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Abstract

The separation of potable water from non-potable sanitary
water is a crucial strategy for the quantitative and qualitative
management of water consumption. In this study, scenarios
for separating drinking water from sanitary water were
evaluated for the Gazorgah region of Yazd Province using
EPANET software from both technical and economic
perspectives. The scenarios included a dual water
distribution network, as well as governmental and private
drinking water withdrawal sites. The economic analysis of
these methods, conducted using the Net Present Value
(NPV) approach, revealed that all scenarios yielded a
positive NPV, indicating their economic viability. A
comparison of the unit price of drinking water per cubic
meter showed a slight difference between the dual water
distribution network method (63,900 Rials) and the
governmental drinking water withdrawal site method
(58,600 Rials). However, in terms of the NPV index, the dual
water distribution network method demonstrated a
significantly higher and more economical value (277.40
million Rials) compared to the governmental drinking water
withdrawal site method (39.20 million Rials). Additional
factors such as population age, ease of access to drinking
water, and social acceptance of the dual water network were
also considered in comparison to governmental and private
water withdrawal methods. The implementation of this
projectcould help promotea culture of  water
conservation by implementing equitable tariffs for drinking
water and rationalizing sanitary water usage.

Keywords: Governmental and Private Drinking Water
Withdrawal Sites, Dual Water Distribution Network,
Yazd City, Consumption Management.
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Abstract

Water Distribution Networks (WDNs) are typically
designed based on the Hourly Peak Factor (HPF),
which represents the ratio between the maximum and
average hourly flow during a day. However, to
achieve optimal WDN operation, it is necessary to
analyze water demand changes at sub-hourly
(instantaneous) time intervals. Due to the lack of data
on sub-hourly Peak Factors (PFs), this study
calculates PFs for various sub-hourly intervals using
flow field data from different WDNs. The results
indicate that the PF increases as both population size
and time interval decrease. For instance, in
populations of 1,000 and 10,000, the PF increases by
53% and 33%, respectively, when the time interval is
reduced from one hour to half an hour. Based on the
findings, a new equation is proposed to estimate PF
based on population and time interval parameters.
Additionally, the HPFs in WDNs were compared with
those from various references, including the 117-3
standard. The findings of this study can be applied to
the design and operation of WDNSs.

Keywords: Peak Factor, Maximum Hourly
Demand, Design and Operation of Water
Distribution Network.
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Abstract

Most studies on complex bridge piers have focused on scour
around the piers, with less attention paid to the turbulent flow
pattern resulting from changes in the flow impact angle. In
the present study, a numerical simulation of the flow pattern
around composite bridge piers was conducted for angles of
10, 30, 50, 70, and 90 degrees relative to the flow
direction. The simulations were performed using Flow-3D
software. After verifying the numerical model, the flow
pattern and shear stress around the piers were examined.
Velocity vector analysis showed that four regions can be
distinguished around the column for all angles. First,
the stagnation  region, where the flow hits the
column. Second and Third, regionson both sides of the
column, where vortex flow is formed around the vertical
axis; and Fourth, the saddle region, which is formed at the
boundary between region two and the downstream flow. The
change in the flow impact angle affected the extent and
position of these areas; at an angle of 90 degrees, areas 2 and
3 are entirely similar, and at an angle of 10 degrees, area 4 is
not formed. The investigation of shear stress showed that, in
general, the shear stress around the piers increased with
increasing angle. Specifically, compared to the zero-degree
angle, the bed shear stress increased by 65, 135, 170, 173,
and 202 percent for angles of 10 to 90 degrees,
respectively. The shear stress around the first-row piers is
always higher than that around the second-row piers; for an
angle of 90 degrees, the average shear stress around the
second-row piers is 45 percent of that around the first-row
piers. However, this ratio is higher for other angles,
reaching up to about 58 percent.

Keywords: Complex Bridge Piers, Shear Stress, Piers
Skewed Angle, Flow3D.
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Abstract

A mathematical analysis of seawater desalination via
the Sub-Atmospheric Vapor Pipeline (SAVP) method
has been conducted, encompassing both theoretical and
practical investigations in a natural field setting. The
SAVP process facilitates vapor transfer by utilizing the
temperature difference between a warm source and a
cold environment. Owing to its demonstrated
advantages, this technology holds potential for
industrial and field-scale applications. Advancements
in SAVP knowledge require studying the phenomenon
under dynamic conditions, where the temperatures of
the heat source and sink, as well as the thermal
conditions along the SAVP path, are inherently
functions of time and space. This scenario introduces
novel and compelling research challenges. The
analysis begins with a review and simplification of the
fundamental convection-diffusion equation, leading to
a solution for the temperature profile within the pipe
using advanced engineering mathematics. A
mathematical approach involving Eigen functions is
employed to solve the temperature differential
equation. The output of this mathematical model was
validated in a real-world natural environment,
specifically along a 16 km pipeline between a hot
source (the city of Ramsar) and a cold source (the
Takhte Soleiman heights).

Keywords: Sub-Atmospheric Vapor Pipeline (SAVP),
Seawater Desalination, Mathematical Analysis, Eigen
Functions, Temperature Difference.

ode 4yl
OMalé g UT (W0 g |°9‘Lc'
Ve olial BF—FY Olxio (¥ olod eird Jlo

iy ol

S yhomnd |y § 5l dlgd bz JWG! oL ) Judexd
Lo of (lojKes 4o

Ty o 9 M ol Lo

5 ol Olisi S0 gele Cao gae (Llagh JLsbiul o)
Ol i)y ool Slinios dnge «oMol

oSS SielgiSSgmsond (gt 098 jleiils Y
0Ll Ol yde Sa 5 oLLINS ((gond (wdigs
M.Sh0jaei@WIILACT : Jues! ¢ Jgiums odins gitk

