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account for over 80 % of total water-supply costs in semi-arid regions such
as Birjand, Iran. In the Zafaraniyeh residential district, anticipated increases
in water demand through the planning horizon of 1433 necessitate a cost-
effective and hydraulically reliable network design. This study introduces
an integrated methodology-referred to as SQP-WDN-that concurrently
leverages detailed hydraulic simulation in Bentley WaterGEMS and
constrained nonlinear optimization via the Sequential Quadratic Programming
(SQP) algorithm in MATLAB. The main objective of this method is to
determine the optimal pipe diameters that minimize total network
investment while ensuring all hydraulic constraints, including minimum
node pressures and allowable flow velocities, are rigorously satisfied.

Materials and Methods: The target network comprises 21 demand nodes
and 27 pipeline segments, modeled in WaterGEMS using high-resolution
topographic maps and nodal elevation data ranging from 1485 to 1565 m
above mean sea level. Hourly water demand at each node; varying from
approximately 1.06 m3/h to 17.67 m?/h; was estimated by averaging results
obtained from three demand-estimation techniques (geometric, arithmetic,
and Fire’s method). All pipes were assigned a Hazen-William’s roughness
coefficient of C = 130. Hydraulic constraints imposed on the system
included a maximum allowable flow velocity of 2.0 m/s, a minimum
permissible velocity of 0.3 m/s. Additionally, the minimum required
pressure at all nodes was defined as 30 meters of water head. In the initial
network configuration, the principal reservoir (Node R-1) was fixed at an
elevation of 1565 m and supplied flow at a steady rate of 37.9 L/s through
pipe segment 27 to Node J-20 (elevation 1521.8 m). WaterGEMS
was used to perform steady-state hydraulic simulations, applying the
Hazen-Williams’s formulation to calculate head losses. Critical sections,
where simulated nodal pressures dropped below the defined minimum
under peak-demand conditions, were identified, indicating the necessity of
an optimization procedure to ensure sufficient pressure throughout the
network. To address the pipe-sizing problem, the SQP algorithm was
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implemented in MATLAB. The objective function was formulated to
minimize the total cost of all pipeline segments, with each segment’s cost
determined by a cost-diameter polynomial calibrated to prevailing market
prices. A velocity-penalty term was incorporated into the objective so that,
if a candidate pipe diameter resulted in flow velocity exceeding 2.0 m/s or
falling below 0.3 m/s, the objective value increased substantially, rendering
that diameter choice suboptimal. The primary design constraints included
mass-balance at each node (net inflows equal net outflows) and
maintenance of nodal pressures within the allowable range. To automate
the iterative coupling between WaterGEMS and MATLAB, a VBA script
was developed in WaterGEMS to export simulation outputs (nodal
pressures, pipe flows, lengths, and nominal diameters) into an Excel
workbook after each simulation. MATLAB then ingested these data,
evaluated the objective function and constraints, and updated pipe
diameters accordingly. In the subsequent iteration, MATLAB recorded the
revised diameters back into the Excel file, and WaterGEMS reran the
hydraulic simulation. This bidirectional data exchange continued until
convergence criteria were met-specifically, when successive changes in the
total cost and pipe diameters fell below predefined tolerances. Prior to
applying SQP-WDN to the Zafaraniyeh network, the methodology was
validated on the benchmark two-loop network introduced by Alperovitz
and Shamir. This validation network comprised seven nodes and eight
identical 1000 m pipelines (Hazen-Williams C = 130) supplied by a
reservoir at 210 m elevation, with a fixed minimum head requirement of
30 m at each node. After performing SQP optimization on this benchmark,
the resulting pipe diameters, nodal pressures, and total network cost were
compared against established results from widely cited studies. The total
cost achieved was approximately USD 420 000, which closely matched
published values. This agreement confirmed the accuracy and reliability of
the hydraulic model in WaterGEMS and the SQP-based optimization
routine in MATLAB.

