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O ABSTRACT 0O

This study aimed to determine the order of the reaction of chlorine with water in order to
reach at the appropriate kinetic model to study the decay of chlorine in the drinking water
network and to determine the chlorine decay coefficient (Ky) .Twelve sampling points
were selected distributed on the main lines of the drinking water supply network in
Lattakia city, Water samples were collected from the specified sampling points at a rate
of once a month, as the study lasted for seven months from June (2021) until December
(2021) which the concentrations of free residual chlorine were measured at each sampling
point with, the adoption of initial time of measurement being the time of sample
collecting. Then the concentrations of residual free chlorine were measured with an hour
difference each measurement for each sampling point Then, the graph of the relationship
between the concentrations of free residual chlorine,and its logarithm and its reciprocal
was drawn against the measurement time over a period of (24) hours until the value of the
concentration of free residual chlorine approaches zero.Based on the value of the
correlation coefficient (R?) of the previous relationships for each sampling point during
the studied months.The accuracy of the correlation was determined and the value of the
strongest (R?) was chosen. The value of (R?) was the strongest for the logarithmic
relationship of chlorine concentrations against the measurement time for all sampling
points during the studied months , and therefore the order of the reaction was of the first
order, and based on the order of the reaction, The kinetic model that describes the decay
rate of chlorine in drinking water, which is a first order model, was chosen

Keywords: drinking water network, Chlorine decay kinetics, chlorine models, order of
reaction

"Associate Professor, Department of Environmental Engineering, Faculty of Civil Engineering,
Tishreen University, Lattakia, Syria.

** Assistant Professor, , Department of Environmental Engineering, Faculty of Civil Engineering,
Tishreen University, Lattakia, Syria.

*** professor, Department of Environmental Engineering, Faculty of Civil Engineering, Tishreen
University, Lattakia, Syria.

*** Postgraduate Student (PhD), Department of Environmental Engineering, Faculty of Civil
Engineering, Tishreen University, Lattakia, Syria.

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
201



Tishreen University Journal. Eng. Sciences Series € 2022 (5) 2aall (44) alaall Zavigl) aglall . 050 daals dlas

oISl o Al Spal) zgailly slall pa yolsl) JoliS dipe apany A
4B dyaa A copdd) oleay JaaY) AWl B

" iaa i)y

**ala Al .2

BEE A Jile L2

sl ydl e
(2022 / 9 /25 & il 33 2022 /7 /3 1ay) & t)

0 gedlaO

0 L) Caliall Sall haill ) Jomgill lldg o L) e oS0 Je i Ay aaad ) Al o3a e
dcise obie) Ay (12) Jlaa) & Cua o (Kp ) sl 005 dalee dpaaly copdll ole 4805 8 ))
Olie ! Ll e oluddl culie Calad ¢ AEDU) Aine b ol sl aey) Aual Al baglall e
OsS sed i (2021) ohos e e el A 5ad Auball Chpdinl Gun e US Bye Janay 5a3adl)
Gl 1 Gl aldie] wa oliel A S b il all sISH 815 (s 5 s (2021 ) IS
AhE 9 Gl JS O dele daney ie) Gl Gl Jall ) Sl eld ¢ Al (il ) s
o) e dgsliay adplegly Al adl sl 585 Gn A8 Sbl bbadl awy o5 & ey Ol
dalas Tl o 2liyg saall o il all KU 5805 Al i@ i dele (24) Ll e il
(Aad JLaaly BUGY) A8 yand 5 G padl et DA oliie) ki J9 ALl il (R?) Llgjy)
Tl g9 Gl ey e sl BS1 daiplesll AD0Y @) (R?) dad culS Cua ¢ @I R?)
& Jelill 4y e liyg ¢ IV Aipal (e cilS Jelil Aye of by ¢ g yaall el DA oliey)