IR VARYAR R R
AR VARYEN :C)Lo‘ é—,{)u
IAEAVARFARY u*’)-’"’ é—,{)u

. o>

P g b gk 1 s ol St o2, ol
Sl i sl g,y 5l (S a5 SAVP 4y By ya0 (5 yamail
(b e S 50 60,5 5 (558 Dz sl bys
oo G pubsl s (6 pimcail ) oy Jil sl ooy Lulows
cledy g bl o G 0y bame S5 )5 ae S O
slal jo oo )5 Wilg go wjls aS gloals Sl sblse
Ol anwgl gl a5 go)lge all alily glae g gmio
o oy ool asdlas 5l o le cenl Llaiae SAVP
@l Lulyd g o5 055 aie slos O] )0 a8 Sl
5 olo 5l onls Bl 45 05,8 o 1,3 lelse o SAVP s
Sezst sllr 5 iz lacon (Al iz o it (S
bol doles giluosls 5 5550 51 ol @y 99y5 45 anlice
algtiy b algd jo bod hlogn Jo g oud £9,8 3585-08 0
J> lr 2h) 63,50 bl oo 4 piny (pwiige DLl
oy &l Bk 3l a5 wlioe sszear Lo Jondlins doles
Ol S5 3 (£2b, Jlos (pl (295 s s J> B
B 5 g o S yeghS VP Jold a0 (ol 5 (g
D oo A1 (Glads CB Slelas 1) 0 s pie S g (el

Ol G5l s (6 phmadl ) o Ay Lis i guals wleds


https://www.jwwse.ir/article_224006.html

&7 gz 3 o2 Lo
I

Sabo )3 )Ly lae 5 alg) Lot (g yhnih sl JUl
Jbo 5w 0 OF el 5 byo 558 O oy Sl allge &
(95 9 2 Bl g Cul onddly 4z 090 Yoo
(Zarzo and Prats, 2018) el a3 5 alxil ] (g9, » (Slisios
3 by O JUl g 215K o sk (sl iy 5 ool .
o pigars 5 oz Gasa |, OleS 5 Sas 3bls
£55 rb e 38 po3) g e Ol JUl game 2 5 el
049y 55k 9 b slacasgaze 12l g asllhae gl 0y 5
g8 bl 5 Llje 1555 Bl 31 Jy ol 5 s 5 o JUi
Sl 55 g3laill g S Llday gy (ol sl soaaie
Bi> b wads mels oFuwys 5l .(Del Amo and Antonio, 2012)
51 BBl L by ol (g5l s atile (bl5e e 31 8 s
Gy dyis lS oSS Syal 5 oloyT e i 3o b |
sazme glss Sl ol JEl 4 by e (o] B ) (5551
JIEEE )5] 29 @j 8 sy Jil wade )5 (5551 4
(S SemSls adgi pae Ll (gl sl GoredlssS” sLlse
S 500 GBSy & S | [l algl o g o jSas
ale> ;| .(Eggleston et al., 2006) ol 05505 )l 5 3letio
45 dgei 0 )Ll (Aot 4 g o0 05§55 B pan b slalojSed
Olyedr (5 45 Sl 55k 00 (g 90 ol g lsi O
al g Pk eanS e plyear 6500 5 oo S
S L ot O 5l send (Levine and Raton, 2005) wloas
(8155t gloke 15 J5i 58 e s 5 4253 19352 S
Sl ogln o8 HLES Gl & 4 g 0l ol Jlw S 535
e oolel sy YU 35,5 d )5 00 o5 Ky lawgi aS' L o
S3ls asgorme WS oo pse 5SSl et S el 0m 5 0n
9 S Sl eanSale S8 e et 2l s
daie g lowe slos sl JUil ol ol Jole 05 oo olase
(@3 O o plas 45) g Jlow SISz g s os e
@8 )l e S Gready g WS (e Iy S8l e (b o
s ol g oo lae ol )T s el 03,8 o oy 0 s dilate
S b a5 Sl il oo STl g e cilil 5 0
Oz (Sl o3l S b a5 (o whiie) il plezsle
o) bl S el 5 (ol s S o (5 52eskS
aalllas ailes o> (slo e 51 (F 2 (sl B azsl aile (Sl
(Shojaei et al., 2020; Aghazadeh and ool aiils o, s
oy d3lge 4y azgi b oads bl wlallas o Attarnejad, 2020)
(Aghazadeh and Attarnejad, 2024; Inoue et a8l Jlas! |l
(Shojaei et al., 2020; pgiege slis aloles L al., 2006)
> » Shojaei etal., 2021; Aghazadeh and Attarnejad, 2020)

doddlo —

b (2l (65,58 5 Coio anugl ioraz o, (a3l
5 Ot drzse ol mle Sog Il Jlamil )8
ey oS ool e Cu e cgus o g slansme L
@ e 3l oS wies lolse (Son 2l9n 9 ol Dlsi
00 7 yhae 0150 s a g L il oo o] Blaws ayois
ol byo Ol (lgz o 0o, 0 AV 5l i aS sl 5l
J> 0 6oy cnl byo Ol jeicd Glac] ooyl
s sladls jo aS Glaiay w)ls pupd ol Gl
el 2l (6 Stz Gl Ol )0 ol aloySe bl
ssyl jleslinal b Ol giluin,ed 5 ahal az o
B OR I ARG [ [ RVOR T R N R JARR W VE:
AFe) oS 5 BeS oz VY95 e o 5, 500,)
S ogerel VYA o 5es 5 ol NTAA Ko 5 ol
aS 3g g0 oolaiwl uils jo iy Jdoas g slasysls
S350 5 Brae paile, Jla 4 )3 (5 pReiy alS
(S ety o JUisi] ailabes 51 ooliial ccngi slagsag, n! 5
W gy S o8 yhamadl ;e il ailols el (SAVP)
99 b Lod WS ululy a8 el byo O 5l Sl jSas (gl
B wnl nl jo aS e Jos 0y 5 05 ornb gt
e Sroty dlgl o G s )3 008 pu3ud S p0 enda)g
5 oad hb e & jpot dyf i ol S e S o 0
3 S e wol B 1) (Sl BT cn e bl Jlil Bl
Sl goad has glo 4 0atsS e o j0 )50 ¢pnna sl
g se Slgi (et

L sbwrsS 5 ol gblia o o5ga ailebes o 5l oolasul
25 B sl 6551 5900 Sate 5l ugmine Slos SIS
Jlal ymals o dwd (655wl 4 3L pas aile oLl ol
ozl (i (Sl Slias Bl g (n)S Sl
At 105 Sad sla by, ol & s (g ol Slais

& ol JeloS gel ilie Dlalllas (95T 4z S
15 ol &gty | 1o 1o (slad by ] 5 Ll oo ol a1 5
oo )0 gl 0)Sles Cosdly b (28 cpl s Sl
J3ad 9 59,808 Job )0 550 slales 15 0 0 & plie (oo
Joos gy 5l erSore b ol asllas 5o S (oo S
Juslh algl Jsb o Loy (Sealus JL3; oy alys aly (o2b,
Gl 5l i@ S e plen U el sadgle Jue
Jelos Bl 95509, cnl S8l i s (Seelindge s
Sjlose @l 3 1) (Bly g e Ll pd o allels 5380

