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Abstract

Currently, the lack of water threatens the lives of billions
of people around the world, and due to population growth,
economic growth, and climate change, this trend is
expected to continue and become more acute in the future.
Therefore, the desire to curb excessive water consumption
through identifying the main factors affecting consumer
behavior has become very important in the management
of drinking water resources. By understanding this
necessity, the aim of the current research is to identify and
investigate the causal relationships and prioritize the
factors influencing the pattern of water consumption in
the domestic sector. In this regard, by reviewing the
literature in the field of water and interviewing industry
experts, factors affecting consumption were identified and
monitored in various criteria. Through the fuzzy Delphi
method to investigate the action factors and finally 7 main
economic, social, cultural, technical and engineering,
legal and managerial, spatial and temporal criteria with 26
sub-criteria were identified. Then, through the fuzzy
Dematel method, cause and effect relationships were
investigated and these factors were evaluated and ranked
using the fuzzy Topsis technique. The results obtained
from the research on family awareness, use of water-
reducing devices, advertising and education, consumption
motivation, water tariff and pricing, and the use of new
faucets ranked first to sixth. The findings of the research
show that among various factors, it is possible to have a
high impact on water consumption management by
increasing the awareness of households on how to use
water and changing the consumption pattern.

Keywords: Fuzzy Delphi, Factors affecting water
consumption, Fuzzy dimethyl, Fuzzy TOPSIS,
Consumption management.
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Abstract

In recent years, engineers and operators have shown a
greater interest in employing optimization method and
making networks smart over other costlier and time-
consuming approaches such as network rehabilitation,
asset management, and network equipment upgrading. In
the present study, the daily water consumption in the
urban water distribution network is predicted based on
four input features: day of the year, day of the week,
continuity of holidays, and maximum daily air
temperature, using moving average methods, linear
regression, some artificial intelligence methods including
multilayer perceptron neural network, and radial basis
function neural network. Subsequently, based on the
predicted values, the optimal scheduling of pump station
activation hours is determined considering the hourly
consumption pattern and the water levels in the upstream
and downstream reservoirs of the pumping station. This
scheduling aims to reduce the electricity cost of the
pumping station with the fixed speed pumps based on
different electricity tariffs. The method has been applied
to the Najaf Abad urban water network, resulting in a
reduction of 1.2% to 13.3% in the electricity cost of the
pumping station compared to the traditional operational
mode due to the different time interval parameter values
for pumping.

Keywords: Multi-Layer Perceptron, Radial Basis
Function, Mixed Integer Linear Programming, Water
Network, Pump Station.

ke 4l
ML g ST (i 9 pole
V¥ 5l FANY Solxio (¥ o ylad ot Jlus

Ry o

lebe gilwding 9 b ail39) (A a0 O (S oy
STz 169 )90 axdllao luny slimn! Slaceny 5,515

Foolj ol Lsysazme F oo Loy M Glayls 5l plisy
Poliycans y Lo pule 5 " oondll lloviare

Ji 5 Jom 5 olras 0aStils ol lie S e 5 (it (5750 Jrag -
Ol kol olebol olKiils

Ol ledal (ledol (nio olKails () poe (owdige caSisls sliwl -¥

el bl OOSL 5 o 28,8 (Ol (G55l 5 U5 Sl s 5289 a0 =Y
Ol oleasl

Sl oledel oledal plisl ALSL 5 OF 28,8 g eals (Wbt 5 -F

Oleel O3B 5 Ol e5ya a5 plesle silusi 5 (b 095 ) -0
Olnloledal (ledal

Pedram.jazayeri@yah00.com : Jes! ¢ Jsius odican g

VECY/OITY il o ol

VESY/N YT ool o b

VEYN IV oy o,

O‘)‘l‘ u)l.oals 9 u-| qul ©

. o>

v

Sostitul 4y (5 i aBle G0 po 0 5 (ramsiges 221 slaJlo o
Saghs) plo plp ) lbaSd (gluange 5 silusiadsn slagts,
5 2Dl Cupse el ileg 5 3Ll e 5l o) g anyen
laol ol ipghy Ho aileals lid waz slaledl 4y aSils g
Sy, P b G955 S e (Sl o) elol 2
b Yz g n (sras 45D dlex l egias ras 4L
s 2l g 4 po Bras o i (slad 4l 2 as
5 59y oleds alex 5l Juw slos9g,9 (Sihg atws [l wluly
ation sloa los i g (helani pglas a3 59, 0)led (Lo
ol ould (e e bl e 3580 (St 4l
Slsy ol Cemdimml P )3 99290 Ol I (el B pan
Sl 90 Sl ol B9, Slele sl suuple; ate aabin
2 b Bl (Bras Gp auie U ogdoe e Sloey oSl
5530 gy (snr Sl il GRS (3 ilides gload a3 Ll
Srae Gp ez a5 Sl oad oolitul sl 4t Sl Al
Fabl sl Gl lajlaie bl 4 425 b ol Sl o]
o ) Cad TAYIY B AVY 5 dbcay oVl i gl

ol a8l ST i (6518 0 40
&b orae b wVaiz G e p sras 4ed igdalS Glols
oKl el aslis lalises o 3 ht giluaigs (olad 4l


https://www.jwwse.ir/article_188227.html
mailto:Ramezani@eng.ikiu.ac.ir

SbTiizs 16990 anlllan jluoy ollims! (slacany 0,5 )1 wilelw (g 5lwdints 9 S 30 4iljg) (B pae O (S
[

AdamowskKi and s aslllas ) jo a8 IS4y uac 4SS
Eman omac aSd sl Joe s L Karapataki (2010
S ot H9hed (5w ,S ) 5 (MLP) aous gy
O (glools ()9S de idghy 1o ol dslie 6l Ol B pas
Syge wpd o (Nicosia) bjsss i ol Grae S dl
Joe Sy g Al Sguw )55 Joo S 9 48,5 1,8 aslllae
a0l LS s 28 518 (pw) 2 )50 (Sgian (oras 4D
S gl ol Sl eolinl b oays (jgel e gimn aSl oo
ot e e plo 4 Cad e o See BlgS L
oo b Sl (WWA9) ) 9 bl (6,500 Lipgh jo o)l
SHlwainge jslaie ar bgaay ;99 Cundg 5 IS 5,55 0925 (o2
Slp s oad gyp ol miy glaasis o Ol coas
2 oolatwl CACO) B 50 dnsl> w65 5l (o 5luaig
sladdos 5l AS s (Sgiaee Jolow sl Grizes
soliiul *HDSM) Lid e 5 ('DDSM) Lol (e
HDSM o ;o a5 050 o) odmoylis b awglas o
2 Brae $55 Gl pogdle it j90 Slaceey 5l ol
2gdien s (G505 sladisze el 4y pmie S
» Erae Gl ez (WWAP) Kea 3 (05
Gloaige ) Ol mg las ey loel,
ool S5 o yesl 90 Sl jskatecnay oS (3l J8la>)
solaul ("FMGA) g s  Sadsl b L5 0,651 9 ((SGA)
L8 S 50 Silge ey O L @ie A SO (55, ¢ AT 0D
5 oyl e gl Jlaie iSTas g JBlas olis aluwe 5528
Slp bowy golaidl WYl ;o5 ol 5 (2,5 sla,les
Jolo mls ol plis mls anslie Sg (0l (50, 9 Shgels
G105 @ole el a4y s FMGA 5 SGA Lagzy )55l 5|
Llo ymals TN g /N0 i par ]y (Bras 655 Gl Gl
Aoz oyl S5 5 pe slagielly 5% ol
o |y 4l (g pane jLid g laalgd jlad ( Jobo ¢ s iz
3l yusie ol Judow 6l (VFA9) ol550wld 5 adns ailos S
(led (b Ser S, Sladae Jold Seaw S, Joe F
O3S (613 330 jg0 dlolee 5o S solaiw] Sz gy guley
saies L gl duslie 0gd cynd san ] o laaly Susls
45 039y Stz (g S ) (S BP9y (e 45 392 )
WS o St [y oan ] wolg> Jo8 LB cds L
Ol gjg s A yo 655l bl Sl «(5,%00 aalllaso
Fernandez Garcia et al. ) lawg odpl jeiS o olws,

