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Introduction

The management of treated wastewater is a critical issue in addressing water scarcity and ensuring
environmental sustainability, particularly in regions like Guilan Province, Iran, where agricultural,
urban, and industrial activities strain water resources. This study aims to investigate regional preferences
for pricing methods of treated wastewater, cost-based, market-based, subsidized, and environmental, in
various parts of Guilan, characterized by differing environmental priorities. The research addresses the
problem of aligning pricing strategies with local needs to enhance sustainable wastewater reuse. Existing
literature highlights the importance of wastewater reuse for agriculture and environmental protection
(Areosa et al., 2024; Hajjar et al., 2025) and the role of pricing in resource management (Beecher &
Gould, 2018; Fagundes & Marques, 2023). However, studies focusing on regional variations in pricing
preferences, especially in Iran, remain limited (Deh-Haghi er al., 2020; Zafari Koloukhi et al., 2021).
This study employs a mixed-methods approach, combining quantitative (Kruskal-Wallis test, Random
Forest) and qualitative (thematic analysis, conceptual network) techniques to analyse data from 55
stakeholders across four regions with varying environmental priorities. The main results reveal distinct
regional preferences, with subsidized and environmental methods favoured in high-priority areas and
cost-based and market-based methods in lower-priority regions, underscoring the need for tailored
pricing policies.

Methodology

The research was conducted in Guilan Province, a key agricultural region in northern of Iran, known
for its humid climate and sensitive ecosystems like the Anzali International Lagoon. The province was
divided into four categories based on environmental priority: very high (e.g., Rasht, Anzali), high (e.g.,
Someh Sara), medium (e.g., Lahijan), and low (e.g., Khomam). Data were collected from 55
stakeholders, including farmers, experts in water and environmental issues, and representatives of local
institutions, using a structured questionnaire. The questionnaire comprised demographic details, 20
Likert-scale questions assessing the four pricing methods, choice scenarios, and open-ended questions
for qualitative insights. Quantitative analysis included descriptive statistics, Cronbach’s alpha for
reliability, Kruskal-Wallis tests for inter-regional differences, and Random Forest modeling to identify
influential factors. Qualitative analysis involved thematic analysis, keyword frequency counts, and
conceptual network mapping using Python (version 3.8) and libraries like Pandas, Scikit-learn, and
NetworkX. The research questions focused on identifying preferred pricing methods, their influencing
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factors, and qualitative explanations of these preferences. The mixed-methods approach was chosen to
capture both statistical trends and nuanced stakeholder perspectives, ensuring relevance to both
theoretical frameworks (e.g., sustainable resource pricing) and practical policy design.

Results and Discussion

The findings indicate significant regional variation in pricing preferences. In very high-priority
areas (e.g., Rasht), the subsidized method (mean score 4.73, 57.14% preference) and environmental
method (mean 4.42, 28.57%) were most favored, reflecting the urgent need for government support and
environmental protection amid severe pollution (e.g., Anzali Lagoon). In high-priority areas (e.g.,
Someh Sara), the subsidized method (mean 4.06) led, with cost-based (mean 3.76) and market-based
(mean 3.57) methods also notable, suggesting a balance between affordability and economic
considerations. Medium-priority areas (e.g., Lahijan) preferred the market-based method (mean 3.93,
64.29%), driven by high agricultural demand for wastewater, while low-priority areas (e.g., Khomam)
favored the cost-based method (mean 3.93, 37.50%), emphasizing financial transparency. Kruskal-
Wallis tests confirmed significant differences for subsidized (p=0.001) and environmental (p=0.001)
methods across regions, but not for cost-based (p=0.206) or market-based (p=0.323) methods. Random
Forest analysis identified the environmental method as the most influential (importance 0.284), followed
by market-based (0.261), subsidized (0.228), and cost-based (0.226). Qualitative analysis revealed
dominant themes: subsidized and environmental concerns in high-priority areas, market-based in
medium-priority, and cost-based in low-priority areas. A conceptual network showed strong links
between subsidized and environmental methods (weight 18), reflecting stakeholder priorities. These
results align with studies emphasizing economic and environmental factors in wastewater pricing (Deh-
Haghi et al., 2020; Obaideen ef al., 2022) but offer novel insights into regional specificity.

Conclusions

The study concludes that pricing preferences for treated wastewater in Guilan Province are closely
tied to regional environmental priorities. Subsidized and environmental methods dominate in areas with
severe pollution, while market-based and cost-based methods suit regions with stable water resources
or lower pollution. Limitations include a modest sample size (55 stakeholders) and cross-sectional data,
which may not capture long-term trends. The findings suggest that pricing policies must be region-
specific to balance economic viability and environmental sustainability. Theoretical implications include
reinforcing the role of context in resource pricing models, while practical implications involve guiding
policymakers to prioritize subsidies in high-priority areas and market mechanisms in agricultural hubs.
Future research should explore cost-benefit analyses and longitudinal impacts of pricing strategies.
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Fig. 1- Heat map of the average scores of treated wastewater pricing methods across regions with different priority levels

oass (VI0F) &y i Sy Lol ((F/AY 15 ¥/FF 55g00)
Vloim! b 5 YU Cuglel b gblis ;o &y bl 093 o
5 <l Vb slaan e 5l SIS L (b ogsdlas b
Lol lai o (5045
Yl oglgl b @bl )0 Ll » (e b,
S STy g el 0051 ooy |, VIOV &ilo
wlo YU Cuslsl b gblie o (FIVY b Y/Y+ 555050 3,10
@+ + BYIYY bogazme) SauSTy g b oo Lials YIFY o
aS bl (pl )0 aes oo lis a5 Conl 00 plS licren
SIS 85, el az g5 BB (55,5LaS 5 (staio sl dled
Caglel b @bl o o)l hwgie Spdy jemee)lil
alie SasSly 5 wlso il3l F/0Y 4 ailos cawgie
0dd  Fy Ak T Lol «(Of++ B YIYY dogaome) ol
33 el SOy Bans sl i Bocmslis a5 sed ed
5 Wb 2ol YA @ ale ol Cogdsl b bl
S OCFIFD b OYRD sogame) caul jiaS  SuiSTy

AN

L @i w3 (s ez slajleel mjes (V) Ui

WSl Ojgo Dglite slacaslsl b ail [z 50
bl g ailes doosls SauSTy o jloges pl s oo jlis
3 S oo paled Suglgl Al g gy o sl ], ©p
Vo7 m lailee b Olliel g8 o (e b
Coglgl b sblis .l paiie bis Slib ol ;5 WAV b
boguse) ke BB SaSTy 5 YTV alee YU Ly
ol ed lolfuys go Kilo a5 wijls (F/F0 L Y/VO
VIAY @ ailo YU Coglgl b gble 4o .cwl sblie opl jo
B Y/AY ogazme) ol lie SuSTy g wub oo (o3l
Ailgi co a5 5,10 0429 (YD) &y dladi G Ll (/Y-
basie 5)5e 0 Dbldl solfus sg2g 3l sloonles
SalS Ve f @ dile dawgie Coglgl L gble jo ol
Obzmen (FIVE U YYD boguome) SauSly b oo
(Bl jocwl goiie la i saias lis aS cuwl 0o puS
A, (gaS (SauSTy o YA alee by Cogdgl b 3blis



Y = Ve amtuo/V €+ € Ll /AR 0,Lond/ YT 0,95/ (oiSR; 9 (5l (S 05w ewiigee Sl

aass b ol 5l 518 e ek 68 cilaxlge (cws )
BB syl Slaxde Gl lofg Coeal 09>
Al gaudS Coadly W baimolis wilg oo lasl oyl
4 Cumd soges Camlas 5 BT Gl s
Ol 53 (Fo amjlazme 058 Susaddy slasaly
» 1y goladl filews y?’“"" &S ohyslas ez pbes S
Gl Comal ol (Goyd pgs s oo 18 Zuglyl
ogd oS bl (LSLe (crex Al )3 (SG390sS]
Jeizl pou g ¢80 Gl lus jl pasel &2 S o
&S e 3 Camlame p (e ol Codbge

icwlie GloFauie g cdlae b aiil ol jor 9 Slals

el ol gy hpdy slias 4 Lsas osls oy

SIS Clow Cugli lp (Fof Olyed Wb aSb
(Hblie iz o 298 (A jemacS ) lie laracany
asbe glecala gl iy
Sk Gl RSl slepllas (( S35lsST (51548505
3975 Tyosh @l Capde (&5 e sladie 5 Slay
3559 Jl 5o @blie ;K00 Gl 5N Silgi oo 65T ()0l

D9h Cgme b ol 4

Mo S2alS TIOF & wilee Vb Coglgl b 3blis 5o

Ll (FIAF B YV 85gu5me) Canl yideny (o8 (SuiST,
bvgio Coglsl b bl )3 .0l 0925 (5 Al lizres
SS9 0w, 00 VIAB g VITF &y o 5 4y ailoo 5y 5
Sy PO b Y/oY 8game) 39dce ounlie golie
lS 53 Lis 45 (mb sl FIF B Y/-Y 5 byt
Sooll Led b bl s amacen; ollisdle Coonl

VY

Gl ol jo by onl ws5 l—---' Sy bl
]

Ol Vb s Coglol b bl jo sl b,
G F/e) bogase) Cawl o (SauSTy «(FIAL) o)l 1) 4l
laosls (yl ogdce oanlie Sy dhE 5 (O
Losis som 5l oy cnl VU Sl (opdy Buimsplas
OLoliiny 5 ol p5las alez 5l caiied (sloog S Ao
glozl cnl ol (oo slaslys (Bonles 5 Conyjlae
Ol A St St So 5l 256 Ylaasl o 1S
Cole> @ 5l 5 bl cnl )o golatdl 5 lasrecon s
&M 5 b (o 315U Gl sl oo e
Vb Cogll b gblie jo ol Cluy B 25L b lad e
Cowl iy o5 SuSTy b o ymalS B0V @ aile
sanlie (V/FF) &y il S g (F/AY b V/FR sog000)
Gblie jo .cwl slais solSays sauasjlid a5 0l o
YIVY 5 YIVY @ 5 @ ailoo by 9 Jamgio Caglyl b
83gume) g co odolie spolive SauSTly ¢ ) oo
S ol ;o O r B A g Lasgie 5 O+« B Y/+Y
el Gbolio cnl )0 by, Gl S8 (b dy aseoli
ol S VLl Zoglsl b gbls 4 s Ll

bl Caglsl b bl o amacans; (o)

b0guze) Cuwl oS (SaiSTy 0o, S 1) F/OY &l
ools 1yl 09l coi cdlive Jy dlads o (O/++ b Y/P-
ol ey (6,005 55 (YL Coenl Baims i
Bl 7oz 5 p S adsl gloygal DU ol bl
asle able o was oo lis Wosls (HawelisS soladl
Sl asle g SaselsS] slal o b o S35 i,