\f’f QMB’ s" O)Lbuj) 5”—@&) JLN

P

UL g O cwiige 3 ke 4 o



Lo OF (218508 55 (g el j 5l Algd s JUsl (205 Jolos
I

oobie ;5 (Shojaei et al., 2020; Shojaei et al., 2020)
ol oy el ol Glae gl b oaisS lase S5 ginio
oS g olaiel (Slae bl jo a5 Jl 50 09000 Gy
5 03,5 Jae glalg) eaiiS lare Sy oy 055 Jlitl oyl

Bebie ol 4By (2005 i el (39950 0558

ks ailalus 53 pgiiage JUE oz 53w ko ~Y-Y
& yhmnodl= 33

S Jush dd e pdeSTy Jhw pleear b
OO NSy Jdsar i ouiS Gl 4 U ol 533,
LS 008 o oyl 33 JUEST 5 Jla et
el o] Shojaei etal. (2020) o pgiioge Jlasl g 5lo o
555 o Slabsh 4y JU ) oo o5l Jae ol 53
SYolreo )‘ (5})’ la o‘),o.b P?‘H‘cﬁ"’ 4.:)‘5@ doles 9 03 M
> dolae S g (Siwga dolas gl doles asile oy
aoles gV Ui ol o Uas g ornw SaSG S L a8 (ol
GilwJse cpl Jolo sl poinge Dlaslxe 4 bogs e (V)
Lo balpd 5o copw g jlad dbos Jlgn (b poles
Dy pxie g <ol glales

o
|\
\.\
e
L
L
9 £ 4jlge Sluwlrs sl JUl gl 51 Slall 2 guad ) S
P gm0 g0
% 200 _,
at 0x

aoly L) Sloceds do Lz 5l Sl L paie ol VS

dolae ;] j5 a5 el SAVP jl Bloas ol Hhad b (@ <ol
JUl ogd co aig (V) Aol b IS Il (o paiiege
I aelol ¥ alads b g 0,5 0 Oyg0 ) alaii 5l agec jgbas

RGO PRWIRIEY UL"“" T 9

Ol 5 o 45lye s o gl o o aas JUaml ol ala S
298 @ly o) 90 (225 Lally) 5l (ogane Bk ) oo
Olgtl dolee ds S8 4 pgiioge dolae > (o &=
3550 S5l gl (s ka5 5 JEl (sl oo Labuwe
o275 Yol b (59764 3 90 55 ol 5l plaS o Vol el ]
G55 b 2l b ool plaes 5 wladls Sy,
ol 58 e b olides ol Lol 5 aites (Sove g Jitene
Llodas a5 cenl polas g wiloads alol daie g lowe o Led oo
ek Sple Sl aBl Cllop S (L2 Bk oz son)8
S Sl adllas S 5o 4 ol (6 et ) b Uil
oS o aallas 40 4z g OLS oo udS LS ye )] 40 Jguad
wilied Hlugl ;0 (65 G Cepu b (S date g T.xf.c slaled
ol poiiege b o> dijlge 5l a5 (SVolae ) Cons (Ko K03
&5) Csls ).._; ‘_9,:.90 9 Cawyo CJL».: )Ua.u‘ 9 O)S oolawl oads
on P sl Sygo iz ln $2by Gkl U
oS el Gloyl el i dlolan b (6 paansh 5 B Jli!
et e Jlasl BB b oads sl 6680 S5 b )T sl e sles
) ool wiiges 5 2L, sloilly glalivs iz o oS
cYoles gl ool sbads Gk 5l a5 Syl e ol jenay
Slaeinl b ol dslllas ditinns oy BB (slo,by il y30
WS oo or 00 alonl M a5 _aliolejl 5 oyos slaosls
e 3 Lo hlgn (59,5 Iy sl |y 8 JB (S2b; o)
5 o ol 93,0 SAVP slapS op il jo b Jlis!

Qoo &l o
&2,90 axdllao g )15 ploxil (g, Y

Sl 5 5l Jlsl dibobw o —1-Y
Sly it ny Syl JUil ook, siledse 5l A
&lp aS S5 g 9lge 5l oy ol oY O (g3l s
S35k Ygone a5 00ilS ot S 050 planil el 515 S
e g carge iS00 I 05 aete )0 ekt b )S
(S ol ez yes b 5o N LSy (b b o o
Syro dgl Jobo jo )L wsd o plnl (egian &0t oS
ooleiie o JUET LS5 09 oo lane 3 ke )3 9 WS (o0
5 5Lad oo sla Lldg 5 oaal g2lpe 0 B inio 5 Shas
$lp Ao ol o a5 Cul dezge S wlole jo oy
8,5 aales 13 oslitul 8y9e (3L, Joe el

‘f’f Qum-fu Y O)LO-;;) sﬁ-ﬁt) JLW

Ml g O (i 9 pole 4 5



&7 gz 3 o2 Lo
I

saipoylis a5 cowl 2" & gods wed jglate (V) doles o
>l 50 Mot 5 jgkaie .l Lo )3 yols s 5L il o
daie 4 gloatosls by |, (¥) olae a5 Jlisi] aly)
2, J> Jlesel lp caslin 5 009 (6 el 5 )l Jlal 5

g (V) dolrs O jgoay lei oo il

or, |, 9T _ _(9°T\ 0@ .
ot T ox -~ %\ oxz pc

b IS e oty Jli Ayl sl ool
2 ab sl Glo ()5 Sl Jel) Q py s
oo ools i Tl o1 gloo a8 b &> Uil o(F) aolae
o2 5 3,5 g0 Sygo () Sl Gigy b T8k O g0 o0
5 dedie o a8 psbilen (Vi oy b) T g8 en O )jgon,
dalss sols musgi ST slacend [0 059 wolss g, w0 Ll
olre Jo Vi e oo B> (gl (SaST b g, ol jo o
(@ls o0 S IS e 5 Slosl Jehians
(1) alolee ;o (S 5dge 5 Copols 090 18 5 Sy g (Byme
s ;o pgaxa) clhe gy S0 g gilwosls gl y wilgs o
e eolatul a? ool 3L Jam> & le 5l (it g5lolax