2O b gy 92yl 90 soloidig by 40 b (o, » (2019

doddlo -

8555 oS jloy oSl (5,15 0 540 (ST B3y 5o 039 ]
O oo e s Ysens ey Sllee wses O
yol el aS 098 o 51 Caws ol 5 als JB g cawaYL
g oo (gl Dlebs ;5 By ylion Spas 4 e Cowl (Ses
9 Silwante b oS Jleel Gp 4l a4 1) ol b
5 Sl LB 4 5l Gleay gleoliw] (gluaiadisn
S5 BaLb el LI b oo 2ol G S pae (uizen
GOl 0 e Candg S5t Sz 50 033195 5 4 jaeS ot
Glooasls Coly jo g adloy o8 (s of @je8 sloass
oz ) Sl Glapl,s iou 0 ,5dS drwgi 9 Al
Db dgage (OMSL 5 Ol glaasis

2345 00 el g iy a3 Lol (25w 90 50 pol> feg
@ 4z b (Goghn 9 Sobae (b W) gl i
5o &lje, Brae ol 4 by e (Time Series) gl sbags
P9 sladae slasgyy ple Jlesl Ly atnds lags,
S sl ol (slajg, o ailyg; (Brae ol (e (eghan
iz la by, 5l i (nl )0 05l o0 (G addllae 9590
4 JMLP emas A ('MA) Syt pSibe aile
Sy iy, ads .Sl 4 *SVR emas Al JRBF smac
39 U Sl 00l oolail aljg, (8 pae ol Slade Samien
alisy) ol Ol ooluln 5 (Gilwatge Gi50) pyo Lise
9 ey o] Cewsiml e 5 ©f Gl el cmin
Gy Sl o3 Bras 65beS 5 6 ok «ssln Dlels
oy slooglis 51,2 50 Wl oS (s poss o) digy
ol o b osd Cyts i by, (azebus A 58 F XY )
Sl 53 bl .l 2als jhey ol (Syae 35 (e
G 93 8 (smgnS slp PYThON) (gl omgiasliy (b
099 hlo (aizmen 5 Lzl (Vb Cae s Joay 0l 5l Lo
Silwtinr 9 (Sorae Shs slahs, ¢ln wlise slasile
el o0 oolazwl

059> ;0 oads pll Cladow (p e 5 Py daldl (o
S0 5 (S Fymae (her Slaghs; wsiludn
S o Topali etal. (2006) .09i oo (o) 5heos ool

3,555 5l 2l B e DaeelisS (i sl (el (egk
2 B,Sag; lp Rl pleear egias Aee
Gl az ST ol plas @l b sl (e g
G o a Lol wams o @l wlie S i "ARIMA

VPV 3l ¥ o lods ot JLw

ML g ST (it 9 pole 4 5



OlHSen g (Sl )l 5l plyuy v
|

wl.;ls ua.>l.~u 6‘)‘3 )‘J.S.c Oy PLy Sg L)i OMQQL’LJ c.:Lu
b als) cuid gl oyieS 9 (AFFIV U ial38h) o lielsl
Oezed Sedee £y ek g ped Slag b yo (AYTIOY
slass )0 YAV als slls pgo @ s pylez g9 b
Bgdse $iAl Bran a5 4 e &5 39 (b9 Slacasy

9 L8 plojee ilwange (VF- ) Gl a5 plllpa
oals aisls plsil | laduol ¢yl ) lp O a0 595 4 4o (55 5]
RY IV HPP I PR W VRV IPL WL JURV- NS AN LR PRE SO -
38 S O Led g 5la s 3l onlinl l3l sl
Bl b RIS e 53 ol a8 oS
30 oo ol Ggiw e FA aig jLad a5 oy )] sanaslis
&5l g ,lad sleas i ogd Ol e e FY lad S1as J>
&l B pae lawgio Alharsha et al. (2022) .09l oo ol 02 b
Mo (5l 45030, w2y (d 5 SiTMR) s 0 40 ]
oRlP L ke (ol g H& e Gl gy 2 I VYO L 2l
3 6l eolgls welys Jy b als dasslyls ol
el G pae oSl e il Of dl i G pas bawgie
Gl iz ) 0 e (Bpae ) dd Wiz Glls o
Sloe bl Joo a5l ST allis) (Brae O Siie
aloylid b Jae duslie .ol solatwl o puxiodis youw )5, oy,
lbicar syl by o obdas a5
oS Jb o aes o Sl Je8 LB uls ooy (Demographic)
@ by gbysie Jo e gl (ogaiadlol
a3 s il Bl i 85 Legyl daoolgils

Sy Hedly ulys 28,5 Lo L Banset et al. (2023)
Y 51 S e 4 b po sl Sz ol Al gz yo cutis
oedle 5ol lagis, F 3l ol WS s |,
“CNN 55, 3 MLP g, ale> ;| (Machine Learning)
lobg) cnl Glagogyy Olpear (@9 9 jLad 5 0390 oolinul
5 osliial b ot Bl peend s gl o2 s Jlasl
ool ol p Sl Sy ame 4 o5 5 ez Lulpd
Cl Cyat )0 295 B3 550 sl g, 5l ool aS 0y ]
Ermas ugd sl g, 3l eolat.l Rapp etal. (2023) .5l
5005 oy 1y Bayel )95 po Ol jei 5,5 ¥4 (e 5o
Oo9p sl gy 51 S L Y LS o] plad cyw 5l a8 0l o
0305 oolaul g:)] oSl (6,5 10 0 9 o e gl (S gao
g, onl 3l dle O laileie o b aiils aad lbes b by o
Wl (S Capde Holaiear bals; ol anles eolinl

o3 45) VPRVS iyont 3o, ) L ialS sl 530l
90 G ylew jo 9 A 'nl?u‘ VTPATS L (009 (DO g yw
O lr sz laple (00 g () lasls el
el as sy Blal jls ells bl o PATS
@55 Wlgiie oud adsi iy 5l &5 05 o] eaimolas
IVY i e ped 5 Jsl sge liw po ) 4l 5L 090 (S S
S 5ob Lvs, 5l Hajgato et al. (2020) .aas als 7YY 4
S 99 ) ey sl yS 58S (lsiear (TDRL) (5ee (o
Cuf o ymend A5 O QT Gutzd cpl Bus Laisgel olauwl ol
J)..J w&gm ‘)55‘*"’ U“’B) )I oolazwl L) o2 WL\A
3990 Colgs 10 aS 0 00 o 3l 1 Al (o lacey (glalaxd
RRATY)
laSis jo i L,>_>|5.: s (VW) o, e g axass
95 5 S5 695 S il el b |y o ped ol e
3 e Olgt B slayl 5wy 9500 MLP (egian hgo
Clds 009yl ey 5 CBL 1) i Jore i o0 4
(slo,S Sl e 55 by ol 2 a3 Al
covgy ol Cules yoall aseie Sbowis Olles 13 5l cois
O Gl ST g 0050l (G sy |y cid a sl
=S 5 Uhg, 9o 5l Pandey etal. (2021) .og 1510 cuid loke
oolinl el 5 alale o olols b oly a0
degeze (28 S S Gl oSS gl Ghy,y woges
49y 090 ("PDPSF) wgles 6ol g5 i 5 (TEEMD)
42 lSs S ie (Sila 5 DPSF EEMD Sl (oS 5 5o ppo
5 oolizsl b bass, 5,8Les 553 (ARIMA) Sgens 5 551 o0
Jol> mls g o) '"MAPE 4 "YMAE "RMSE lalls
DPSF AARIMA sla g, 5l Jol> guli b o085 (o9, 9 3
2 Jol =55 Gy b dlie (egras (hge sladoe
S Sozn 9 @l Bl 5l ety ple b awlis
Jol o255 GPe) 59 ez on e Al 5 Sleslxe
Sl s ad Jolo 6 bt ped (o5 5 Shy) 4 S
OLSes 5 (g 2l (greS Slaslxe ploj pgd b,
S (Sgye ol Coles 0 b oS oy p 1y Ol @jes
anlllas 590 T 4 (59 p g2 linw T jolate s 09 diin
Sy L Al 05290 Condy Jolds lagy Lol ol (o)
i 90 Slagey lp S e i (ol S
e ka9 Coll Copu b Glacaey ange slasd (e
daglie 09 yite 590 gy lp S g Slasd Glojen