LI Al rasat phy oyl slae bl 5D Jana sy (530 Snl) £ asadl gl

e lal) Adiya ¢ Jj&ﬁ\céw‘ J}m\@fﬂd iS¢ il olie dSaie 3..};1.'&1\ alall)

g — LB — ¢t Aaaly — Aginal) Aurigh 240 — L) Auvigh and — soliaa Sad

Ay — 4B — 080 daaly — Adaal) Auigl) A8 — i) Aasigl) and — (upie*

gy g — B — 00 daaly — diaal) Auanigh) A8 — i) duaigl) and — L+

g e — BB — (5 el — Aiaall Auaig) A8 —dnd) Aarigh) aud (olgiSa ) Lo il Al #Ex

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
202



- -

14adda
Al olyall aysh Al 8 oLl asa o Bliad) maal i ¢ gy e slad) JISET apand (gy5p0m ¢ W
Gllaae Canal Eua o udll Al ol e Jpanll doge b ekl aay coladd) Sl Al i 8300
lesad aylall ST ey ¢ Ol G caas o oSy ) Al dall S el cygdal) dalleal
ol ¢us ¢ (Carl Wilhelm Scheele ) Js oo (1774 ) ol 4dli€l & gilly )kl jpekaill sa el
O By sl Sl b skl g Y sl A8 b oball Baga plaal Hd3e s i) ) 35
L1 ]elleial) Y Yo dallaall idase
35 Jlad 4 pall sl 8 Lahasiu) ST gag ¢ il S SS Gl sl ) OASH Giliay
sl L3O apsill alas pie JUEY) ae ¢ IS Cile g daladiinl 2313 Ll JSdyy (e 5 padiie
¢ ) S S5 ¢ bl e paall o adingy ¢ adsall Aals pall 4l L O [ 2]
0o V) 2l Glaa cany a3l LS [ 3 Jeani) sale 35 ¢ el Biha Anpas ¢ olial) Han pailads
4 T Al 8 ol Basa Ales Jal o i) jedadll
& OslSI) I ale fialll (e el S ¢yl olae aysi ASuS b A ) KD Ssa (lacal
DS 5850 5l e Lae ¢ Gl sl (B lSI Cligiue andly gladll 238 maud Cus Al bl
[5 Joball dallas ddana & oI 390 5S50 lae) 8 38Y) pe o gl e aiidl)
DI 5D Jare 3a3[ 6 JA88 S ) Agyall e Jelis Janay slKH 3D Jare a4 L sale
aaally syhall dapy @l 1) dalayl oLl b 4y daled) dpnpdall dygmall dsall 25ny g le IS
S (gganll (a5 Bl Aas pe DS DRI Cality 4l s 3y ¢ ) ) (g Skl
J 77 deasinad) A0 N 5K dejag
& alais Al Al e SHa zilais (oY) Al e ASa Fila ) sl o Al ikl i
&5 (Bulk Phase ) & clisld) pa oISl cBlelii agh 4 Kl 33 il aeludy « (N) 4yl (1
depall Gpeatl Ul 2 3Ll oda axaiidy ¢ [ 8 ] bl aigi ol ) ghas mlands sl 422y
[9L[10 Aeé ye Slygise ) 5ISH 520 38 Cum dajal) adlgally gamilly sISIL Aalladl) adlse aaasy
el Jalaall sag ¢ Ky Jalae Gl ws o sbiall ayss el (3 lSH 550 Gaalyll 3kadl) e ]
L5 ] ol ole dakil 8 gl sl gl dadal

radlaafy dal) Laal

G dsaal

Do L o) Ll aliss

a2 Wy BB Ane 8 Gyl sliay DY) AA! HDL I S Sall 23gall ) dual)
Aalladl) adlse aants dejall Cpuady Gail) me LIS O b (Slg ) dlail by pe ulad
Aspall qdlsdlly gy il

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
203



Tishreen University Journal. Eng. Sciences Series € 2022 (5) 2aall (44) alaall Zavigl) aglall . 050 daals dlas

G cala|
) Gl Ciagy
oLl e sl Jeldi Aiye s
Giayl) Adhaia aBga
Gudl) ol 48,4 uag
e e il (e sl cone 2 Gum il 8 Gudl Alane (o el oliey AU Are 35
SV oeball i Al all Gllaas ) caidl @by e bl s ghey Aanl) Gllaas ) AEDU)
a sk Aagyly LA Lpae bl @30 ) AepY) (i d s

— pade ) Al AESl s LAY g A AS ay AEDU e (o olie ASuE (e o3 Al o
s 2 (50000 M? ) ansy ojinall (3 (e sLal) o2 A s ( sdpmed — @) — il Jojl
(pnmo GBI (adi (e (D =1000 mm) Lkis (L =42 Km) Jsbay Gl jall bad e 45
o la¥) oda 43 1 (D =600 MM ) s siisal Gha (e 4l Jaays 5000 m?)

