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Figure 1. Plan view of the main and sub-main pipelines of Ismail Abad irrigation network (13).
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Table 1. Characteristics of main and sub-main pipelines of Ismail Abad irrigation network in existing condition.

el 535 el o3 o 49 s 4
End elevation Start elevation Discharge Pipe Length Pipe
(m) (m) (Lfs) (m)
1842.08 1791 856.56 1116 PP,
1838.71 1842.08 52.9 955 PPy
1856.52 1842.08 128.94 1100 P,P;
1847.05 1842.08 244.92 200 PAs
1846.32 1847.05 190.34 201 AsPy
1841.18 1846.32 128.94 390 P,Ps
1811.32 1841.18 58.33 806 PsP
1810.94 1811.32 21.49 575 P¢P;
1847.57 1842.08 429.8 1430 PP,
1821.48 1847.57 98.24 670 P,Py
1814.43 1821/48 33.77 840 PyPyg
1826.47 1847.57 119.73 720 P,P5
1847.95 1826.47 49.12 660 P3Py
1847.57 1847.57 46.05 110 P,A;
1853.21 1847.57 165.8 550 PPy,
1861.89 1853.21 132 700 PPy
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Table 2. Physical characteristics and cost of used pipes in present study (13).

Lad J Jsb a1y au; . S ERPY DI VEY .
Price pejjunil:lengih (;;';ipes T < Cf. Interi: difr:leter Ext;rfl-;l di;:eter .
($/m) ype of pipe (mm) (mm) Row
5.895 PE80 93.8 110 1
7.895 PE80 106.6 125 2
9.495 PE80 1194 140 3
12.375 PE80 136.4 160 4
15.705 PE80 1534 180 5
19.305 PE80 170.6 200 6
24.525 PE80 191.8 225 7
30.15 PE80 2132 250 8
37.8 PE80 238.8 280 9
47.7 PE80 268.6 315 10
60.525 PE80 302.8 355 11
76.725 PE80 341.2 400 12
97.2 PE80 383.8 450 13
108.82 PE80 426.4 500 14
111.323 GRP 600 600 15
137.997 GRP 700 700 16
170.633 GRP 800 800 17
204.289 GRP 900 900 18
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Table 3. Applied parameters in genetic algorithm model.

Sldae b
Value Parameter
Number of decision variable
3 [BP%)
100 e
Number of chromosomes
3 SG sl
150 I
Number of iteration
L Jle|
0.05 o
Mutation probability
1500 R
Penalty coefficient
S sl 2.5 ~
Number of iteraton 3
0 25 50 75 100 125 150 W
g o T T T T T ] 1.5 -
3 Ed
L 11
313 ; 0.5
Jb -i -
5X '8 _4 o T T T T T 1
LI 0 25 50 75 100 125 150
;; 5 DS sl
3 Number of iteration
SIS e s Bda Al Ol ks Y S S CERES RPIEIITD SIRUA P B I Lo
Figure 3. Variation of value of objective function Vs. Figure 2. Variation of x; against number of
number of iteration. iteration.
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Figure 4. Two pipe branch network.
Lad g lasuin —¢ J g
Table 4. Pipe lines characteristics.
Oph o o (it/s) > (m) J4 Jsb 4
Hazen coefficient Discharge (lit/s) Pipe length (m) Pipe name

Ay

130 510 700 s
Pipel
Y dy

130 230 700
Pipe2

S5k 3 3 gzmen gladly S 4 by p SO0 Jyr
Table 5. Information of available pipe lines diameter.
GY3) ) e Sy sl ) e m () 45 s
Cost per unit length ($) Pipe Diameter (in)
58 20
64 24

3) 40 —hf, —hf, <60

g(3)=-20—(0.52399xx;*"")

-4.8
—(0.06031xx2 7) L ooplple il ol sgdoes 2o W B Y o LiS

Ls g b g 55 5lis slacussdos 4 ax g
4) 40—hf —hf, >20

gB®) b g(5) 558 s Slalussdon 4 ax g
g(4) =-20+(0.52399 xx,**")

(Vo) e
+(0.06031xx,")
1) 40—hf, <60
1) = -20—(0.52399 x x;**’ v
5) 0'3SVi=4X§iZS3, =12 (o g ( XX, )
XD,
g9=2223  g6)=-2223 2) 40—hf, >20 -
I . 2(2) =—20+(0.52399x x;*"7)
0.2929 0.2929
gN=="5"-3 | g®)=-—"73"+3
X, X

2

1
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Table 6. Parameters of the genetic algorithm.

M Ak
Value Parameter
Number of decision variable
5 0 r) 509 JS Sl
Number of chromosomes
S slass
500 2
Number of iteration
S Jla|
0.05 o
mutation probability
1 D

Penalty coefficient

S5 0 S 31 03litl b (gl LS 48 oddangy (slald -V Jpu

Table 7. Optimized diameters by using genetic algorithm.

QY:)L}SAQF (J:.»);_)TM (@l))a.‘é
Total Cost ($) H (m) Dyt (in)
\ 4
_ o )
Pipe,
Y4
85400 - 20 /
Pipe,
40 - e
Reservoir
21 - 35 -
ﬁ2|:|.3 E E 30 L
2206 - = 25
3 S204 A = 0
= < 5 1s -
S 5202 A - B
E g 10
A 201 A s
19.8 . . . . . o i i ] ] X
0 100 200 300 400 500 0 100 200 300 400 500
JlJS.‘ FIE S slas
Number of iteration Number of iteration
S sl Blae 5 Y d g el O pis 1 SSS S sl lae 53 ) Ay S Ol i -0 SKS

Figure 6. Diameter of Pipe2 Vs. number of iteration.  Figure 5. Diameter of Pipel Vs. number of iteration.
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Figure 7. Variation of total cost Vs. number of iteration.
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Table 8. Final values of applied parameters in genetic algorithm model.