VFo¥ 3l ¥ o kol s JLw

Mol g O (cwsigpo 9 pole 4 piid



SbTiizs 16990 anlllan jluoy ollims! (slacany 0,5 )1 wilelw (g 5lwdints 9 S 30 4iljg) (B pae O (S
[

sebas g axbls 352y Ll collB ML 5 Of slacs i 4o
3yl sl ple lp 207 Grdypees aln (IS
Eran ol polie pululy g 59,4l 5l celo 1 30 (uizen
Cool ;0B aslyy gy alamd o e o ol Sl g el
959 2 pleil b Les ams &Il Slsy (gople) dinge asli
oSel ) 5 (S e Bran (e 0nd ey Sl 4 azgi L
Glr 95,5 odls slows b dasl jo A5 sadbcld eols
2 g oad 09938l oty jshaiedy esias (s sla e
oRP Gt e earas (i sladee Z8s oy

-Jele.@

L sigy g dlge -Y

slagts, ) w3l sl 5 ab S8 o sl
&5 SLaSel )0 iyl Gl ileante 5 ileaiediss
A sl g, ol ¢ ide cpl 5o ol o oolail (g 0l ol
RBF MLP Jols 5uso0 cpl 5o oo oolaiul eqias ouac
Slodingy Joo o 9 (B 20 S e (S0les g, 9 SVR
g oo 0018 7y oolatil 550
5 oledl jae LSle (cgias geac A sl Joe o
oad (g3luie 20y Gypots ol mas sl sbe o bLS)
ousd i3l e 6 S0k ey 5l S pladl b Jas ol a5
el (egian (onas D (LBl Jae )0 9290 slag)g 9
ras a0 LSl ol diged SG ) S 0 g oo
odBodls aled (295 5 Ol (999 oY L (egian

|

Input Hidden Output
layer layers layer
— ~ v
’-\\ //\_‘
- '( AN v )‘
N S \ \ 2 N’
4 \ /
g b P X //\ y
\__/ ,/"
=) U Nava. >

VZa\N /f}'f"" ’.‘
oY sU

S Pan (mas &S0l LS lu jl ool diges SO Y SO

MLP 59, -)-¥
09 Je 9290 (sras sbaoe (Sl 5 (S
o gmas ssbe 51 S e By, (ul o &5 Conl Y Wi
b oras Jske S5 5D 695 S8L,0 51 G (09)8) Gl

a8 8 13 oolal 5,50 aSlid (gluwaiedion 5 s olwlis
099

LS Sygots g Qlolg o5 Cenl Gl 50 12l ko (5 5l
Olie B oo oolitul (g5ludinge 5 (oohae (g2 slaghs) |
5 Silwosky Jdsr b 2ol Gl Slbee (Bpae 3
5 Sblhnm s ped ST g 4Sed 9, 2 5SS b, sl
aibie golatl glacusgaze 4 axgi b g bl (cw)p oo
Slocaos $55 2 (S5kwinge W iie )35 (Slacay (rels sl
Olee (Rl & i 5 Coleg 50 45 ol ploxil 09290 S0l 590
ol Ol e pl Bkt slagssls Sus 5l s (Bras 5
Eyae her ladde slagsgyy o 4 9,8 o)Ll 55e
S Sy s Teallyy) 2Slas sled (Shg awd pogdle
gy sl ebans polas g atin )5 59, (Jlo )3 55, alex
Gy (699, 4w Slawi b oyt a5 ool 4§ Sl o
GFGBS (i 4 Sl 40 9 AT 90 (53959 4 ¥)
a5 ol 1) GGl ul Al oo iz es S9d ke
S9yald Slebo TV (b )0 jleey Sldes (g5luding jolateds
Vb i gl el sl ol ke bl el
Loy Slasd 0 e (el A 98 0F F LY ) Se) bagaes
Ll (ool az b aws slerig Wb jludiy Joe oS ange
Silotinte ol LS Cels iz K00 ply @) 350
Sl Wiz e a8 caal 53 Ll (Ned (2, 5 Sisels
ey (Brae 3 Ol 69y oy SV ot ool )L
&)l ags Oyt bole> den Cols jo Jy 0135 o il
g

el IS sl T alsy, (Bran o Glies ST 51 mg
Ol 5120 50 4 00D 08 Aol (0l (o ey axlllae 9590
15 el 5 65 (glodds iy SMEe 45 amd e | lSel
Sszge yolie G 5l 1y 09 ool (1 5l (giluae S
Ohgy 88 g bl eluly ez il Ol
polde 51 SoplaS aS wes o dlpiin 10 o e 4 ¢ g
Ol 3l 2l e Ll (g 009 Fomlio ol iy
255 o0 g )1 po e oMo ulul 39250 p0lie

aS ol oads ploil (5956 4y 00l s 530S Al y cogdleay
Slogae L) (s3key o] 52 (55, 2 s3lwesly 5 12 <ol
S0 51 0,ls wms JES! 35 90 e |y ol el 3 a8 (s
a5k ol @ilwesly sl a5 sl G golerig 29y bl
2 2B SEle b Sy oLl siluesls bl Eles
d¢>ge (Telemetry) (s eals alolus 5l oolaiwl b 5 0055 4l

VPV 5l ¥ o bl ot JLw

ML g ST (i 9 pole 4 pii



OlHSen g (Sl )l 5l plyuy v

5299 ol 629>

eled 4l h9)90

RBF 1 asiis (gl Jlio s —Y JSCi

SVR jleslawl b Jas sl ygumw )5, V-V

Sl )10 g 55 b Ggem S ) Sladte Sl slais
ot g b sl o ol e ] 40 4 5,10 39>4 (SVR)
Liog 15 pl 05 awlxe 1) o] Glaall g ol |,
» BS alie) (bt gles o S S e
&l ol Gl el b ailrs 058 oo Jol> (RBF (glaasis
O Aols a5 gyeb 4 oo aeS las oS cull S gl
WS o ol 1) baws o gilele Jes oS Slbuaos
¥ JSo ,o (Smola and Scholkopf, 2004) sgs aicicn
0¥y 3 oz Sl ouls &l SVR (glaasils 5l slaiges
ot Slr i (sl a2 Bl esle (a3 Gge S
ol o oolarul

