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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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Figure 4-Two-pipe branch network
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Table 4- Pipe characteristics
O3 dlitls) o5 (M)alg! Job dy
(Hazen coefficient) (Discharge(lit/s)) (Pipe length(m)) (Pipe name)
130 510 700 '
(Pipel)
4
130 230 700 v
(Pipe2)

34 33 39290 5o g b &y by o ST -0 S
Table 5 - Industrial pipe market Size by diametel

GYS)dg o SOsljl 4y dlgl (5 4y 32
(Cost per unit length($))

(g g ,la3
(Pipe Diameter(in))

58
64

20
24
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Table 6- Genetic algorithm model parameters in the first case optimization

ey , o e slas
- bl Jis! e Jos 1,55 olows £3909 5 dluxs tht: I ool
i Crossover Mutation Number of Number of clijgc]is?c:no Parametér
Penalty probability  probability  iteration  chromosomes bl
coefficient variable
Jlade
1 1 0.05 50 75 2

Value
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Table 7- Optimized diameter of branch network using genetic algorithm
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Pipe Name (Dopt(in)) (H(m)) (Total Cost($))
\
) / 24 -
(Pipey)
Y gl
. 20 - 85400
(Pipe2)
. }_,7'(_"
i - 40
(Reservoir)
93000
92000
91000 H
1z
3% 90000
- S
i £ 89000 |
[
=% 88000 [
na
~ 87000 [
86000 [
85000
0 10 20 30 40 50 60 70 80 90 100
BIBLSRIK
Number of iteration

IS5 dans Jylie 1D pwesns Al 3 -0 JSUS
System cost Vs. iteration number-Figure 5
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5 (Shahinejad, 2011) ol al & o dise L

L=1525m L=1525m L=152.5m
l & l (3 @> l
Q=18.91/s Q=18.91I/s Q=18.91/s Q=1891/s

(Valiantzas, 2003b) JUS! s g jley 0lumg! Liul,T -1 JSUS

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
a2 o ps b il g Jlio ST ol pigeg S slas 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 L2 (M) g (V) JS—al oaJd o> slesla vl b jsSds piunw a2l mls
)‘ )_,.AS L 09_»)‘;9 alax>Me a S M}i:l.o.m o o REPW P 4_:|)‘ (\\) LJ5‘>‘_> L )_»alk- J\-\_A

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

ol Jao 5l ealiiw L (Valiantzas, 2003b) aiuww dinds 1o gl =YY 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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Figure 8- Annual cost buying the pipe Vs. number of
iteration
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Figure 7- Variation of pipe diameter Vs. Iteration
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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
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Table 13- Optimal parameters of the third case
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(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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Figure 11- The cost of buying and implementation of Figure 10- Variation of pipe diameter of first part (dot
pipe line line) and last part (continues line) Vs. Iteration
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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
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Table 16-Componnet of total constant cost Biston dam conveyance system
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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)

Sl =S ey 9 Oly o LS YYD 5 S50y 2SI
u_wLHo A_»a)o/\fc)lﬁu\_;‘) l_) (AR REARE )JA_A
099 oy Jomo ol 5l oSiwaV A slaey il
Sy IS =0 Sy Sl 955y e R85 A o
59 gl ol o aVlw a e ol alil w5l
alamxMo a5 aslen .l ouis asl )l (V) Jgoz
88 i o Cru uymodS om0l
aze b lade o (Hy el 63l A

Db e A F Sl s e 5,

L s u_al.; <$L° Aoy o 05){_C £ 9= y.)L;_MJ B

)L»..‘o.) Oli»_u.\.)‘ 6}) (_gl_tbd._uj.b )l_,..o.: oli».m.)‘ JLD.».)‘
ot BLod 55 (505 e 5 (55,0 aiaze Jolt
K= 300( $/ KW) o, e clls cyal yo
Cr($/kw-hr) s, 5
cd ol o Jos Gl l bl ol a5 b o
o VF e Jlasl la s adg) aigy ydad ols lis 35

Oleasly 8,5 a3 1o (9o Sloey ol ()15

[+QF g /e FA o b0 g0

(LY5) ywms s JUS! bad 5 ¥l JS 4y 32 1 Cuonnd 52 e =YY Jgun
Table 17- Share of each part of the total annual cost of the Biston Dam conveyance line ($)
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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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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.

Yy



Development of the Optimal Design Model of Water...

