlof aodlo pl ligions dlowo

v55


http://hsr.mui.ac.ir/article-1-774-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-10 ]

GBS ) Hehie 4 calie lacudgize Jloel y (ot
Gy 31 oolil b asede o3l 3 &S blis a8 s cdale
Dhay & ]y odd 305 (Bpas IS i ey yiwg 5
(F)0,8 Ao (ad (il
L) ilodinge S gs Ban @l g (S 5 (il
A Gun ol Ll ploul Siss w65 1 eolawl
il 35 55 )5) IS oS IS pliie 4 S
lp o3e 9 92 J5S yolate 4 (6500 9 (( Jolus ks ]
iy 3, llt] Sl e 5l abladly LIS clale oS il
(YY) Gl 48,3 518 salatw] 590 g
olys cod ladlas 3 lSen g 939500 Glgee
2l 5 L By sbelin de SbolS"
Jo lp g Jaske 6 M opped O i 4 o Jas
G5 Soliuml bplle dun s (giloaig dles
sxmd i ] ol a8 Wy wl)) Jas e o5 25 L LIS
Cd e il Jao sl ol e ey
(3) 392 Oy Jghiie o sdg) & Cannd hg) (ol cenlie
Gan ol 5l esli! L Mohan Kumary Munavalli
P LS BuF Ol S5 p)eNl heg (Jad e
e T S U s TULRTILLNe
cslio Ko 5l 4y Lo 5 nas by, 5l dlitsl L olty]
(YY) a5 aSud ) 18 G5 el
&S Gl @jg phees dnsg b ollSes 5 Broad
ol 2 00,8 oy g3)90 adlae lgis 4 |y Sy
b 52535 4 51 45 S 32,55 Cond 02 s el
GF ol e 59y » ile A Jos 5295 ploxl a8
(YY) 2,5 &ygo
P A G5 el plie o gln Sen 5 Gibbs
K 3 S Jorans] glive oyt 4 ] (laSnd
O yS) Slagby) jledlatel b & sy ol sy
DP9y Oozer g wY A as baSid ool (as
St glayiahl (615 4 g (eas &b g3

&9 b b duslio D a5 ol o) Brae 4 4
ol 0 09> Ao Juo pd £/ dgis &S

siloding” gt b gladllas )3 )lSen 5 (B dgne
pipssll by Slopl laaSid S5 3)F e
ol Sl (e Jl 2,8 Jle 93 o b "S5
a Gy bt £ ) LIS 5,5 bl slw (uliel b oS ol
A palie (b 3 plgion (035 (550 93 b S s>
Olie 9 Ab &l 50 )lubinl lude 4 laalg) ) oxilely
(A) 28l 3208 2PV Sl ol 53 0 o IS

1oilondly IS (50

15 sl o] o 331 asile 3l IS o IS cenSis abais
o on Jh e 4@ N0 dge el o) Sl e
O cl ¥ 5 Jlie )3 (plus lags ST
@ loo)S S 0 ol g glie Jlis & gl
Slo ploj Bl cnlple A8l oo 483 VA KT 50355 e
el oo ) (sl &b ol bl o IS b cae
Gl 00935

NP3 Oliebl doy> & 395 0 Jols dxis cpl (V) JSd
2 3kl o3gate 53 aaly 3 sniles8l S e 8 S
Gy bl ol Gl Jsay qesites oy (sl
2 te 5 L Gup b gl culle Gl 5 S
4 Cand ol g gl ol oen 9 55 Albs Jsb
PRk cme S Byp & B g clapiess
S adds p oS o i oy £ Cpge L
Sygo 4Sed 4 Ol 2509 5 U g 0pSd il ok

ol il 233l 5,5 o

2 53 ot Sloy 45u3 (sladlg) I ZEY )5 oxledly S
IV B mje 4 aS )l 3 e 5 bl
A e s Y celw o aSs j0 2990 sladly)
bl oo 3 ylibiol sl eSS glossleudly

48,5 e 8 sl o jd (6,50 ldllas Ll opl 4o
Gua b b o)Ken g Boccelli Jlo olpe & cul

Yy

VPR bl /7 0 kot /11 Jlol caodhs pls Olsions dloro


http://hsr.mui.ac.ir/article-1-774-fa.html

e lS 81555 Oliae (S5 lwdings 9 S pie

039381 JIS 5 Ol Gpas blod Jl sy Luylyd 3 o8 a
oy pudts Sl S )3 0uiladly S e 0y
o 5o g csbio sl g S )5 blis slass il
o 35 ol 9 5y Bled sk o pite 25 b )P
G sased ) (Jy canl d)lalinl 795 ) 5 Csllas s
sl bulps jlesladl 5 e @Sl b 551