WS Sl 33 (65)9WiS 259,55 b suwdantual Cluwy (515 Cuond (s g, (Slam o (o) 5

Cost-based Market-based
5.0 5.0 R R
4.5 4.5
——
°
B 4.0 2 a0 |
® 3
8 D
L 3.5 e 35
8 -
3.0 4 S 3.0 4
2.5 | © © 25
é.o“ & o&f Ko \,}5“ & 'P\.»“’ Ko
o - «° <
Priority Priority
Subsidized Environmental
" l:i >
as d 1
3 a0 L £ 01
N E
2 £ 35+
§ 3.5 4 L 2
[ H 1
. E 30
) 25
2.5 o 2.0 —
e‘§ & &.y“' Ko .a-\é‘ & a\f Ko
o <« 2 <
Priority Priority

Crgliie (SWCuglgl b (bl )3 saniadinal Sl (5,15 Cund (Sl g, (sljliel @2 joF (WM WS -T S
Fig. 2- Boxplots of the score distribution of treated wastewater pricing methods across regions with different priority levels

gl @ ) Jb gplnl 5 @rdyd s wodlas
e gl cgyinl 5l des e s Al 4 Bro
Colem b el gl 4 Ll glaill Jow 5l coles
5 el alzl Bhie w5l QU5k Al s
el 20T, 5L (ole slapllss b agzlge 50 j92meds 2
doe sleslitul b g S Sz flos
b haemecen) (g W oL 5 Solas S
S 90 (goulS s (IYAY) Coenl liae o i
GlL - IVEN) 5 L s,y ] 5l e 0,1 Dl 5
Jlos yls L3 (IVYF) auje e g (+IYYA)
P95 Vb sl Cuglol b gblie ;o aad oo (LaS bagy sl
(0o, YAIOY b asecony) 5 2o ys OVNVF L slasl b
2 e)lik s sl slagts) b caglgl b bl )
by, chwgie Cuglsl b sblie )5 tao,s YOV L S
P9y el Saglgl b Bblie 1o g a0 0 PEIVA L jomxal5L

do,d YV L jemmedinyp g duoys O¢/++ L slal,b

WY

bl o wims e L (Y 5 1) sla S (slaasily

5 &1l sla g, o I3l 5 oy aiile YUl Cuglsl b
Coglsl b bl joaijlo Ty (B pdy op flien (damelans
5550 Ll el Lo slall oy, dpwdasgo asle YL
buge Cogdgl b bl ;o atind axgi 9,50 5 o by,
290l |y e o pien jmme )ik by (ol aiile
Lol SIle JYC FTCERT S ‘r:l.q:’- auile ol LgL:zs;;%Jg\
;‘A.l.f:‘ 6‘)‘.‘ JJ‘yg_;o Cnss oSS 5o 6“‘3‘)L.’. uLS) b;‘
A oo L iegh ol gosls Lol il Ol leas 63
é.‘oL‘.A)b s ULA.S.: s ‘_'é_bl.:.o)o QTc\.g == aS
Sr9re Alear &bl (Il g oy asle wad ol b
L Ga_lot.a 4o Lol Dgub oo ‘Sa.L Lmrw' s sl 6‘)-.‘ ‘5»L_>
8,25 gy (e S 5 a5 (s 5 Jawgile ool
090 O‘).o.b GJLA.';:.“S; b ‘S'LJBJ (5LDCA..:.LA_’> )‘l L')|)|oﬁo).e‘.g
L e it asle e slogis, & bles wcen

Ol ed (bl (pl o 05d oo 00ys iy jsomedl i



Y = Ve amtuo/V €+ € Ll /AR 0,Lond/ YT 0,95/ (oiSR; 9 (5l (S 05w ewiigee Sl

G YIYA) anse o sive g, e (V) S8 0 oSS
9 (! Gy oS sl (pl 35k 50l Slgzeen (V/AY
Gl lin jebay s atly ddlate Loglsl mlaw 4
Seglgl Slinh G sl Fre D9l 55 515L 2 (e )
L goo90 (pl (stat=3.49, p= 0.323) oii ocosliv
SEL (VAY B YIEY) (V) UK jo Jogy opl slouSils
L @gble )0 () cnl Ghndy Oliee w000 plias 5 ol
Wb des (plbo)l 2 BB Solas «glise slacy ol
o9y (VAT 5:Kle) Jawsgie Coolgl b 3bln jo s
GLOLE 4y Wl oo a5 01> (g tie Shndy Sl » e
Gl ale) (555laS iz ) eadiacial Clay YL
Slabl g, Glp chlie jo ol basye (GlsY o
ool
5o jlol (1Kl a5 slasgS s (stat=15.89, p=0.001)
S stz FRB Hsba (FVT) YL jlews Cuglgl b dib
V) UK sl (FIVAY iyl gl b dials 5 il 5|
Vb Caglsl b gble o 1) (oo slacules conal yol

3,ls 34> il g Gl oyl

3 sl ) by, s oe ol (I3l g oy aiile)
ol wglate slacaglsl L wlab o (g)lo goe Dglas
b shetel oSils 4S5 sboas (stat=16.87, p=0.001) sls
Ol 1 i o «(FIFY) VL s Caglgl b aitlo o
() JSS Sl (F14V) b Caglsl b dids o bajlotl
L bl o (aromotun ) Sla>de Coonl p g9d50 (5l

S oo ST (3 oYB aile) was (Sag]
gy, b b e (AS slaggsse Sl 2 (1) JS& 50
oL Coglyl whaw ez 5o oddaial Clay (5 IS e
SLoles I8 slagnly Lo 5l baggdge ol ial o ol
aile Shbe ol nlos o wlons ] Sl ladigd
M»

Sore Ohlopese slr &b

R

Wb ol Gyl bocwlize Wb g 38 cwd

V¥

L) Caglsl o 236 lagSl cpl a8 3 lo 1) ez 5 o i
B0 o lid Gl gd Olovs 5

u.:}l.‘a.cl.» W9 L’ Sl Ui‘”" CJL»J &)"‘ ‘LJ?‘ ol 3O
s (ool asle Gblio Sy G935 armocons;
s azdly ol ol ol b ool azils sl o Il oY
G jhane Cbla> Coenl | lai 63 o s0ms\Lis
12 ol a5 e iS5 o SIS L oL
s oo las sadicas bvosls Jdow ol sbls ()
ool sl 5 Camslagme 5 T gilie Slulis S
5 by sasly I 5 gres S0 Lo 4y Jore
hemean; hyy @ 2L slajlial (glad > gl
) sl ) conS g Hebas a5 ol 5las s aileols
s 425 o 4 bl (pl o il o ool
$53LS (5y90 0 LiblS anle) (Sodl 5l ol s
elaizl iy ol 4 @Yl (lee pel (Cudime 205 b
$HBly Sene 4z ol bow e ) b oslesls
Lol azlge o slacasgaze 5 g0l (sl 5L ol

A8 oo bt 45 GalS ol (glaily 355 a8l ]
Sletdy 09 et s 651858551 4 hled 092y
balyd o 4 wlgeed S 2l y Jbo (sl
Sl ookl Do o Al (nl gyl 5logd e
sl ;o @ISk 5 ages (390l (gt
ol cute 5, L sl asT Ol Sl 25k
S5 o os slapladl

hilel daglie ly Gully - JBssST e
sliaglsl b aib bz Gm Sl IS sla s,
Soy Cuglyl Slib o bgre Dol wanze
Loyt sl oSl U el ol (stat=4.58, p=0.206) 5l



OWS (bl 53 (6559l 3,3, b suwidniual Sl (55185 Cuond (o 19y (Sldwuns o (o) 3

(5! oYl Sogll aile) wads elogylym b iblio 5o
(ywtnogo J20) YU Cuglyl b bl ;3 w)ls oS
U B L Ll 5 1 3 L el slogsdse
G 5l sble ol o wes e plas a5 wileads 1SS
wile placdlad goladl glaie JLS )0 (gs Sloiiy

2,18 892 Caio 5 (55,08
Sggoge (plmaY Jio) Lawgte Cogsl b bl 5o
Slgige 5 O 1) Glsld i WV (Slsl 3 L jemee il
oot adlaie (65,9laS )3 Sluy 8358 0 )15 5l UL
(ot o) ol Caglyl b blia s il s S sl
VA b slall g 7 (Slsl2 L jeomedinsa slaggsse
5 banie oepdlad Caesl oo lis oS Wlas

ol ) GBS Grae sleiel ban e (gjlucdlaiy
a8, s 50 Wb arecens ;) Gllasdey g oo oo
ol ] s sl 0 calice ;Ko & gy €39 Ll
Goaidb Lol ge040 Jlhx> B 0 S sleosls
(Hgo slocslex b las o) laill slagsoge wins
(S90S sladaly L b o) (Janmacons ) slagsose
5 (Lol& g as e g5l b b o) jome b slaggoge
@olazdl glaie s codlad b Lo je) j9mediy 0 slaggose
(248 25
(Il 9 ey asle) Yo e Coglgl b 3bline o
53 atinss 5 VF I3 L sl slagyose
(V) US55 Gog, 58 onl 5V el L o sl Jle 1Y
gy adl pl ol Slgzen (FIFY 5 FIVY s p5a)

mm \ery High
e High
mm Medium
 Low

Themes

Qglise (BCuglyl b (Hblio )3 baniadnas Gl (515 Cuoid (S g (A5 Soggdge g8 Y s
Fig. 3- Frequency of qualitative themes related to treated wastewater pricing methods across regions with different priority levels

L aS 59 e oaplie VA (35 b chemoens) 5 bl ool o Julos 5| Jols aenliae 4505 (F) JSo

Vb by Caglgl b 3blie o laggdge cnl YL Slold (b9, m bLI)| nsd wasoe Giled | aggdse

VO



Y = Ve amtuo/V €+ € Ll /AR 0,Lond/ YT 0,95/ (oiSR; 9 (5l (S 05w ewiigee Sl

il oo bagye glanie Ollasde LI, ShL sla,Wgsle ojls Slssran (V) UK 0 sl VL eSiles o (V) S
saylil s Glahl hgy e BLI) G ibens (Bl jo gleasads 5 b Solem G @IFlee » Ssm 0l
5 Btsy cnl Solite ez 5 L a5 3gd e 0nd (V0 (339)  olos bl iS oo a5 (laiiisd a8 o amacans
097l s Yl 5 YU Jlew o Glall) calitie slacagdsl Gl 3 s (V0 0j9) Homedinje 5 hwmecew) by,
Ll )55l (lawgie jo LiS o5 55 (VF (0)9) Hemmeatyse g jemme )bl b,

5 ey sl bl Gbiaied a5 aes

Market-based

/

10

/

Subsidized

™

-ae

Cost-based

o

Environmental

5 SV EGS9 (OIS o (ol g BT Sl (5 I Cuond (gl g g el A — € S
Fig. 4- Conceptual network of treated wastewater pricing methods based on co-occurrence of qualitative themes.