Results: Following successful validation, SQP-WDN was deployed on
the Zafaraniyeh network. For each of the 27 pipeline segments,
the “theoretical” diameter output by SQP was compared to the nearest
commercially available nominal size that was equal to or larger than the
computed diameter. In eight segments (Nos. 1, 4, 5, 6, 7, 13, 14, and 27),
the computed diameters exactly matched standard market sizes. For
example, in Segment 27-which serves as the main feed from the reservoir
(Node R-1) to the network-SQP recommended a 250 mm pipe,
corresponding precisely to a commercially stocked 250 mm diameter.
This choice ensured that terminal node pressures remained above 60.15 m
of head, thereby satisfying all minimum pressure requirements. The
remaining 19 segments were each assigned the next larger standard
diameter to introduce a hydraulic safety margin and reduce head losses in
critical branches. For instance, Segment 2’s SQP-computed diameter
was approximately 79.49 mm, but the nearest available size was 90 mm;
adopting 90 mm-maintained Node J-2’s minimum pressure above 66.14 m
under peak-demand conditions. Overall, selecting slightly larger commercial
sizes for susceptible segments reduced head loss in critical pipelines,
enhanced pressure stability, and mitigated the risk of substandard
performance due to construction tolerances or future demand fluctuations.
After reconciling computed diameters with market-available sizes, the total
capital cost of the Zafaraniyeh distribution network was estimated at
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21 623 954 000 IRR (approximately USD 485 000 at the 2025 exchange
rate). Although this figure is marginally higher than the theoretical cost if
exact diameters (that may not exist commercially) were used, it represents
a practical and cost-effective solution given market constraints. Steady-
state simulations of the final network configuration confirmed that, under
both normal and peak-demand scenarios, all nodal pressures exceeded their
respective minimum thresholds and all flow velocities remained within the
allowable range of 0.3-2.0 m/s. Graphical outputs further illustrated that
branches where velocities were previously near the upper limit achieved a
significant reduction in flow velocity after adopting the larger commercial
diameters; head losses in these branches decreased accordingly, leading to
improved overall hydraulic performance.

Conclusion: The combined SQP-WDN framework successfully reduced
the investment cost of the Zafaraniyeh WDN while guaranteeing
satisfactory hydraulic performance under all operating conditions. By
integrating detailed hydraulic modeling in WaterGEMS with a robust SQP
optimizer in MATLAB and automating the data exchange via VBA
scripting, the method efficiently determined optimal pipe diameters and
translated them into practical, commercially available sizes. The resulting
network design-totaling approximately 21.624 billion IRR-meets or
exceeds all hydraulic constraints, including minimum node pressures and
velocity limits. This integrated approach provides a reliable blueprint for
designing small to mid-sized distribution networks in water-scarce regions.
Future research should explore hybrid optimization strategies that combine
SQP with heuristic or metaheuristic algorithms, develop multi-objective
formulations (e.g., minimizing cost, energy use, and water age), and
implement robust optimization techniques to address uncertainties in
demand projections and network parameters.
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Figure 1. Schematic view of the water distribution network in the study area and its elevation status.
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Table 1. Specifications of hydraulic nodes of the water distribution network in this study.

o S oyl () gl (Gl canSa 20) G oo
Node Number Elevation (m) Consumption (m?/hour)
R-1 1,565.00 Reservoir ¢ ;5.
J-1 1,485.00 8.78
J-2 1,485.00 551
J-3 1,490.00 6.41
J-4 1,497.89 7.94
J-5 1,500.62 5.13
J-6 1,506.00 3.93
J-7 1,510.23 1.83
J-8 1,509.58 1.27
J-9 1,492.30 3.35
J-10 1,486.00 2.55
J-11 1,516.00 4.34
J-12 1,515.45 2.28
J-13 1,519.19 2.70
J-14 1,520.17 1.06
J-15 1,507.02 1.71
J-16 1,497.00 11.11
J-17 1,493.00 16.65
J-18 1,513.00 17.67
J-19 1,505.00 9.84
J-20 1,521.80 8.04
J-21 1,499.00 14.35
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Table 2. Specifications of pipes of the water distribution network in this study.

dgeoles garieS okbes () sk
Pipe Number Start Node End Node Length (m)

P-1 J-2 J-1 73

p-2 J-3 J-2 138

P-3 J-4 J-3 164

P-4 J-5 J-4 323

P-5 J-6 J-5 625

P-6 J-6 J-7 506

P-7 J-7 J-8 413

P-8 J-9 J-8 448

P-9 J-10 J-9 357

P-10 J-4 J-8 680

P-11 J-10 J-3 1156

P-12 J-2 J-16 1992

P-13 J-6 J-11 518

P-14 J-9 J-14 470

P-15 J-11 J-12 519

P-16 J-13 J-12 637

pP-17 J-14 J-13 408

P-18 J-14 J-15 425

P-19 J-15 J-16 324

P-20 J-13 J-19 435

P-21 J-14 J-20 364

p-22 J-21 J-16 279

P-23 J-18 J-17 715

P-24 J-18 J-19 584

P-25 J-19 J-20 358

P-26 J-20 J-21 789

p-27 J-20 R-1 189
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Figure 2. SQP-WDN Algorithm for Water Distribution System Design Optimization.
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Table 3. Specifications of available pipes for use in the two-loop network.

