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Extended Abstract
Introduction

Groundwater resources play a vital role in sustaining agricultural activities in arid and semi-arid
regions. In Iran, over 75% of irrigation water is supplied from aquifers (Yazdanpanah et al., 2019),
making groundwater the primary source of agricultural production.
However, continuous groundwater level decline due to overexploitation, reduced natural recharge, and
climate change has made accurate monitoring of groundwater abstraction an essential requirement for
sustainable water resource management. Direct measurement of well discharge faces numerous
challenges, including high equipment costs, operational difficulties, spatial distribution of wells, and the
presence of unauthorized wells. While smart water meters have been introduced as a solution for
abstraction control, their widespread implementation is constrained by high installation and maintenance
costs. In contrast, most agricultural wells are already equipped with electricity meters that continuously
record power consumption data, presenting a cost-effective alternative for indirect discharge estimation
(Wang et al., 2020; Alam et al., 2023).
This study investigates the feasibility of estimating agricultural well discharge using electricity meter
data and physical well characteristics through an Artificial Neural Network (ANN). The novelty of this
research lies in developing a cost-effective approach that eliminates the need for expensive flow
measurement equipment, relying solely on accessible electricity consumption data.
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Methodology
Study Area and Data Collection

The research was conducted in Qazvin Province, central Iran, characterized by diverse climatic
conditions and intensive agricultural activities. Field data were collected from 70 agricultural wells,
including geographical coordinates, well depth, pipe diameter, electricity consumption parameters, and
measured discharge values. Due to incomplete power records, 35 wells with reliable data were selected
for modeling. Discharge measurements obtained using an ultrasonic flowmeter served as reference data.
Artificial Neural Network Modeling

A multilayer perceptron (MLP) neural network was implemented in the MATLAB environment
using the Levenberg—Marquardt training algorithm. Eight scenarios were defined to evaluate the
sensitivity of model performance to various combinations of input parameters, including power
consumption, well depth, pipe diameter, geographical coordinates, and aeration condition. The dataset
was randomly divided into training (70%), validation (15%), and testing (15%) subsets. Model
performance was evaluated using the coefficient of determination (R?), Mean Squared Error (MSE), and
Mean Absolute Percentage Error (MAPE). Different numbers of neurons (5 to 10) were tested to identify
the optimal network architecture.
Results and Discussion

Model Performance and Scenario Selection

The ANN successfully estimated agricultural well discharge using electricity meter data and well
characteristics. Among the evaluated scenarios, Scenario 7 comprising power consumption, well depth,
pipe diameter, and geographical coordinates—demonstrated the most stable and reliable performance
across training, validation, and testing stages. Although Scenario 8, which included aeration condition,
produced slightly lower error during training, it required operational parameters difficult to obtain in
practice. Consequently, Scenario 7 was selected as the optimal model. The optimal ANN architecture
consisted of one hidden layer with 10 neurons, achieving the highest coefficient of determination
(R2=0/9204) and lowest prediction error (MAPE=13/96%). The model achieved average errors of
approximately 15%, 13%, and 14% during training, validation, and testing phases, respectively.
Analysis of Input Variables

Power consumption was identified as the most influential variable, consistent with the hydraulic
power equation (P = p-g-Q-H/n), which establishes a direct physical relationship between power and
discharge. Well depth affects pumping head (H), while pipe diameter influences friction losses.
Geographical coordinates were incorporated into the model to account for spatial heterogeneity in
hydrogeological conditions across the study area, as variations in aquifer thickness, sediment texture,
hydraulic conductivity, and water table depth are not uniformly distributed throughout the Qazvin Plain.
Comparison with Previous Studies