Sluxy 4 feS g Sl S, mle jarass S5 4% g S
slihie ol o (e GBSy eletl e e gulsz Sl oy p Ghagh nl Sae
slahy) ohgh ()l Ewd slagty, goi wliSlon Glahy) @ Cod LS bl bt ddhie bz
Lol 00 gy ol O jg0d (AL g (Jamelens ) ezl jgmmeans 2) sddaiial Ol (g 08 Cwd
B o,S 5o (oS g (o5 sloools pleal b imghy (nl 0g oS 5 5,500, 5l eolatul b (oo 5 slail )L
shibio glagsl 5 oS p 1) Sldos SIS cpl - o) plaS 09 by (nl & Gy JLo 45 aalllas oy
Daolido (S pleal o |y Slbes 5 Lolge ax $o58 oo 00ls s 5 ddlaie 2 0 g IS CwS
Ol g lawgio Coglgl L sblis VYRS =l WS> S laolFays 5 105,145 o )*-’L Sl ol
5 et ) SllaxMo 5 e sl jig, a5 ol lis gl 925 b T o medy | Ol )l
bl (oSl da by, 00 b avslie jo (Bly dbje adS Gldlas (ol polie Copow j0 Oluy (5,38 s

L’w‘ Uiu Jﬁ‘ o5 Bt sML: U"‘ Ju‘oé;w.usg).‘.os Q_S‘OL’) GLQJJA L» u] 6.)[»4.».3‘ w))‘ 5 W L)‘)" 30

\e



WS Sl 33 (65)9WiS 259,55 b suwdantual Cluwy (515 Cuond (s g, (Slam o (o) 5

OhHSen g axos glandl b alin (Jlo ly aps o
bl a5 olpl o, o (Deh-Haghi er al., 2020)
CotS d alnly |y oadasal Ol sl oolaiul 4y o5 4lis
2o Lawgio Caglsl b 3blie 5 aslogs of Cad 5
PRIV ez i 5 VAT (500le b jooma 5k 855 ol
3 golaidl Jolge Coanl sassjlis a5 0g LJlE sy
033059 5 (helol (2295 L 990 (nl Canl Dl 5
3 Olpl wei> o (Esmaeili & Vazirzadeh, 2009)
sl ol slp 1) S50 g i aS o)l Slgren
oSk b pgmeaisin hs) e il e oS
oST b ples aile) b Cuglel b gble o YAY
(Zafari Koloukhi et al., 2021) |)San 5 4l 5,0l
Gloadl g agdie ;0 Clay Cupae ) laanse Cosal
SloFer win o (Jung et al., 2018) Ko § s>
dwlio L (Jung et al, 2018) ol Kan ¢ Sig> 0,00
QUi Dl dpbal 55 0200 5 55 yolo i gloaty o
5 et Sapiegn 383 (b Do 3 a5 sl
5 S0 sloanze g il Sad 0l Wl oo by, ol
adsl 6 IS ale p el 4z STeans falS | (5l
Jelos 52 ST b alace vt ol ool (6 2 e 9
bl ;o Clay A o e looged (e )0 a5
L sllil Gog) ez b %0 s 1l 0l Caglgl b
(e aul) Vb jlows oglsl b gblio o FIVY (1S0ls
(Yousefi & Mahdian, )Logs g stwgy Oldlas ol
Slag 28L3L golasl 05,8 5 a5 0,00 Slgen 2015)
OlSer 5 by slagiagy @l by g o) w5t
SIS F 5 g, a5 Cewl Soalon(Wheeler et al., 2025)
iiloge 3e wal,008 slsz Sl Culex sl 1, S
FIEY oSl b haeomacionss gy Coasl el 2 ogdle
YU gl b gblie o dolas JKim 4o +IVAF Coonl 5

\\¢

Las 1wy Sl a4 o)l o el ol el
5 @l o Lalpd 0 ohs (S Ol e g)lul
(e 5123,S09, 4 318 Cuglgl p3lias (05 Fogl]
Leloaiy 3o (55l ga8ly 5 Conyjlame Cbla>

ol gBamsguly Jble Jobw oJ cnl b
Sagbey cnl & mly oy 5l ook (i a5 a0
Sl ooy &3l e laolys Banled 9 o)l5,0liS (ggm
Bl ol 2 1) 095 ez 5 (rmb jsbas ooy 57 ()l
Sl SaeclisS )0 oyl Cubil g (598 (qus i ¢ ugeale
Cad Ll l,0las aelye a5 (alyd o 0nS
o, ool w56 les ol 555k 5 YU Waosly
)5 go OylS 20 e (B9 2 (6 e i Lo Sl oS
g ge Juiiul e sl oollae (28 L 51 ST 2>

Sl )sro Gl gatie SBL Sl W) o)
05039) S e S gyl 5 (larmelins ) Soesil;
$oojgn 5l Sl j3 a5 BE twnl (e (ladigd
g odalie G S jlume g (b plie o o
shemelany slagby, kel (o9 omb Sl Gl
aSLy ey laiicsd osliiel o b p050l5T6 & 0yl
5 shigel (amtF Glatuslon (b &g 55 5l lailis
Canatly lopll e Wlsn 45wl asl sl
2l g eolaidl GueolisS sleacacs 5 Jaetns)
P Sghge dwog elul ol oS 15, ]
9y oo coluy B 2L L bl e o IS el
steS —ShtS Slapunile 5l emecin; la s
2T 6l sloasl 5 aiadon o Colos wilaiaiign
@ OeoligS Oloes i 51 I8 e U 0gs colaiu] e
235 Jlgen jlaly sla)lis,

Al 5 5l clilas b Liagy ol mbs

Shlnas ollass J> e j0 5 o)l Slgen



Y = Ve amtuo/V €+ € Ll /AR 0,Lond/ YT 0,95/ (oiSR; 9 (5l (S 05w ewiigee Sl

d,..eo (_gLQoo‘») aQ U"‘”’b"’ ‘sw).um) sos)LCA.g LSS )
Jelos OSel wg IS B9, 2 slp enls —ane

2,5 dgaoe | golaidl sla 5l 5 Gaes
3hales co oLlaS Canliw .05 s (goaie dos slao S
LgL:b)LubwLM (_g)‘&f&.g.z_'é r:Ua'J (5>‘J"0 6‘).3 @L) Q..:J
g Vb Cuglgl b sblie o e (gl tausS colanwl oo
himan; 5 @lahl @logis, » oSt Yl
L sbls 0 a5 Jb 0 S SeS ula st sS|
J9edin i g 95,5l sla By (b g lawgle ol
..\.A.M:L» ‘5”.4 u.dl.o.w 9 60L4;§| ‘_ng)’L:.S 69?00..;[.: \.\..:\9.»‘5@
sl Jb mlbe dg parass 4 wily o Sl ol
—anie Ll eanl Slidss sgd ge Slgiiny WS
Oliystas ks, Ll )-*-’l-’ 95 SIS s (sla oy, onsld

bl biclaw (ol Lisu 31 B oS 55 08 Sawasls 4o

S gls

s 5 e, Sl wile A5l olllhe b
Cluy CoaS 5 aS o)l Jlgsen (Rahimi et al., 2018)
s Slalllas @l b g wsls a.ST (Sogll uals
as’ o)l JlgZes (Obaideen et al., 2022) ,SKen 4
B 55 st B G ol e L e aishs (i
3D oyl U plosle Hlal dewgs Gan VY 5 Gas V)
b Gl ol g ytwd (alE ol 0gey alax
ol (ammecany sl pals 5 S5l e
Sopde 5 8Lk Sopliul Ceesl o laasdl
bailo 05T ez 5 o ol j iy armaon
Soglsl ell 2 3blie (saberndi b haghy ool (b 0
Slovz 5 51 65380 S50 (A5 g (o5 Jelod S 5
ool ol as ams e al)] Clay 6 )la5 s o o
S e mloite Slalllae
ged 2> 39 9y49) (2lBCegame b aallla oy
Sl US 5o 1) bolfus LlS 655 canl (San (i 00)
S ol Sudyl b bl )0 ohga wass Adey (IS
losls olul b hlos winals oS ,5 a5 Ve L

Saeaids jo Sbre i Jleio| Olposs g wisgs grhais

,.53'6).\5

oS oo el 1) badoliiow ;. JeSS o jliseS Liw sl OIS bl las 63 5l og Sl ,a8 N[O NRPRLRY

Pyt pd o 3l iRl dalllas (sl )0 colaiwl 8,90 (soosls 4y s s (10,5 w8 (gl 55 Sliwl slaolys 5l g

CatS sl el liased )l golSaso b as oy Glygls M i8S g ‘_g)lf,ﬂ sleosle swoige QLBT,.'&;J" &l

)5l ey alos pyioe jlinl g rizres 5 Wil allie

&y

Areosa, 1., Martins, T. A. E., Lourinho, R., Batista, M., Brito, A. G., & Amaral, L. (2024). Treated wastewater
reuse for irrigation: A feasibility study in Portugal. Science of The Total Environment, 954, 176698.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2024.176698

Beecher, J., & Gould, T. (2018). Pricing wastewater to save water: Are theory and practice transferable?
Utilities Policy, 52, 81-87. https://doi.org/https://doi.org/10.1016/j.jup.2018.04.005