Yo &g Guub 3l J> ey —F-Y

S50 Lalpd o phaneil ;B JUl alebs (g3la o 5o
b O ok (AiS plase 5 0diiS s (glos) ailols
ol a5 vpder el dltne ol aiSS (ge i 0o
Sl (550 Ll sl o5 Lo piite (g5lulazr S la g
5 583 Jlow sl opl by oges colaiul wiloadss b
ool 00285 0500 Moty @l g, 5l eailabis L3, 5 el

S Sl o piite (55lulaz o) 5l (lanmgs ohag wlss G,
5 OSed et S50 lulyh b ey Yol o ol
Oley &b e Ll pd il gy cnl 5o o)l 1) plej 4 sy
dslee o o 9 Nigd oo Jelod il @l 5] (o5 5 900
Bgdiee Al Culede s IS8 @ @l Gl oS5 B e
Jsb 9 &8s sebar | bes (Sl 5 (Sloj ,13), (i oe B cnlle
305 53l Joe 4y

ol il Loty 550 sl SAVP wilols 4 a5 o] 5]
ey ol 5l eslitul i ok b 0 (a5 (555,40l
5509, (nl shel oo el el aSl (55950 LS4
Sloy Slss 380 Huled jo oUlgs dois, plo 4 Cod
3 e Syl oo g ¢ S5l skl (dmien oo
el Senalizs Sl

dgi—Cd podd dolro —Y-Y

SAVP ;5 dg8i—Cd yor aloleo awasr —V-Y-Y

wilb) ol (Sisd Ples Fr b siez 65
aw B o Sl [lid g b sl il (SKasl o JE
5 (10, 2) slalgiwl dX, Y, 2) 03,5 ook alils awsis
o8 4 Jsb S 5565 o0 513 3155 50 @2 L (10, 0) (55,5
wlgiwl O ygodas alg IS0 ax STl plo cl culys o )
M eleds Cyz jo boo Ll y (10g Coonl o5 Jdoay Jg el
g adllas sl (30 s X gz o Lod pss ol
o oMg_)L?b.:‘ G)L»JAA

SAVP ;0 ol ) Oldos g dg8i—-Cid podd Alolao -V-Y-Y

398~ pod  soges dlolae b wilgs oo calg) jo Ly L]

Sl yuats b dolee ol 50 ()80 5 loy b Los ol poss 098 )l

sl 51O il s ol Ss8 ol Sy i 51 (S50 Lo

olae () al; Sy ol o5 osn b
Ao oo slid By Jlasl las o 1) d5ai-cd yen

aT aT aT aT a2T | 9%T

st Vet bt =a(GEt i 5
BZT Q ()
57 * e

3 Oyl iy oo @ (aid) ey By gles (T aS
€ g ,lu (B 0 (Yl 0395 )3) (53585 &)l Jlisl el
S (o5 ol alar ) i Sy 5 b
b colas ook ol o oS ClllKI(P.C) juS plh g 008
Slas a5 (msec Slie) el o) 1 peans axly slyls @ canl
S lgrea) ol [y Gl p el TSl Gt CaeS saiad
Yoo BVO g cwl Lo 3l ol Sl ism sae (G5
2 &y MYV 7B AYYSY 7 o5l jo o5 il as o
Wl i opos dy ¢ S8 Oy iz 0S5 oo s 4l
0y ) JUI s o gata ((So b Cools (nl 45 0SS (o
Qi 50 Jlow 4 Jbow 51 a8 sl ol vae G Ladd #dlg )0
[(Datta, 2015) 5¢s dalys psie Jow i &
Vi) Jsb S a y2 50 Silgs oo (V) Jlow &5 5> S o
oy Jele Q asl ails glaas (V) glasyl 4 (Vy) 2,0
2 L) e g gloy St sz Wl 0 o5 Sl (2l
Jole cpl g cdle ol I3 51 (Y) doles J> (59, (50
aroby g Sute il ile S Oj50 4l (Q) S~
4l 85 ol bl 53 28155 e 815, s (sle S

\f’f QMB’ s" O)Lbuj) 5|Q-°t> JLW

Ml g O (i 9 pole 4 5



Lo OF (218508 55 (g el j 5l Algd s JUsl (205 Jolos
I

(e VE
PDE U(x,t) = W(x,t).exp % ;0<x<Lt>0

-V2t
BC, U(0,t) = W(0,t).exp Za [’ t>0
Vt) *)

BC, (L,t)=W(0,t).exp{% S t> 0

V.x
IC U(x,O):W(x,O).exp{ﬁ}; t=00<x<1

SYolas olKtws) oz Sl s dlolas olfiws wlS
1l oo Cawddy pj Slaseie b WKL) e (V)

PDE w_ ZaZW- 0<x<Lt>0
ot Y oaz USSR
-Vt
BC, W(0,t) = fi(t)/exp rea =g:(t);t> 0

2a?

v(L- %) )

BC, W(L,t) = f,()/exp{———5"51r= g(t); t > 0
O(x)

exp (53}
Al go L5 > 0 (V) Jewdlms dolee oSws
lyp il 55 SLL e 0 (See SIS 0wy S0
ez g L, ;ﬂ APRE @"Lm Ol s Judody 0aisS s
5 ymn Jele Sgoms o sl o S5 5,
w0aisS s gl aS I o 0400 5925 o8 Bu sles jo oS
2 lpls e 095 ISTas 4 lae b )0 )l Sy

IC  W(x,0)=

=K@x); t=00<x<L

Cou bl 5 38 3l wend ol o Sk 5 Zdpem el g
oddy 4 (byen JEl sany Cuns 45) TAlS, sae aiien
S lae g 00iiS e )l g 4o | (el (53585 Uil

SIS Ceend Sy Sl 5 Soo8 slael 4 o S g o

1
PDE — W =Wx; 0<x<Lt>0

BC, WO, t)=g,(t); t> 0 )
BC, Wi (L, t)+ AW (L,t) = g,(t); t > 0
IC W0 =/x);t=00<x<1L

L WXL J> ool sl ole; &b i ln o3
Ledls S(x, 1) Abb 9 Wtr(x, t) V‘)Af é.gb’ 99 Egomae Q|93g5‘°
potie Cpl i Ll 91,308 > S lo e g S gtr o jle
] 00 puSzio (A) dolas o
W(x,t) = Wtr(x,t) + S(x, t) Q)