(@) ks (o sheo) Las (o /5N5) Al cand
Diameter (Inch) Diameter (Millimeter) Unit Price (USD/Meter)
1 254 2
2 50.8 5
4 101.6 11
6 152.4 16
10 254 32
14 355.6 60
16 406.4 90
18 457.2 130

Sope 4 Aulp ol 88 5 Ll s
wlol Sl 5 Cgllae sl @ Slaws Uy 6,50
05 e SVlEe glaenls L (giluans J.pl;—
Skl Gl o Sl sdalcse b 5 4

om0l awslie ool (0 Jsdx) Ln S anslis

0

SQP-WDN 2, I 51 (515 b casllan ool 3
S el ol oLl s o (gladl 5 4SS
MATLAB Lo 55 a0l sla )l oleag
Miles a (bdd bkl sldag ol
5 Gl e 5 S sl WaterGEMS

okldg .]a;wlfir u—l\C"‘;’.MéﬁjﬁjJﬁA Jjﬁ.a&



VYE+& & b)lows XY 8,93 ‘Jl&, ui cblos dl’bU@Sr’

RPN CON PRI P VI B S U S PR S
(ol Bl LS e e 4SS Gl ) Glang
5 S sl ape 035 Jlus Ol sl sl
bl e cod ol (St 5 Shee s

sl ua.>=.:..ﬁ dj‘bﬁn]@.f

53 el sll (S des Jde Oladsl bl 5 3
Sk bk, sl s> WaterGEMS

Cenlodd a i

b mis S gsleane Sl Job m
BE) LY ¢SQP_WDN &)}g\ )‘ oaleiul L 4.:..\]&)

SQP-WDN (2,581 31 b 51 (glail 53 45 4 gy o ulis =6 J g
Table 4. Results related to the two-loop network obtained through the SQP-WDN algorithm.

KRR (o o) ) jhas (o) g Jsb OYs) Cad S o (O o) sl
. Pipe Diameter Pipe Length Price Pressure
Pipe Number (Millimeter) (Meter) (Usp)  NodeNumber oo Water)
1 457.2 1000 130,000 1 e
Tank
2 152.4 1000 16,000 2 59.91
3 406.4 1000 90,000 3 49.14
4 152.4 1000 16,000 4 54.81
5 406.4 1000 90,000 5 58.99
6 355.6 1000 60,000 6 44.77
7 152.4 1000 16,000 7 49.75
8 25.4 1000 2,000 - -
sle s 420,000 A e
Total Cost Approved

.6‘4&?}3 AS.«f» 6‘,_» M Sl lae b SQP'WDN @\b MLE.« -0 d}.\?
Table 5. Comparison of SQP-WDN results with previous studies for the two-loop network.

Sldlas
Studies

O¥3) ol wupe
Final Price (USD)

(Alperovits & Shamir, 1977)
(Savic & Walters, 1997)
(Geem, 2006)

(van Dijk et al., 2008)
(Sangroula et al., 2022)

This work

479,525
420,000
419,000
419,000
419,000
420,000
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Table 6. Optimization results of pipe diameters of the water distribution network in this study.

ot Guagbe) ) s O e N3 Godddb L (o ) s
Pipe Pipe Diameter (b Pipe Length Ju) - Pressure
Number (mm) Commercial Pipe (m) Cost (RIAL) Node (m water)
Diameter (mm)
P-1 75 75 73 47,085,000 J-1 65.73
p-2 79.49 90 138 127,029,000 J-2 66.14
P-3 95.68 110 164 223,368,000 J-3 62.59
P-4 75 75 323 208,335,000 J-4 56.09
P-5 75 75 625 403,125,000 J-5 52.69
P-6 75 75 506 326,370,000 J-6 45.8
P-7 75 75 413 266,385,000 J-7 44.6
P-8 142.49 140 448 982,912,000 J-8 48.73
P-9 101.4 110 357 486,234,000 J-9 68.39
P-10 122.2 125 680 1,191,360,000 J-10 71.87
P-11 95.68 110 1156 1,574,472,000 J-11 30.89
P-12 79.49 90 1992 1,833,636,000 J-12 37.11
P-13 75 75 518 334,110,000 J-13 39.71
P-14 179.49 180 470 1,705,630,000 J-14 42.44
P-15 76.95 90 519 477,739,500 J-15 52.51
P-16 83.23 90 637 586,358,500 J-16 60.1
P-17 90.11 90 408 375,564,000 J-17 58.57
P-18 109.48 110 425 578,850,000 J-18 45.45
P-19 105.97 110 324 441,288,000 J-19 57.13
P-20 90.11 90 435 400,417,500 J-20 41.92
pP-21 229.44 250 364 2,536,352,000 J-21 60.15
p-22 105.97 125 279 488,808,000
P-23 85.79 90 715 658,157,500
P-24 123.17 125 584 1,023,168,000
P-25 166.25 180 358 1,299,182,000
P-26 132.57 140 789 1,731,066,000
p-27 250 250 189 1,316,952,000
sl G 21,623,954,000 e
Total Cost Approved
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Figure 4. Optimal output of diameter and flow velocity in the pipes of the Zafaraniyeh water distribution network.