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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7 Complex FP24 3 5.6 10.6 12.6 24.6 0.54 0.44 0.43
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Table 2- Local scour at uniform and complex piers

- e % e, Dot o F L& a

EE TEE TEY SRR EE Y

S A
1 1-P 4.6 - 8.6 - - 21 - - - AREZN 254
2 2-P 5.6 - 10.6 - - 21 - - - VY2 2.25
3 3-P 6 - 12 - - 21 - - - A 2.35
4 FP21 5.6 12.6 10.6 24.6 0 21 043 044 0 AR 2.04
5 FP22 5.6 12.6 10.6 24.6 1 21 043 044 0.17 1.,4v 1.78
6 FP23 5.6 12.6 10.6 24.6 2 21 043 044 0.35 1.f7 1.69
7 FP24 5.6 12.6 10.6 24.6 3 21 043 044 0.53 YAy 1.42
8 FP31 6 12.6 12 24.6 0 21 049 048 0 VY08 2.26
9 FP32 6 12.6 12 24.6 1 21 049 048 0.16 LY 1.95
10 FP33 6 12.6 12 24.6 2 21 049 048 0.33 V1,07 1.92
11 FP34 6 12.6 12 24.6 3 21 0.49 048 0.5 VVLYA 1.88
12 FP41 4.6 9.6 8.6 18.6 0 21 0.46 048 0 AN 1.58
13 FP42 4.6 9.6 8.6 18.6 1 21 0.46 048 0.21 #.8 15
14 FP43 4.6 9.6 8.6 18.6 2 21 0.46 048 0.43 AL 1.34
15 FP44 4.6 9.6 8.6 18.6 3 21 0.46 048 0.65 8,84 13
16 FP51 5.6 9.6 10.6 18.6 0 21 057 058 0 Vo 191
17 FP52 5.6 9.6 10.6 18.6 1 21 057 058 0.17 1,74 1.73
18 FP53 5.6 9.6 10.6 18.6 2 21 057 058 0.35 AYa 1.48
19 FP54 5.6 9.6 10.6 18.6 3 21 057 058 0.53 A4 1.38
20 FP61 6 9.6 12 18.6 0 21 0.65 0.63 0 VY0 2.08
21 FP62 6 9.6 12 18.6 1 21 0.65 0.63 0.16 V1,0A 1.93
22 FP63 6 9.6 12 18.6 2 21 0.65 0.63 0.33 VYLYA 1.88
23 FP64 6 9.6 12 18.6 3 21 0.65 0.63 0.5 ARNT4 1.86
24 FP71 4.6 12.6 8.6 24.6 0 21 035 037 0 Y,0 1.63
25 FP72 4.6 12.6 8.6 24.6 1 21 035 037 0.21 A4 1.47
26 FP73 4.6 12.6 8.6 24.6 2 21 035 037 0.43 AR 1.39
27 FP74 4.6 12.6 8.6 24.6 3 21 035 037 0.65 iAYe 1.34
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Table 2- Comparison between present study and Melville and Raudkivi (1996)

Name (mDm) D* (mm) Z (mm) D/D* ds (mm) ds/D

F (Melville & Raudkivi ,1996) 45 55 0 0.82 102 2.27
B (Melville & Raudkivi ,1996) 45 63 0 0.71 106 2.36
C (Melville & Raudkivi ,1996) 45 81 0 0.55 111 2.47
FP-61 (Present study) 60 96 0 0.63 125 2.08
FP-31 (Present study) 60 126 0 0.48 135.6 2.26
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Introduction

Due to geotechnical and financial reasons, actual piers are built on foundation, while there is
limited number of study available about effect of the foundation on the local scour. In the
vicinity of the pier, the local scour is caused by the development of high shear stress due to
three-dimensional separation of the boundary layer. However, the underestimation of scour
depth would result in shallow foundation and providing a chance to expose the foundation to the
flow. It is definitely dangerous for bridge safety. Previously, extensive research has been carried
out about local scour around (Jones et al. 1992; Melville et al. 1992; Mohammadpour et al. 2011
and 2013; Lanca et al. 2013). However, only some studies are available in literature to predict
the maximum scour depth at complex piers Mohammadpour et al. 2019).

In this study, local scour have been experimentally investigated around uniform and non-
uniform rectangular complex piers under clear water conditions and the top of foundation was
located below the initial bed. The local scour is investigated with variation of foundation level
(2), pier dimension and foundation dimension.

Materials and Methods

A flume with rectangular cross section and the dimension of 12.0 m long, 0.4 m wide, and 0.6 m
deep was chosen for all experiments. Three uniform and nonuniform rectangular piers were
chosen for tests (Table 1). Uniform sediment with d50 = 0.70 mm maintain the clear water
conditions, the flow velocity was set close to the critical velocity of sediment (U/Uc between
0.94 and 0.99).