M bl
Value Parameter
la xte sl
1 6 B el S
Number of decision variable
) | xS
160 £ 2
Number of chromosomes
)G sl
2000 2
Number of iteration
S Jla|
0.05 o
Mutation probability
1 CbLL Jlez|
Cross- over probability
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Figure 9. Variation of diameter of pipe P1P2 versus

number of iteration.
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Figure 11. Variation of system cost versus Number

of iteration.
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Table 9. Information of pipe lines of Ismail Abad network in the existing and optimized conditions.

S S5 Saode ol 8 BN B A el i A sl L
s =2 (L‘:

L3l s Il s =l e olidings oLl |
(b 5 ) (&6 &) adyd
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Outlet Inlet End Inlet Optimized Applied
hydraulic hydraulic CessUre ressure Velocity Internal internal Discharge Pipe
level level p (m;l p (m;l (m/s) diameter diameter (litr/s) name

(m) (m) (mm) (mm)

1927.61 1930.8 85.53 139.08 1.705 800.0 900.0 856.56 PP,
1910.81 1927.61 72.14 85.53 1.832 191.8 213.2 52.9 PP
1916.70 1927.61 60.18 85.53 1.791 302.8 302.8 128.94 P\Ps
1926.38 1927.61 79.33 85.53 1.716 426.4 500 244.92 PiAs
1925.10 1926.38 78.78 79.33 1.646 383.8 500 190.34 AsPy
1921.23 1925.1 80.05 78.78 1.791 302.8 341.2 128.94 P4Ps
1904.11 1921.23 92.79 80.05 2.020 191.8 213.2 58.33 PsPs
1885.01 1904.11 74.07 92.72 1.920 1194 136.4 21.49 PP,
1924.00 1927.61 76.43 85.53 1.521 600.0 700.0 429.8 PP,
1916.79 1924.00 95.31 76.43 1.735 268.6 268.6 98.24 P,Py
1897.62 1916.79 83.19 95.31 1.828 1534 170.6 33.77 PyPyo
1917.77 1924.00 91.30 76.43 1.663 302.8 341.2 119.73 P,Py3
1914.28 1917.77 7591 66.31 1.097 238.8 2132 49.12 Pi5Py4
1923.48 1924.00 75914 76.43 1.029 238.8 136.4 46.05 P,A;
1919.14 1924.00 65.93 76.43 1.814 341.2 341.2 165.8 P,Py,
1911.89 1919.14 50.00 65.93 1.834 302.8 268.6 132.0 PiiPi2
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Table 10. Comparison of total costs of pipe line system between genetic algorithm and experimental methods.
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Abstract

Background and Objectives: Nowadays, human societies spend a lot of money to maximize
profits and minimize their costs. The issue of selecting the best arrangement for the pipe
diameters and the optimal pumping head of pressurized irrigating network so that minimize total
cost while meeting all restriction of network, has received considerable attention by the
engineers during past years and is an important issue of hydraulic research. To date, many
researches have been done in the field of optimization of pressurized irrigation system to reduce
the cost of this infrastructure. In this research optimization of pressurized irrigation system is
often done by using available commercial codes or toolbox's of conventional evolutionary
algorithms integrated with hydraulic models. In this research, a Visual Basic language
optimization code has been developed based on genetic search for integer numbers, in which the
optimal design of pressurized irrigation systems with branching layout is done by taking into
account the velocity and pressure constrains.

Materials and Methods: In developed code that is based on genetic algorithm optimization
method an integer numeric is assigned to each available diameter. Then, to determine the
optimal diameter of network pipes, by applying the cross-over, mutation and reinsertion with
elitism approach on set of chromosomes an integer numeric for each pipe is selected. The output
of the model contains the optimal diameter and minimum cost of the irrigation network.
Calibration and verification of the model was accomplished by comparing the model result with
analytical solutions of several nonlinear problems included different constrains. Finally, we
have used of the proposed model for optimal design of Ismail Abad irrigation network in
Lorestan province.

Results: The results showed that in comparison with existing conditions, optimized design by
the present model could reduce cost of implementation of pipelines of Ismail Abad irrigation
network from 825935.28% to 730958.37$. In addition, in manual design, the pressure head at the
beginning of the system was 140 meters and in optimization mode was 13.08 meters, which is
approximately the same, in other words, the cost of the pumping station in both methods is
almost equal. Also, by comparing the network in existing conditions and the optimized network
using a genetic search of integers, there is a significant difference between the obtained
diameters. In such a way that of the 16 pipes in the network, there were 10 pipes with
decreasing in diameter and 3 pipes with increasing in diameter.

* Corresponding Author; Email: rsghobadian@gmail.com
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Conclusion: The present model has the ability to solve various optimizations linear and
nonlinear problems included different constraints and the results of the model are completely
equal to analytical solution results. The results were shown that the use of developed
optimization model could reduce 11.5% cost of implementation of Ismail Abad pipelines.

Keywords: Genetic algorithm, Integer numeric, Ismail Abad Lorestan, Optimization, Sprinkler
irrigation
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