The results align with findings by Alam et al. (2023), who achieved R?~0/92 in alluvial aquifers,
and Wang et al. (2020), who reported errors below 20% for energy-to-water conversion. The model
performance (R2=0/9204) is comparable to Salimi et al. (2023), who obtained R2=0/825 using Random
Forest, and Salamat et al. (2023), who achieved 0/945 accuracy using SVM-PSO. Although the dataset
(35 wells) is limited compared to previous studies (e.g., 236-359 samples), the model demonstrates
competitive performance, confirming the feasibility of the proposed approach.
Limitations and Sources of Error
The main limitations include: (1) limited sample size (35 wells), increasing the risk of overfitting,
mitigated by early stopping and simple network architecture; (2) lack of comparison with other machine
learning algorithms (e.g., Random Forest, SVM, XGBoost); (3) absence of hydrogeological variables
such as water table level, dynamic head, and pump specifications; (4) limited temporal sampling
(August—November 2023), not capturing seasonal variations; and (5) regional specificity, requiring local
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calibration for application in other areas. Key sources of error include pump efficiency variations,
groundwater level fluctuations, voltage instability, aeration, and differences in maintenance conditions.
Conclusions

This study demonstrates that combining electricity meter data with artificial neural networks
provides a practical, cost-effective approach for estimating agricultural well discharge. The proposed
method eliminates the need for expensive smart water meters while maintaining acceptable accuracy
(R2=0/9204, MAPE=13/96%). Power consumption, well depth, pipe diameter, and geographical
location were identified as key predictors. The approach can support groundwater monitoring programs,
improve water resource management, and assist policymakers in implementing sustainable abstraction
strategies. Future research should expand the dataset, incorporate temporal variations, compare multiple
algorithms (Random Forest, SVM, XGBoost), and include hydrogeological variables (water table,
dynamic head, pump characteristics) to enhance model accuracy and generalizability.
Conflict of Interest

The authors declare that they have no conflict of interest regarding the preparation and publication
of the materials and findings presented in this study.
Funding

The authors received no financial support for the research, authorship, or publication of this article.

Data Availability Statement
The datasets generated and analyzed during this study are not publicly available due to applicable
restrictions, but are available from the corresponding author upon reasonable request.

Author Contributions

Conceptualization: Z. Rahimi Atani, M. Bijankhan, H. Ramazani; Methodology: Z. Rahimi Atani,
H. Mazandaranizadeh; Software: Z. Rahimi Atani, H. Mazandaranizadeh; Validation: M. Bijankhan, H.
Ramazani; Formal analysis: Z. Rahimi Atani, M. Bijankhan; Investigation: Z. Rahimi Atani, M.
Gholizadeh, S. Koohi, Fakouri; Resources: Z. Rahimi Atani; Data curation: M. Bijankhan, H. Ramazani,
M. Gholizadeh, S. Koohi, Fakouri; Writing—original draft: Z. Rahimi Atani; Writing—review and
editing: M. Bijankhan; Visualization: Z. Rahimi Atani; Supervision: M. Bijankhan, H. Ramazani;
Project administration: M. Bijankhan. All authors have read and agreed to the published version of the
manuscript.
Acknowledgement

The authors would like to express their sincere gratitude to the Qazvin Regional Water Company
for providing access to well data and facilitating field measurements. This research was supported by
the Imam Khomeini International University (IKIU), Qazvin, Iran. The authors also acknowledge the
cooperation of local farmers and agricultural well owners who participated in this study. This research
received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Keywords: Well discharge, Artificial neural network (ANN), Smart water meter, Machine learning

® © 2026, 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/). Which permits
BY unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

https:// 10.22092/idser.2026.373044.1650

Yv


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

£0-"A 4o/ VE+ 0 o [V +Y 0, Lo TV 0,93/ (iS5 (5l (5100l wikige Cligiows

AERI

gy o £ o
100l b (5359l sloky (98 99T 3 (51 3 (5 g0 (WS Al 3 (Siao Jiho A g
(0298 wid 159 390 axdllan) G 0 59T soOSIS

E 65958 1)l Fooly Slyusijle wels T Jlasel Slaey gold BT G5 o o demmo ! GUT oy s
Yool 8 Lo & 29SS