WS Sl 33 (65)9WiS 259,55 b suwdantual Cluwy (515 Cuond (s g, (Slam o (o) 5

Deh-Haghi, Z., Bagheri, A., Fotourehchi, Z., & Damalas, C. A. (2020). Farmers’ acceptance and willingness
to pay for using treated wastewater in crop irrigation: A survey in western Iran. Agricultural Water
Management, 239, 106262. https://doi.org/https://doi.org/10.1016/j.agwat.2020.106262

Esmaeili, A., & Vazirzadeh, S. (2009). Water Pricing for Agricultural Production in the South of Iran. Water
Resources Management, 23(5), 957-964. https://doi.org/10.1007/s11269-008-9308-y

Fagundes, T. S., & Marques, R. C. (2023). Challenges of recycled water pricing. Utilities Policy, 82,
101569. https://doi.org/https://doi.org/10.1016/j.jup.2023.101569

Farrokhi, M., Hajrasoliha, M., Meemari, G., Fahiminia, M., Talebi, M., & Kohansal, M. (2008). The creation
of management systems for funding priorities in wastewater project in rural communities in the Islamic
Republic of Iran. Water Science and Technology, 58(6), 1181-1186.
https://doi.org/10.2166/wst.2008.347 (in Persian)

Fu, B., Wu, J., Chen, S., Cheng, J., Zheng, Z., Zhang, Y., Lin, X., & Xiao, L. (2025). Does resource recovery
and utilization improve environmental and economic performance of rural wastewater treatment plants?
A case study in Xiamen, China. Water Research, 283, 123791.
https://doi.org/https://doi.org/10.1016/j.watres.2025.123791

Gilan Department of Environmental Protection (2024). https://gilan.doe.ir

Hadinia, H., Pirmoradian, N., & Ashrafzadeh, A. (2017). Effect of changing climate on rice water
requirement in guilan, north of Iran. Journal of Water and Climate Change, &(1).
https://doi.org/10.2166/wcc.2016.025

Hajjar, T., Mohtar, R. H., Abou Jaoude, L., & Yanni, S. F. (2025). Treated wastewater reuse for irrigation in
a  semi-arid  region. Science  of  The Total  Environment, 966, 178579.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2025.178579

Jung, Y. T., Narayanan, N. C., & Cheng, Y.-L. (2018). Cost comparison of centralized and decentralized
wastewater management systems using optimization model. Journal of Environmental Management,
213, 90-97. https://doi.org/https://doi.org/10.1016/j.jenvman.2018.01.081

Mahmoudpour, H., Janatrostami, S., & Ashrafzadeh, A. (2020). Qualitative Assessment of the Coastal Plain
of Talesh using the Modified DRASTIC Vulnerability Method. JWSS-Isfahan University of
Technology, 24(3), 97-118.

Obaideen, K., Shehata, N., Sayed, E. T., Abdelkareem, M. A., Mahmoud, M. S., & Olabi, A. G. (2022). The
role of wastewater treatment in achieving sustainable development goals (SDGs) and sustainability
guideline. Energy Nexus, 7, 100112. https://doi.org/https://doi.org/10.1016/j.nexus.2022.100112

Rahimi, M., Ebrahimi, K., & Araghinejad, S. (2018). Introduction and Assessment of a New Effluents Usage
Method.  Iranian  Journal of  Soil and  Water  Research,  48(5), 963-974.
https://doi.org/10.22059/ijswr.2018.229798.667648 (in Persian)

Statistical ~ Yearbook  of the  National = Water and  Wastewater Industry  (2023).

https://www.nww.ir/documentation-center-stat

Tahamipour, M., Kalashami, M., & Chizari, A. (2015). Irrigation Water Pricing in Iran: The Gap between
Theory and Practice. International Journal of Agricultural Management and Development, 5(2), 109.
https://doi.org/10.5455/ijamd. 168344

Water and Wastewater Company of Iran (2024). https://www.nww.ir

Wheeler, S. A., Nauges, C., & Grafton, R. Q. (2025). Water pricing and markets: Principles, practices and
proposals. Applied Economic Perspectives and Policy, n/a(n/a).
https://doi.org/https://doi.org/10.1002/aepp.13505

Yazdani, S., Hasanvand, M., Rafiei, H., & Saleh, 1. (2022). Determining the optimal tariff for Treated
wastewater in the agricultural sector in the south of Tehran province. lranian Journal of Agricultural
Economics and Development Research, 53(1), 91-108.

AR



Y = Ve amtuo/V €+ € Ll /AR 0,Lond/ YT 0,95/ (oiSR; 9 (5l (S 05w ewiigee Sl

https://doi.org/10.22059/ijaedr.2021.314897.668981 (in Persian)

Yousefi, A., & Mahdian, S. (2015). The Economic and Social Necessity of Water Reuse in Iran. Water Reuse,
1(1), 1-7. https://wrj.ut.ac.ir/article_52347.html (in Persian)

Zafari Koloukhi, H., Akbarzadeh, A., & Tafazzoli, S. M. (2021). Sewage Treatment Method and its Role on
Wastewater Price: Case Comparison of Sewage Treatment Plants No. 4 and 5 in Mashhad. Journal of
Water and Sustainable Development, 7(4), 1-10. https://doi.org/10.22067/jwsd.v7i4.85580 (in Persian)

Zamani Kebrabadi, B. (2021). Quality of Industrial Effluents from Plants in Northeast Isfahan for
Agricultural Reuse. Land Management Journal, 9(1), 157-165.
https://doi.org/10.22092/1mj.2021.341763.222 (in Persian)

Zamani, O., Azadi, H., Mortazavi, S. A., Balali, H., Moghaddam, S. M., & Jurik, L. (2021). The impact of
water-pricing policies on water productivity: Evidence of agriculture sector in Iran. Agricultural Water
Management, 245, 106548. https://doi.org/https://doi.org/10.1016/j.agwat.2020.106548



Irrigation and Drainage Structures Engineering Research
Vol.26, N0.99, Summer, 2025, P. 21-36

AERI

Research Article
Flow Measurement in Canals Using 90 Degree Triangular Sharp Crested
Weir With the Vertex at the Same Level to the Bottom of the Canal

Ebrahim Valizadegan'®'', Farzad Jalili?

1. Department of Science and engineering of water, Khoy C., Islamic Azad University, Khay, Iran.
2. Department of Science and engineering of Soil, Khoy C., Islamic Azad University, Khoy, Iran.
(X Corresponding Author: ebrahim.valizadegan@iau.ac.ir)

ARTICLE INFO HOW TO CITE THIS ARTICLE:

Valizadegan, E., & Jalili, F., (2025). Flow measurement in canal using 90
degree triangular sharp crested weir with the vertex at the same level to the
bottom of the canal. (In Persian with English abstract). Journal of Irrigation
and Drainage Structures Engineering Research.V.26, No.99, P: 21-36
https://doi.org/ 10.22092/idser.2025.369030.1612

Received: 3 April 2025
Revised: 2 May 2025
Accepted: 17 July 2025
Available Online:

Introduction

Despite the development and construction of advanced equipment for measuring discharge in canals,
sharp crested weirs are always used in irrigation and water supply networks due to their simplicity in
operation and low cost. Extensive research has been done to obtain the discharge calculation relationship in
all types of sharp crested weirs. To increase the efficiency and accuracy of weirs, researchers have
performed various researches by applying various changes in the geometry of sharp crested weirs, such as
Borghei et al. 2003, lgathinathane et al. 2007, Nicosia et al. 2019, Vatankhah and Khamisabadi 2019,
Diwedar et al. 2022, Zeinivand et al. 2024 and other researches. Flow calculation relationships using
triangular sharp crested weirs have been developed for the special conditions of installing these weirs, one
of these conditions is the location of the vertex of the weir at a certain height from the bottom of the canal
(P>0). In this research, a 90 degree triangular sharp crested weir was installed in the canal so that the vertex
of the weir be the same level with the bottom of the canal in the central axis (P=0). To find the flow
calculation relationship, several experiments were carried out in free and submerged conditions in 2 canals
with different floor width.

Methodology

The modified head-discharge equation for triangular sharp crested weir proposed by Kindsvater and
Carter (1957) (Eq. 1) was the basis for conducting experiments and arriving at the discharge calculation
relationships in free flow conditions.

Q = CqQtheo. 1)
8 0
Quieo. = 7e/29Tan (5) HE%, (He = H + Ky @

In the above equations, Q = flow rate, He = effective height of water on vertex of the weir, g =
acceleration of gravity, 8 = angle of the weir vertex, Cq = discharge coefficient, which is affected by the
geometry of the weir, H = water height on the vertex of weir and K, = a quantity that depends on the
characteristics of the fluid and the angle of the vertex of weir, and its value is presented in a graph for water
at a temperature of 5 to 30 degrees Celsius.

In submerged flow conditions, following functional equations were based for conducting experiments
and arriving at the discharge calculation equations.

3—;=f(:—}9) (3)
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A (4)

Where H; and H> = flow depth in the upstream and downstream of the weir respectively, Qs =
submerged flow rate, Qr = free flow rate per Hi.

10 experiments in free flow and 77 experiments in submerged flow conditions conducted in a flume
with a length of 3, width of 0.2 and height of 0.2 meters with an adjustable floor slope in the hydraulic
laboratory. To verify the obtained results, all the experiments were repeated again in another flume with a
floor width of 25 cm.

Results and Discussion

Based on equation 1 and experiments in the canal with floor width of 20 cm, the variation of the
measured flow (Q) with the theoretical flow (Qtneo.) is shown in Figure 1-a. In order to check the accuracy
of the obtained graph and equation, all the experiments were repeated by installing another 90° triangular
sharp crested weir in another flume (with a floor width of 25 cm). Based on the these experiments
(validation tests), the value of Cq coefficients were obtained as 0.6602 (Fig.1-b), same as fig. 1-a, (Fig.1-

0.0035 - 0.0035 -
0.003 - y =0.6602x - 6E-07 0.003 - y = 0.6602x - 0.0002
. 0.0025 - R?=0.9964 0.0025 - R®=0.9962
£ 0002 2 0,002 -
= e
< 0.0015 < 0.0015 |
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0.0005 - 0.0005 -
0 ; ; ; ; ) '
0 0001 0002 0003 0004 0005 (a) 0 0 0.002 0.004 0oos (D)
cheo. (m3/s) cheo (m3/s)

Fig. 1- variation of the measured flow (Q) with the theoretical flow (Qtheo.), &, in canal with floor width of 20 cm b, in
canal with floor width of 25cm

Also based on Eq. 3 and 4, the following equations are obtained to discharge calculation under the
submerged flow conditions.