Results and Discussion

The trend of local scour at non-uniform pier is time dependent. To investigate the effects of
foundation level (Z) on temporal variation of local scour around pier, four levels of 0.0 , 1,0 ,
2.0.3.0 cm were chosen for Z. The scour depth develops to top of foundation quickly, and then
the foundation postpones the scour development for a certain time (lag —time). It was observed
that during of lag-time, the scour hole is slightly extended in parallel to and in front of the pier.
In addition, development of local scour in parallel to pier (in the flow direction) is faster than
those in front of abutment (upstream). The scour hole in the foundation nose is enlarged in the
area, and it is somewhat deeper than other parts at the upstream side. The deepest depth at the
upstream of non-uniform pier gradually develops around the sides of the foundation to create a
shallow groove parallel to the foundation. Subsequently, the depth of the scour ahead of the
foundation is more increased due to the formation of a vortex at upstream of the foundation.
Although, the foundation postpones development of scour depth firstly, but if the foundation
exposes to the scour hole, the vortex in front of exposed foundation increases the scour depth.
The lag-time (latency) directly depends on pier width (L), foundation width (Lf) and level of
foundation under the sediment bed (Z). The rate of sediment transport decreases with increasing
the scour hole dimension, and it will be stopped approximately close to the equilibrium scour
depth. The reduction of scour depth due to lag —time is very useful to prevent the failure of
bridge especially in the flood events that bridges are the main structures in transportation.
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Generally, the peak of flood may not be long-lasting to develop equilibrium scour depth and the
flood may be stopped within lag-time. Therefore, the lag-time postpones the maximum scour
depth and provides an opportunity to repair the bridge foundation after the flood events.

Generally, For 0<Z/L<1.2 the local scour decreases with increasing the foundation level (Z) and
reaches to minimum value at a level between L and 1.2L.For Z/L>1.2,the local scour increasing
with increasing foundation level (Z) and for Z>2.4L the local scour at compound pier is similar
to uniform pier.

Conclusions

In this study, temporal variation of local scour at non-uniform piers is investigated
experimentally under the clear water conditions. The non-uniform piers were included a
rectangular pier founded on a larger rectangular pier. In all experiments, the scour depth is
developed to top of foundation quickly, and then the foundation postpones the scour
development for a certain time (lag-time). Duration of lag-time is depended on the dimension of
pier, foundation size and the foundation level. A comparison between the uniform and non-
uniform piers indicated that the trend of scour depth at non-uniform and uniform piers is similar
to each other. This study highlights that a proper design of foundation level decreases the scour
depth and increases the duration of scouring. Furthermore, the lag-time provides an opportunity
to repair the bridge foundation after the flood events.

Keywords: Local scour, Scour mechanism, Non-uniform pier, Foundation dimension,
Foundation level.
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Fig. 4- Variation of y1/B. vs. Q/(gB:°)*’ for 4 side slopes in free flow conditions
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Table 2- Exponent and coefficient values of y1/B. in different side slopes

1 0.7 0.4663 0.268 (side slope, ) sl 4z g s
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Table 2- values of ME, RMSE and MARE in different side slopes for free and submerged flow conditions

(submerged flow) &y ;b = (free flow) of5T oL > (side slope) wil> s
MARE RMSE ME MARE RMSE ME Z (a°)
0.11 0.024 0.045 0.063 0.012 0.024 0.268 (75°)
0.12 0.012 0.022 0.055 0.006 0.01 0.4663 (65°)
0.073 0.007 0013 0.033 0.004 0.009 0.7 (55°)
0.11 0.005 0.012 0.041 0.003 0.005 1 (45%)
0.102 0.014 0.047 0.083 0.014 0.06 All side slopes (equation 11 and 12)

WY abl) wl! p ilideo ol (scun gl (g bl gl il l-F g

Table 3- Statistical parameters for

side slopes based on equation 13

MARE RMSE ME ORIT Sl
Flow condition
0.19 0.022 0.07 Vi/y1<0.8
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Fig. 8- Comparision of experimental and calculated Q/(gB%)*S a; free flow (equation 11) b; submerged flow
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Fig. 9- Comparision of experimental and calculated Q/(gB%)*5 based on equation 13
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Table 4- Comparison of observed discharge with the equation 6 and obtained equations in this research for side
slope z= 0.268