VE O/ FIVA )Ll G yU [ V-0 O by dy Gyl | VE-07 F/V - 16,5550 gy | VE- 0/ ¥V P redly yo g b

ol

b ol 0351 7 o Suiddon g Suid 3blo ;3 ool G I (K1 Glgieds swojr; o Sl pr Ca o bl gl
35509y S lyiea S5 0 2 S90S (0w 53 (o313 jl oMkl o Wiawlgh (51 )9iS (5 )RS 9 S (992 prdia 3 &1 dagd
2 5509WS Soly (25 (ed (el cpidgs (il 43 385 )15 dag 3590 (55,0l (slaoly (23 e pud 3y91 2 (10 (5
83! 3590 0315 Lol 88 (o) 32 (ANN) (e giucne (ouas a5l o3lisew! L ol (50528 S 5 59 9 (52 9958 o035 (o]
ailaio y3 ol alls YO 1 (5,10 p10 50 bl pwi 5 (2ledl i Cunlige (b8 5 (Bos) oy (owiid Clasuiio ¢ (B pae o)lgi LMD Jolud
5 031> (33901 @195 LS yuig) iyl 1 Mkl L g 039: (MLP)ay¥ia (958w g9 51 aiblidamsi Joo il o anlllne
) o ss 20 3 9 (MSE) s Olayjo (5:55ke dR?) et o p o 51 liseo (55 lo] (g jlome (bl 2 Joso 3,80s
g3 ol (ol (559055 3,05 5y 908 o3y (wlwl 1 Loly (25 3,91 43 cwlie (Uled ANN Juo a8 51y (yLid gl 5,8
W15l 9 83959 SR S 55 Ao (g )l ()l ol (e g (o348 GBS 19 b 352 1958 (e olg Lrodd oS 5 5
W15 0 359 (il ol oalimns (54505151 O3t 41 5 gt Lol (25 ealliams yu 35912 (512 T2l BB g iz jagST (1S9, SG
G5 Cadgaome lyls Bblo ;5 (e GBS pS mona I (Sl 9 (wojpj O Culldp Glaly 55 632,813 plye e

DS 1,5 00l] 3490 (g S 031051

Omilo (6853l GBS — U howigh HguS— Lomman suas 45w —ola 2 (GulS GlolS

wiss ol gl 5l ceblsy Silidl el O gl dodiie
8l e ool Sl g (65,0l Amwg (b g Sis bl o ue ) o mle b Copoe
5 Oz bl 5l S)lem 53 (eni) ©f gl seies e sgi0k oGl (riee ) o SaSdes

Ol o33 e s plol (Mollines olRtils o 2505 5 5Ll 1alS el (guiige 5 pole 635 (spmils !
Ol 0938 4(0)) o plol (Mol (s o83l 10T qosiign 5 psle 09,5 1)Lotils T
(Email: bijankhan@ikiu.ac.ir :Jguwe s ™)
Ol 953 (o) sias plel (Wallors oSl (Ol (qsisige 5 psle 09, bl
Ol e0r538 oy)sias pll ol olSls sl (ptin 5 ool 09,8 Letils ©
Ol 38 o) plal all (o olStils (T giie 5 pske 09,5 ool gl (5253 (gl ©
Ol e0r838 s(03)stns plal (ol olR2315 s (quiin gusititen 5 ok 09,5 o] lie (5253
0958 bl (gl dibate T 8 8 w5

YA


https://orcid.org/0000-0002-8587-6882
https://orcid.org/0000-0002-4840-0201

£0-"A asxino/VE+ 0 lon [V + Y 5,)Loud/ TV 0,93/ (iS5 (5l (sla0 U witigee Coligios