Ol S t) ke LLL Jo g or ala>de az iy

SG Wlgi oo opl g Sl Dgpin ] H0 0 loj sl 5 aosls
Jedoar a8 el ¥ onl e (nl Sls 098 gme (A8
o iy a5 SAVP clgzl 5 ol o Les sgamme &l pess

Lyl w40 0,18,18 T 50 0ausS lae g oaisS s

2Ly drwsd S U5 b ks s b Sl U b,

Lyls glp a5 cul s gilulaz ool aizlis g, 3
a4 Ygono (Sel (5550 Lulpd )00 B4 (Senli (5550
S o 53 o L 550 by K oS 35000 T ],
5 S blda SAVP 0 sgume Jdoay anil ol
Ja)‘).u.v PR .A.Q‘P od....SuLv...a 9 o...\.a..S)...?Lu u‘)...er?u @Loé
el Ol s Jdods ol loy al s 90 ol sles LLL
Jsad Jsb 3o Lo gl oS obejs g <8l izen 5 59, 5
Gubio SAVP Cosdly g canb L Sl i il jgaise
Lojblae glo)l Jodlyass @¥olee olfiws g,0pl 5l .l
UL:..) (f) SYoles oo 4.L~w94.> L)‘}"QSA ‘) 04 )Sé g.,\.Ua.o

Sges
PDE 6U+V6U_ ZOZU- 0< Lt>0

5t o TR x<bt>
BC; U0, t) = fi(t); t>0 )
BC, U(L,t) = f,(t); t>0

IC Ux0)=>d(x); t=00<x<1

Slosl Joilyass dlolas oiws conl Los oaims lis ool
—Cyon dolas (n S xb g (n Ky Olyed Wi s (393
5o 43,5 15,3 SAVP Sy 1 Los ylbs p cinoss (gl S5
P X ER> )3 AT L p 5 390 00 aba>de S0l
(ool Sldes all g iig o ) gl 0sd g0 says ]
i 02y Wslea byl 5 395 e B Vi 5 X gl

((©) alal)) 995 oo

2
ppE =% 20 Y. g<x<Lt>0

a?dt  ax?  a?ox’
BCl U(O, t) = fl(t)! t>0 )
BC, U(Lt)=f,(t); t>0
I Ux0)=d(x); t =00<x<1L

) . vou |

95229y §oz Blge b (B) dolee Jo 09 o sl 5703
Jo ol b o5 Wl sgzsts (o = g5 Bl b ogd
G Ooleds al wler S Jedl s doles oyl
AYES )o% oo lexeds ‘)Z_: py S e b (Q) doles
3oy prF i ST s Jo BB Ll 55k 5ol
((7) ¥olae olSiwd) o5 g pbas il gl pitio ks G 3250
w2 9 PDE) Jouil oo dloles gl o2 a5 051 d2lem \Son
29550 Jlosl AC) adgl Layl,5 w0 5 BCS) (55,0 Ll

‘f’f QMU Y O)LO.;;) sﬁ-ﬁt) JLM’

Mol g O (oo 3 pole 4 piid



& e o g (oslxls Lo
|

PDE ;5 (ySodl il p0 wYoleo Jo o9, —V-F-Y
oRg &lgi G20 5ISAVP @ b yo
by po Jumil 2y Yol o f(X1) Xanlip 5 092 g o>
g g0 48,5 Jaiys (V0) alayl) ol SAVP 4
PDE |, =a* o+ f(x,);0<x<L,t>0
BC; J(0O,t)=0;t> 0

BC, J(L,t)=0;t> 0
IC J(x,0)=P(x);t =00<x<1L

Q1))

Ohgy o aib o (f(x,t) &5 b j0) J oS jeblen
B XO)T(M) wpodol> iz 5l byt silulox
ol Ole oo « 398 PDE jo f(X,1) o> jpa> 4y axgi Lol oo
) o5 b ooy 5 S S 59 ool 5
(V%)

flt) = f().X(x) (%)

Ol s ge (258 st izl Lz S5 £
Bgd oo e (VY) SYolas & g0d Kaali p 5
. nm
flx,t) = fogt).Sm (Tx)

V)

Flx,t) = Z £.().Sin (nL—”x)

Sin weles (59, 3l a5 Cewl Jotzeo fr(6) s (YY) abal, yo
A dalgs ol (VA) alaly & goas

¢ _2 &=L ( t) Si (mn )d on
R =7 ] rEosn(Te)as
Sygods Glgiee |y WK > gile a4 ) I Jo eS|
by (V) alal
.

](x,t) =ZlTn(t)Sln(Tx) 02

e (Y1) g (Vo) S¥olao bl 90t om J slagges
D9 s

' . (M1
Je =ZTn(t).5m(Tx) oo
n=1 o
NI 2 o

Jox = _Z (T) - Ta (). Sin (Tx) )

n=1

(YY) abal, J; = a?Je + (2, 8) dolas ;0 5,138 s> 51

gyonlyl isles oo Juoms (Jl Jas alg) 4y 1) (goga0me oloo
o ool b5l o2 Olgien |, SO 1) @l o o5 dgume
Sl oddionss axlye yo blazul o 558 .8 S Jlas s
Sl oaoolitl (6,55 Gite a0l b > Sy plyea T 5l
Cwl 42 (Demirel and Sandler, 2004; Farlow, 1982)
O ) alal)) Sl (550 il 5 1,35 o 51 5 U

X X
S@t) = A@®).(1- Z) +B®. () 0

Qsle ‘)Oi Oy aonlply cal W > 5 S(XE) U
g (V) SYolee oo

1
PDE —5 8= Sxx; 0<x<Lt>0

BC; S(0,t) =g.(t); t> 0
BC, S,(L,t)+ hS(L,t) =g,(t); t> 0

(QRD)

B(t) Sboj mly .ol W oadsl Loyl 5 aisle S adgl Lyl
oY s la8 e 5l S(x, t) bl &b ssz S g A(t) o

A() = 91(1’:)
B(t) = m[gl(t) + Lg, ()] av

X 1 X
Sxt) = g1 - Dt 1+in [g:(®) + ng(t)](z)