b i Q (m¥/s) Q (M¥s) Q (m¥/s) Q (M¥s) Absolute Relative Error
(cm) (mm) obs. (from fig. 4) Eq. 11 Ghare 2020, Eq. 6 fig. 4 Eqg. 11 Ghare, 2020
130 0.005487 0.005566 0.005243 0.006262 0.054592 0.051766 0.070277
120 0.004985 0.004713 0.006246 0.005336 0.014295  0.138181 0.141125
115 0.004317 0.004317 0.004780 0.004900 0.000122  0.107346 0.135190
* 120 0.004660 0.004713 0.005243 0.005336 0.011344  0.125120 0.144923
90 0.002704 0.002630 0.002826 0.003001 0.027409  0.045143 0.110012
34 0.000441 0.000433 0.000396 0.000428 0.018113  0.101528 0.028332
105 0.004485 0.004436 0.004602 0.004504 0.010921  0.026201 0.004255
100 0.004252 0.004041 0.004162 0.004085 0.049613  0.021156 0.039220
82 0.002702 0.002785 0.002779 0.002747 0.030410  0.028237 0.016399
* 52 0.001314 0.001233 0.001133 0.001105 0.061073  0.137539 0.159142
32 0.000606 0.000547 0.000454 0.000418 0.097202  0.251460 0.309881
27 0.000495 0.000417 0.000332 0.000298 0.157998  0.328421 0.397996
103 0.004915 0.005122 0.005060 0.004802 0.042090  0.029493 0.022970
91 0.003936 0.004090 0.003954 0.003748 0.039137  0.004587 0.047747
86 0.003881 0.003696 0.003537 0.003348 0.071432  0.111439 0.159040
. 65 0.001975 0.002266 0.002055 0.001912 0.147058  0.040211 0.031817
50 0.001246 0.001457 0.001251 0.001132 0.168626  0.003362 0.092166
25 0.000511 0.000484 0.000354 0.000283 0.053806  0.308510 0.446879
93 0.005399 0.005000 0.004656 0.004362 0.073823  0.137495 0.192028
85 0.004479 0.004277 0.003914 0.003644 0.044952  0.126087 0.186411
72 0.002812 0.003223 0.002851 0.002614 0.146144 0.014021 0.070275
¥ 70 0.002716 0.003074 0.002704 0.002471 0.054248 0.072751 0.152433
60 0.002200 0.002379 0.002024 0.001816 0.081261  0.079835 0.174779
45 0.001410 0.001494 0.001191 0.001021 0.059325  0.155085 0.275721
Mean 0.063125 0.101874 0.142042
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Table 5- Comparison of observed discharge with the equation 6 and obtained equations in this research for side
slope z= 0.4663

b Y1 Q (m3fs) Q (m3s) Q (m3/s) Q (mdfs) Absolute Relative Error
(cm)  (mm) obs. (from fig. 4) Eq. 11 Ghare 26020’ E. fig. 4 Eqg. 11 Ghare, 2020
103 0.004865 0.004662 0.005087 0.005100 0.041857 0'02547 0.048166
0.04107
97 0.004269 0.004087 0.004445 0.004523 0.042647 4 0.059384
42 0.03212
82 0.002962 0.002841 0.003057 0.003232 0.041076 ' 2 0.091108
0.06122
35 0.000533 0.000499 0.000500 0.000589 0.063242 6 0.104516
0.00605
98 0.005092 0.004836 0.005123 0.005090 0.050401 0 0.000505
0.01088
93 0.004526 0.004335 0.004575 0.004584 0.042038 8 0.012842
0.04927
84 0.003504 0.003513 0.003677 0.003739 0.002398 3 0.067040
40 0.08139
70 0.002312 0.002426 0.002500 0.002597 0.049394 ' 4 0.123335
61 0.001789 0.001845 0.001877 0.001972 0.031474 0'01935 0.102589
0.05730
34 0.000549 0.000608 0.000580 0.000613 0.108404 4 0.116462
0.02379
95 0.005202 0.005160 0.005326 0.005300 0.008077 6 0.018727
0.05205
93 0.005063 0.005160 0.005326 0.005300 0.019297 0 0.046841
0.09357
78 0.003231 0.003488 0.003534 0.003573 0.079350 9 0.105591
38 0.04530
70 0.002708 0.002825 0.002831 0.002877 0.043063 ' 8 0.062359
55 0.001578 0.001785 0.001743 0.001776 0.131621 0'1%456 0.125969
0.28188
20 0.000356 0.000300 0.000256 0.000235 0.156564 8 0.340321
0.03197
90 0.005076 0.005212 0.005238 0.005300 0.026777 8 0.044029
0.01357
83 0.004504 0.004458 0.004443 0.004507 0.010227 . 0.000753
0.07344
73 0.003703 0.003491 0.003431 0.003487 0.057184 3 0.058394
36 0.00184
60 0.002331 0.002422 0.002327 0.002355 0.039128 ' 4 0.010492
0.13439
50 0.001886 0.001738 0.001632 0.001636 0.078158 7 0.132618
0.01180
34 0.000796 0.000883 0.000786 0.000756 0.109023 9 0.049611
Mean 0.055973 0'050920 0.078257
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Introduction

Flumes are one of the simple tools for measuring flow rate in canals that the flow rate can be
calculate only by measuring the flow depth at specific points of control section of them. Blanger
(1849) and Bazin (1896) were the first to conduct experimental and theoretical studying on
flumes. Since then, many research was done about hydraulic characteristics of different flumes
by researchers such as Parshl (1900), Robinson (1968), Samani and Magalanez (1992, 1993),
Proginelly and Bonacci (1997), Prabhat (1998), Samani and Magalanez (2000), Bdar and Gare
(2014), Davis and Samani (2016) and Mohammadi and Vatankhah (2020). Many of mentioned
researchers have done their research on rectangular channels. In this research, possibility of the
creating control section by installing a prismatic pier on the central axis of floor in trapezoidal
canal and flow measurement in free and submerged flow condition was investigated.