H. — H.\01574 5
% = 1.1218( L 2) R% = 0.9672 ©)
f 1
H. — H\01574
&5 = 0.67( 1H 2) ooooooe R?2 = 09673 ©)
v gH; 1
Conclusions

In this research, a 90 degree triangular sharp crested weir was installed in the flume so that the vertex
of the weir be the same level with the bottom of the channel in the central axis. After conducting several
tests in the canal with a floor width of 20 cm, the relationships for calculating the discharge under free and
submerged flow conditions were obtained based on dimensional analysis and the general relationship for
calculating the discharge in triangular sharp crested weirs. In order to check the accuracy of the obtained
relationships and verify them, experiments were carried out in another laboratory channel with a floor
width of 25 cm (both in free flow and submerged flow conditions). The accuracy of the obtained
relationships was evaluated using statistical functions of mean absolute value of relative error (MARE) and
root mean square error (RMSE) for both channels. Results indicate the high accuracy of discharge
calculation relationships both in free flow and submerged flow conditions. Based on the obtained
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results,both in free flow and submerged flow conditions, the flow permeability of triangular sharp crested
weirs with P=0 is higher than weirs with P>0.

Key Words: Discharge coefficient, Flow measurement, Free flow, Submerged flow, Triangular weir

@ © 2023, The Author(s). Published by Agricultural Engineering Research Institute. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/).
BY

https://doi.org/ 10.22092/idser.2025.369030.1612

vy


http://aeri.ir/Main/Index.aspx
https://creativecommons.org/licenses/by/4.0/

VI-Y oo/ Y £ £ ylaals /A9 8,y Loud/ Y 095/ (w5 9 (£ bl b 8l oawibigeo Lo

AERI
by o g o

iy b a3 Qe (o 3 ad 335 g 1 03l L JBLS 48 by (39 5 50 3l
JGUS S b 31 %0n

"l 313,80 5150y cunt

VECE/FIYE G pdy gV EF N el e gyl

Ol Colw 3929 L diand JUE 53 by (6505100 (1 383 9 4 jaeS sloylil 51 (o (Mo 525 4 (Sl s
9 Sl Sl 5 ol pe e Gyt (Mo 35 A o ypw ogatty iy I 03l (Gl (60511 CeogdlyS g 4 paly
2y ol Guas polb bulpad gl (Mo 55 ad (glag s paw 31 03U L (L 2 (003 Brwlons Latly Comsl 0392 Jol DB (Sl il
EW,1 ol olg ST ol .l (P) JUIS 5 43 S oaro W51 53 3550 1y (5855 5158 byl ool 51 (0 & ilosss 031> drmwgd
&S s cuad JUK 53 ek g3 Ao i 3 Ad 3uypw 3850l )0 LCuild slgST WL CEd bulg, (ol 51 0dlw! 3,8 ol 1,
P85 O g0 § s 9 3031 Gl Bl 3 (535 S lalejl (P=0) 39 (3 JUS S 2 (535 p0 y95%0 )3 32y )
2 3y oy 9y & 50 g He g 4l 51 o gio o 2 5l 2 (23 Q) Q=CH alally 3 € s b 3131 Gl bl oo
el Cuwday bulyy Como (il (6152 el Cawday (o1 Al by (5 yikuane (3l 2 Jral i (512 o8 V/00RE s o i canmes
P OL 292905 3 ool Cuwses bulyy (MARE) cvws (s 3o 135 buwgio g a5 1505 (2lRuiabel JUK )3 il jf
IXWIUES JRWSTE 74 Ji-3¢ MR PR -7} U R 7L A0 1 RN PR ¥y Jove

ot Gt e i 1y g o3 s 3l 2 13T 5l (sl 2 (550311 SIS S0 3l

S35 2l gl )3 psS b iy (08 copo &5 CES donio
» (Strickland, 1910) wuilSs il S g0 s aype (oS ol &b i Olpgss Cle g drwg of 4

il (Barr, 1910) L slajiole;]l slaosls ylul Sobe Jdoay 55 ad oy, o JUS o oL ,> oo
bl pl yo . a)ﬂ Coawdts |y pypw (90 oo dwlbe glaaSlilh )0 oylged (0 dAuie oS 5 (5l0 000 4O
oy o) 69y 2l EW)l Gl b e @0 cupe ol Slided el 485 e Slepl 5 ol
(Cone, 1916) S sbaule;l ,o .(Shen, 1981) coul  glgl jo b,> (20 dmwbxe dhal, 50,00 Covsts sl
S & S o SLATYNE b)) o sy ol lp Laly) cnl ol 438 & 90 55 ad slag e
Pore 4 bgye glacsls Bix> b (g9 il 13 JUS arwg (SJgy0ue 5 slojle o5 slhosgase 5 byl
69, 5l ooz BT Gais 5 s @) 4z )0 VY L Layl s s (Thomson, 1861) :ygesls ailonds ool
Gy 2 eyl gl &S ) Gl 0 il Ay (] sl o9es abuly 0 20 o s (Sg e sgae
505 2] St Sg uype o) Bsly 5 e ol ln | e b5 ad Glanse 6oy 3l o (o0
\ Y. LY U"") 3)5‘) L: @LQ}.:)J.»J L‘;‘J" (Greve, 1932) «E\Y 9 +/10AY w)_, 4 4.?)0 \YY 9 Q- LSLQ)"))"‘"’
DS Al @ e pd deulre lp S0 lakaly @y lag e 55 Gialesl b (BarT, 1910) L 050 s
VYN el )0 oy wl) (@i cpl glagiale;l o P=g./q8 el o e ol &8 Gl 5o o
el Gl JUIS WS a4 cans e ile VOV B ascs culs 13 LS @S 5l (Ss8 YY) (6 e bl

(Email: ebrahim.valizadegan@iau.ac.ir : Jytus saiw 55 .0yl 51 (g3 codhusl 15T oslKitils ¢ 595 axlg el (cwige g pole 09,5
Olpl wss> ‘gs")l"‘" ob’] oKisls (59> »‘9 S (e 9 pole os)f v
vY


https://orcid.org/0000-0002-0062-4361
mailto:ebrahim.valizadegan@iau.ac.ir

FIYY doxiuo] Y €0 € yliuntl /AR 0)loud/ Y 093] iP5 & kel 51005 swibigo Cligioes

syl 51 e (Vatankhah, 2010) olgz )by .ais,S
L ul.»).> < Ao 6‘).3 sldolee waxe ‘_gLasui‘%Ln)’]
)‘d.o.o 9 0)5" Cawddy Lg‘o).g.‘o B d..».] R )‘ oolawl
2,5 el wsye /e A gSlas 1) dolee ol sl
Slasie (Swamee et al., 2011) ) 5en 5  lgw
aaly o oun ly ble sbog, e ) 5 o Ol
bwgi goae (g, 4 oS e s ad slan w0 Lz
LSy 55 ad by, gl o ol Sdgynee
g 0,5 oolatwl S e sl JUS o ol S0
s s (2,8 22595 Ml (Gamgs 4l (5L, Joe SWS
bz glgil 1o 0l (20 o1 5 w5 S 0 25 595
Slrosls b g dewle (s00e g, a1y S po slos  yuo
2 059l 50 i glbF g 0,5 alie ol
95 9 Pl o b (B weys ST Gk
O9,9) Cwwdas lp (Di Stefano and Ferro, 2013)
) O e s ad Glagn e o Jol - (o0 Al
alias 093 4,k g ol 5JUT 51 eolaul b (a8l aaie
Syge ABialej] mls ulul 5 g 00,5 Gubios Bl
) ‘) odw! Cawddn a.la.") w.l.)l.‘! ‘ )ig.é g.:Lo...D.?u 5
» (Ayaz and Mansoor, 2015) ,sais 5 L1 05,8
(Borghei et ), Sen ¢ (23, sloiolos] mls olul
L hle 55 ad 5upym 50 1) 0byz (o0 oo al, 2003)
5301 ol lulyd o (esran oras 300 Sl eolin
s 5 20 0yl gl 5 W0 (gile A §yiias
5 et sy )18 wss Sl b oo
oo 2L (Mohamed Ali et al., 2015) .l Sen
@ ok GrSoill sl 1) (e - (e o5 5o 5 ad
2y e o2l Vb 280 5 ) AL Le)] &g
.J..So)f ,n)LC‘ ul.:).'>- ) )‘\ Zag dloojm LQ):S"}“'\';‘
awlis L (Rezaee et al, 2016) .,Ke2 5 olo,

S AT W8S Al it 9 (Sl NS slag e

Yo

S5 b 55 5 akyjsSss 536 (Shen, 1981)
(Lenz, 3:J 1) Glie 55 ad 5oy 59, 51 s (20
2 Wiy ) &S (o p 2l 55 3,5 (o) 1043)
ilal, wals )3 JUIS @S 5l s ,me il AV/FF glis|
Bgly 9 ng o0e Galg; sue Wl & (90 o pd dlne
S O IR U GRS TRYS
& o Al alaly .5 (Numachi et al., 1940)
ool 45 o gl cawsny 1y Az e A tlie 55 e )
Sy o ceas JBIS S 51 5L e il Ve JBlas ]
o) Gl 5 1y keSS sbagsinles] e ol
O Sl g yades ¥ (Blas oy Wl &5 WS
Sgr ol e JUS S 1 YL e le
O oo Al gl 1) ladal; 5 (BEM>P>3mm)
5l (King, 1916) 5.5 (Shen, 1981) wisls sl
Al az)s A g 7o VYD Glan ) (59, Beiod
alflax job @ pypme 2 Glp ) @ cors dbxe
FoIRF gy ooly g Sliddos 5o 0y5) Cawsay
sl 5 JBS GBS 51 5L e il
oy 285 5 (2050 bl (25 SRl sl
o dalize Sl Jlael b o3l el o ol
Sy Sliiod 4 4l slag) e Elgil B3l dusiia
(Igathinathane et )|,Ke2 5 LLSKES! wloo) s
Jole S Sgogm ) b S o)z L 2L, 2007)
g 98,5 L 5 e ol Bl |y o0 e p e
Qioloolpidin (28 cope 0,90 Cawdds sl 1) slalal,
(Castro-Orgaz et al., 2008) .l San 5 58,5! -5 wlS
ol L 20 oy Slopls oy, jo wisly lis
(R) 5 bl glad &y (B) ogare 655l Comd
S Bl A sy 26 655 0Lz 9 Whise GRIF
Sl 5 it olie gl g Sy <15 B +/0 SIE/R
(Bagheri and Heidarpour, g 0> 4 (5,80 .ol
sad Gbog e e 55, el 121 L 2010)
J9n lp (SYolas cglite gl g 250 b (lbatns

Siig by (ol (20 oo g Sl g SBe


file:///D:/M.Sc.%20Students/Sarmad%20Hekmat/A%20new%20approach%20for%20deducing%20the%20stage-discharge%20relationship%20of%20triangular%20in%20plan%20sharp-crested%20weirs%20-%20ScienceDirect.htm%23!
file:///D:/M.Sc.%20Students/Sarmad%20Hekmat/Discharge%20coefficient%20of%20oblique%20sharp%20crested%20weir%20for%20free%20and%20submerged%20flow%20using%20trained%20ANN%20model%20-%20ScienceDirect.htm%23!