Mo (g aal) sl o lal) ) Aadl) dihaia aBga (1) ab) Joill
Z - Mz <
~ ’ o
=
Mg [ |eentatt | i
Mo ==u _i
e | =21 [e=Far] f = [ _
oyt R s £ 9o I D 45 I . .
M, '—'I T
M17 Al I 1
L
! — 3
mM
journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279

204



C Gl alay AU Ade wgi alaT :(2) a8y JSi)

10dlgay il (gihka
AU 50 S5 A (el Taphall e bl Bl ) Falia dumy A0 Laal Akl Al eyl
o Aeipe ohiic) Ak (14) o Ailpe LEDU Aise 5 oyl sbay JaeY) 4SS 3 il pe acial
;g
RSO die ol R s (o)) Rl A e Rl B

OhisY) ki g e Ak
Lol Alana 3 A0V I depa Ail) die paenill A (e Ada M,
Agil) Aana (po gl g Al ) (Ta) ) Gad i 0a ) ol Jss A "
(((Ts) S8 (i o
sl Gl AN el b e A ) (((gabiel) ) ZADU Aune Jasa vie Ak M
(oxual (A oo (6 kM) (Jles e Bdies — 483U

(Bl N all Jad (5e ) o5l (ha ) ol Jpis U ALuis Ms

. ((D=600 MM ) ALY Lt &) s3indl s e oladl 78 A Ve

oiall A (e Al ¢ Lal) s3a8 A Aadyl) Laghadl .

Glisy) ddais adga oltey) Adass
O Earie (o A0 Ay Me
sApmad (Slue 400 Al My
Sedll dayll a dpdas ddats Mg
@A o L Al Mo
syl o A AL Mo
journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279

205




Tishreen University Journal. Eng. Sciences Series € 2022 (5) 2aall (44) alaall Zavigl) aglall . 050 daals dlas

Sl Jooll Jilie 2u0a5 2as Ma,
Sl Jooll Jilie 2p0a5 2ads M,

SApmad A s Ak Mis
Sl gl a e A M4

G oy Bl sldie) 2 Gum 4D e 3 il ole 405 (e e Ayl Gliie) i (12) sl
(Mu) &= (Ms)

i) aas 43k

(2021) I 08 e in (2021) b e e el das B et e Joeas slaall lie pea -1
o Aligha 55l Lealadia) Qi Al ) oLl asant Cuiatl iy Bad gy Wl 5 -2

Y Leblas sl cliall sy s (1) Lals) Sl b Sl gea -3

sladl clie A Aiall all ekl duas paas

& Al duaigl) IS Al duaigd) e (A agagall Addl all slSl 385 ekl Slea aladii) &
(DPD) ails alaaial &g elall e (& SNy Bl all )l (soina Slead) Gy Cum (il Aala
sl 5858 ol LS a5 Ul s dsal) e SISY Jelity

el jal) jslsl) (uld 48k

(1) R e b Baaas Gliie) Akl JS doludll e dne b~

o) ey dind pe (Ae Jf ol die ) Aue J B i) all K S5 lE -2
(24) Jae o Gl ) a3l e dele gy A 0S8 Al el I 385 ld -3
all e (Adall jall ISl 5S35 dal Gyl s Aol

Dine Al clabad) sy —4

(1) Jae(C) pniepny W

(1) B (Ln(C)) pontepun ™

(1) Haa(1/C) Fnta sy ®

Al lhabadl e giaie JSV LY Jalee deg 285 =5

) (R?) dad sl -6

Lls 8 bl Gl ey ae dasliay adiplesls amall all <N 3805 dDle 4l JEEY) mua s
g pad) ed) PIA saasall lie )