3 S e (S5 Lailsy i @ 5l 9 ez 5 g
sloanl B gilodoe 5 (cmiin 50 b)lRl 5o plS
gy oo 4y (S5sls 0

G5l sl ol LS goaxe Ollas
alosls oles o mlie b dadye Plaw jo 1) opeibe
(Salamat et al., 2023) |,Ken 5 Cds sl g5
5 9o g (Salimi et al., 2023) . )Ken 5 (conkw
&S cwl ol Sl (Salimi et al, 2023) 1S
Setle < (ANN) egims (e a5t 52155 la 50
25 e 5 (RF) dolas IS (SVM) sl
s yialb gilwJae o (cmslio Ul (GMDH) laosls
3815 5 i ol ch ot (Sigdsinsee
90 Dlalllas 3l slaJlo jo i)l Glgsol sla S
g Cmle (6, 50L slo g, 5l eolaiul a8 Wlesls ylis 55
@by Sy b Ol @lio 5 (s35l5,000 50 Gros S0l
Sx5b yo @bly Jdos b Jos cnl g ally (S
by 5l ol & Comd (6 53YL s (a8 Ly,
G i s Ol ioren aliS o &) SIS
Joloe (n i 51 Joe [lSle g boosls CodsS (69959
oy aiBlis b g,y ol o Slas 1 S50

Slp il Bpas laocols 5l solaul 39> o
oS wlols olas > Sldlhas ol mle o poe
Gk sleolr (55, p eddeeal Gp slayuS
slazel L g5

eSSl Olyeas algs oo

355 51,8 oolainl 5 0 90 pains

G50l e iy, a5 Wlosls ol ol Gldlas
Oy (53hj e b ol wlie 5 (539d5,002 50 dle
Ls, 6nSol 5o Ul s & loJas ool 5 sl
Sloondy g 383t lapite le oaizy (asd
St 5l ol @ Comd (5 VL Cs (Soiglg e
S oo &l SIS

(Makhlouf et | Sen 5 BeJ S ¢« S0 gy 5o

g sy glols slp cng 9,505 ,al, 2024)

¥

d|},..n B8 il ‘Jaa‘f..; Q—.’.‘ 49 el 00 Q‘ﬁ\ 0%y
o kel slool>
Sl Copae G515l (S (i cieypy o 0aS L pas

9 S (_gl.a)}ws 59 é}msa ETIWE O3 g_j é’l.».ﬁ

Olesar  6)las ey

slo skl 5l oy VO i plpl oy 4 Slisass
Ny o el smeiny o] wlie I sles
. (Yazdanpanah et al., 2019)

B3 3550y e e 05 T @l Zu ke o o5 1yl
9090 (pl Coonl 5925 L .ol baolx 5l cliloyy 5o
Vb anze Lo 4 by (08 peiiee RS0l
Sy e Glare Sllas (g)lpbs S0l Slig
oyt Bolin 5 6 kot 30 2! (Slaudgame o ool
JB Sl 3929 (ol 2 ogdle Cansd pdy Gl jetase
Omzmed g (5 S ol canlie Olppas W36 ol> > o8
lesloy J7S s Gl lomeyed slaolz I sl e e
el w3l azlge oz stz L) (e

ol aiedgnr sla S 5l solatwl « 3 sla Jlo 4o
ol 48l dmgs cello  JuS ol 5 (S Gl
Brae Sledbl [Sogs Jluyl g cud Sl bkl oyl
4 (55,9188 sloolz polad g Lol caiiS o ol 3 1) ]
5 SINS wal gleanie s 4 g ()l
39 s oSl DawolipS yo (Dl )| slacsle s
G L5=S @ 65,0l sleolyr I glodes i hlie
Ly Oy90d | (Srae olg Oledbl a5 siws e
g salznd glaosls sl eslawl g0l 5lauS oo el
3 5 aniees el S plyiea Slg oo B sl e
350 ol Cbloy (liae peiiae it 8915 (6l wyiwd
SPAISLEE Y