JUE 5L ke (poly b )3 v (o 52 3y pu 31 0310kl b LJUE 53 by (23 (650505131

G55F oy VIOV 1) Ll — o5 ongas b, 5l ol
L (Diwedar et al., 2022) |, Ken 5 logo .ol
=55 8l 5l Gyme bz Sgae (olagils!
sy s SV oazm ;o g 5 ad (i 5 pm
L oioyg] Cawoas | byrye slajloged 5 Laily, 5 aio)S
@ Cod e 5 oad Glan e Gl 4wz
SreS Ol e Uy bl slag,
4 (Zeinivand et al., 2024) .|,Ke2 o wg o) iyl
ad Glon ), o Gl (205 Sl Rl jlase
Sy % 50 Geme Sl b oladig,; slml 4 (e 55
el o LT iols alil 1) by py g 935) o
Sy ol Sl eslanl b sy 80,5 2Ulg Rl
Sleiday 1 Vb 280 b (lr (20 o dwlxe dlal,
» (Nicosia et al., 2024) | Ken 4 L3950
— 2o Aolre (a8l alas 095 4,k g golal 5 JIGT sl
ad Glagre 635 5l Gome @ Al lp |y A
oud g srpe slraiis) b ol Ay o5 e

‘3)5])'.' 6[.]::} b)‘}a o0 aaa 9 &0)5] Cawdds Sl

Qools

20,8 el as o Ve plp 1y adaly ol sleslainl b oo
)5.2.;.@4.3 ol ools drgl b.g‘j) )‘ oolazul LS‘)-.’

joad Glap e sleslal bl (20 dcwle

Ol oly &5 358 cuai JUI 50 (5 9k b oy peo o Silie
o aS 0S B IS GS ) e gl o
L .o)S el JUIS Jolo jo ly glas )l ol olgs cad Lol o
B N e P S N
L lie 55 ad suym 5l 255 PO L 2l e
slaoyles 5l by ol 5y e Jlea! il aaly> P=0
Ol sl ity P20 L glogay o 50 95w 4 JUIS
Sl PO L slag ) ity Slguwy (20,05 s
OlFise B85S (nl ;o 0dd (o) o)y 5l ooliil
P>0 L Glop)m 4 cas |, 55,0 sl

(U 51 g 4 2T G 5y 0999) 8557 55503l

\te

CandVh o Ol gl o am waliBe sla oo
55 Joeme oy 4 Cond 510, XS sl ) s
Sl els )l ay g (ol b Jsb oals Jdoay) el
sloolaiwl ladoe (plogs wales 5La CawoYl jo (6 xS
4 S 1y )lal laaSls o glo S5 gl e
a5 Solew aisly jaseid powlin Jeero o,
(Saadatnejadgharahassanlou et l,Sen 5 gliwso,3
aS' |, SCVW pbas wax 55 ad sloy e al., 2017)
sl iole;l by Syme ol lie jloailis ol 2B
b &ly Rl s Sl @0 cepd Sl saxte
soor ) JUE S @ cos Sdie ) el g el
oY9, 4 (Babaei et al., 2018) ,Ken 5 oLL .o S
ghio b 55 ad 5050 5l )ge Ghz Slasiie (goae
) ceoimly jo bt lel, alyy b e a8l
oyl ) oy Pl Sl jsbo g 20 ST s
L s b anslie jo 1) (soloidy sloj (5,38
5 e S IS cwesdl
sl sle;l L (Mahtabi and Arvanaghi, 2018) _ass )|

» b
09 (shebtna s ad ) 5l 6000 Ol 59, Sanie
card Ay b et Bl ly ol (S0
5 LisSe oys esliiul (giluangy STl e
5361 5 eolanwl L (Nicosia et al., 2019) .f,Sen
@l |y sk oo bl o il alas sg3 &k 5 ool
CoblBB g w8 ,91 cuvoas power-low 35 ad sl
alise SYlie o S350 el Lulul 4 1 akaly oyl
(Vatankhah (sobl aoes g olss by 00,5 cwyp
L oby> 5esluil sl and Khamisabadi, 2019)
4 1<n<2 L power-law 3.5 ad sl 5l eolaiul
G55 5l eolatul b g axisley ekl wlisss
) sogee ol —(g0 abal, (Jlmu (b2 g solel 5T
1L e ad 5 (071) bk slojyym sl

L obyr o0 0y9lp slas laise cpl .058,9] Cavods

! Curved edge


https://www.sciencedirect.com/science/article/abs/pii/S0955598617300535#!
https://www.sciencedirect.com/science/article/pii/S1110016822000722#!

FIYY doxiuo] Y €0 € yliuntl /AR 0)loud/ Y 093] iP5 & kel 51005 swibigo Cligioes

ey JE Sli=g
ajg8amgH (b ooz 2P oy ) 4li=0
Sae=Re ((xhw AES S5 cr5=0 (Jlow Sl
g R b (28 e pe=Ca e pg das=WE ulsn,
SleSis @ &5 Sl (aS=Kn g 52y ol 53, <
sl OF e 5 0)ls (S 52 ol 225l 5 Sl
Gologed 0 ol Sl a0 Yo U0 sles jo Jgere

JUS &S oye=B i) )

o, Oygo 0 Gl e 1y o1 Gl o0 el dlal,

(Jol = g0 alaly) <8 )5l o 55 A
)

Sl A abaly oo o6 Coas

Q = CHZ®

28,5 L 0 Glgiee |y ) e

Qs (ﬂ)

or
2y e el daly (g by ld Gy e

Dyl oo ai8,5 Has o 3

()

Qs H, — H,

N

dwbre gl VY dlal, I (Villemonte 1947) ciselss

)

,0)

3,5 ool 5 i by o0

(-G

kﬁ.‘o&w).’ 4.3=H25H1 AR 9 ). A LSLQAJQ..:‘))O

&:
Qr

QR

Ok @37Qs jyw Sews Gl g sVl o b
ax,0 lg=N g Hi Gljl ol b, 20=Qf «§ yaius
slp (Villemonte, 1947) Cigels ol sl
Sz s BB ek a8 sl 54l Glan e
s ad slag e sl g VIO 1N Jlode wloods | jadiie

w‘od; U"’)‘)f VIO L;.Ja.ww

L Fully or partially contracted

Yy

2970 35 SRSsle e iy Slge) meas 3l 5 g
ooy Bldail ;35U s o lid ke e Dlidod
o pd 5 48,55 1,8 ax gl 0550 iz JUS ST ) e
39 5y ol shcwl ssels cawoay Sl ol yo by o0
Sy e 5 ad e o) Gkl b e
SrSo il (g lp oaxe slagilesl (U

el 4T Do 90 o pd 505 Sy s Ol

bigy 9990
solsst 56T
e 35 ad 5y 59, 5 O Gl 48 Sae else
ol ialy & 4 (PE0) JUIS GS b 5lsem Ll b
f(QJHlBlelg:p;,ulo-)zo (\)
H slopscte 285 13 50 L ook (5,95 oll
dayg Sl eyl aigd 1SS sl prie Glgie 4 p 9 g

Q )

VgH®

O L 5y SOl 25 dm e g ol adaly ol

T = ,TTy = n3 = Re,my = We, 5 =0

E'

Q )

VgH®

dwlmo sl §odaly (g5, ddaly o ¥ ddal, ulal

= HRWH
Ny

5 SlosieS by Gl 55 ad Glan, e ) )5 (20
ode! Cawsas . (Kindsvater and Carter, 1957) 5,5

|

8 0 £
= 1—56d,/2gTan (E) HZ5 N\
H,=H+K, )

Ll Olg oo 0 e e, Tk,
*)
)

Q = C4Qtheo.