b By, ol el o3 S oslal (1Y) S &5 0ks
Lajls o dea anly gogos slaesls 3o
s s el ladte pslde Slasisse
3 Sop slagsledbe 53 Cussdos ol daes
bodb o p0les 5 S Sl mlbis oy
S s sy ol andlas 53 1 SllsSe oyl
-p—l-"-’

by 25550 SQP 025 8 aglis 5 Jubos
Labss n el S 51 S (SQP) Jigme o33 a5
ol el o e Gltg Bl I )
SE s e Ko s S
S8 psle 5 wdige e Glaej s 55 age
S5 a4 58U slawss 53 SQP (s gl 2 )l
03 laoly J S Sleang ke Sl ol a,
o Ol Conde (10) (SHmSasda Ol
COz i Js (0N 55 glaasd 5o Ol
Jobw lag o 53 Hsmed e o i S ((VY)
(18) 0Ty S L3k 5 (VA) o pee

vy

Sean ol g ety Sldlae b 4o Y
5,8 igilwdas s WaterGEMS s 4,8
L oaileey & oledas 5> WaterGEMS
£ ) s latasn oo alie glas S,
5> Vb sl 18l 5 nl sl Sl gsen (8)
Sl w8 Sl LISl 5 melr siloans
Ol Oludige o WaterGEMS  aas o &l
5hecilzes gla gl Cos 1 aKE 3 Shes das
3 LB janess @Sl Sl b dex
FY XY S bl J S sboldl giledae
5o ol Liasn i Olallas A5l YV 5 Y
5 oG8 olwans s WaterGEMS cis
S Ll b)) Sssde oSas pluls
O 5 S e AST (Cnlls 0L e b
WaterGEMS 346 55 jass opl pla dad
S B TS WO TRBCISPN VT
JL des e Ol 5K, ol .ol MATLAB
b s ady S sleand o sla s
st 0l (agpa Jlal) jasle Cua b oag



VYE+& & b)lows XY 8,93 ‘Jl&, ui cblos dl’bU@Sr’

ki > L SQP 5 Sy o lie 53 sl ansls
S L
s )8l Cal Ses Lo s e 451
3 A Sl Ol (3, a3l Ol
Sileang sbea Sy, LIS wwuls o) sl
g5 s (Slee bas 53 ~1b) Gua Ll
- o8 el s (Ly blis 5o b)) s
e e OLiS

SbaaSl sline glaair 4 50 b sy Hlo
(YA) OBt 5 (Jlie Ol sy Llals y O s
PAT) (5 Ol 4 oy Sl (S3ltngs o
OIS rass oopes il 5550 2Lk sl
Lol ks b S e LOSG  (7)
Ll st s gpdedalie Cllb S
bl Llazils  Sslize Glaal Oldlae ) a3
Soletr (Sl s3> Ss) Coeal (Ko
ol P slaass s Shae 5 LIS sl sl
S o ST (ST oo By 113
(ST G ol bslgain 5 Logs siouw Y
ool oY Gy onl csllae @l s b
wle SQP 1z, Sl oS oL Ol slacys sdms
| Kes s wig 4 O mallsl S sla 2y, s
S Sl ol 55w ol 4z S1 L sd e
Loodamn Plaw oo bl el poucols, ey
o BL Glp el Olseal (g i gl
sl elal b sl s (6l e
g e €l ST gla iasn gl

"ol slas K55 L SQP oS S 5
by Sl Gdee g S 5 cpl Bs 2550 )
Sl Gt Sl 5 SQP ol Sas o e