OY) abl, Jobee Witr(x,t) o= Jo )08 cwod

WP
Wtr(x,t) = W(x,t) — S(x,t) Y

L35 Caond (glyp a0 el s lolee S l3 oo
28,5 L5 s (VF) Yol olSws wils

PDE PDE Wy = a®Wi iy — Si(x,1); 0 <x<Lt>0
BC; Wtr(0,t) =g;(t) — g1 () =0;t> 0

BC, Wyu(Lt)+ hWtr(L,t) =0;t> 0 Q)
IC Wtr(x,0) = ®(x) — S(x,0) = dtr(x); t =0,
0<x<L

(Siye hulyd a5 wes e las (VF) Vol olws

U515 4 S0 0) pp B Lo Sanl Jy ol oad,Sen
5 D) 090 polre bl oo jalls 1 ;0 5 00,5 3445 PDE
Sal dalgs Cawdds g oads polae j Dtr(x) ol S(x,0)
035 oy G Cwwd )3 &S oy &y U B, lawss
ol wlgs 01 51 g eas awle WEr(x, t) lol g o

‘f’f oum-fls Y O)Lba;) srg-b») JL&)

Ml g O (i 9 pole 4 5



130 ST (5210703 55 (g yhuneil 3 ks gl bas JUSH (230 5 Judond
I

=t
y(t) = e—a(t).t_y(o) +f b(.[)_e—a(t).(t—‘r)d.[ (Y2)

7=0

el (¥+) alal,, TN(t) sWODE > .31

T,(0) = T, (0). e (<) ¢ f b ). (E) g, )
0

Dgd oo Jol> (M) abaly o)1l 5l g

To(2)
L
= E(J- Sin n_n

+= (f () - T)ff(fr)SLn( §) dgdr

). o()dg ye (T ¢

(AR))

Dgd oo BLIYY) dolas & ygos ol Jo a4z o
- . mm
J(x, t) = ZTn(t).Sm (Tx) (V)
n=

‘5\5)9.0 4&!&& —A—Y

lie w055 Jlosl oxembs lige 13 SAVP ol )5 a5 _olKin
9 Gl m Aol iz 5 )5 5 3 e sles BB
R al S S e R e e
W it JU el a8 alold 5 5 slos B!
5 0 GN L waglyl 9o nl cale) 5o s 09l e
adllas G o9 walgs Lo aio 90 (o gl )1 O Slles
oyt oxdi s ol JE o onals; mli b go)se
Yoo 5 ailae s (! Jlob) yesl, -l 10 5ISAVP
28 plxl 6 eglsS V7 090> 50 @ly pleske E5Y (g
yoaly 5o b0 v slos 4y bgs o wliilsn laosls Sl
V ez 50 G ge) plerke e Slelis)) 5 (p 5 @)
losks 2o Slelis )| 5 sl 5 Lo gehans slos o] ool
aS ol ol sadiosls (iles ¥ SS jo Sl Job o
Sy sk 5o oniiiad (slos opSilie o o0l oyl abaiii X b
gy los Sile colakes s olelis)) o el oo
iS o 45 ] 00t o158 ol o (J3las) ailis ¢ (iSla)
by gl 5o 55,88 les b Dol Jdoay jusl; (6l
(Climate- cosl oais jo,l55 Lo alale nSlee SO g
Data.org; Weather)

ZT'n(t) Sm —x azz T (®). Sm Tnx)

n=1 xY)
+ an(t).Sm (Tx)

Al aolem alls (YY) dolre (655,655 51 s
Z[T'n(t) + (nL—na)z.Tn(t) —fn(t)].sm(¥x) -0 "

SlusSay ol oS a5 Sin s Plitel 4 a>g b
o)l L Kgd cod yho oo b (Ko SiN a5 el

T (¢) + (nL—na)Z.Tn(t) —ft) =0 %)

adsl Ly n slaws b b ouds ,alls ODE b0 slaws 555
Cossty (YO) alaly & jgoas asl byos N ol Lol gy

IRCP P
- .o
J(x,t) = ; T, (). jm (5x)
. nm
O(x) =J(x,0) = nZlTn(O).Sln (Tx) .

x=L
L:o ®d(x).Sin (?x) dx

= L :L T,(0) Sin (nL—7r x).Sin (? x) dx

S5 e Jol> (YF) ala, oS

T,(0) =2 CD(E)Sn( f)df n=0,12.. (%

25l J= b (YY) alayl ) ODE oKiws ygaST]

T (t) + (nL_T[a)Z T (0) — (D) =

2 (é=t mm av
T,(0) =ZLO ®(&). Sin (Tf)dg; n=012.

s aalys el (YA) (55501 &Y oles L ODE olSiis ol >

ODE y'(t) + a(t).y(t) = b(t); t > 0

YA
IC  y(0) = Known;t =0 o

‘f’f owb’ Y O)Lﬁvfl srg-b») JL&)

Ml g O (i 9 pole 4 5



&7 gz 3 o2 Lo

40 -

35 4 —— Average (Seawater)
— 30 1
O
. 25 4
o —&— Max (Takhte Soleiman)
S 20 -
)
o
o 15 4
£
& 10 - —&— Min (Takhte Soleiman)

5

Jin Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Time (Month)
Jlo SO Jgb 50 oylosks o Olelas )l g pamoly 50 b0 adaww glos —F JSi
(315 (55l o ) 250 )90 Bl 51y b 30 T glod 9158 (glod -) Jour

ot | yealss | ST ol | cassST 1 Vs | x| o | sl | ool | ansd | sl Jlw slaole
/¥ o | Ab ) ARTA N IR IR V7N I VAU N 71 GO BV I v B 0 ¢ (oo ©55) 198 5lod moy 3o
AYWIE [ OANYIA [ YAIY | YA | YIS LY [ YVY | YNV | YA | YA YR | WV (oo ©55) 198 (5Lod prousino
Y/4 Y IATAS IR ZARA) VoO/f O/ | YPIN | YOI \YYIY | YVYAL | AR \ (olokw ) 192 Glod lwgio
YAIY | YUA [ YYE | YYE | YRR | YSIE | YRIY | YOIY | YRV | YYY |V | VFIA Gl y) b 30 O (slod s 35l
YAS | YV | YO | YO | YRIE | YV | YRS | YR | YO | YV | YA | YVIP ol y) b 30 OT (5lod pousioro
YY/$ | YOO | YAIA | YANO | Ye/20 | YV/VO | YV | Y+/A0 | YA/P0 | YVIVO | YY/Q | YV/Y (rmn'))l.l)égi‘sloé.‘a.wsh

