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Figure 1- Location of the study area
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Table 2- Geometry characteristic of conveyance pipeline of Biston dam
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Figure 2- Pumping station and conveyance pipeline layout of Biston dam
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Table 3- Physical characteristics and cost of pipes that can be used in the design

(el Jsb oy e NRP (Mm) olsts s (M) g2yl s,
(Price per ur}g/I:]r)\gth of pipes) (Type of pipe) (Internal diameter) (External diameter)  (Row)

5.895 PE8SO 93.8 110 1
7.895 PE8SO 106.6 125 2
9.495 PE8SO 119.4 140 3
12.375 PE8SO 136.4 160 4
15.705 PE8SO 153.4 180 5
19.305 PE8SO 170.6 200 6
24.525 PE8SO 191.8 225 7
30.15 PE8SO 213.2 250 8

37.8 PE8O 238.8 280 9

47.7 PE8O 268.6 315 10
60.525 PE8O 302.8 355 11
76.725 PE8O 341.2 400 12

97.2 PE8SO 383.8 450 13
108.82 PE8O 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
233/91 STEAL 1000 1000 19
296/21 STEAL 1200 1200 20
358/21 STEAL 1400 1400 21
420/81 STEAL 1600 1600 22
483/11 STEAL 1800 1800 23
545/41 STEAL 2000 2000 24
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Figure 2-Flowchart of the calculation in the present study
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Table 4- Pipe characteristics
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Table 5 - Industrial pipe market Size by diametel
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Table 6- Genetic algorithm model parameters in the first case optimization
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Table 7- Optimized diameter of branch network using genetic algorithm
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Figure 6- Pumping station and conveyance pipeline layout (Valiantzas, 2003b)
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Table 8- Available diameter and cost of pipes that can be used in the design (Valiantzas, 2003b)
(o) dgf (1o ylas
(Internal Pipe Diameter(mm))
QY9 yie Susljl @ dlg) (g apo
(Cost per unit length($))

300.14 249.4 199.5 1495 124.6

11.48 9.84 8.20 6.56 4.92

coloas e F/F a8 Sl s g YO il Lao, 5 s
Ay Jome Sl 0Nl sla yiel )b i Cwloads bl

ol ol bl Ve Joax o 5l eolix 13, s g0l a8l gl 2 il )by

bl glayolyly -8 Jga
Table 9-Comercial Parameters
n. Cen Cru($/kw-hr) n(yr) e i Qt(hr)
0.75 0.6162 0.094 15 0.09 0.2 1000

92 3598 (53w dinke 53 Jbo Sj oi 59N S oyl Y+ Jo
Table 10- Genetic algorithm model parameters in the second case optimization

. — . . o . . 1 ko Slass
a2z o ps b Jlial g Jlio ST ol pigeg,S slus ol
. Number of IR
Penalty Crossover Mutation Number of Number of -
L L . . - decision Parameter
coefficient ~ probability probability iteration chromosomes .
variable
i
6.5x10° 1 0.03 250 100 4 .
Value

oals a5 (M) g (V) JS—il oaJd o> leslaiwl L jsSdn pinw a2l mls
)‘ )_,.AS L 09_»)‘;9 alax>Me a S M}i:l.o.m o o REPW P 4_:|)‘ (\\) LJ5‘>‘_> L )_»alD- Jd._o

el ol Gy dige @l JSS 00 a e gaYlw a e gag sle ;b4 o,

ol Jao ;1 ealiw L (Valiantzas, 2003b) aiuaw dinds >ob gl 1Y Jgua
Table 11- Genetic algorithm model parameters in the second case optimization

Lyl jLid Cs
(%) lol ,Lad . (%0 o) diner 5o gl oslos
(o) (4l yo y0) . . .
Inlet pressure(m) Optimal Diameter(mm) Pipe Number
End pressure(m) Velocity(m/s)

36.275 36.863 1.069 300.14 1
35.931 36.275 0.802 300.14 2

35.53 35.931 0.774 249.4 3

35.2 35.53 0.605 199.5 4
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Table 11- Comparison between result of different optimal design method for Valiantzas(2003b) system

OYo)a¥le J5 &y 5 (550) oot g lsyl L Sl Lo Sl

Total annual cost($) Inlet Pressure(m) Method of optimization
6419.89 36.86 ol Gy oSl Jae
6414.99 36.88 (Valiantzas, 2002) L=
6408.29 36.83 (Shahinejad, 2011) Llsw s g5, 4l
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Figure 9—- Pumping station layout

b s il e 5l alt s Sps L oS

n‘ ol 1«1 <

s ol ol W s> Ja o 95

a3l 5oy sl 4 a il g0 MC200(440) Jus

’..Q%B A LS(d_,A

3590 VS ARBFAINYY (gl SaJgl a e Jlado

=

290 8

adg) Jobo slaslad ;o ol oud awlxe dygy Had
)QOMA{—A&W}[—&éS“}—WﬁQL&OO‘)—A&A—E
abamxMo 45 455len .l ouls 4l (VYY) Jguo
S8 Lo odgazme ;o Ce s g 58 olhe 04l o
el o0l Cole ) dliie 59.8 dar g 3,0
p9d dxhad 4 Lo e adgl p IS (ol ;o opdle