5- Pump As Turbine
6- Metaheuristic Approaches

ve

e, S Loalie s SQP ), S
L ) GA) K35 eSS il oSl
=L (Y4 5 Y8) PSOT) s alosl (s 3luainge
bady) k3 leae Gy b @5 Slabe
Coje ol Ll 5eS slajine b Bl 5o o55a
Pl 0le) 558 kit Sy e 3 SQP Lol
w0k bl ol ol wig Gl s 5 LIS
slSer 5 sne n S L e A oS
L blussdee Soley s VL E3s 5 Sl
St $ln S Glann ) Sl o ses
23 Gl Glaagy 8L 5 ool 03 28 (glad
((18) 5 (Y8) dolen) wdakir b S5 Jlew Bl
coale s SQP = opl b oadzes Sl
Lo los digy G S w03 0Ll S
Sl 1 SQP « Sy opl s e 1 Kea YL s
2L Chs kel s b leag Bles
B e e 5 ST odes 558 ol
S g J 5 s
Sromaly Kb Sons o,y b alie
Gy () hug o (SCPY) g iiy
okasOlis (ld &byl 8l Olay s HLEE i
ol oo SQP )y K el S sl
(Ll b o) (Ab bty anllas
Silwaee 2 el s S g sl S
DAl Jisy ol S ez (Glid oo pde) Slles
ol LS e eslizal edd bt e NLP
wal30S Sl 5 iy Olos sl S Sl s
Losyls VU Shabe o o 5 el onilin Lo
Gl S 5 sl g5 O (gla ool copl 55
B i Ll SSL Ol b oagrle

1- Genetic Algorithm

2- Particle Swarm Optimization

3- Sequential Covering Programming
4- Dai



OIS o a1y 9 (5 ol (Goken | e O @295 S (A1b (6 jluvdinge

oS sls Ol adllas cpl b Cons pwdige 3 Shas
Fls |= 53 5 Ulg s 4 SQP Hi))in
Ml SC VL S35 5 e ol San b e a5t 2
iy st b siladng sl A3,
(Sl 6“&),@‘ 3ok b anslis >l
03‘9.! b\) b 3_5::9 )U‘ilﬂj ('.:E.LM g"‘lj’.’.‘)‘ﬁ g_,J«JA SQP
L ~lb Bls sln 1 65V Sl 56
Golwar )L s o &l jasie gl ate slde
cemls S MATLAB 5 WaterGEMS
SIS il 5 Solwand Job sl LelylS
2@ sl B S syl el S
b Gl B3 s s By S Ll s e
GiletaS 5 At L O iy beld wp
Shoeslaal Lo Sdosda > Se L 5 ausa
ol ol u] kg e sl gla Sl

3 FSow ok b Sl gl U
Sk i 5o 5 00,8 (Flb 5eS slaaysa
3sms b dS e |y O el Oluabl Gl
S sl 4 ol o3V (R cpl slas sl
25 o)Ll los a8l 52 SQP oz, SISl
B3 Sess o 2pde sl (ST sl tasy sl
(o8l 5 glaen ;5800 L SQP oS 5) (b s
or 3 Sl i e skl
Loagse oS5 Ll ek Gluane fles
258 5 aallas sy (35 L Oluabl Ll
53 Samkad pde plosl w3 sk (meres
Sl S el 1) ot 5 LoE (sla el
SOl Jaalr giludde 5 ((Bolad L 1yl
alS gla i oy k) K Sabus
5osele B3 Mg b T s (Ol

Aas bl ey ol (65,8

Yo

Sla ol L1 (gl ddadr (3luang axdlae
Dbl ekl a5l Slaal o S cal 3 ¢ el
A wuze esdle (ol CudS L3 ol
s g S

5 ool G s ol pe At SOR
Seslinad b gsleting =B 1 505 la bl
T lar il byl sl o

Lle) i by ol Sl xS
il T3 53 (Lo J 28 sl s 5 lagas

(N3 g0t Silting B o 6 5 b

8 5 o

S b Goleang Gaa L sy o

Sk s wilies Sed O &35
Giledde Jols oS sls €yl 1 oS 5wl by,
s WaterGEMS SRl s Gl (SJssdee
oty oS S eslinal b Sl (53lutigs
Gas 35 MATLAB Lo 55 s 055 e
LSl 8l aupe (lowas (ol
ol ol e (St 3 Sas e
2o S ol )3 5be 0L e 5 5LES Bl
Jusl 5l ol mls .l w3 Wy bt
565 sy opl &S sls 0L SQP-WDN (,;wij\
358 S B o L) bl we e s
ol S e goladl 5 (Sssds ek
slajkd 5 Slobw ag gl ki Ole dks
oS e gn g5l al O3k 53 s e ol
A sl RS s s obEl s
Obles (S ssdes Slaebl il Li> ¢l 2 555
olgi iy S uS o ATl ol sl