Al )15y55

Slopl as 5 ) enlegdl I clale e e
(YO) L5503 by sl

S 5 o
py lawgy ol (gilwduds Jdo | odlawl b gaiss opl o
A BuF s Ol 0w Sl @Sl Ger Sy 5
P35 golae )5 Je 93 (owyp Sl 03,5 L)
B mjg b > el gy Soge a1 Gy Jgl e

e E5 b Gp 9 <l g5 LI B Al Ko a5
3ly Mol alols (laclye () b &5 dlgo ogliza L

2 ey yrwgr Ve bawgi JIS 3055 pe> s 53 g i 9
Ol @ e mies Sley 4SS ) calie Sl
Clesl g LIS 5,55 blas slaay (iol58l b as sy ol sudss
59> b Job 53 yite £ b o5 b 5 gl cslis
2 oxledl I Gline (585 )13 liebl aoyd Gl
Ay iz ed 2 il 1 okl edgaze jd Wae,S
A B0 Slp crey g Ve cpgy Al 3 0ad S
2o (oyp b &S €85 ©jso iludire Jos 9 oS
g 485, osilesdl HIS clacbale 4 bgye odel s 4
odnlito S (e 59y 2 B i 4 b ol duqlis

A Ol 5l oslie ByF > (Brae N Gl &5 ol
IS gk 4 Bl Fomb ol 3L 35 ) (Bpan
Gkl &Sl S Copde & Wlgi e GBS ()l @S
il g cudlagy s (gl oSl 3 1 5055 Ol e
Sad (S SCudgixe g 398 (D 039l g baaiyja

les bl S8

References

1. Monzavi M. Urban water supply.Tehran: Tehran University; 2009: 319-28. [In Persian].

2. Haghighi M R, Alian Koupaee T. Investigating the effects of temperature on chlorine decay
coefficients in water distribution networks using a dynamic quality model. J. Water and Wastewater
2003; 47: 21-9. [In Persian].

3. The Standard and Industrial Research Organization. Physical and chemical characteristics of potable
water, Standard 1997; 1053. [In Persian].

4. Tabesh M, Azadi B, Rozbahani A. Optimization of chlorine injection dosage in water distribution
networks using a genetic algorithm. J. Water and Wastewater. Plan. Manage 2011; 77: 2-12. [In Persian].

5. Boccelli DL, Rossman LA, Tryby M.E, Uber J.G, Zierolf M.L, Polycarpou M.M. Optimal scheduling
of booster disinfection in water distribution system. J. Water Res. Plan. Manage 1998; 124(2): 99-111.

6. Prasad T, Walters G A, Savic D A. Booster disinfection of water supply networks: Multi-objective
approach. J. of Water Resources Planning and Management 2003; 130: 367-76.

7. Ardeshir A, Alimohammad Nezhad M, Behzadian K, Jalilsani F. Control of THM formation in multi-
objective booster chlorination for water distribution systems. Computing and Control for the Water
Industry.Procceding of CCWI Conference, Urban Water Management-Challenges and Opportunities,
Exeter, UK; 2011. [In Persian].

8. Tabesh M, Azadi B. Optimum management of water distribution networks via determination of the
optimum rate of chlorine injection using analytical excel and genetic algorithms. J. Water and
Wastewater. Plan. Manage 2007; 77: 2-12. [In Persian].

9. Saboorian Sarroodi A, Ardeshir K, Behzadian F, Jalil Sani. Optimal sit location for booster stations of
chlorine injection with nonlinear decay rate in water distribution system. J. Water and Wastewater.
Plan. Manage 2011; 77: 2-12. [In Persian].

[ Downloaded from hsr.mui.ac.ir on 2025-07-10 ]

VAP 3l /¥ 0 ko /1) Jlof aodlo pl ligions dlowo 5


http://hsr.mui.ac.ir/article-1-774-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-10 ]

10.

11.

12.

13.
14.
15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

Tryby M E, Boccelli D L, Uber J G, Lewis and Rossman A. Facility location model for booster
disinfection of water supply networks. J. of Water Resources Planning and Management 2002;
128(5): 322-33.