* Threshold

Ol 5102 g 5y Joo 31 glaiges —F JSb

(MA)S yxio pSibo —F-Y
oS ond 4l Slewbs 4 S e oSiles bl e o
G5l alwgay ool bl ol 5 e ol
4 Sgb o0 pll ools acgazme JS I il sladcgerma )
a5 ggmuids Sl dlael 5l solaas gl (Sl Llade Koo ol
oS aSlen Jais dplna (sl ST 03 ooy 558 L
S o Sk ol e o (Hansun, 2013) ol e
Slade a5 gloj el oal oolawl Vg ¥ gl 0,90 b cole

o a |y s g eolopll T (59, il p (508 cmas
SOV S o i co JWES! ((emas yuf b omae) ;S50 Jolw
Supervised Learning ) osaso s .50l slap ¢Sl
5 hygal ool Bl >9,5 MLP 3g, ales ;| (Algorithms
).u )Ua.u‘ Oy94 f5)”> sLQL_;’>5).‘> L)"‘ a Sl 00 UAM u,o.u.a
oo 8o (homins (10 AT 8590 (sl g )5 5|35 o0 4085
Sy90 @5? )JQLQA s d.:l.wl); .39...:‘50 oolazwl smas AS.»..M:
Ogrwn smas b s ke osd i (79,5 9 k]
w8l (sl coadauloe L Slade 5l ogd so dulne Y Wi
odliiul lagyzs (Sluyiorts 5 gy n a5t o s lasil

(Gardner and Dorling, 1998) 545

JUwl gt

U b
oo
WYl Gy y (mas ASh - S

e

w2

RBF bg,-Y-¥
donyl 50 a4 Wil 093y omas sloasll 5l 6,500 g5
Pyt ool Sumdse p (Shjlon Sl 5l eaijley slavxly
3logdies iludoe (elad @i Gayb 5l 55 53 (nl 45 09
L Shur oolis RBF e gboaSos o 5 JLsle Ly
S35 gy &5 (SBilop g9 Bro 5 atila MLP (slaasis
Glwosle] 5 g,uSol anls lls W RBF slaasis
odgaze n lagys)sh 35 o3 Jedoay «@dly )0 aiien 65k
oy aelyr sesly byl s 5 (el o Slee
RBF cac aSii G 51 Jle &F JSs jo .(Buhmann, 2000)
aS 00 Jow so(60g,9 X polde (K&l o el ouils aSl)
9485 Syp0 6399 S5y 2 B30 B (lad 1l ulul
Jlade) (o e ol 0 W) bayjs el b

e oo Jol> (el S ien

VFo¥ 3l ¥ o kol s JLw

Mol g O (cwsigpo 9 pole 4 piid


https://blog.faradars.org/what-is-statistics/
https://blog.faradars.org/how-to-find-the-mean/
https://blog.faradars.org/popular-public-datasets/

SbTiizs 16990 anlllan jluoy ollims! (slacany 0,5 )1 wilelw (g 5lwdints 9 S 30 4iljg) (B pae O (S
I

Ded oo a1 6,10 0000 Jl yo 2ol

MILP (gjluags (o, 5l eolaiwl Jdo cul S5 LLs
oo e 45 )1 4y 255 L 4 sl (T 5o 90 i sl
Sy ol 51 S e 0wl aS casl slbcey olass aliuss
ke €93 5l w0ad phgy (el A g # 5 YY) e o a0
s sloyahl plo uizen g 009 (mone due) atanS
Ad A uitin £65 5 iy5be jo Ol ladasd 515 ales
5 WS lopite lgil 5l (oS5 3550 Joo 9z I
Slp MILP Llize mors sas 5,40l 0 5l 009 dwsn
Golwdinge (idu Sl iz ed el sald oolaiul (g5lwacgs
ooy Jlo Ao 90 bl Jue B Al cgolgaion g, 50
Slp Eran Gy oad,m ol ol JJs a5 ead pugiaS
Joe Gas bl )beS 5 obole «s)by olels
G seanye el 5 odg ilu Bl ol wssluange
3 sele Grae ol ol @bl o el Hlhaise 8ras
oo s g 00 LI Jgazr )3 Sais g0 450t (g 59,4l
ot Jlo gl doi (sl oolital 9590 (s5laite (2L,
Dy s Ty

Seol 5l s i 9,50 59, ln ST allys, ol B
3 sk oo 09 eolitul (giluarge (ie 5o jlade I B
Sy Sldas (giludigs gl oolaiwl 550 Ay Jow sl

D9l g0 0018 Z b

sas ki gilwainy 3l colwl b (gilwaiy —0-Y
("MILP) bl gz
Az g b jludige Joe a5 090 g0 (WO (g 5lwdinte i )
Sgi plsil day s el (o 5l (g 5lwasgy cnl 13 a8 el &
ceie el )0 g 59, sl o Legy) (gjluargy Wlss o)
&yt daws b dar yals gy ) Ql.idls’;p (8,55 & yg0
QLCL»)DSOAQQLL’L?‘&).;J)AALS‘)[J‘){. QLCL»)QLQWJ‘
el (Brae Gp Ol U 3sd b, 65beS 5 bl
g delip b 2ol 55 )] (sloais 1o 4o g asdly alS
Ol Gl 2 Ly jealed 5l olelo ya 50 Sl ol
Joe bugi ang Ol g a8 S 00 il ;0 d92ge
Qlia] c\fo] J,,Joc\_; gdAm O‘l‘ Je 05.“‘54 s 6)L..|=\.MQ,J
Sl Codgame Jody e j90 slocaay 3l colaiul 5 12
2390 b slacasy sl Slesy oSl (ganyle; dige 4l p 05

3958l 0 elw (B pao OF calps -) Jgax

Y-A #-v b-# -0 Y-f Y-y \-Y ) celw

AN 164 -/¥¥ AN BAnd AN - [FY < /AN b oo o o
VO0-V# 17-10 1Y-\¥ 1Y-\Y Ny V-1 a-3. A-4 celw

VY VY \IYY VIYY VY \VIYO VY BAYA O pon o b
YY-ve Yy-vy Y\-YY Ye-7) 1a-v. ‘A4 \V=\A V7Y celw

<189 V.Y VNG VIYY VIYA \IY \IY VY B pon o o

RW, > (i Cl) +C,x PDW | o G Q) Ly, Q{ﬁ” L t§°L€r--’ Solwdnte Joo ‘Ai‘é‘jb
=Lt Lajlgy g die Bun a6 (V) alayl) ¢ Jow ol jo a5 ol 4511 (F)

vt €{0,1,2,...,23}
DRL, * AD = (DRL,_, * AD) + (NP, * PD)

— RW, , 49
vt e€{1,2,...,24}

@il Jby V0P L oy silieS Slela sl Bpae 3
Ss2 g0 ol o b Gille diiws Bras G cele OlgglS o
B e el ) oybeS lele a5 caul moly cun ali 4o
43).‘4 9 Y406 c A - celo )| 6)LOL¢A Slelw IATY) < V:04

G Yereo Celw )| szl’)" Slelw g9 00g Jb) Y Lgﬁlﬁ u‘

A Joe o8 4w (F) B (V)