Oeile (5T 0k  (sie Slas, el sla Lo o
(b e g oy by, il Jow ;o YL SUle Lo 4
b Gigdgrmee 5 ©f mlie Jlaw ;o slos s 0 )8
@ (Fohas oras GaSd daghy,; (nl Ole ,o iles S
63959 Sb e (s (lesy slegl zl Fenul cobls s



e (53798 (Wl (233,915 (611 (Somas mas a1 (Mo Jdo drwigi

Sl sl ooy yos 5 Sy 2l s oz Slasis
5 & Bran o 55658 Al (s pl slaglgsl o s
ol ol gy e S slagleel 4 cans oo
G oS slaosls 5l solitul a5 aiS o oST laasil
g sleiel BB 0505, o ol catley asly lpea
oo Sl pilie )] Coibge Lol il anieeS
2Bl oe Joo LSl 9 (5995 Sl e

L (Ben Mariem et al., 2024) \|,Ken 5 o200
Bblse ;0 Gy g ol dadgn sla,guS slacsls 5l eolaiul
SBras g oadiboy Ol e loe Al ¢ Guigh SaSans
oy el 5 (RF) oolas JSir sloao b1, (555
LRF Joo ol ()Las mls 2o S (o) 2 (SVM) oLy
oly Goe g andls (g e 0o REZ /AN (el o
Wlodgy 6553 Bras p F3e Jolse (n e 3l e £9 9
5 &5 Srae Gl Jbline aluly 392y » asllle ol
ordle S0l laan Colls 5 (e ol il
95 daxdllas 3 4> ,S1.0 15 auST alasl, ol (g jlwdnd o
5 el o gty o oz Gelel (5551 B s
03) (eeS (Bras Ol elel p fley (20 SEL- Aagh
shoslisal ullB  haghy g o ol (nl b ogd o
WS sy ol cdlsyy oysln sl 351 slaosls
Slimzs Slasin g ol> o ool (izmen adjlo
G5 b len 5 e o a8 Shes
ol gy 50 kS g Gee dlex lely Slatie
Bl Slg> e

5 $5sliS ool (S0 3929 L 5 Olnl o
yoba a5 glasdlas (3 5uS sbveols a4 owyiw
rae el b ool ol Gl 4 Seiletnn
ol 00is plol callh aSls 00 eed Sl Soan
@u3aeS (B, S8 il Ghagh hol s gyl
@ oS Sl b f ilede 2 (e 5 121 LB
3955 w5 laosls 1 eslatul b (65,0liS slrol>

5ok lase g soue oo Bl b (oni s ol oy
aiols &)l esian cmac AL g paenal S0 (Ll
yae ) 50 gl 5 Sl glag sl jo Giaghy ol
‘el%- Slaise L’LoLw LQJM 59959 ‘_gLaa).».su.o 9 KW r:l?u‘
<l s Z8l g ()0 0 500 0590 (3 pemd (OlsSe] 53
Ozeed Sl 4510 Sleoy SF 5 S i o 1) 0, Sles
Oedle 6250k 5 soue o Jae Gdli a5 wd et
Il o pae 5o BN S peeal sl S5 o)l Wl oo
S )b oarnoplad aslllas b 0yl ool 8 eiy ]
odezm Blew Jo 50 Gedle x50k slagly, YL
LQO[:- <o WJJ-C 0)91).3 JL..») 4 FLgw QS’LQJ"Qﬁj"
Jo ol baiie epws jo gleosls 5l eolatw! b
S50k slagby, o Shes 2 5o Jolse (n it 5 e
lrosls 4y gw s 10 Cudgasme g wiloads aS Ll uile
35 0 oolel slagillr 5l (S plizmen (S Slass
g e gmie loiby;
sedsy o (Wang et al., 2020) ), Ken 5 Kilg
ol> adl> Av e 3l o b e Jled Cllis (o a5 05
Slp 00,8 Sloe sl tole;] 5l s plal g5,5laS
ol LmQ] 30,5 solaswl ol 4 Sl oS oy s
8 yhie slol> mlaw ;o Ol a5, o slas a5 sl
wolpo Sl 3l eolainl b g casl oy Voo 5l S
(Alam et al., 2023) Koo 5 oo 0 (sgu 3l
Bge i 85 slaglgsul o alie 9,50, 5l eolaiul b
a3 sl REZ AT s e b e ey &