8 0
Quieo. = 7z/29Tan (5) HZ®

95 @ 5 i kHe (b2 (29=Q YU glaak, 5o



JUE 5L ke (poly b )3 v (o 52 3y pu 31 0310kl b LJUE 53 by (23 (650505131

LIS s ol o ol s @) (V) o o
sod g Sl gla el )y g9, el 5 Lotalsjl
55 S o Vg A A S Ly, Lull

Slp odel Cawsdas laly, CBs swyp ek a
S Btas g 35T by llyd jo ol (00 deule
5 (MARE)' _ui (sllas 3llae )05 Liwgio s L] alss
b oslil (RMSE)Y tlasye cpSolae i (sllas

n
1 X; — Vi
MAREz—Z LY \Y)
ni:l X
RMSE = X (o —w)? Y
n

ouds odslice polae iy 4 Vi Xi ol o A

e 3590 S yell oud b 5 (oud (5 xS o3lul)

e sialesl slawi N g

o g s
(Sl Goe ;36 e oI5 by

Ve 69y Ol b Lulps je il es
Sl Yo S ohe b alRaslesl JUIS 5o 4z )0
Gl 0550 slayiellh <l g g pSojlail 1 ey s |2
57 slakl, 4 axgi b abgye slajloges 5 20 culpo
el Cawsds A

L (Q) a6 pSoslul oo Slyeeis £ Alal, Lol
59 He2® Sl pss A ddasly ol g (Qtheo.) SS9 =R

oads oale Hlas (V) JSKo j0 ouls g pSolail oo plp

Rl )T Ol g
e ¥ Job 4 (alalel pold o 5o Lo les
S eas BB S et Lo oY gl g Y
psld slooylgd 5 S 00,5 |zl Slgyae olKiyles]
bug obr @05 Sl B ozl b glaaes
Py A Sl oad ceal psld Sloml o A G5
Ol o Sl lp 09doe 6 pF0jl o>
ool o Lo E oV B3 b e 5 JUIS o
Ve oly gl b (e 55 4 50550 55, Laialej] o
ouls aisle PVC S5L 5,9 5l a5 8,8 &jg0 a0
ooy &S ceal 655k pold JBIs 50 e cnl o]
b sl psls G5 p Glate 5 (635 0 H9me ) e
s e olis ilbe] e | ekl JUls ()
Gos 5l (90 Sl bz e g o lales]
S o sl wiaalys Tzl 4 Gyt oz g (LG
5 00,8 Jlis ol bz buld o Gialesl cpene (0
o3l i3 by (o 4SSl ep3¥ (sl o3l Sl oy
Sloolawl b glpswl a0 Ve sSlas 5 O Plas g
5,50 gwosls 5 slml JUIS (lomil 45 ouds coa azy o
Wl S g gpSoplal §ptee Ol Lulpd e 5l
WWog ol gl bl e Glesl Ve cadpensy
Sl b 12l G obr bl o Gl
L lgislel eled wael Cavots mls iwiows
IS5 S gBle YO ST By b 500 pgld G s K00
3t 3590 lael b Gl a g Vb as (Y JSCE) wiad

Boabojl )3 5l 3550 W kolyl ol 9 Y uo —) Joso
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Fig. 2- flume with a floor width of 25 cm during testing
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Fig. 3- The results of the experiments in the canal with a floor width of 20 cm. a; variations of the measured discharge
(Q) vs. the theoretical discharge (Qtweo.) b; variations of the He?® vs. the measured discharge (Q)
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Table 2- The values of the MARE and RMSE statistical functions in calculating the discharge based on the obtained
relationships
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Introduction

Water, as a vital and limited resource in agriculture, plays a decisive role in crop production. With
the growing population and water resource constraints, optimizing water use in agriculture has become
a major challenge. The use of modern technologies and real-time meteorological data can improve
irrigation management and enhance water productivity. In recent years, efforts have been made to
develop irrigation systems based on meteorological data. These systems use information such as
temperature, humidity, precipitation, and evapotranspiration to estimate crop water requirements more
accurately. However, many of these systems are still in the experimental and developmental stages,
requiring field evaluations to assess their performance and efficiency. This study aimed to evaluate an
intelligent irrigation planning system for wheat cultivation in the Mashhad region using real-time
meteorological data.

Methodology

The study was conducted over two years in the Mashhad region, focusing on wheat cultivation. The
irrigation treatments included: (1) irrigation based on real-time meteorological data from the intelligent
system, (2) irrigation supplying 80% of the water volume used in the first treatment, and (3) irrigation
supplying 120% of the water volume used in the first treatment. Water productivity was calculated based
on irrigation volume and effective rainfall. A paired T-test was used to compare the treatments. Data on
crop yield, water consumption, and water productivity were collected and analyzed.

Results and Discussion
The results showed that wheat yield in the treatment based on the intelligent system increased

compared to the average yield in Mashhad farms. However, this treatment did not show an advantage
in reducing water consumption, as it used more water than the regional average. Water productivity in
this treatment was also not superior to the average wheat farms in the region. The intelligent system
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estimated water requirements to be more than double those calculated using data from the Mashhad
meteorological station. In terms of usability, the system was simple and user-friendly for experts but
required further optimization for farmers with limited technical knowledge.

In the first year, surface irrigation showed that the 80% treatment had a significantly lower yield
(4890 kg/ha) compared to the intelligent system (6600 kg/ha). The 120% treatment (6285 kg/ha) did not
differ significantly from the intelligent system. In drip irrigation, the 120% treatment had the highest
yield (6345 kg/ha), but it was not significantly different from the intelligent system (6170 kg/ha). In the
second year, a 60% treatment was added. Surface irrigation showed that the 80% treatment (3550 kg/ha)
had a significantly lower yield than the intelligent system (4680 kg/ha), while the 60% treatment (4600
kg/ha) did not differ significantly. The 120% treatment (6000 kg/ha) showed a significant difference
compared to the intelligent system.

Water consumption in the first year for surface irrigation was highest in the intelligent system (100%
treatment), while the 80% and 120% treatments used 67% and 90% of this volume, respectively. In drip
irrigation, the 100% treatment used the most water (4560 m3/ha), while the 80% and 120% treatments
used 2840 and 4180 m3/ha, respectively. Water productivity in surface irrigation was highest in the
120% treatment (0.723 kg/m3), while in drip irrigation, the 80% treatment had the highest productivity
(1.63 kg/m3).

The intelligent system overestimated water requirements compared to data from the Mashhad
meteorological station, primarily due to differences in minimum and maximum temperatures, relative
humidity, and sunshine hours. The system's performance was rated as good for maximum temperature,
moderate for relative humidity, and poor for minimum temperature and sunshine hours.

Conclusion

The intelligent irrigation scheduling system showed potential for improving wheat yield but did not
reduce water consumption or enhance water productivity significantly. The system's overestimation of
water requirements highlights the need for algorithmic improvements. While the system was user-
friendly for experts, it requires further optimization for farmers with limited technical knowledge. This
study serves as a preliminary step toward developing more efficient irrigation systems based on real-
time meteorological data.

Keywords: Water productivity, Irrigation scheduling, Real-time meteorological data, Wheat, Mashhad
region.
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Table 1- Paired T-test for grain yield of wheat under different surface and drip irrigation treatments
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Table 2- Irrigation water amounts used in different treatments
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Table 3- Paired T-test for water productivity (kg per cubic meter) under different treatments
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Table 4- Comparison of wheat crop evapotranspiration in Mashhad region (in millimeters) during the growing season
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Table 5- Statistical evaluation indices for comparing data from the intelligent system with data from Mashhad
meteorological station
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Fig. 2- Comparison of measured soil moisture with simulated soil moisture by the intelligent system software
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Table 6- Statistical evaluation indices for comparing measured and simulated soil moisture data
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Introduction

In arid and semi-arid regions, pressures from climate change, including increasing temperatures,
decreasing precipitation, and severe seasonal fluctuations, along with institutional constraints and
weaknesses in resource management, have created fundamental challenges for farmers and hindered the
realization of sustainable agriculture. The Lake Urmia basin, one of the most sensitive aquatic
ecosystems in the country, provides a prime example of such critical conditions due to the significant
decrease in water levels, increased salinity, and decline in the quality of water resources, which have
resulted in widespread economic, social, and environmental consequences for local communities. Water
scarcity not only reflects physical resource limitations but also generates complex interactions among
economic, social, institutional, and environmental factors, directly influencing farmers' decision-
making, irrigation technology choices, and the effectiveness of water resource management policies. In
this context, socio-institutional resilience is a multidimensional and decisive factor, encompassing
household economic capacities, flexibility and adaptability of agricultural technologies, active and
stable social networks, and organizational and institutional skills, all of which can enhance the
sustainability of agricultural systems in the face of environmental pressures and economic instabilities.
However, previous studies have mostly analyzed economic, individual, or social indicators separately
and have not comprehensively examined the complex interactions among individual, social,
technological, and environmental factors. As a result, the ability to predict the agricultural system's
response to various policies and climate shocks has been limited. Moreover, an integrated framework
for optimal water resource management and for enhancing farmers' resilience has not yet been provided.

Methodology

This study was conducted using a mixed qualitative and quantitative approach combined with agent-
based modeling (ABM) to accurately represent the complex interactions between farmers, social-
institutional networks, and environmental pressures in the Miandoab Plain, south of Lake Urmia. The
study population included 50 farmers, 10 agricultural Jihad experts, and 10 representatives of the
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regional water organization. Data were collected through structured questionnaires, semi-structured
interviews, and secondary sources. Six key indicators were defined in the model: economic resilience
(ERI), technological flexibility (FTI), knowledge network strength (KNRI), innovation motivation in
practice (MPI), environmental pressure (EPI), and irrigation technology level (IL). Farmers, as the main
agents, interacted continuously with local knowledge networks and product markets, and their decision-
making rules were shaped by individual motivations, environmental pressures, and the observed
behavior of others. To examine the system's response under different conditions, four simulation
scenarios were designed: fluctuations in agricultural product prices, introduction of new irrigation
technologies at varying adoption rates, changes in the density of knowledge networks, and the
occurrence of climate shocks and successive droughts. Quantitative data were analyzed using SPSS, and
gualitative data were processed using open and axial coding in MAXQDA. Model validation was
conducted by comparing outputs with historical data, consulting local experts, and performing
sensitivity analyses to ensure the model accurately represents farmers' behavior and socio-institutional
dynamics under various environmental pressures.

Results and Discussion

Simulation results showed that farmers' adoption of new technologies and changes in irrigation
patterns are influenced by a combination of economic, individual, technological, social, and
environmental factors. Farmers with higher economic resilience and denser social networks adopted
new technologies faster, resulting in increased water productivity. Environmental pressures, particularly
drought and water scarcity, were strong drivers for adoption, but their effects were sustainable only
when combined with strong individual motivation and active knowledge networks. The technological
flexibility index and innovation motivation were decisive in determining the speed and extent of
technology adoption. Social networks and knowledge network strength enhanced collective learning and
experience sharing, thereby creating synergistic effects with other indicators. The combination of low
economic capacity and high environmental pressure highlighted the need for targeted support and
guidance to help farmers adapt to new technologies. Analysis also showed that one-dimensional policies,
such as simply providing subsidies or unsupervised training, have limited effectiveness and may even
be counterproductive. In contrast, multidimensional policy packages, including targeted and continuous
education, performance-based subsidies, strengthening local networks, and transparency in water
allocation, create synergistic and sustainable impacts. International experiences indicate that farm
schools, participatory local networks, and subsidy reforms can significantly increase farmer engagement
and water productivity. Agent-based modeling also allows predicting farmers' responses to policies,
testing different scenarios, and optimizing resource allocation before implementation.