7
0.F.=Min[ [(1*21%)
t=0
19
+<2*ZNPt>
t=8
23

)
+(4*ZNPt> « PP
t=20
* ET
Min; < DRL, < Max, , ™)

vt €{0,1,2,...,23}

VFe¥ 5l oY oyl s JLw

S g Of cwiigpo 3 pole 4 5t



OlHSen g (Sl )l 5l plyuy v

‘5\5)9.0 4&!&0 —‘H

5 (Froim G29u) (Sorae (hs e mlS (o) p sl
Sl 00l oolawl oblcass ol ol a5l o slwaigy Jowe
el oad ddly ledol 4 0iE S reskS YO 3 el )
Olies &5 039y 5 Yever e 3900 el (pl (G935 Cumexr
FOuree b plp bavgie jobay aSil 5 ailyy, ol Spae
ol yoay ollaz 4 (55,0 o0guma B S 5o sl nSo o
e o &il)) 1 leay o) 5 3 oleil
Lghs b oblcami s o] aSiid odgame o S 50
e T s a5t el o0 s Ky Sl ey bt
Veeree g QladgS Sb (oeaSeyia Ve oo (3l slapliay
alols Lawgs aSd & (g O a5 oog (B0l (a5 e
O 50 5 ok obliizs adlaie 4 pliel Glupl pgo
Gi & plensS 3 O Gl (pi 955 00 03 LS
i g a8l JUsl 4 (3,8 ogi g (Spb Jled (S0
O3 & QBT Sleay sl Jansgs o350 cnl Ol 5l 6,500
ot T sl sleoy olCiasl cnl 098 oo Sloey SO Veer -

SlgghS Ve ooy 51 S5, soml (g5 a5 009 CSop (55150

tes el Jy PV 55 T e 5y 45,25 45 0095 TY:DA
Jol o aws a5 cewl oalds iy a8 Jow glp (IS 0sd Ao
P90 S At Sy Sl o3 o <l 5l 4 by
P 8 s 5 58 e il (T 5L JalS aals @ gy
Sy ol Cewsiimly 3P Slp (S aluly 4 by
3y mSlas g Blas s sas Maxi ¢ Ming gle s .ol
5 5 Vb ply ol Fa a5 aies Cawsiml 3% sl e
Opke yd d925e ol 5 DRL el oads jsliie yie ¥/0
PDW 5 Ct RW; (sl e sl T el £, 58 Camd il
bt el 5l oS e 4 adl olais! Of ol oo
]l el Bt celo 5l gele Gpas Of colpo d+1 celu
38> Sl edd i 0 yse 2l Bliee 5 O Jgoz bl )
g PD g AD slajmite Aiied (caSeyie) oSike
oud oy ol (20 5 (e 50) Cawdpmly e Sl
s (Sl caSe ) (pB9) Slagaey Shass ol

g SYolee o (39d (L2l Jae cwl S5 oLl
ol et sl ot ojledings £33 5l odas ¥olasl
Sl o wad @l je,als celo YF als @l Jos
ooboly sy Sllas £90% a9 j95 30 Joo (siludinge
39,008 Sl 51 S0 50 )0 Sl oo conds Sloidy dinge by
IRVENERR{F5]

\-————— —‘—
Q

o

Sl bl o bl 9 obT iz Of 4l (6500 00900 —0 S

2l s sse (egtan Sse Joe Cale jo el il sleo
slojgy o allig) (Bras ol Glime ( Shy aws T pl (ol
Gr5ol) aim iieel 1, VESVEY B VEe/ /5 ol
Ol g 039 Jlos )0 55, deaisad sl Jsl Sy (ool
SeplS & bgpe SAIGES Sl 03k ) 59, 2 &S Cenl (e

e g gl -¥

Ag05 VOV onds ool coias (iga sloJon (jsel sy
Sy awd T glls (639)5 digel y2 4T 039 3950 (53955
FS10> 5 59,5 sl p helans pglad casan 10 59, (Lo 50 59, Julis

VPV 30l ¥ o Lol ot JLw

Mol g O (qwdigpo 9 pole 4 piid



LT Cizs 169 )90 axlllan «jlyoy oum | (slagy 3,5, Wlebu (g 5luwaiote 9 530 4il39) (B pao ST (S iy
I

adlal sae (VOY) 09290 slodigad dlasi p o5 yedls slaoslo
ol Gl Hepe A (S Slaby, S8 azS )0 g 0dl
b oo
P USE 0 5550 Sy oil sl ailyg, (Brae O polis
39> w0jb oyl yo aljy, Brae lawgie e a5 ouls Al
ol Bl bl ol 53 apiy el coSh e FRA-
Sras ol Gl (V IS 50 eals al)l) ailyg, acin sles
by aS el Jlo cpl b e Gili8l s s,
Bras ol e Odass 4 Soo3 Jdoas V- /1 Y/YA
Rl barye Bras (lie (pyiden g 0ad 7,15 gole wg,
w‘ oby )9)
70000
65000
60000
55000
50000
45000
40000

35000
30000

(caSo yio) ol x>

U£
e

v
"
s
75

RN

/5
/5
’/c
’/c
%

3O (oo 85 by (s B odg JLo 9, (YPF2 L) Y20 5
win )3 j9) ped Sy ded S Ol ailis; Bras (i
P oo (358 03b 10 g arex U sl slajg, sl aS ooy
23k ) 595 ln (hebas pglas pgs (g S9d oo 485 i)
&S $595 90 2 slp Shy ol ke Jle jebas canl 550
LLs)) a5 o0g alyy, aniw slee sl ok g;fj
Ol Ol g omd Bjgel Wils (S5g T S ym a5 (609,5 VOY
5 5l e i ST sleysy sle 1y Ay, (Bras
oo 8lal g oles L35 b a5 el o ool g, sblse

<?\ Ny . \F N e \('1 -~
S U L SN ﬂa?/yg? 5P ¥l
T 7 S
< ~ ~ ~ ~ ~
AN <" D D D
~ ~ ~ X X X

OLTLazs pods 30 (carSo yio) aiisdS (GWde 590 T ailjgy B yuao —F S

j 40
3 _i 30
4]
3
9 20
23 10
e
] 0
NI NEECEEN N
&"& I fl fz fl fﬁ 7 "})
NS \(. \{ N NS \&" NS \K'

\~ > & .
_?\ _?'k _?k S N N N (
Y > Y > > > ]
f 3 ER U U LR A SN A

(315 (5l o ) SLT iz i 53 50 590 03l (512 Ail39 indin Glod polio -V JSi

MSE alox 51 (g bl slo ol b prolie ol ¥ Jgaz 45 .cuns
ol oy &Ll ] 5l Sy o (ol RMSE

s ey 61 RMSE g MSE (5,bl (sl yiolyly ol =Y Jgur

SVR ¢§RBF MLP
Train Test Train Test Saab
MSE MSE RMSE | RMSE -
(m°) (M) | (md) | (md) | o

YYOOHLYY VASNP &S Y.YAY AR MLP
AAagFe - ¥ VEYFOVON yvaay Y.YvY RBF
We¥Fay. | yva.fyva Y&y Yvya SVR

B el 5 )95 0 (egian (hgo slagty, jleslinul sl

g Comalas Jolow bl 5l Sy a4 gy la el
Sl wgzge dlus gl Coled o Colas Jlod 1 Gy
095 00 ped Y 55 9,98 Vo Jol Y ;0 g 4¥ Y LMLP
el oals oolaiwl ReLU (g5l Jled als 51 g oals ol
osls ZY+ 5ISVR s RBF MLP sl jig, adS ;o wogdleay
ool e 4 ewile b UY g chigel slacsls (lgiea
aS SVR g, 5o ol oo ool iolesl 5 e Liel
oy ooliil Sy Sl B (s S5 Uhe) Olyea
oals oolaiwl [5)S ali leieds aw ax o Glalezaiz U 5l