Methodology

To achieve discharge equations, many experiments were performed in free and submerged flow
conditions in a trapezoidal laboratory canal with length of 6 m, width of 46 cm, height of 70 cm
and with adjustable side slope. Four prismatic piers with head angle of 90°, width of 42, 40, 38
and 36 cm were tested. The height of each pier was considered equal to its width. The
experiments were performed on 4 side slopes.

Based on dimensional analysis, the following dimensionless equation was considered as basis of
experiments for both free and submerged flow condition.

Q Y1
= f -
\ ng { B, J .

where Q is discharge, g is gravity acceleration, y; is flow depth upstream of prismatic pier and
B is calculated from the following equation.

B.=B+2zy,—b )

where z is side slope of canal, B is width of canal and b is width of prismatic pier.
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On the base of 96 experiment in free flow condition (in a certain side slope, 6 experiment for a
pier) and 288 experiment in submerged flow condition (in a certain side slope, 18 experiment for
a pier with different submergence ratios) discharge equations for both free and submergence

flow condition were obtained separately.

Results and discussion
On the base of performed experiments, variation of dimensionless parameters Q/(gB:°)%° versus
y1/Bc corresponding to all 4 side slopes is presented in figure 1 and equations 3 and 4 in free and

submerged flow condition respectively.

0.6 0.6 -
0.5 05 f
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S04 ¢ s, 04 1.9407
o5 Rz =0.9653 o v 9?%6;;4-4
% 0.3 @ 03 =U Y
9 02 O 02t
. *
0.1 01 y/y;<0.8
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Fig. 6- Variation of y1/B. vs. Q/(gBc°)°* for different side slopes, a; free flow b; submerged flow

1.6597
Q__ 0.3775(§J @)

JoB?

1.9407
Q _ 0.3662(§j

JoB?

c

(4)

C

According to equation 3 and 4, exponent of yi in both equation 3 and 4 is larger than circular,
trapezoidal and S-M flumes which are presented by Samani and Magallanes (1992, 1993 and
2000). This makes this flume ideal for water level variations than circular, trapezoidal and S-M
flumes. To determine accuracy of the obtained relationships and graphs, statistical parameters,
ME, RMSE and MARE, were used. Based on the relationship for all side slopes (equation 3 and
4) MARE is 8.3 and 10.2% for free and submerged flow conditions respectively.
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The results showed that, using of the flow measurement method in trapezoidal canals is Suitable
for free flow conditions and can be used by accepting 12% error for submerged conditions.

Conclusions

The results showed that,

- Using of this flow measurement method (equation 3) in trapezoidal canals is ideal for free flow
conditions.

- In submerged flow conditions, this flow measurement method (equation 4) in trapezoidal
canals can be used by accepting 12% error.

- This flow measurement method Compared to circular, trapezoidal and S-M flumes, has large
sensitivity to variation of upstream water level.

- It is suggested to the results of this research be used within the range of studied parameters.

Keywords: Free flow conditions, Irrigation Canals, Prismatic Flumes, Submerged Flow
conditions
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Table 1- Estimation of overpressure for different transient flow rates
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Table 2- Parameters related to the maximum pressure peak for different valve closing times
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Extended Abstract

Introduction

Transient flow in a pressurized pipe system is an intermediate state flow that arises between
one constant flow and another. In other words, whenever the flow conditions change from a
steady-state due to any deliberate or accidental disturbance, a transient flow is created in the
pipeline (Chaudhry, 2014). This phenomenon is one of the most severe cases of damage in
pressurized pipelines.

In many previous studies related to transient flow analysis, the pipe wall has been made of
metal and concrete materials with elastic mechanical behavior. In recent vyears, the
increasing use of plastic pipes (such as polyethylene and PVC) has led to the development
of mechanical models of transient flow, taking into account the viscoelastic behavior of
these materials.

In recent years, polymer pipes such as polyethylene and PVC, due to their technical and
economic advantages over other pipes such as steel, cast iron, concrete, and asbestos, have
increased day by day. This makes the need to understand the structural behavior and
hydraulic performance of polymer pipes even more urgent. The modeling method of
polymer pipes for transient flows analysis has several fundamental differences from non-
polymer pipes. These differences are mainly related to the interaction of fluid fluctuations
with the characteristics of pipe wall structures. Polymers generally exhibit viscoelastic
mechanical behavior that affects the intensity, formation, and damping of pressure
fluctuations in transient currents. In these equations, it is usually assumed that the pipe wall
is made of concrete and metal and has a linear elastic behavior. In comparison, polymer
pipes have inelastic behavior.