5 eolall B, e Dl S ow adly

1- Robust Optimization
2- Stochastic Optimization



VYE+& & b)w XY 8,93 ct.ﬂ&s ui cblos dl’bU@Sr’

WaterGEMS (slalases )5 g3luans 5 gldie @
MATLAB ;

sl @ e 5 (SIsde Jde oo lael @
dlas gile ole s Lol e

O S a4l

Sleds| ngjcu,- slaesls 4 oz @

5 A Sas el giluesll gl .
O Olasiin

OEYT) 2ok 38l s T G e €l iy @
ﬂb}dl&o\&' 4‘-;..~J.'J: L;Lau:))b

SQP 2 sS  (silsigy Sllons ploil @
w5 St zmU PAHETRRCICHICRS

(@l 5 b hss 530 i) el s i

S Jgo!
el 5s (B Jpol cule ), OB 5 aan

.J}‘ab\} )‘).5 jja_:.,\,a b ULA}}.: )L.:.;Jl

S Colos
Sl Cole= 05
1.Shamshirgaran, R., Malakooti, R., &

Akbarpour, A. (2024). A review of
technologies ~ for  purification  of
groundwater including heavy metals
based on nanotechnology. Journal of
Aquifer and Qanat, 4(2), 1-34. [In Persian]

2.Tosan, M., Khashei-Siuki, A., Maroosi,
A., & Gharib, M. R. (2024). A review of
smart water management for sustainable
agriculture based on the internet of things.
Water Management in  Agriculture,
11(1), 145-166. [In Persian]

3.Yu, X, Wu, Y., Meng, F., Zhou, X,
Liu, S., Huang, Y., & Wu, X. (2024).

\a

Oledbl o Ladly

5 AS Peal 5 ol b by e Sl

GOl Sl sl pies Sl (galgdny 8 ik
Sl s b b Bl g Caled B b
Lor e Camer A Loanslie 5 cle
53 b (S5 0o g psles 4 a5 L slodd il
e Ay A g L8 Corer b Sl
5 oty S alos 08 a1 5L s 5
TS O g N B T g

S dy D VEVY 5B s 4l e

&l 2,3
w\}))\v\; )j}j &ﬁbﬁ )Lm“ duﬁ w\ )J

.w\olf.k;ﬁ)jm.lﬁ;lj .:)y«_SSL..A

OB s g &S )L
Sl S
G IS el s GRS b e
Sl 5 oledde e olta 5 e s @

A review of graph and complex network
theory in water distribution networks:
Mathematical foundation, application and
prospects. Water Research, 253, 121238.

4.Taiwo, R., Yussif, A. M., & Zayed, T.
(2025). Making waves: Generative
artificial intelligence in water distribution
networks: Opportunities and challenges.
Water Research X, 28, 100316.

5.Baazm, Z., Naseri, M., Akbarpour, A., &
Zahiri, S. H. (2019). Minimization of
Pumping Costs of Unconfined Aquifer
under Simulation-Optimization Model
Using the Inclined Planes system



OIS o a1y 9 (5 ol (Goken | e O @295 S (A1b (6 jluvdinge

Optimization Algorithm. Iranian Journal
of Irrigation & Drainage, 13(4), 1087-110.
[In Persian]
6.Tosan, M., Shamshirgaran, R., & Falaki,
M. (2025). A Review of Participatory
Management's Role in  Reducing
Vulnerability and Enhancing Resilience
to Climate Change and Drought (2006-
2024). Journal of Drought and Climate
change Research. [In Persian]
7.Tosan, M., Nourani, V., Kisi, O, &
Dastourani, M. (2025). Evolution of
ensemble machine learning approaches in
water resources management: a review.
Earth Science Informatics, 18(2), 416.
8.Cross, H. (1936). Analysis of flow in
networks of conduits or conductors.
University of Illinois. Engineering
Experiment Station. Bulletin; no. 286.
9.Wang, Y., Zhang, Y., Wang, W., Liu, Z.,
Yu, X., Li, H., Wang, W., & Hu, X.
(2023). A review of optimal design for
large-scale micro-irrigation pipe network
systems. Agronomy, 13(12), 2966.
10.Dogan, B. S., & Sag, T. (2021). Solution
of Water Distribution  Networks
Design with Evolutionary Optimization
Techniques. Avrupa Bilim ve Teknoloji
Derqgisi. 28, 638-642.
11.Pant, M., & Snasel, V. (2021). Design
optimization of water distribution
networks through a novel differential
evolution. leee Access, 9, 16133-16151.
12.Kim, D. H., & Jang, D. W. (2024).
Optimization of Water Distribution
Network Demand Patterns Using Real-
Coded Genetic Algorithms. Water,
16(20), 2971.
13.Jandaghi, H., Haghgoo, A., & Tavakoli
Moghadam, M. (2024). Optimization of
water  distribution  networks  using
simulated annealing (SA) with variable
neighbourhood search (VNS): a case study
in the city of Malard. Water Practice &
Technology, 19(12), 4958-4986.
14.Batmaz, V., & Ugur, I. B. (2025).
Circulatory system-based optimization
algorithm with dynamic penalty function
for optimum design of large-scale water
distribution  networks.  Engineering
Optimization, 57(2), 427-458.