iy Oles aile delge 4y o (oo a4 wisle las



£0-"A asxino/VE+ 0 lon [V + Y 5,)Loud/ TV 0,93/ (iS5 (5l (sla0 U witigee Coligios

o2l san] Gldlas ;o oo us sloesls b Jow anwgs
S s
B g, 93l
axdlbane 5 590 Al

Jobee (Fbuns b 2l (635 70 059 55 (938 Gl
AEBITY g az )3 V0 9 (3,0 Job adds 00 g ax,0 0
a Jles slojls )13 Jlods oyc a2 B0 F0 gax 0 YF U
5 Olded slaglivl 4 058 SS9 oyl slaglin!
oS Ol & 355 515 655 0 bl 4 o 5l el
Dgd o Sgdme

el slite ol Ll gLls cpesd ol
o c§‘5 Gydl egS Al gl yo a8 UJL@.M.» sl sy
oSl e o 5 Siddes eeldl Ll Jlos
Lo ke g o oo Y- -
ol ol (5,155 o1 5 il az 0 VF s

otn ol GliasS oS Ll Jled oo
w50y, S o ool |y plinl xbaw O 5l (slodes
02938 S el liwl (sladg) (n Freen 5I(Se 39,0l
Olyeds g 00 00 S Gliul (pgiz 5 35 0 slagis 5
Dgbge 4Ll 5925 (55 )0liS ey (e Sl R

Sasile LI o538 Sbs o Suislsiss ien b

Slgmy 5 Boee &5 cool pate Calbho L by

dga> bl ¥l Syl

odds cge Loyl i ol iloads LSS alo g ) B el joasls
Gros Solz Gk 3l (i 2T 5l )l o e 4 o
3)30 598 Sl el ol ke olyieds Grocdoss g
Ss5onl g bl e Slis 0,5 3 eolicl
ol 9,Shos 1 45 aits ot Julse 31 801 slaasY

235,138 5T 5leas olewdl

A

Comal Bl gole S5 5l s 6 M nl 505 5
Cold p ol 4 Wlgh co b g0 e Hlaie 5l asl el
Sbls Saswslas ol Aadgd 905 a5 ablie o ol
2P xSl g S yaabp sl “US Solpl g wles
IER I A PRV e
Ol (wyp Baa b ol ragh dLwly opl jo
ol (Sopd sl Shs 9 G e leesls I ool
4&«: )‘ oolau! la ‘5».».9)).)) s_j w‘o).: QS’Q UM ‘_g‘).)
ol B ol Al anny  Lolae eac
599 )0 e lrosls wojls as iy Slalllas
ooy M Babizxd (pl )0 i o (So5d Ly, L
Gl oo g S s 4o glaools sl eolaiwl L G el
ol @ly Lzl BB g oS 0,50, S s s
598 ooy loslawl jo agh ol ol (5)5195
S G Shs LS )0 (Gy (B ol Jold) &
W)&wmkslfscwsua&d\iw)‘ ooL&S.M)‘Lg
Jpl SO glgrea Slgi oo 0,559, pl el ol oo
a8 iblio ;o giejp; ol @l Copse lp o p)lS
] Dgazme e (5 S o3l Ol A (e Fwd
58 )18 oolatwl 5,90
o pad b sladiges olaws 04 Sgazms ¢ Jl> 1l b
el 55 o Sl 0357 gy ool e sl il 51 S
Sgaome digad px> Wiz ye 0,5 |8 Az gl 9,50 Wb mls
Sl s mToslail 5l oslaiwl 050 slaosls Ll cewl
sl isn aiged 5 wilads Jol> YU coa S L g 58
Ol bl culply aies oo ilie |y (g8 clis alizee
Sl g (i Sl aalllae S plgre 0 g5 oo 1y g%
G oS sbosls 5l eolitul culls b3, (sl “pogie