The present study aims to investigate the pressure response of viscoelastic pipeline under
transient flow. For this purpose, first, the pressure signal’s initial peak and the effects of line
packing are investigated. The effect of the transient valve's closing time in different flows
on the pressure signal is investigated in the following. Another important issue is the
overpressure. In this research, laboratory values of overpressure are compared with the
theoretically calculated values.

Methodology

The laboratory model of this research was designed and built in the hydraulic laboratory of
the Faculty of Water Engineering, Shahid Chamran University of Ahvaz, to evaluate the
response of the viscoelastic pipeline system under transient flow. The pipes are high-density
polyethylene (HDPE) (SDR11, PE100, NP16) with a length of 158 meters, an inner
diameter of 5.05 cm, and a thickness of 6.5 mm. According to the four stages of
waterhammer, if the constant pressure of the pipeline is low, the pressure signal in the third
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stage, after returning from the tank and reaching the transient flow valve, enters pressures
less than the wvapor pressure of the fluid, and due to the column separation. This
phenomenon reduces the pressure signal capability to detect other system malfunctions. To
avoid this problem, a pressurized reservoir was used as the upstream boundary condition at
the pipe system's upper boundary.

Results and Discussion

The initial peak pressure due to the effects of friction and fluid inertia and the delayed
deformation of the pipe wall is completely weakened in the first period of the pressure wave
and does not exist in subsequent periods. The transient flow signal analysis showed that the
classical waterhammer equation could not predict the observed maximum transient pressure
of fast transient in polyethylene pipe. The calculation of the wave speed in polyethylene
pipes based on the modulus of static elasticity is significantly less than that of elasticity's
dynamic modulus. As the valve's closing time increases, their maximum pressure peaks and
pressure drop gradients decrease, and this peak gradually weakens and disappears. In
addition, depending on the time difference between closing the valve, the pressure wave will
have a time delay. The results showed that a significant energy drop with phase change in
the pressure wave is observed in all measurement locations.

Conclusions

After quickly closing the transient valve, a significant pressure peak is observed, followed
by a sudden drop in the pressure signal. At a constant flow, the initial peak pressure
decreases with increasing valve closing time. Suppose the calculations are based on the
modulus of elasticity provided by the factory. Even if the elastic tube is assumed, the
amount of overpressure is 16.6 to 37.65% less than the actual value.This is an important
reason to consider polymer pipes' viscoelastic behavior by precision transient flow hydraulic
models or to consider the dynamic modulus of elasticity, sometimes up to twice the static
modulus of elasticity proposed by manufacturers, in the design phase.
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Table 1- Gridding analysis based on the error percentage of the flow velocity and the elapsed time
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Table 4- Comparing the result of laboratory and numeric measured velocity in RNG model
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Extended Abstract

Introduction:

Concerning the importance of water saving in lIran, as an arid and semi-arid country, dam
construction plays a crucial role in water resources management. Spillways are one of the most
important components of a dam. They are different in shape and function. Stepped spillway is
one of the most designed and operated ones. Numerical simulation of the stepped spillway of
Jare dam using FLOW 3D software and the geometric optimization of the steps' dimension using
the multi-objective genetic algorithm is investigated in this research. The idea of using stepped
spillways goes back to 3500 years ago (James et al., 2001). The oldest stepped spillway built in
Iran has been recorded from 600 years ago. Studying the geometric features of stepped spillways
in order to optimize the size and dimension of steps has also been the issue of interest for
researchers (Chanson, 1996 and 20021; Pegram et al., 1999; Ferrari, 2010).

Methodology:

An experimental model of Stepped spillway of Jare Dam has been set up first in order to
calibrate and verify the numerical model. Flow 3D software is applied for numeric simulation of
the spillway and the multi objective genetic algorithm (NSGAII) is implemented to optimize the
geometric dimensions. Calibration of the model has done after introducing the experimental
models' geometry to FLOW 3D. Comparing the velocity data recorded by the numerical model
and the experimental velocity data, the software has been verified.

Turbulence models are simplified constitutive equations that predict the statistical evolution of
turbulent flows. K-epsilon (k-g) turbulence model is a practical model to simulate the mean flow
characteristics for turbulent flow conditions. It is a two-equation model which gives a general
description of turbulence condition of the ambient flow by means of two transport equations
(PDEs). The RNG model was developed using Re-Normalisation Group (RNG) methods to
renormalize the Navier-Stokes equations, to monitor the effects of smaller scales of motion
especially those of vertex movements. In k-¢ model the eddy viscosity is determined from a
single turbulence length scale, so the diffusion seen in the calculated turbulence is that which
occurs only at the specified scale, although in real physical situations, all scales of motion will
contribute to the turbulent diffusion especially those with more curvature streams. RNG
turbulent model, as mathematical method that can be utilized to extract turbulence similar to the
k- €, results in a modified form of the epsilon equation. We have implemented both methods to
simulate the turbulancd in the flow over the stepped spillway and to compare the effectiveness of
both models when flow is dealing with a complicated solid as the Jare Dam spillway.