\A4

15.Nguyen, Q., Onur, M., & Alpak, F. O.
(2023). Nonlinearly constrained life-
cycle production optimization using
sequential ~ quadratic ~ programming
(SQP)  with  stochastic  simplex
approximated gradients (StoSAG). SPE
Reservoir Simulation Conference.

16.Hasan, M. S., Chowdhury, M. M. U. T,
& Kamalasadan, S. (2024). Sequential
quadratic programming (SQP) based
optimal power flow methodologies for
electric distribution system with high
penetration of DERs. IEEE Transactions
on Industry Applications.

17.Zhang, Y., Takyi, S. A., Xin, Y., Sheng,
Z., Si, M., & Tontiwachwuthikuld, P.
(2025). A novel economy analysis for
advancing CO, capture efficiency of
post combustion using sequential
guadratic programming (SQP) optimization
methodology. Energy, 315, 134287.

18.Lin, X., Wang, Z., Zeng, S., Huang, W.,
& Li, X. (2021). Real-time optimization
strategy by using sequence quadratic
programming with multivariate nonlinear
regression for a fuel cell electric vehicle.
International Journal of Hydrogen
Energy, 46(24), 13240-13251.

19. Alamdari, M. S., Fatemi, M., & Ghaffari,
A. (2023). A modified sequential
quadratic programming method for
sparse signal recovery problems. Signal
Processing, 207, 108955.

20.Shoaib, M., Kainat, S., Raja, M. A. Z.,

& Nisar, K. S. (2022). Design of
artificial neural networks optimized
through  genetic  algorithms  and

sequential quadratic programming for
tuberculosis model. Waves in random
and complex media, 1-24.

21.Nourani, V., Tosan, M., Huang, J. J.,
Gebremichael, M., Kantoush, S. A., &
Dastourani, M. (2025). Advances in
multi-source data fusion for
precipitation estimation: remote sensing
and machine learning perspectives.
Earth-Science Reviews, 270, 105253.

22.Tosan, M., Gharib, M. R., Attar, N. F.,
& Maroosi, A. (2025). Enhancing
Evapotranspiration Estimation: A



VYE+& & b)w XY 8,93 “5&'9 ui cblos dl’bU@Sr’

Bibliometric and Systematic Review of
Hybrid Neural Networks in Water
Resource Management.  Computer
Modeling in Engineering & Sciences
(CMES), 142(2).

23.Dai, P. D. (2023). A real time optimization
based sequential convex program for
pressure  management in  water
distribution systems. Water Resources
Management, 37(12), 4751-4768.

24.Zarei, N., Azari, A., & Heidari, M. M.
(2022). Multi-objective optimization of
urban water distribution networks using
PESA-II and SPEA-II metaheuristic
algorithms.  Irrigation and  Water
Engineering, 12(4), 65-83. [In Persian]

25.Kotwal, M., Pati, S., & Patil, J. (2024).
Review on Al and IOT based integrated
smart water management and distribution
system. Educ. Adm. Theory Pract,
30(4), 594-605.

26.Caballero, J. A., & Ravagnani, M. A.
(2019). Water distribution networks
optimization considering unknown flow
directions and  pipe  diameters.
Computers & Chemical Engineering,
127, 41-48.

27.Taheri, N., & Pishvaee, M. S. (2024). A
regret-based robust optimization model
for municipal water distribution network
redesign  under  disruption  risks.
Computers & Chemical Engineering,
185, 108676. [In Persian]

28.Mitrovic, D., Morillo, J. G., Rodriguez
Diaz, J. A.,, & Mc Nabola, A. (2021).
Optimization-based methodology for
selection of pump-as-turbine in water
distribution  networks:  Effects of
different  objectives and machine
operation limits on best efficiency point.
Journal of Water Resources Planning
and Management, 147(5), 04021019.