aolre wiile olo Jow jloslaiwl plply 0l cw) p (Seold
slp wny &ly Gy 5 Sloy i lyd b dsi-c e
el (6500 WalS aBly 4 S35 5 yne bl a4 (ol
&5 15 650 Lulpd 55 o0 SAVP alKtaljl s o
les Ol sy 3l jelate 0,5 3l Hley 5l guad b g e
lae slales ;o s ;2 3l o aS Gl 458 1l s g 2l
b oy oo Sealooge s Jols 4 SAVP S LT e g
Lo polae Ol ey 51 (Sewlips cdl> o LLL cdl> o ol
ol Job o9 dgaome Jdoay b g0 ol flecul alg) Jobo o
bl (ool Llodes oy s ool aslllan LB os j5bas
Ol sl 1y Lo i by, Soluay a5 ojls 1,0
2R b wle gogie dejpe o oles is
SOl 5 Sl e o Gl Ll Sl Selisge 5
S Sl (Gl o9 milgy 5, 5l o a5) (YY) aloles
Sgad oolaiwl Lo Jslg 5

- yod Aolro (@9 b 31 SAVP vy 9 Wlawlo -V-Y

(o319 &99) @yl S
Jols 4, SAVP a5 > ol &)l > 3g25- 8 pon alolas

e Judx g s -Y

G5 Aol @9 b 3l SAVP vy g Olawlxo —V-Y
(P o1 wimns g1

oy Sy 4 oy SAVP i ks ol s
5 Slede @mls (wlalp ol jlo )93 (VL Ceal 1ok
wbos Slpass Jlesl 5l a5 0l ssalive (so0e sla Jdow
el 99 M) (asutn o 03l S 53 e (sloj 50 5
ey in Jli5 o (Saliysga s byl (alKtales] Jua s
Soeio (2974 (T ¥ IS) Lo Jolg (sl loged o )18,
ool

3 5338 Sl | 35 ales e o5 53 5
550 agd ol Jsb b Glae slagulide ;o ohugar «(lab
S o Ses Az )0 9 Gl > JUSI 5 2 k95 S
i )3 ol los (22 (o Cmeddy )5 oo i
2 aSS ol sl 1) piegn ox8ly (L3, wiles o
b ibudae g ax3 )5 )18 Slaioe 5 allis (nl Slawe slaJulos
el oaliplwl Gloj Jsb jo itte (5550 Ll (58,5183 )0
gty e )l 9 35 o a5 358 o0 Seel Dl i

‘f‘f Oum-fls Y G)Lbaf) srg-bé JL«Q

Do

Ml g O (i 9 pole 4 pi



Lo OF (218508 55 (g el j 5l Algd s JUsl (205 Jolos
I

& 50 ol Nipd go (Byre N (855 Dot WS o0 et s
Joe a4 )5 Lawgs a5 ol olysds SlS wslgi oo @l
28 Sagem &b g0 rinl o gt oo Jooos (5L,
o & lgreas wiznn wSlas S glls wile Sl alold
Sy &b 99 Gl Jloel gl Jsbo iload (Byne g3 )l8
(oais Jol> olfiws 5l a5 gl o8 cons) a5 ol glasgSa
aiclu g0 sloplE (5 lear . wles Jobs cdl> 4y o) 4 lolg
usu.‘).....uu] QT LS“’ FURIRY I e SlogSa b o
|, Seoliogeys el K Sl Jobs wlgs oo aliyle]
O 3 5 Swn wor (Seolipsge s Jolsd a5 008 S5

g lky

Al g Blas cl> 99 sl oy @les Gayb 5l sl oo
Log ool 48,5 |15 (S = 4%) ol 5,95 slp oo B
Jo i F o ¥ Gl S s awslio pytings doles gl
olnn o 5 b o glie o3z lss ko 511 oo s
o3b yo Lo Olyuss a5 Y K 28l (o 000 o Lt paitege
2 a5 0,5 Sl Sldas & x5 (59, 5l w0 ylid el YA
i ool SAVP (s, oo 4 (slyt IS e s o
PSS 4 e Lo Sl cpl Jleel as el
Spii-cdyan alsles J> gl 5 Lo blby ol ¥ S
bl ol osdanslio pginge dlolee G,k 5l J> L &)l >
oS bl 88l ol oy bl b USE 0 oal ools isled

)97 o0 iy 4 (2 bl 5 (595 99 G
L 0 a8 oles mly glaeas fot) o fi(t) U g0

28 1 AAA
YL LY YW
24 AAA A Aas, A
A A AA
;G 20 A A f1(t) = Origin temperature changes
:: 16 - Af2(t) = Destination temperature changes
1.
2
s 121 AAAAA
2 AD AN
§ 81 A Ja\
i AA AA
A A
UV Ap
. AN AN
O Y X0 DDA A A AR AP AR o a0 P D Y e R
Time (hr)
oy &g @b 3l W)l Sedi- JUl dslae Jo gl (oled Ol et Jlos! Y S
32
28 - e Lot S S
...... e
—~ 24 4 .."-~\
O RN
N N
o 207 N e Momentum Model
£ R
= 16 3\
o N - === Eigen Functions Model
o 12 1 L%
£ N
- 8 4 See..
\\;-;.: ......
4 o ‘~."~"‘--.:-. .....
St vana
0 T T T T T T T T T T T T T T T T y
QD % A A9 DN 9 O 9 D .9 M 5 N .9 & 5
N &\ 2 O N SN \\r\, N \,,;\' Ng) \‘9" N \oé\- N

L (m)

718 5152 329 s 31 2Ll 3= JUiSH Alxe Jo 5 pgihage Je 2 b 5l 0h dnlone U8 ol imsms 55 Lod g iled =F S

31,5 il 4z 53 ¥ waiio slod 9 YA Touo slos 33 (39 9o 30 Jler (5 ysd 9 @l O

‘f‘f oumels Y G)Lbuf) 5[@5»} JL&)

o)

Mol g O (owsigen 5 pole 4 pid



&7 gz 3 o2 Lo
I

Ol s oSl Blas wed oo Sol> dlg o Jolss Loyl
039 29 5 ol 5 (carldl Syt 5| ol oo o Los il
Jloel g 4 LLL Lol o8 s o iz ol olsLolgs
5 e Slyss 5 dgf (o ish Jele 99 K00 b 4 ules
2 o @&ly Jo Gk 5l s 45w e Slml e (anibs
oy a1d S 54 sb g cly Lo iy, (YY) alolas
anlllas s (lps b o s Lo Sl i IS5 il el
ol b o] U g a1 0 U5 50 (loghes Ci punel, (63,50
e 9 2o Jlz Grpd B UKD 6l 5l oo 311(YY)
503yl o yi,) Blodas S ol sl sasass 5 Las 1o O