L’;‘)’ @Lo.a.d CJLJ U"‘ MS;).‘@)& Lbol.> @oum:u)o

4 - Proof of Concept



e (53798 (Wl (233,915 (611 (Somas mas a1 (Mo Jdo drwigi

e (Soje Slaie (byas o5 4 byye Sl
a0 S cul ol sl (ldliz Slatse 5 (Gl 5 Ges)
Lol yo lp oadciloy o8ly oo uizen ol
Olsreas g ol (55503l Sogusl gl yegld Sl oolizl
el 00l ool (g5lw Joe jo Bun jlade

Lol el 3gae Lo 2les slotiges olaas ax 51
ailoads Gl (938 sl calizee (slo ol 5l adiges ]
P8 ol Bos o Seislstiyian Ll Sl segiie andls s
s o it 1y 5 0ot oy 5 sb e ol
O Jgoz)

G280 Sl slas S oslail 5l oslazul 550 (sdosls
S Soslasl gl bl ol jo Sloass ol YU ceaSL g
TUF-2000H Jow SCogusl gl iogld 5l ool o8ly oo
GSoslal cds a8 el (S5 LLE () USKE) s eslal

SBly wlide 4 Gl oy O oogase o yiegld

Sgazte AVl S b g 009 Sl dod ddlate .3l
5 6305L88 3L 3590 O el odee 250 cnlpli can
b3 o S el 5sm pladl Syl 1 bl o
sty oon Slp cwbe adhie Soow ) g8
el 005" B gy 2l ublo gy 0551y erdine f

ol eS8 Jelepae 3l oo yiiie ol wlal
VEY ole LT YA )b j0 a8 g3 ol sladlaie
alyp hlo ol> adl> HAFA slaws I ccewl ouls il
yeiS & ol adl> Fefe oo lisl o gyl e 4
ol 5l oo, PAITD Syl b ailoads oo ol aiadign
ol dadisn j5uS 4 seze 5l 00 lyy hls sl
J9iS Q8L 0gzge s ol> I as o VOIYY 5w
Dl o ol diedign
&10 2 diged

ol> adl> YO 5l moghy ol yo colaiwl 0)90 (slrosls
Sl Sype 4 adlae dibie 5 (g5laS e

1

9 039 3y )9,«..5 ‘_g\)LS L&wl%- Q_ﬂ ol 00 6)5]@9.'

Seigal gl ploghd -y JSuid

Fig. 1- Ultrasonic flow meter

e coadbind Sledlbsl fyog (@l g (5,10 0 o sosls

Doy 3l 050 slaosly JolS acgazme glilo a5 olaol>
B esliiw! g3le Jow al,8 o

ol el calizes (gl o 3l oo olesl sladigas

oy

Ve oga>) bol> 5l (g i olaws cadsl al> 0 o

Sldlas plxil loy o 8,5 13 wojl 0,90 (ail>
3headauoil sleol> olod Sledbl ol (oW ¢ Sloe
Sl glaciley g ongid glibie Ol 5,5 &,k

SR N e Codgdoe o 4 Ll gl eSS



£0-"A asxino/VE+ 0 lon [V + Y 5,)Loud/ TV 0,93/ (iS5 (5l (sla0 U witigee Coligios

Sy L3, s vy (20 5 Ol Gl (Sugd kil S
sleJow jloslawl g sl ot 8 ciale l)ls pis

Sibese 52 1) seacals
(Q) olz (25 5 (P) Brae Ol oy (Sojud b,

Ssdse 01 (Sgd Ol alolas bgs Ll
n

P

u‘ )o d5
SErae plg P —
ol J&p —
‘530 :Q -
Gy 1L 0o :H —
oy 003L 1) —

Foe syl soled puiins (5503l Jas o
s pd Sl olr ase gl 358 abasl,
oy s28ly leaily cglabaxd  Solis syl Sledib|
w (5)“))""’)'?(). UL‘) B S,}AM ‘;..Jj)é.z.b 6[.:&;«5‘ 9
Sedalyy ol oo il Jow Gl Ay Az [0 gl ol
J.ala.c Q.;.l Olo e ).sl b ol eolaul EFan omac S
Szl 0gz g0 slaosls 5l ced s 4 |