29.Dini, M., Hemmati, M., & Hashemi, S.
(2022). Optimal operational scheduling
of pumps to improve the performance of
water distribution networks. Water
Resources Management, 1-16. [In Persian]

30.Taha, A. F., Wang, S., Guo, Y.
Summers, T. H., Gatsis, N., Giacomoni,
M. H., & Abokifa, A. A. (2021).

YA

Revisiting the water quality sensor
placement problem: Optimizing network
observability and state estimation metrics.
Journal of Water Resources Planning
and Management, 147(7), 04021040.

31.Brahmamiah, B., Surendra, K., & Vani,
P. (2024). A comprehensive analysis of
the water distribution network by using
waterGEMS software. 10P Conference
Series: Earth and Environmental
Science.

32.Awad, R., Wittmanova, R., Stanko, S.,
Barlokova, D., & Hrudka, J. (2025).
Modeling and simulation of a water
distribution network using watergems.
Pollack Periodica, 20(1), 46-52.

33.Navin, U., & Dohare, D. (2022). A
Critical Review on Design and Analysis
of Water Distribution Network Using
WaterGEMS and EPANET Softwares.
SAMRIDDHI: A Journal of Physical
Sciences, Engineering and Technology,
14(03), 381-385.

34.Adhav, N., Zerikunthe, V., Sasane, A.,
& Deshmukh, A. (2022). Analysis and
redesign of 24/7 water distribution
network using water GEMS software.
Int J Res Appl Sci Eng Technol
(IJRASET). ISSN, 2321-9653.

35.KS, B, AA, C, SG, L., CVSR, P, &
HM, A. (2024). Water distribution
network  leakage analysis  using
watergems: a case study from
westmooring, trinidad and tobago.
Larhyss Journal (59).

36.Beker, B. A., & Kansal, M. L. (2021).
Use of WaterGEMS for hydraulic
performance assessment of water
distribution network: a case study of
Dire Dawa City, Ethiopia. Advances in
Energy and Environment:  Select
Proceedings of TRACE 2020.

37.Mohseni, U., Pathan, A. I., Agnihotri, P.
G., Patidar, N., Zareer, S. A., Saran, V.,
& Rana, V. (2022). Design and analysis
of water distribution network using
WaterGEMS-A case study of Narangi
Village. Intelligent Computing &
Optimization: Proceedings of the 4th
International Conference on Intelligent



OIS o a1y 9 (5 ol (Goken | e O @295 S (A1b (6 jluvdinge

Computing and Optimization 2021
(1C02021) 3.

38.Desai, S., & Rajapara, G. (2021).
Leakage  optimization of  water

distribution network using artificial
intelligence. In Advanced Modelling and
Innovations in  Water  Resources
Engineering: Select Proceedings of
AMIWRE 2021 (pp. 265-284). Springer.
39.Awe, O., Okolie, S., & Fayomi, O.
(2019). Review of water distribution
systems modelling and performance
analysis softwares. Journal of physics:
conference series.
40.Sutharsan, M. (2023). Optimizing the
water  distribution network  of
community water supply using different
computer simulation techniques. Journal
of Science of the University of Kelaniya.
41.Ebrahimi, M., & Mohammadi, M.
(2021). Numerical  simulation  of
guantitative and qualitative parameters
in water supply networks by
WaterGEMS. Iranian Water Researches
Journal, 15(1), 45-53. [In Persian]
42.Bazaraa, M. S., Sherali, H. D., & Shetty,
C. M. (2006). Nonlinear programming:

\AS

theory and algorithms: John wiley &
sons.

43.Tosan, M., Shamshirgaran, R., &
Dastourani, M. (2025). Application of
the Combination of Remote Sensing and

Machine Learning Approaches in
Predicting Hydrological Parameters:
A Bibliometric  Analysis. Iranian

Journal of Soil and Water Research,
56(3), 825-850. [In Persian]

44.Song, X., Wang, J.,, Wang, J,
Sun, L., Feng, Y., & Li, Z (2023).
Sequential quadratic programming-based
non-cooperative target distributed hybrid
processing optimization method.
Journal of Systems Engineering and
Electronics, 34(1), 129-140.

45.Ferrarese, G., Medoukali, D., Mirauda,
D., & Malavasi, S. (2024). Review of
Metaheuristic Methodologies for Leakage
Reduction and Energy Saving in Water
Distribution Networks. Water Resources
Management, 38(11), 3973-4001.

46.Alperovits, E., & Shamir, U. (1977).
Design of optimal water distribution
systems. Water resources research,
13(6), 885-900.