VFe¥ 5l oY oyl s JLw

ML g ST (i 9 pole 4 5



Ol o Slw)ld 55152 ol joy v
|

el FFA- e vae @ billas plo ol polie ady ol
gl g0
(Jslazyo dloslee b (331 ool 5em 55 ) 5l iz o2
oolaiwl b ooy glusion i cogdledy .onl o oolaiul
ool i iaos, Vg 0, ¥ S e (5Kl slo s, )
J3 595 Vg 59, ¥ iy (Brae Of polie gles Sk
Sa 55y Sl edd gty HlMe iged jsboas 558 oo dline
aalys ¥ Jgaz b Gillae OV F VWA 4iiSs 55,) 5553 ol 5|

..)59

Olyee (Train) ijsel slasols gl ¥ Jgax b llae

0353 LA 5 FIY L plp e pay iSlas 4 J8la> RMSE (gllas
Sl jlass sl ls (Test) orwliel g cus sbvosls 1y g
bz e Jle jebay .cwl 78/7 g MY L ol iSlos o
039 1FIY b pl s MLP gy jo i350] slassls sl RMSE
sa¢ p (Train RMSE) oS o YVAY s L doe ol a5
Slojy o3l ;o il Bras hawgie i) oSy FFA-.
Oygods Jol> a5 Wl oo Cawody OFNVYIY B VEL /NP
e suo,0 drwle jalaieds .l oo Lo (1 IY) (gauo,0

VFAVYIA &6 6l obTu:u uT A o dilyg, uT B a0 oul (Gt gy, polie -V Jgus

als 55k VS e Sl | S e nSke SVM
RBF MLP _ < > g S o it (99 U
Lo sbs, (MAT) o34, (MA3) 055, ¥ | (o5 5 09005 ) B O | S P e
fa.A90 faaAary FALPY NN O+ APY fa4a-.v fa..fVY (50 yi0) Hldo
3.0 B Number of Turnd On Pumps for each hour W ) )J‘.".‘b)?"‘ 59, LS‘)t’ a_sjf""‘ ‘7‘1 O‘ﬁ"’ 4501 )‘ o
25 S L sae SO Jgaz 40 95z ge polie Glee 51 G el LS
% ;500 ol wlaly (gilwaigs B ool Ol ls po 0
2 !
g: . Bl Jlaae leeds caSeo e FAAD Jlade (Jlise gloay
3 Jb sl oo GBSl VE VYA 55, 50 Ol B pan e sy
10 . . T
o2 315 orzee 5 o) oolelp Sley Sliles b osd n el
00 : 3 i 48 5 (Sibp Slels a4 azg b g o3bee ;0 0ezge ol lalas)
(el oylej

Olebo (olod )3 (yuicpigy 12 A ooy slawi —A S5l
aielo ¥ OVl pii ol yialyly i y5 b 9 VF1/YIA )b ol
(5o Y b ol p Cowdimmly 350 58 39290 O j15) cany

35
> 30
.
4 25
2
k)
20
15
= DownStream Reservoir Height{meters)
0 5 10 15 20 25
(eel) oloj

ST oo b blce cawdpmly o35 yo o 515 -4 Js
(AN I3 31 Joole) o 5 laoy

eog A 2 Y0 L e eie e el 5l A S a4 azgi b

led (55ludinge 4 €958 65bpS 5 S3boke
o9 s VEVIYIA 5o, sl 51 s lutinte jsbaen
g 4ol py bl 5oy lidac b ol 5o 5 (- oo - el
Casimly e ol gl Gl wsd @l sangl;
oolaly g o0zl o (6 ymeals ailols Lausgs (8l Ve o)
gy lelu 5 Sy 0 Wb aS Ay slacws dlaxs ]
labad 515 aS 098 oo (558 Jle sobods 098 oo Il il
sl Jodoay Bk jladl eV cawsml o5 )0 o
5 el pglie s oy Gleey ol ()l 5 e
o et ol gl Koo bl S cnlnly el o0,
ooy (sludinge L9, ;0 W3S (o0 (Lo 45 00d & 5 sy
b Ghgels 4 (pd) 5D Sl i ojlal LSy celuain
Gl 555w 59, lp angles a4l Wjlo ) (S
@ arg ) Cennimly O3 50 s9ze ol 5l s A S L
Sgu g0 alaxMe A IS jo ol ol 11 A IS yo (A S8
sl oo bl azeles ¥ baoaay SVl i glis j2al a5

VFe¥ 5l oY oyl s JLw

ML g ST (i 9 pole 4 pii



SbTiizs 16990 anlllan jluoy ollims! (slacany 0,5 )1 wilelw (g 5lwdints 9 S 30 4iljg) (B pae O (S
[

Sl S plzes (Jg 4l pals (oS i Bpas 4 axgi b
Joe pgd ad aiws a5 ol oaid (G V) Plas e 5l
Sg.d alad VF VYA 59, a5 ool sl 0als Lo 1 55 jleaign

el Gl s g, sl 53 satans aly Tsae
by g 00903 395 o] slp (s3lwaiage s Pl VF- VYA 5,
Wlgi oo Silatinge £955 D9d o0 A Bu Ganple) ae
o 2l e b geails Ko clele 5l Sope o
aizp oS Sul S5 LU 0 pdy Shge 1 6508 Sl
355 1OV 5553e o3l (sl GISOLT shoay olSinl Bymn 5
el oags JU, YAYFVS Qe L ol onds jolo pssd bl
Ol 9 Sl Slidoe (Bpan Gp anie Oliae F Jguz o
S a4 cad MILP giloagy 31 eolazwl L o sgup

s 00 Aj‘)‘ LSH'"” 6)‘&)40).9‘4

Celo 5l 0sd Gaals Sl S e L5 b g (g, Wb
ros ¥ L 5looy 500l gals ooy du 51 (S5 - VO L« Fie e
G ocwl 5La cAree cele jo Jlo aeo oo aslsl 09> S
B e A e o5l 50 Wb ooy Slasd az a5 WS (e (silaine
ool 32 ¥ led ooy olass aS b1 5hansly 0g, 11:04
Sl ges 31 (o s 5 Sley ol o calale
Sllas 5 ond Shgels Kus oy 5 V00 B VY e el
s52) VP sl ol e sl ooy 0 b e Sl
0 ey 50 el 5l Gayailed o Ol Bpasy Slels
el oy ol aelsl ey s ;2 b 5oy Slilas g 00l (g,
(A JS8) oyl o35 o 2l Sl Sl g azg Loy
E® S L5 45 00,5 (el (il el oS 5o
2 dgzge ol 5l b (S i 5L Wb 5 05d iy, (e
Sl YYRA L Ve o Celu 5l aud 5 opas 09d el 350

3955w 039, AT 03 50 euud ploml i (510 30w Il Ay s SUT o §luny oLt ] (5 o (539 49 32 Sguy —F Jgo>

acluw A aclw # aclw f aclw ¥

aclw Y aiclw)

Loy el pudi 0l ol

TAYIY /AL TNIY 18Iy

VAR 1Y Sonte o o

AR PN AT YEVIYYA-Q YOYAY-.-0) YOANYYAYE | YPYFVYVY D YYVAYY.- Q8

(JUy) (Hrao Gy s 43

el warg bcelu P L cele © lade Js 009 418 50 40
Sy o8 Bl iz g (PBras Gr auie JeS L
wog Gl IS 5 prend sladuie S lp el
D9 50

Eldos all 51y 45 050 |, Clils ol sl copdleay
5| ol MSE 5 RMSE (slo il polie bl s o i s
e ams sleiden Jldpope 4 diedsd Ojgods (St
b atdls b S0 gy plaS wezge slaghy, ol
wled Gl gilwagy iso e |y Jlade Sl 0 e
Siyeln sy Gl @bs Sl o cnl 55 LLS
@ e Col e Glaceey 4 Cand e 50 Slagesy
b Geios cnl )3 (Jg opdion (Bras @il oS slaane
oy (Brae 655 soanse b (iluange Joe oLl
S el el gl alizes (glaaie il Leluly
Jake a5 ol mals Y BOVY ) ey oYl
Slooll )0 (Srae G sloanse ol Gln s Sl
el 2o 590 lacesy b s 08 of slaasds oy