o oo Sl e 4l SO Aol (pl a5 Jl> o
@ ojl g gl byl (oa8ly (55)5laS slaolx o
o3 Ale alie Jolge o 4y 5 a8 ool
U SR NRWNNINER SNSRI
sl Sy cpl 650b sl ANN Joo oS o
Oiles 5o g o OVolas oS a8 g ooz
oo sl ool a8 5 15 @ st i o Loy
g A2 ;0 Jewd Ol s 1805 L o L wiled co Joe a5
Jols 00 5 (oSl le sla JhSw (e Sl sl
DSl |y

abuly y F3e oyl )l ) gyl Sl 4 az g b
i O )5:04 ¢ 519 0 e bl 8 o (Saol S8l ey

oy

Al SO dgume Ll bdiges ol ply asal cudls
i oo oy 1) Seds (Sl g9l (i g 009 ol
OO o5 lel p g siedan Ojgoa Laoly DL
olal Ohgod 4 g al pll Jus Lo 0,90 Sledlbl
390 losls aals 0ozl )3 Wl gl @l 550005
e s 00l

slabod Gl 392y pelel p Geiod (nl plnl Jol
Lol 5| (5 a5 bl ol 00l (63 ,00L G y5S
gz ey buld ol ddl> YO wilosg lgie o) a3l
adl> YO 3laias F Bis bol> plu gesg o1y sw)p
Veoolas it B 51 (Bras Gl gl oS (2l
A 2olsa i glyls ol adl>

b et (Sod abaly 3529 Jodoar (Brae Oly
SBl g (nl 0 69959 siie (n Fres Ol (20
O BB (Sgyaee plg dslas lalal) ol el oad
e clobes 0l ol 36 o 1) aalol o a5 el
508 Sjleds 0l s abal, (P) (b rae ol L(Q)
Sl ido 55 5leey (20 Bl iy (Bpae Ol 4z 2
(o33l g do g Sl (23 L)

ol i ol s w558 St Al
Lol 039 g% (nl 30 (6399 piie Dlgieds (B pan
S gloolr 55 Jos 50 (p2b) el all; p ogdle
Clg Wl eyt PBrae Ol Wl SFEH Gy
Sl (Bras oy (Db IS (oo fleey (5
3 Lol S5z 4y 5l g el L3 LB 5y S
Sileodse sln los slanss @ 1y o (Shs ol &
ol 00,57 bas

oS Sl Jlgtal (23l ¢ pol gl ol bl
sabedldp Ol e b ey wgs cddld pae (555
Pl 20 Gtal3dl Jlowl Ll o 0l (o508 bl
Jelse b o aba; cnl bl el (pan olss il
S8l iy Oledily ((Sealas wo colx Goe b i
4z 51 9,003l 055 o0 S8 6000 Ll 5 (Sl



e (53798 (Wl (233,915 (611 (Somas mas a1 (Mo Jdo drwigi

Ol odezm baly; 6550b lp )Rl Olsie 4 (egtan (e ladoe I eolital isgs 6 pSejlul LB

Al 03y Bpan oylgi glyls &S glols oldlas SaS1y - Joss
Table 1- Geographical distribution of wells with power consumption
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Table 3- Results of evaluating different training scenarios for estimating well discharge
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Fig. 3- Error distribution in the training of scenario 7 for estimating well discharge
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Table 4- Results of evaluating the validation of different scenarios for estimating well discharge
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Fig. 4- Error distribution in the validation of scenario 7 for estimating well discharge
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Table 5- Results of evaluating the test of different scenarios for estimating well discharge
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MSE R? Average error (%) scenario
360/76 0/406 43/16 1
240/88 0/4 81/91 2
100/83 0/523 24/31 3
143417 0/87 304/5 4
80/2 0/822 58/75 5
286/3 0/357 193/94 6
21/19 0/9204 13/96 7
56/29 0/9210 14/04 8
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