Behzadian K, Alimohammadnejad M, Ardeshir A, Jalilsan F, Vasheghani, H. A novel approach for
water quality management in water distribution systems by multi-objective booster chlorination].
International Journal of Civil Engineering 2012; 10(1): 51-60. [In Persian].

Alzamora F M, Ayala H J B, Roca N M. Connecting arc GIS to water GEMS a full environmental to
manage water distribution systems using models. In: Ulanichi B., Coulbeck B., Ulanichi B, Rance J
P. J Water Software Systems. Theory and Applications. Research Studies Pre: 2001.

Nazari A. Design of water supply (water Gems).Tehran: Eliyas; 2011:119-28. [In Persian].
Babazadeh H. Design of water supply networks. Tehran University; 2010: 193-8. [In Persian].
Digiano F A, A Travaglia Zhang W. Water age (EPANET) and mean residence time of fluoride
tracers in distribution systems. In: Proc. Of AWWA Water Quality Technology Conference Denver,
Colo; 2000.

Jeffrey R. How to reduce water age in distribution systems. J. AWWA 2002; 85(7): 67-77.

Taebi A. Relationship between pressure and rate of leakage in water distribution network. Iranian
Hydraulic Conference; 2009: 252-5. [In Persian].

Afzali M. City water distribution networks. Tehran: Tehran University; 2010: 72-140. [In Persian].
Kothandaraman V, Ralph L.E. Design and Performance of chlorine contact tanks. Urbana : Illinois
State Water Survey; 1974.

Fayyad M, Al-Sheikhi A. Determination of n-chloramines in as-samra chlorinated wastewater and
their effect on the disinfection process. J. Water and Environment Research and Study Center.
University of Jordan, Amman; 2000.

Sadeghi M, Taji Eshkaftaki A, Hashemi H, Hoseyny S. The comparison of two water supply systems
(gravity distribution and direct pumping) from the viewpoint of pressure, leakage and quality of water
using waterGems v3/0 model (Case study: Boroujen water supply network). J. Health System
Research 2015; 10(4). [In Persian].

Rouhiainen C J, Tade C, West G. Multi-objective genetic algorithm for optimal scheduling of
chlorine dosing in water distribution systems. Advances in Water Supply and Management, Swets
and Zeitlinger Pub, Lisse; 2003.

Munavalli G. R, Mohan Kumar M.S. Optimal scheduling of multiple chlorine sources in water
distribution systems. J. of Water Res. Plan and Manage 2003; 129 (6): 493-504.

Broad D R, Dandy G C, Maier H R. Water distribution system optimization using metamodels. J.
Water Res. Planning and Management 2005; 131(3): 172-80.

Gibbs M S, Morgan N, Maier H R, Dandy G C, Nixon J B, Holmes M. Investigation into the
relationship between chlorine decay and water distribution parameters using data driven methods. J.
Mathematical and Computer Modeling 2006; 44(5-6): 458-98.

rs

VAP C3liali /¥ o ko /1) Lol caodles plts olaions dloro


http://hsr.mui.ac.ir/article-1-774-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-10 ]

S 325 Ol 3w 9 Cu e

Management and optimization of injection rate of chlorine in water distribution
networks using Water Gems softwar, V3/0

Amin Taji Eshkaftaki *, Mehraban Sadeghi > Hassan Hashemi °, Behnam Hoseyni *

Original Article
Abstract

Background: Drinking water is disinfected in different ways. The most common and cheapest one is
chlorination. The most important issue in chlorination is place and rate of chlorin injection which should
be selected in such a way that residual chlorine in all parts of water distribution network is standard and
the related expenditure is minimal. Performing a program for two distribution networks of urban water,
this paper aimed to analyze and compare the rate of chlorine remained in the pipe lines and the amount of
chlorine used in different parts of the network.
Methods: In order to model the networks, the Water Gems software VV3/0 was used, and the two networks
were modeled and designed in the form of gravity and direct pumping.
Findings: Solving the two practical models of water supply networks by the software, the efficiency of
these networks was evaluated to determine the optimum injection rate of chlorine. Findings indicated that
the residual chlorine in 62% of the tap water of direct pumping network was close to standard limit and
that in 100% of gravity network was less than the standard limit. In addition, the amount of used chlorine
in the direct pumping network was 6/5% less than that in the gravity one.
Conclusion: This study revealed that the optimization of chlorine injection into the networks with direct
pumping is possible, applicable and needs less chlorinecompared to the gravity distribution networks. Key
Words: Water Supply System, Distribution Network, Residual Chlorine, Qualitative Analysis, Water
Gems software
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