S5 azs -0

2 iy Brae o Shgin 2l Ghegh Glol Sue
i segtsy Fr el et Sl mis sl
Slade ulul 2 B 3g ool S oo (2:50lee 9 (g 5 (S 90
9 455050 Sleay gigle) 4ol (gilutinge odd Sy
b el sl Slles (Brae Gp slaanie Cole )o
@l yp lp oblam pd ol aSd 5l jskiecnay
Ol (50 a5 10 0 500 Sl g was Mo bl o solaznl
AV AS XY waielo ® 5 by wsls eis yall
Saie az o aS ol las bl anglae ol s cell YT L
oy WS 5 ens sloanza wb all el
oL Sl slapls ;o ) S0 slagad (289, 9 Shgels o
Mlos ol ey (Brae §p sloanie (Jy il Gl
b Gl bl cpl jlade azse a5 el (Jps
sloag e Jy aidl fals oy )l 5 jen slaan 2
e Bl L b cnlpby wilige (Rl Shey (Srae G
SN g et sloai 3o (o (JobsS b cnl 6l ol
o0y OF el 45 955 185 ey (Bras 3 glaane b

VFe¥ 5l oY oyl s JLw

S g Of cwiigpo 3 pole 4 5t



OlHSen g (Sl )l 5l plyuy v
|

ot 5 g 5 G s 8 o e o oS
ol 1o (55,5 Bras giluang " (1YAP) (e
5 psle MDarwin Scheduler 1yl 5l eolaxwl b 5lee
AY-Y )Y ol s o e
https://doi.org./10.22112/JWWSE.2017.87910.1006
sl oo drwgiy o).;)IS" (WYAP) (o l5emld 5 o orndas
et sladly CaSh i Gt ©lr Ge S
S dibie Sy a4l gldlas oy5e wsied ol miy

https://doi.org./10.22112/jwwse.2017.89374.1024

OF ) ppom gl s oy izan lio o stllyal
15950 asllhae) T m 95 45 ) (65 5k s (g luagy”
S 5 o i 5 psle M(Gledol Dl oy e
SE-vY (57
https://doi.org./10.22112/jwwse.2021.277877.1264.

Adamowski, J., and Karapataki, C., (2010), “Comparison
of multivariate regression and artificial neural
networks for peak urban water-demand forecasting:
evaluation of different ANN learning algorithms”,
Journal of Hydrologic Engineering, 15(10), 729-743,
https://doi.org/10.1061/(ASCE)HE.1943-
5584.0000245.

Alharsha, I., Memon, F.A., Farmani, R., and Hussien,
W.E.A., (2022), “An investigation of domestic water
consumption in Sirte, Libya”, Urban Water
Journal, 19(9), 922-944,
https://doi.org/10.1080/1573062X.2022.2105239.

Basnet, L., Brill, D., Ranjithan, R., and Mahinthakumar,
K., (2023), “Supervised Machine Learning
approaches for leak localization in water distribution
systems:  Impact of complexities of leak
characteristics”, Journal  of  Water  Resources
Planning and Management, 149(8), 04023032,
https://doi.org/10.1061/JWRMD5.WRENG-6047.

Buhmann, M.D., (2000), Radial basis functions, Acta
Numerica, Cambridge University Press, 9, 1-38,
https://doi.org/10.1017/S0962492900000015.

Fernandez Garcia, 1., Ferras, D., and Mc Nabola, A.,
(2019), “Potential of energy recovery and water
saving using micro-hydropower in rural water
distribution networks”, Journal of Water Resources
Planning and Management, 145(3), 05019001,
https://doi.org/10.1061/(ASCE)WR.1943-
5452.0001045.

Gardner, M.W., and Dorling, S.R., (1998), “Artificial
neural networks (the multilayer perceptron), A review
of applications in the atmospheric sciences”,
Atmospheric Environment, 32(14-15), 2627-2636,
https://doi.org/10.1016/S1352-2310(97)00447-0.

Hajgato, G., Paél, G., and Gyires-Toth, B., (2020), “Deep
reinforcement learning for real-time optimization of
pumps in water distribution systems”, Journal of
Water Resources Planning and

Sloyad -F

oot 0l ST G Gesige (LBT Olix 1 abewsena
oot @ e illo e s (eiige 15 jhex Wb
Dbl aipe 5 (o BIS (migy uaige (LBT ( olgeo 005

ol 1y S8 JleS 5,15 dilaws 1150 (B 5 (503

bodie o -V

1- Moving Average

2- Multi Layer Perceptron

3- Raial Basis Function

4- Support Vector Regression

5- Auto Regressive Integrated Moving Average
6- Ant Colony Optimization

7- Demand Driven Simulation Method

8- Head Driven Simulation Method

9- Simple Genetic Algorithm

10- Fast Messy Genetic Algorithm

11- Pressure Reducing Valves

12- Pump as Turbines

13- Deep Reinforcement Learning

14- Ensemble Empirical Mode Decomposition
15- Difference Pattern Sequence Forecasting
16- Root Mean Square Error

17- Mean Absolute Error

18- Mean Percentage Absolute Error

19- Convolutional Neural Network

20- Mixed Integer Linear Programming

&=l -A

C;‘,,.é..; 6}@%" c(\Y‘Q?) ¥ “.S’L;.E.; 9P ‘L)”J-L; E.Q ‘LS”L?L’
097ty 590 Cuxdy bl @i slaaed o O

YA Mol 5 o alo " S iy 8559 1S Gy
.https://doi.org./10.22093/wwj.2017.16401 £¥-00

itz ) i omdla 5 p sgiod p g
Sroaelip b ples o Ol @95 4t Sy pue SIS
WY Mol g o dlmo Mo S o g Sloas dinge
Sv-vr
.https://doi.org./10.22093/ww;j.2021.275013.3118

AOYA9) oz 895 9 wyp ‘ooljs.blé N PP

Silre lizme (g )0 Cuid gosgazme lulil (555"

S gman omas (5850 5l oolainl b ol auje5 slaasis
FY-FY N o) o/ ol olidzy

https://www.iwrr.ir/article 108525.html?lang=fa

VPV 30l ¥ o Lol ot JLw

ML g ST (i 9 pole 4 pii


https://www.iwrr.ir/article_108525.html?lang=fa
https://doi.org/10.22112/jwwse.2017.87910.1006
https://doi.org./10.22112/jwwse.2021.277877.1264
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000245
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000245
https://doi.org/10.1080/1573062X.2022.2105239
https://doi.org/10.1061/JWRMD5.WRENG-6047
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001045
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001045
https://doi.org/10.1016/S1352-2310(97)00447-0

LT Cizs 169 )90 axlllan «jlyoy oum | (slagy 3,5, Wlebu (g 5luwaiote 9 530 4il39) (B pao ST (S iy
S

Management, 146(11), 04020079,
https://doi.org/10.1061/(ASCE)WR.1943-
5452.0001287.

Hansun, S., (2013), “A new approach of moving average
method in time series analysis”, In: 2013 Conference
on New Media Studies (CoNMedia), IEEE, 1-4,
https://doi.org/10.1109/CoNMedia.2013.6708545.

Pandey, P., Bokde, N.D., Dongre, S., and Gupta, R.,
(2021), “Hybrid models for water demand
forecasting”, Journal of Water Resources Planning
and Management, 147(2), 04020106,
https://doi.org/10.1061/(ASCE)WR.1943-
5452.0001331.