L awlin o cbls Jl8 0 cudliw )0 a5 s

P 3590 dinker Sl yolyly IV Jgs
Table 13- Optimal parameters of the third case

- <
(o) gl jLad R A R (i o) gy :
e J " )“‘“ASL"’ )""5 ‘u" J’-‘O ‘09" o ylouis
(4 Discharge
Start ) d.Optltmal Pipe length (m) Pipe No.
pressure(m) Velocity(m/s) iameter(m) (it/s)
99.76 0.9 383.8 750 100 1
50 1.38 302.8 1750 100 2
56.31 1.09 341.2 2300 100 3
25.37 0.86 383.8 3200 100 4
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Figure 14- Genetic algorithm model parameter
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Table 15- Optimal parameter of Biston dam pipe line
Slecs s, e, o g
" (o)l 1 ,Lid (yo ko) Dischar : )
(4l 5 yo) Pressure(m) _ End Start scharge Pipe ]
Velocity(m/s) Optimal elevation  elevation (it/s) length (m)  Pipe
diameter(m) No.
2.275 86.38 1400 1277.89 1266.39 3500 1000 1
2.275 71.03 1400 1287.36 1277.89 3500 1000 2
2.275 57.7 1400 1299.82 1287.36 3500 1000 3
2.275 41.39 1400 1337.39 1299.82 3500 990 4
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Table 16-Componnet of total constant cost Biston dam conveyance system

|

K= 1000 $/ KW K= 600 $/ KW K= 300 $/ KW
1,681,952 1,681,952 1,681,952 OY) ) bz J5 e
Total cost of conyeyence pipeline($)
1,924,801 Vo Yjlay ol ligs g plazsle JS i
3,208,001 962,400 (¥ Slemy o] Sl 5 Lol 5w
Total constant cost of pump station($)
20) 5oy glis )
78.3 78.3 78.3 () Slemy €145,

Pumping Head(m)
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Table 17- Share of each part of the total annual cost of the Biston Dam conveyance line ($)

3oy oS! 5l 4y 2
Anuual cost of pump station

Cenx Hpj

Anuual constant cost of

ooy oSl ol aig3p (WYL ) M5y 4y

Annulal cost of
conyeyence pipeline

(a¥lw)

NP
Cru($/kw-hr)=0.094 Cru($/kw-hr)=0.048 pump station ZCRF % Li x CPi
NPU e
" CRF xCPUj -
i=1
1,342,700.63 685,634.4 197,292.08 344,800.16
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Figure 12- Pressure head changes at the beginning of the pipeline due to a sudden pump shutdown a)
Without water hammer control facilities, b) With air chamber
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Figure 13- Flow velocity changes in the middle of the first section of the pipeline due to a sudden pump

shutdown a) Without water hammer control facilities, b) With air chamber
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Figure 14- Changes: a) The water level inside the air chamber, b) the Input/Output flow rate of the air
chamber during the simulation period.
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Extended Abstract

Background and Objectives: Due to the high cost of designing, construction and operation of
dam reservoirs and related facilities, Optimization in the construction of reservoirs and related
facilities to increase productivity and reduce costs has been considered by designers. In this
regard, the development of computer software can be a great help to design engineers in such a
way that boring manual calculations and calculation errors are reduced For this purpose, the
main goal of the present study is to prepare and develop a computer model based on genetic
algorithm in which the objective function that is the sum of the fixed and current costs of the
transmission system during the useful life of the project, considering the velocity and pressure
constrain was minimized.  Simulation water hammer in the optimal system with and without
control facilities is one of the secondary goals of this research.

Materials and Methods: In this study, the optimal design of the pumping station and
transmission line is performed based on optimizing using the binary genetic algorithm with the
objective function of minimizing fixed and current costs of the transmission system and
pumping station during the useful life of the project. The study area is the pump station and
water transmission line of Biston dam that is located in the outside of Gamasiab river bed in
Kermanshah province. In order to optimize the unit length price of 24 pipes of different
materials from nominal diameter 110 to 2000 mmas well as the specifications of all domestic
manufacturing pumps and some imported pumps were defined as a database in the model. The
type of pump and suitable pipes of conveyance line are selected by minimizing the cost function
by observing the pressure and velocity constraints.

Result: Model validation results in design of conveyance line by three case: 1- Reservoir - pipe

system with end valve, 2- Pipeline with side branches on the slope and 3- Transmission line
between two points with irregular topography indicated that the model optimize the transmission
line by observing the pressure and velocity constraints in such a way that even in the design of a
part of transmission line that placed on downhill slop (case 3) by selecting the optimal smaller
diameter prevent overpressure along the transmission line. Then results of the design of the
Biston Dam transmission line showed that the diameter of the 1600 mm steel transmission pipe
and the centrifugal pump model of 200-50-500 have the lowest cost during useful life of 20
years. The water hammer simulation results on optimal system showed that an Air chamber with
a radius of 3 meters and a height of about 5.5 meters that in the initial conditions, it is half full of
water and its air pressure is about 86, It keeps the pipeline safe from the point of view of water
hammer and sudden shutdown of the pumping station.
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Conclusion: Reducing the constant and annual costs of conveyance line and pumping station of
outside of river bed dams as much as possible can be effective in the economic explanation of
the projects. In this research, in order to reduce the mentioned cost, optimal design of
conveyance line and pumping station of outside of river bed Biston dams was considered. In this
project it is necessary to transfer 3500 I/s water from Gamasyab river to Biston dam reservoirs
during 6 months of the year (November to May) by the optimal transmission pipe line. For this
purpose, a computer model was prepared and developed in which based on optimization by
binary genetic algorithm method the transmission system is optimized. Model validation was
performed using it for optimal design of several different cases and successful results were
obtained. Then the optimization of the Biston dam transmission line was done. The result
showed that use of 21 centrifugal pump model of 200-50-500 devices (84% efficiency and 78.5
m operating pressure) with steel pipe with a diameter of 1600 is optimal along the entire path. In
this situation, the cost of purchase and piping the Biston water transfer project is 1,681,952$.

Key words: Pump station, Optimization, Genetic algorithm, Outside of river bed Biston
dam, Water hammer
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