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
206



b s VA OlieY) B el e (Rl Al ol 8 Abe 1(3) Ay Jsa

0.2 -

* M3 R?=0.9458

S EM4 | |R2=0.9365
Zo.1s - AM5 | [R?=0.9197
x M6
3
£ o
- “M10 | [g2- 0.943
S~
o0 M1 [g2-0.937a
£ 0 .
®MI2 Tz 0 0a
- 2 | o
( hour) ¢ R?=0.8661
-0.05 - M14 | | g2 =0.8992
b g YA olieY) BEL el aa LN (C) ABle :(4) ab) Jei)
0 : : : : Tws | [R=0.9614
5 10 15 20 25 Iz——gﬂ—
R2=0.9513
= M4
.1 .
AMS5 R? = 0.9436
—_ % M6 R? = 0.9582
(8]
- « M7 R?=0.9563
c
= 3 oM8 R? = 0.9603
+M9 R?=0.9538
. [r=09538]
-M10 R%=0.9585
-5 M11 R?=0.9641
omiz | [R2=0.959]
-6 - .13 R2=0.9179
hour ) (3 .
( ) m1a | |R?=0.9648
Ol pd VA oliey) bl Gl g 1/ (C) Ade :(5) a8y Joid)
140 -
oM3 |(|R2=0.7225
120 -
EM4 || R2=0.7868
100 - aMs  |[Re=0.8448
80 - XM6 || gz=0.7987
O 60 - XM7 || R2=0.7843
: 0 4 ©M8 ||R2=0.7389
20 M9l R2=0,7912
-M10 ||R2=0.7939
0 ; .
MIT [[rz2
2 R?=0.7425
-20 * M12 R2=0.8066
40 ‘ mM13 ||R?=0.8555
(hour) ¢3! M14 ||R?=0.8685
journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279

207



Tishreen University Journal. Eng. Sciences Series € 2022 (5) 2aall (44) alaall Zavigl) aglall . 050 daals dlas

saaaall Glie¥) bl e 535all) cliall G (305 e Al all I 5805 ausy (3) JSAN mmsy
Jlad) o (R?) LUy delae G o Jpanl) o i (v Aibpall (30 Jelill ) ginall Jelial
.R*=[0.8661-0.9532 ]
LS (Y1 Ayl e Jeliall (bl a3 Blie LN (C) el ool ol 5815 diplesl any PDI& (e
R*=[ 0.8661-0.9532 ] Jladll e (R?) i canglsi cum (4) JS30 o
ol gy Qi (1/C)  aiall jall 5Kl 5805 Cslia auy (5)  JSEN 8 Jaadl elld (g
R?=[0.8661-0.9532] Jiaall an (( R?) ad il Cum 3l Ayl (e Jelatl
515 sl sl n A g Jady) (R?) of gas A8l JSEY) (e (R?) Bli¥) Jalae o dliey
C b ed ) Al e delis lia MGy Gl e Qe i) sall )

s gl IR LeY) B Gl g Rl ) [l 35 Al 1 (6) a8y JL

0.16 - M3
R?=0.914
=Y 0.14 - M4
R? = 0.9394
% 012 - AMS
_ R? = 0.8349
% 0.1 - X M6 —
3 v R?=0.9234
-'1 0.08 - R? = 0.9258
o M8
= 0.06 - R?=0.7644
1 o
. 0.04 - R? = 0.8537
: w0
- _ R? = 0.8284
w R? = 0.8703
V1L
€ S 25 R? = 0.875p
=~ -0.02 - L. mMm13
(hour ) ¢} R2 = 0.7858
-0.04 - M14 R*=0.8703
s gd YA L) b il aa LN (C) Ade : (7)) a8 g
0 : : : : :
5 10 15 20 443 R = 0.9349
BMV4 2 _
1 4 R?=0.9554
AMS R?=0.9578
-2 x M6 R?=0.9619
o <
- o M8
-_Rz =0.8895
’
4 -
“M10 | g2 0.9418
iz
®M12 | fRp2-0.956
. -
. R?=0.9146
( hour ) a3
M14 | |R?=0.9377
journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279

208



L8 g YA oliey) bl il aa 1/ (C) Ade 1 (8) a8, Jei)