3 oS ol paiinge dolas o 5l ol Les Jilgy IS 4
Sl ool § S

e 0 Lo Jleel foww, Jolu a4 wlulp a5 T S5
g3l 095 o1, o) 5 fi(t) sloo Ol s &bly jo ondpns
99 5l Lo hlgpn oo Jlxr )b g gl SO ks ol
Joe g (g &l by SeSa) Sga- Jlasl dolae J> (3,0
Yoa ) o YA @ fit) &5 oboj ko ol S Jg aily
A3 oo slid 1) oduwy of 5 il az o

—Cd yod aloleo @9 ,b 31 SAVP ey 9 Wlawlxo -Y-Y

Sl slul gl (o329 &l99) ©)yly> Seii
Canlo 5l as L)l (Sl olul o Les Lldg 5 a1yl o

(Capds 4z g ol az) ) ye )0 sl jo b cul o g Jobo

—=—-p(D=1m)

—0—p(D=2m)

—A—p (D=4m)

30 -
‘?\E 25 4
f -
=2
=
@ 20 4
[«5)
o
15 -
— [qV] o <t Yol © ~ (e 0] (o)) o — [qV] o < Ln
— — — — — —

Pipeline length, L (km) and number of length element
Sl e Job 50 o ¥ g ¥ o) Ul gl lodl jo 5oyl (S ol (ylosbas ©B5 9 umnaly (e 5 JULS! b3 (Slod! (gl ommndil -0 S0
(ol o Vore Ll 2 Job) (39 woy0 F (559

g ploeil sBly Sldes slaoge s 31 sl (g)lo pools -
Sl wile gove slagluand b yol> (oob) Jow -
55 S 5 (CFD) gililone ¥ leas

oo blyd @lg o) 6l pedle 650k SlaSsS 1 -
g oolaiwl cwlbidlss 3.35 sbvosls w3l slo S o

b8 s luainge wiile) gyb (sl § solatdl glaais -
Ligd Joe 3)l5 4z Lo O g0 5 (o iz b )

S o5 A 9 (G e 0

Se Jlsl abls gyl s, Jdow Bas b gl oy
Fae by Ol ol anlg jo (SAVP) (6 hesdl )
i Bl b Sl Sskmen ables it 3L,
o9y 5l eolaiul ¢ Budos (pl Lol 6)5T9J sl &l gley o

@T Ol ‘_g‘)g @‘él.@,«.m.u 9 Lb&g.égm -¥f

B cpl Hoead @l Lob, o sblie g2 L
Slalae jo cowl p3¥ a5 5510 0929 (g5lu o jo begogass
& Ol bosgaza ool alex 510515 ar g 3550 S
Pl dpcSleSe s Ay L3 L penile 554
sloosls (imgh (pl ;o ized 0,5 o Lal [y (G 5udge
ored 53 (Sl e 3 oo (bl Gln (028
5 ARkl sbeosls g Loes by fdod g 009
el oalploil SO yas Olwlore

5 0] et Sbl (il 5 silede 28 S5 sl
sloalols arwgs slp 1) o) Wl o a5 5 8,050 ST lallae
Slo Jlses Jigadly Ll 5 55,5 slamlids ;o SAVP
gl e gy

‘f‘f Oum-fls Y G)Lbaf) srg-bé JL«Q

oy

Ml g O (it 9 pole 4 5



Lo OF (218508 55 (g el j 5l Algd s JUsl (205 Jolos
I

Sgad los 9 50,5

Loy o —F

1- Sub-Atmospheric Vapor Pipeline (SAVP)
2- Thermal diffusivity
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5- Eigenfunction Expansion

6- Pecklet Number; Pe

7- Transition; Wtr(x,t)

8- Steady; S(x,t)

9- Typical
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Abstract

Models can greatly contribute to the optimization and
control of treatment processes. The present study
investigates the Biological Oxygen Demand (BODe#)
and Chemical Oxygen Demand (CODe) of the effluent
from the Tabriz municipal wastewater treatment plant
(WWTP). This plant utilizes an activated sludge
process with diffused aeration. Using Artificial Neural
Networks (ANN) and Long Short-Term Memory
(LSTM) models, daily data from the WWTP are
analyzed to assess these key pollution indicators. Prior
to modeling, input features are denoised using a Simple
Moving Average (SMA) technique. Both linear and
nonlinear relationships between features are examined
to select optimal model inputs. The conversion factors
obtained using ANN and LSTM were 1.66 and 1.65 for
BOD to COD, and 1.32 and 1.33 for Total Dissolved
Solids (TDS) to Electrical Conductivity (EC),
respectively. These values are appropriate and
demonstrate the models' accuracy in estimating
relationships. Furthermore, to interpret feature
importance, the novel and emerging method of
Explainable Artificial Intelligence (XAIl) are
employed. BODets and CODefr with a one-day lag, as
well as TDS and EC, were identified as high-impact
features.

Keywords: Effluent Assessment, Deep Neural
Network, Explainable Artificial Intelligence, Tabriz
Wastewater Treatment Plant.
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Abstract

Modeling and forecasting water consumption have long
been a key focus of research. While various time series
models have been developed to fit average water
consumption data, the COVID-19 pandemic with its
profound impact on lifestyles and consumption patterns
has introduced new challenges for accurate modeling.
This study investigates the pandemic's effect on modeling
the average water consumption per household unit. It is
demonstrated that the COVID-19 intervention represents
a significant structural break in water consumption data,
and failing to account for it introduces bias and
forecasting error. Utilizing an intervention time series
analysis for the periods before and after the pandemic, this
research studies the average water consumption in the
urban sector of Mazandaran province and provides a
three-year forecast. The predictions were generated using
a segmented regression model with a seasonal trend,
based on an inverse-Gaussian distribution. The model's
efficiency and adequacy were rigorously validated
through residual analysis. The results from the proposed
model indicate that, after an initial surge and a peak during
the epidemic, average water consumption is expected to
return to a pre-existing downward trend, which is
projected to continue in the coming years.

Keywords: Water Units, Forecasting, Segmented
Regression, Per Capita Consumption, Intervention Plan.
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