Rapp, A.H., Capener, A.M., and Sowby, R.B., (2023),
“Adoption of Artificial Intelligence in drinking water
operations: A survey of progress in the United
States”, Journal of Water Resources Planning and
Management, 149(7), 06023002,
https://doi.org/10.1061/JWRMD5.WRENG-5870.

Smola, A.J., and Schélkopf, B., (2004), “A tutorial on
support vector regression”, Statistics and Computing,
14, 199-222,
https://doi.org/10.1023/B:STC0O.0000035301.49549.
88.

Topalli, A.K., Erkmen, 1., and Topalli, 1., (2006),
“Intelligent short-term load forecasting in Turkey”,
International Journal of Electrical Power and Energy
Systems, 28(7), 437-447,
https://doi.org/10.1016/j.ijepes.2006.02.004.

This article is an open-access

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

(CC-BY) license.

VPV 3l ¥ o lods ot JLw

YA

Mol g O (oo 9 pole 4 pid


https://doi.org/10.1061/(ASCE)WR.1943-5452.0001287
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001287
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001331
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001331
https://doi.org/10.1061/JWRMD5.WRENG-5870
https://doi.org/10.1016/j.ijepes.2006.02.004
https://creativecommons.org/licenses/by/4.0/

Journal of Water and Wastewater
Science and Engineering (JWWSE)
Vol. 9, No. 3, PP. 29-41, Autumn 2024
DOI: 10.22112/jwwse.2024.420674.1377

Research Paper

Optimizing Conditions for the
Decolorization of Reactive Red 194 in
Synthetic Wastewater by Native Fungus
Trametes Species

Fatemeh  Alimohammadi!, Zahra Ghobadi
Nezhad?* and Seyyed Mehdi Borghei3

1- M.Sc. Student, Environment Group, Department of
Chemical and Petroleum Engineering, Sharif University
of Technology, Tehran, Iran.

2- Researcher, Biochemical and Bioenvironmental
Research Center, Sharif University of Technology,
Tehran, Iran.

3- Professor, Environment Group, Department of
Chemical and Petroleum Engineering, Sharif University
of Technology, Tehran, Iran.

* Corresponding Author, Email: z.ghobadi@sharif.edu

Received: 16/10/2023
Revised: 16/12/2023
Accepted: 22/01/2024
© IWWA

Abstract

In this research, the removal of Reactive Red 194 dye
from synthetic wastewater by Trametes species fungus
through biological adsorption and enzymatic degradation
was investigated, and the impact of carbon source, pH,
and initial azo dye concentration on the amount of
decolorization was examined. Examination of various
carbon sources revealed that decolorization with glucose,
due to its higher laccase enzyme activity, reached 91.29%,
which is 1.5 times higher than color removal with sucrose
and molasses. At pH 4, the maximum decolorization
(93.57%) was observed due to the enhanced growth of the
fungus. At an initial dye concentration of 50 mg/L,
approximately 94% color removal was achieved, but at
higher concentrations (150 mg/L), decolorization
decreased by 21%, potentially attributed to increased dye
toxicity and reduced laccase enzyme activity. Results
indicated that under optimum conditions, 91/95% color
removal occurred, with 68.15% attributed to enzymatic
degradation and 23.80% to adsorption. Therefore, color
removal is mainly due to the intense activity of the laccase
enzyme. Additionally, COD and TOC parameters
decreased by 16.85% and 19.74%, respectively,
indicating a reduction in organic pollutants. Hence,
Trametes sp. fungus proves to be an environmentally
friendly and efficient method for the removal of azo dyes
from synthetic wastewater.

Keywords: Biodecolourization, Azo dye, Trametes sp.,
Synthetic  wastewater, Enzymatic  degradation,
Biosorption.
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Abstract

In this article, the biological factors present in the purification
process, as well as the formation of side compounds such as
trihalomethanes, are examined. Chlorine together with organic
substances in wastewater creates side compounds such as
trihalomethanes. By wusing pulsed electric field (PEF)
technology, the inactivation of biological load such as
nematodes, diatoms, cyanophyces and chlorophyces was
investigated in these wastewaters, which is economical in the
long term and also prevents the production of side compounds.
In this biological investigation, the effluent from washing the
filters of the drinking water treatment plant qualitatively with
different voltages in the range of 1 to 13 kV with an interval of
1 kV with a constant frequency of 500 Hz at different times (10,
20, 30, 40, 50 and 60 min) exposed to contact and then
qualitatively evaluated under the microscope. This qualitative
study showed that the range of 1 to 6 kV has no effect on the
biological agents in the wastewater, including nematodes, and
the effect of the deactivation of the pulsed electric field (PEF)
on the biological agents occurs in the range of 13-6 kV. This
research showed that in the PEF system, the type of biological
agents, the amount of voltage, contact time and the percentage
of inactivation of biological agents in rotifers; 13 kV with a
contact time of 60 min, maximum 20%, nematodes; 13 kV with
a contact time of 60 min, maximum 25%, diatoms; 11 kV and
contact time of 60 min, maximum 75%, chlorophytes; 10 kV and
contact time of 60 min, maximum 90% and cyanophyces; 10 kV
and a contact time of 60 minutes were effective in inactivating
them up to 90%.

Keywords: Removal of biological pollutants, Pulsed Electric
Field (PEF), Chlorophytes, Nematodes, Diatoms, Cyanophytes,
Wastewater treatment plant.
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Abstract

In this study, copper nanowire (NW-Cu) was used as
an adsorbent to remove hazardous azo dye (methyl
orange). Copper nanowires were characterized with
transmission electron microscopy (TEM). The effect
of related factors such as pH, sonication duration,
dye concentration and adsorbent amount on methyl
orange dye removal was tested. To optimize the
absorption process, the response surface method and
the central composite design using three levels and
four effective factors were used. The highest
removal percentage (89.1) was obtained in optimal
conditions of 16 mg/L dye concentration, pH = 6, 16
minutes of sonication time and 18 mg of absorbent.
After optimization, kinetics and isotherms were
studied. The results of isotherm, Kkinetics and
thermodynamic studies showed that the adsorption
is done using the Langmuir isotherm model with a
correlation coefficient of 0.991 and the quasi-
guadratic kinetics model with a correlation
coefficient of 0.999. Copper nanowire can be used
as an effective and cost-effective adsorbent to
remove methyl orange from industrial wastewater.

Keywords: Copper nanowires, Methyl orange,
Ultrasound, Central composite design, Isotherm.
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Abstract

Many methods and technologies including
atmospheric cold plasma are being developed to
control and modify water components such as
electrical conductivity (EC) in order to manage and
use water optimally. With this approach, plasma
reactors were designed to control water electrical
conductivity using oxygen atmospheric pressure
discharge on the water surface. The results of
measuring EC changes, after plasma exerting
compared to before plasma by changing the reactor's
design and the plasma interaction time with the
water surface at 1-10 min during 1 min intervals
showed that electrical conductivity decreased on the
anode side of the anodic and cathodic plasmas in the
two-vessel reactor in the short time of 1 min. In the
following, the process changed and EC enhanced by
increasing plasma exerting. In the single-vessel
reactor, from 1-10 min, EC change was increasing,
which was more in the cathodic plasma than the
anodic plasma. In the two-vessel reactor of anodic
plasma, the increase of changes was higher on the
anode side than on the cathode side to 3 min and then
reversed. In the two-vessel reactor of cathodic
plasma, the increase of changes was higher on the
cathode side than the anode side to 7 min and then
reversed.

Keywords: Water, Plasma, Reactor, Electrical
conductivity.
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