140 - oM3 |[R2=0.8125

ams | |R2=0.8892

a

g
20 -

0 2'; M12 R’=O.872'E

-20 - it

0 (hour) &3 M14 | [R2-0.8832

R? Jladll e el o I 315 (G A0Ual) lgad iy G s ygedl Al (R? ) o 23l 2nyy
siple sl ABl lead cialy (7)) JSA b Badly ¢ (6) JSAN 8 LS = [ 0.7644-0.9394]
[ Jlaall e a3l we SSIAN Coglia oy 4Dl canglis RZ = [ 0.8895-0.9619] el go 3:SI
(8) Jsal s LS R?=10.8011-0.8884]
Jelatl Ay o) MLy Gl ey eSS0 Sl o AU o Jomill) (R?) Aad of Lasdlyy
c A Aall e (A
-l g P ol B Gl g (el Jadl Sl 5,85 A 1(9) o Jsdl

oM3 =0.8871
0.16
mM4 R?=0.9346
014 | &
He AMS R? = 0.9056
b 9
= = X M6 R?=0.874

X M7 R? = 0.8202

e 14
o ° i
[~} = N

o M8 R?=0.9056

o
=]
-

+M9 R%=0.9066
-M10 R2=

o
(=]
B

)

N
o
[
-]
w
(-}

(mg /1) A all sl 585

0.02 M11 2=0,
u R?=0.879
0 T W12 R*=0.8826
) 5 10 15 25 0
0.02 = M13 R? = 0.8842
-0.04 - (hour) &eJd M14 R?=0.8534
journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279

209




Tishreen University Journal. Eng. Sciences Series € 2022 (5) 2aall (44) alaall Zavigl) aglall . 050 daals dlas

@l g N4 lieY) b il aa LN (C) Ade :(10) a8y Jsid)

0 . . . . . .
5 10 15 20 $M3 R*=0.97
M4 R?=0.
AMS -m
-
Q
=3 o M8
3
R? = 0.9688
5 w11
6 - = M13 R?=0.9648
(hour ) o3 s
cal e PN e Bl a3l e 1/ (C) didle :(11) ab Joib
u M4 R?=0.8035
100 | R*=0.8035 |
s
o 60 <
~~ [ ) M8 2 -
.
- M1
M11
. R?=0.8673
312 | Mea_ 0 8786
] . = M13 _
-20 ( hour) a3l
M14 R? = 0.8866

journal.tishreen.edu.sy

210

Print ISSN: 2079-3081 , Online ISSN:2663-4279




Jlaal Gaia T el Gkl G Jilie slSD 505 e A1 (R? ) Aad o) A0lud) JISEY) (pe Laadls
=[ 0.937-Jlaall Gaua cangli (10) JSal & L ¢ (9) <&l & WSR? =[ 0.8534-009346]
Coslia (AUl R =[ 0.8035-0.8941] Jlaall ey Gaill e 3:SI sigle o) o 48310 R* 0.976]
o S aiple gl o A o i) (R?) Aed o by ¢ (11) JSa 3 LS ol e 38050

LY A e delal) Ay of e da 13 el

&) deasill &5 G (I S ¢ I 0y ¢ I G ¢ Sl ) A8 eiSU clphaall Guii g L)

b aglull )

Cro A K0 Gl (305 il Auslias aiplesly HoISH 3805 o Al (R?) il cal€ gl e dunailly

ol 12 gad 4ylias [ 0.913-0.966],[0.9476-0.986],[0.5742-0.8818] sl e liey) Ll

L) Apall (e Jeliil) Ay

Ll e Ak () Gl () e LslSH 51 ADLD (R?) Al il I o e Al

e S Splesd o Al cagli s & R =[ 0.8975-0.9707] Jladdl e saaad) Glie!

R® Jladl) e o3l e 5:S50 Coslia (p Akl s glig R?=[ 0.9537-0.9881] Jlaall (haria (303l

Gl ey Jilie s S0 Laiple ol ALY s Jeai) (R®) ded b =[ 0.598-0.8838]

c) Al e delall Aye of Lo Jy 1

Ak S ayslia s Adiylesly Gkl (ye) dilie s 15 G AL S (ppdi jedd (R?) ad 4liays

ol 12 ua [ 0.8679-0.9686] ,[0.9502-0.98737],[0.598-0.8838] sl e oy Lalis ¢y

L) Al e Jelil A s il gn 5N 5805 le ) G AU o ) (R?) 4

[ s o agslins aciylesly o) ma sl 5815 o ADLI (R? ) ad il J¥) S el danally
Dhall il 1o (58 (R?) a8 4)lays 0.8523-0.9614] ,[0.9422-0.9798],[0.578-0.8594]