Conclusions

The adoption of new irrigation technologies and sustainable water management results from complex
interactions among economic, social, institutional, and environmental factors. Successful participatory
policies require maintaining a minimum level of water resource sustainability, implementing
multidimensional policy packages, strengthening social and institutional networks, and using agent-
based modeling tools to assess policy effectiveness. This study demonstrated that the combination of
economic indicators, innovation motivation, social networks, and environmental pressures can
significantly determine the success or failure of policies. The proposed framework provides a practical
and scientific roadmap for sustainable water management in areas affected by water crises.

Keywords: Water Resources Management, Participatory Modeling, Social Network, Agent-Based
Modeling
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Fig. 1- Geographical location of the Miandoab Plain
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Extended Abstract
Introduction

Drip irrigation systems play a crucial role in water-efficient agricultural practices. However, clogging in
emitters, particularly in labyrinth channels, significantly affects performance and longevity. The deposition
of suspended particles within the flow path leads to reduced efficiency, necessitating precise analysis of flow
behavior under different operating pressures and salinity conditions. While empirical studies provide
valuable insights, computational fluid dynamics (CFD) has emerged as a powerful tool for simulating fluid
flow and sedimentation in complex geometries, enabling cost-effective optimization of emitter designs.

Methodology

In this study, flow behavior and sediment deposition in pressure-compensating emitters with labyrinth
channels were examined under various salinity and operating pressure conditions. Computational fluid
dynamics (CFD) simulations were performed using COMSOL software, and the results were compared with
experimental data. Moreover, in our study the pressure-compensating emitters of three different brands -
Netafim (8 and 25 L/h), Eurodrip (8 and 24 L/h), and Peresi Zalvan (8 and 24 L/h)- were examined under
three operating pressures (0.5, 1.5, and 2.5 bar) and two water salinity levels (5 and 12 dS/m). The COMSOL
software was used for CFD simulations, focusing on flow velocity distribution, pressure dissipation, and
sediment deposition within the labyrinth channels. Moreover, Experimental validation was conducted at the
National Salinity Research Center in Yazd, Iran to compare simulated sediment deposition with actual results
obtained from emitter degradation tests.

Results and Discussion

The analysis of velocity and pressure variations demonstrated that spiral channels, due to their serrated
edges, increase flow velocity up to 2.8 m/s, effectively preventing particle deposition. However, in vortex
regions and corners, the flow velocity approaches zero, increasing the risk of sediment accumulation. The
pressure dissipation analysis revealed that multiple serrations reduce flow pressure in different emitters by
57% to 87%. Furthermore, the comparison between simulated and experimental sediment variations
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exhibited a high degree of correlation (R? = 0.98). The findings indicate that increasing the inlet water
pressure to approximately 2.5 bar and the water salinity to 12 dS/m leads to a 50% and 114% increase in the
average sediment volume, respectively. Emitters featuring a pre-settlement zone before the spiral channel
demonstrate superior anti-clogging performance. Additionally, increasing the number of flow outlets reduces
particle residence time within the channel, thereby lowering the risk of clogging. The findings demonstrated
that increasing operating pressure up to 2.5 bar and water salinity resulted in higher sediment levels. In
alignment with the simulated results, the laboratory study conducted by Parvizi et al. (2025) on the same
emitters demonstrated that applying high pressures leads to an increased influx of particles into the labyrinth
channels, thereby heightening the risk of clogging. Additionally, Li et al. (2024) stated that increasing the
operating pressure within a specific range can improve the anti-clogging performance of emitters with a star-
shaped channel. However, this operating pressure should not exceed the typical working pressure for this
type of emitter, which is approximately 1 bar. Among the tested models, Netafim 25 L/h demonstrated anti-
clogging capabilities, attributed to its settling zone preceding the primary labyrinth channel. This structure
allowed larger suspended particles to settle before entering finer flow paths, reducing clogging potential.
Additionally, multi-exit flow designs, such as Netafim’s triple-channel configuration, can effectively
minimized particle retention time, lowering obstruction risks. Increasing pressure up to 2.5 bar and salinity
led to higher sediment accumulation, confirming that higher pressures exacerbate clogging risks. These
findings align with prior research (Yang et al., 2024; Zhang et al., 2022), which demonstrated that modifying
channel curvature and increasing exit pathways enhances clogging resistance. Studies have further confirmed
that increasing flow velocity in labyrinth channels optimizes sediment transport mechanisms (Wei et al.,
2008; Yu et al., 2018).

Conclusion

This research demonstrates that CFD simulation is a reliable tool for predicting and optimizing flow
behavior and sediment deposition in pressure-compensating emitters. Overall, higher salinity and an increase
in inlet flow pressure up to 2.5 bar led to greater sediment accumulation, which can raise the risk of clogging.
The findings of this study demonstrated that the geometry of the spiral channel in drip emitters has a direct
impact on flow patterns and clogging behavior. While the serrations in the spiral channel enhance flow
velocity and reduce sediment accumulation, flow velocity decreases in vortex regions and corners, increasing
the likelihood of particle deposition and clogging risks. Furthermore, it is recommended to reduce the risk of
clogging by using emitters with modified curved edges instead of sharp ones. Manufacturers should also
consider improving and refining sharp corner structures to enhance performance. Additionally, pressure
dissipation is better achieved in emitters with multiple serrations, which likely improves their resistance to
clogging. Moreover, this study suggests that CFD enables cost-effective and rapid assessment of pressure
and salinity management strategies for pressurized irrigation systems. Moreover, findings from this study
can be applied to future product development and efficiency enhancements in drip irrigation systems under
varying environmental conditions.
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*The LSI, RSC, pH, and EC parameters indicate the Langelier Saturation Index, Residual Sodium Carbonate, acidity, and salinity

of the water, respectively.
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Fig. 1- The depiction of water flow channels in different emitters for flow simulation. The labyrinth channels are
shown in blue and the scaling of the illustrations is not uniform.
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Fig. 2- Simulated flow velocity distribution and streamlines in the labyrinth channel of different emitters using
COMSOL software.
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Extended Abstract

Introduction

This study aimed to evaluate the permeability of a water supply canal and to quantify water losses arising
from the inefficiency of the concrete lining. The “cylindrical chamber” test was proposed and implemented
as an in-situ, non-destructive method. A total of 54 concrete specimens—27 water-cured and 27 cured under
ambient conditions—were tested using the cylindrical chamber method under a constant pressure of 5 bar for
5 hours. To validate the results, the BS EN 12390-8 standard test was also performed on the same specimens,
and regression analysis was conducted between the two methods. The results showed a correlation coefficient
of 0.98, indicating high accuracy of the in-situ test. For field applications, direct measurement of penetration
depth is impractical, as it is inherently destructive and requires core extraction from the structural element.
To overcome this limitation, one of the key advantages of the cylindrical chamber method was employed—
its ability to measure the total volume of water infiltrating the concrete surface over a fixed time under a
constant hydraulic head. Statistical analysis of the differences between this study and reference data, using
mean absolute percentage error (MAPE) and linear correlation coefficient (R2), showed that the mean
infiltration volume differed by less than 10%, with Rz = 0.97. These results confirm the low deviation and
strong correlation, indicating the accuracy and reliability of the cylindrical chamber test for classifying
concrete permeability. In-situ measurements at 11 selected points along the Varzaneh city water supply canal
revealed infiltration volumes exceeding 25 mL at all locations, falling within the high-permeability range and
signifying substantial water losses. Mercury intrusion porosimetry and SEM imaging further showed that the
absence of curing increased porosity and total pore volume by 7% and 69.4%, respectively.

Methodology

The cylindrical chamber method is a precise and versatile technique for quantifying the permeability of
concrete and similar construction materials under laboratory or field conditions. The testing procedure
comprised the following steps:

1. Surface preparation: The concrete surface was dried to a constant mass, and all surface
contaminants were removed to ensure proper adhesion.

2. Fixture installation: A steel annular ring was bonded to the prepared concrete surface using epoxy
adhesive. After full curing of the adhesive, the cylindrical chamber was mounted securely on the
metal fixture.

3. Water pressurization: The chamber was filled with de-aired water, and the internal pressure was
applied using a calibrated hand-operated lever. The imposed water pressure—5 bar (0.5 MPa)—
was continuously maintained and monitored via the gauge installed on the apparatus.

0



Comparison of In-situ ‘Cylindrical Chamber’ Test Results with British Standard Method and ...

4. Testing duration: Pressure was sustained for 5 hours on the exposed concrete surface.
This method allows quantification of water infiltration without sample extraction, thereby preserving the
structural integrity of the tested element.

Results and Discussion

Selected outcomes of the in-situ cylindrical chamber tests on the Varzaneh canal are summarized in Table 6.
While numerous measurements were performed along the entire length of the canal, representative results
are reported here to illustrate key trends. The findings confirm that the concrete lining of the Varzaneh water
supply canal exhibits very high hydraulic permeability, significantly exceeding recommended thresholds. In
the evaluated sections, the infiltration volumes surpassed 25 mL, classifying them in the high-permeability
range per the adopted criteria. Such elevated permeability is directly associated with excessive seepage losses,
contributing to increased water demand and reduced delivery efficiency. These observations strongly suggest
that the measured reduction in outflow is not the result of unauthorized water extraction along the canal’s
route. Rather, the dominant factor is the inadequate impermeability of the concrete lining, which permits
substantial leakage through the canal body.

Conclusions

The proposed cylindrical chamber method showed a strong linear correlation (R2 = 0.98) with the British
standard, enabling accurate in-situ permeability measurement without core extraction. Field tests on the
Varzaneh water channel indicated predominantly high permeability (>25 mL), causing considerable water
loss despite adequate inflow. An inverse relationship between compressive strength and water penetration
depth was observed, with curing greatly reducing porosity and total pore volume. The method eliminates
destructive testing, though its applicability should be validated under different climates, materials, and
structural conditions.

Keywords: Permeability, flow reduction, concrete, in-situ test.
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Table 3. Water penetration depths in concrete obtained from the cylindrical chamber test and the British standard test
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Table 4. Permissible range of water permeability in concrete according to DIN 1048-5 standard
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Table 6. Permeability of existing concrete structures measured in-situ
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Fig. 8. Effect of severe freeze-thaw conditions on porosity using SEM imaging
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