LAY Al e Je il Ay by aill we 81N el o

A (JS) ) () ilie 4ustis asile sly o0 5805 G 4Dl (R?) o A)lhe 3as oo e 2Ly

Qe sl 5805 Sples) o ADD o Juallll (R?) dad ) Gupad) LetY) DA glie) Ll o

A LAl e Jolinl) Adpe s el e

tlua gilly clalitiuy)

s clalisiay)

Dbl A dagill 3 -

LY Al e DU Apne (A ol slbe AS ol pa sl Jeliidine -

Ayl zasan AADUN Aipne (A oyl ol A0l (3 ASAl jall )il I36 dadall (Shall mapall -2
bl IS e say AV

C: CO * e—Kb*t

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
211



Tishreen University Journal. Eng. Sciences Series € 2022 (5) 2aall (44) alaall Zavigl) aglall . 050 daals dlas

tlua gill
Py Gl ol AS0d 8 gl 5D )l Calidl) Spall 23 saill 203 2y
slae dalail & Al oI olgls Aadall )l bl g8 (Kp)  JslSH 500 Jeles dad 2as —1
phal)l Ay Jie ¢ Ausgyte dihie JS) dalall Gl o adin sl pe oI delss of Gum il
sl Al Dluay Jrdiy 4y suaall 32kl (s5inag
c sl Al Cagplal lan lSll IB0 CBlalas Blae iy -2
- Sl pued) dalaill gl pladinly A jaal) olual) AS0AT sliall Baga §palaay ASlg yuel) Spladll sha) =3
Ay el 3agally oliall Bylae m 35l 3smy (gyapall (0 —4
References:
1-  Hamdy, D. Moustafa, M.A.E. Elbakri, W. Free Residual Chlorine Calibration by
WaterCAD at EI-Nozha Water Network in Alexandria Governorate, Egypt, Journal of
Environmental Protection, 2014, 5, 845-861.
2-  Shamrukh,M. Hassan,Y. Chlorination and Optimal Chlorine Dosage for Nile
Water,Firdt AIN Shams University International Converence on Enviromental
Engineering, Egypt,2005,644-654.
3-  Haider,H Haydar,S Sajid,M. Tesfamariam,S Sadiq,R. Framework for optimizing
chlorine dose in small- to medium-sized water distribution systems: A case of a
residential neighbourhood in Lahore, Pakistan, Published under a Creative Commons
Attribution Licence,2015,41,614-623.
4-  Ramos, H. M. Loureiro, Loureiro, D. Lopes ,A. Fernandes, C. Covas ,D. Reis , L.
F. Cunha, M. C. Evaluation of Chlorine Decay in Drinking Water Systems for Different
Flow Conditions: From Theory to Practice, Water Resour Manage,2010,24 ,815-834.
5-  Garcia-Avila,F.Sanchez-Alvarracin,C.Cadme-Galabay,M.Conchado-
Martinez,J.Garcia Mera,G.Zhindon-Arévalo,C.Relationship between chlorine decay and
temperature in the drinking water, Elsevier B.V,2020, 126, 13-20.
6- Omar,K.A. Simulation of Chlorine Residual in Duhok’s Water Distribution
Network (Entire Ashti District) using EPANET 2.0, Caspian Journal of Applied Sciences
Research ,2015,4(6), 1-9.
7- Tiruneh,A.T.Debessai, T.A.Bwembya,G.C.Nkambule,S.J.Zwanel,L.Variable
Chlorine Decay Rate Modeling of the Matsapha Town Water Network Using EPANET
Program, Journal of Water Resource and Protection, 2019, 11, 37-52.
8- Al Heboos,S. Licskd,l. Application and Comparison of Two Chlorine Decay
Models for Predicting Bulk Chlorine Residuals, Periodica Polytechnica Civil
Engineering, ,2017, 61(1), pp. 7-13.
9-  Monteiro,L.Figueiredo,D. Dias,S. Freitas,R.Covas,D. Menaia,J .Coelho,S.T.
Modeling of chlorine decay in drinking water supply systems using EPANET MSX, 12th
International Conference on Computing and Control for the Water Industry, ( 2014 )
,70,1192 —1200.
10— Sonia, AL. Effects of water quality character on chlorine decay in water
distribution networks, Department of Sanitary and Environmental Engineering, Budapest
Hungary,2017.

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
212