Five different types have been considered for the geometry of the stepped spillway. Numbers of
steps are designated 3 to 7 steps and are earmarked as the algorithm constrains. The variables are
then defined and the fitness function of the algorithm is extracted. The multi objective genetic
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algorithm is then coded in MATLAB. In optimization procedure the geometric features
including width, height and the number of steps in each five discussed type are calculated.

Results and Discussion:

Velocity results using two turbulent models, RNG and K-g, have been calculated separately. The
results of the RNG model depict better match in accordance to the physical model's velocity data
with less than 10 percent error. In optimization procedure the stepped spillway with 4 steps,
0.072™ width (1:5) and 0.0665™ height (1:5), is considered as the most optimum choice regarding
the economic and hydraulic concerns.

Conclusion:

Flow 3D software simulated the flow over the stepped spillway of Jare Dam quite acceptable.
The simulating model depicted the most accuracy using the RNG turbulent model and the multi
objective genetic algorithm used (NSGAII) suggested the 4 steps spillway as the most economic
and functional choice for Jare stepped spillway.

Acknowledgments:
Authors would like to express their sincere respect to Khozestan Province water and power
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Extended Abstract

Introduction
Study the soil erosion process, sediment transport capacity plays a vital role in the physical
description of soil erosion processes. In recent years, researchers examining the sediment
transport capacity under different laboratory conditions have shown that hydrodynamic
parameters, especially shear stress and unit stream power have a significant effect on sediment
transport capacity. The results of researchers' studies show that this assumption is not
correct(Martin et al., 1991). Increasing the transverse slope of the plain flood changes the
transition stress between the flow through the main channel and the floodplain. The presentation
of a method for estimating the weight of sediments discharged from the channel was
investigated (Karamisheva et al., 2005). Despite the studies, the effects of sediment size on
sediment transport are still not well understood and considering that previous studies have been
done in direct channel, the effect of longitudinal slope and transverse slope change by changing
sediment particle size in composite channel is investigated and not well understood. It should be
noted that wvarious parameters affect the hydrodynamic conditions of river floodplains.
Therefore, recognizing and investigating the factors affecting this case is of special importance
in hydraulic science. One of the influential factors in the hydraulic and hydrodynamic conditions
of floodplains is the lateral slope of floodplains. However, qualitative and quantitative study of
the parameter requires the presentation of appropriate laboratory research methods. In this study,
by aiming at the effect of lateral slope of floodplain on hydraulic and hydrodynamic conditions
of flow, as well as the effect of granulation and hydraulic parameters on the amount of sediment
output, an experimental design was presented to investigate this parameter. Shear stress varies in
longitudinal and transverse slopes.
Methodology
The experiments were performed in a laboratory compound channel 12 meters long, 30
centimeters wide and 0.5 meters high. Flow field analysis and wvelocity vectors upstream of the
overflow were performed using measured ADV 3D speedometer data. In this study, to show the
overflow flow conditions on the deposition status behind the overflow wall, the horizontal
velocity in the grid drawn in a section of the channel was used. During the experiments, tools
embedded at the end of the channel were used to change the longitudinal slope of the channel. It
should be noted that slopes of 0.002, 0.004 and 0.006 were used to change the slope.

Dimensional analysis: The physical parameters governing the flow of composite sections are
presented in Equation of(1):

Vou = T(Qr, 0o, 0, 0T, S0, Sy, 0,WV y, 14,0, p,9, B, dso, 7,) D

Q = flow rate (liters per second); ho = water depth in the canal (meters), hs = sediment
height (meters); hf = height of plain flood; b = plain flood width (meters), So = longitudinal
slope of the canal (no dimension); Sc = transverse slope of the channel (without dimension),
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w = width of the main channel (meters); V = flow rate (meters per second); y = weight mass
of fluid (Newton per cubic meter); p = water dynamic viscosity (Pascal-s); o = fluid surface
tension (Newtons per meter); p = fluid density (kg / m3); g = acceleration of the earth's gravity
(meters per square second); B = total channel width (meters); Vs = sediment volume of the
channel (cubic meters) and d50 = average particle diameter (mm). In the above parameters in
relation to dimensional analysis and Puckingham theorem, some parameters can be omitted from
the above parameters. For example, because the water thickness on the floodplain is large
enough, surface tensile forces can be avoided. Also considering that the transverse slope and the
length slope are dimensionless parameters. They can be taken out of calculations and introduced
as a dimensionless number. To simplify dimensional analysis, it is better not to consider this

parameter. With these interpretations it can be stated that:

WoutV
Ty = S0,y =S¢, M3 =,y =,M5 =, =,M7 =,Mg = YeyGh3® 2

Vs = f (o, hs,hf ,b,wW,V, 7,1, 0,9,B,d50,75)
®)
Results and Discussion
As the shear stress increases at different longitudinal and transverse slopes, the sediment
transport capacity increases. These findings indicate that the slope has a positive effect on shear
stress. The results show that the transverse slope has a significant effect on the increase and
change of shear stress with sediment transfer capacity and in the transverse slope of 0.5 and in
different longitudinal slopes, increase in sediment transfer capacity is more and washed sediment
increased (Fig.1). Sediment transport capacity measured with the unit stream power has changed
in different slopes (Fig.2). With increasing depth of flow in main channel to depth of flow in
floodplain, more sediment is removed from the flume and the least amount of sediment washed
is when the longitudinal slope is equal to 0.002, transverse slope zero, and median particle
diameter is 3mm, occurring in discharge of 1.6 I/s (Fig.3). As the Froude number increases, the
amount of sediment output will increase more when the size of the sediment particle decreases.

o 5 0§=8.882—§c=8.s 2 0.12 | 5-0.002-5c=0.5
4.5 |M5=0.004-5¢=0.5 W 5=0.004-5¢=0.5
P, |AS=0.006-5c05 A B 01 | se0006sc0s ©® o, A
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Fig. 1--relationship of sediment transport Fig.2-relationship of sediment transport
capacity (T.) with shear stress (t) in different capacity (T ) with unit flow power (P) in

longitudinal and transverse slopes different longitudinal and transverse slopes
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Fig.3-Change the ratio of water depth in main channel to water depth in the floodplain and
weight of leached sediments, combined channel model with zero & 0.5 lateral slopes and different
granulation

Conclusions

In this study, the effect of grain size and hydraulic parameters on sediment transport in two
hydraulic models with longitudinal slopes of 2,4 and 6 per thousand and transvers slopes of zero
and 0.5 were investigated. The results showed that with increasing the longitudinal slope, at zero
transverse slope, with decreasing particle size, the amount of output sediment would increase.
Most leached sediment in zero transverse slope and longitudinal slope 0.006 has occurred.
Further studies are needed considering the large particle size range and transverse slopes with
greater range of variation.

Keywords: Froude number, Floodplain, Granulation, Shear stress, Stream power
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Table 2. Location of the drainage pipe center
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Table 3. Location of the open drainage center
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Table 4. The amount of water and salt passing through each aquifer boundary in different drainage situations

(p 5 9hS) Sod (o 2 cSa o) Tyl
Salt (kg) Water (m3/m)
>, 0 e olgel 32 e ol 5 olgzel ;
. Fresh water aquifer . . . Fresh water aquifer Saline aquifer
Drainage Saline aquifer boundary Drainage case
boundary boundary boundary
5k, sldg 3bay sl 5k, sl 5k, slddg 5Ly sldg b, sl
Surface Subsurface Surface  Subsurface  Surface Subsurface Surface Subsurface Surface Subsurface Surface  Subsurface
---------- 12 12 218 218 1.24 1.24 1.65 1.65 SRS 09
non-drained
88.5 915 0.23 0.25 89.9 94 7.17 7.48 0.36 0.43 6.88 7.2 a-Jl
50 68.6 -2.5 -0.007 59 73.7 4 5.41 -0.4 -0.01 451 5.64 b-o
415 43 0.33 0.4 455 46.8 3.9 4 0.52 0.62 35 3.47 c-¢z
17.4 30.7 -5.35 -0.034 30.6 37.8 1.5 2.6 -0.6 -0.04 2.3 2.88 d-o
24.6 25.7 0.56 0.67 31.41 32.1 3 3.43 0.97 1.18 24 2.44 e-o
7.9 17 -7.6 -0.61 23.3 26.5 0.67 1.62 -0.86 -0.09 1.8 2.01 f-q
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Extended Abstract

Introduction

One of the threating factors to fresh water resources is the advancement of saline water and
intrusion into the groundwater aquifer. This problem occurs in coastal zones and desert margins
and reduces fresh water quality. Evaporation from the soil surface and the water table depth are
factors affecting the salinity and salt distribution in the saturated and unsaturated zones.
HYDRUS and the accompanying software package provide numerical models used to simulate
the movement of water, solute and heat in a porous medium for saturated and unsaturated
conditions. According to the existing reports on the ability of HYDRUS model to simulate
moisture and salinity, using it can help decide and consider how to prevent the salinity
advancement.

Methodology

In this research, the advance of saline water with a concentration of 20 dS/m and a level of 25
cm towards fresh water with a concentration of 1 dS/m and a level of 10 cm in the domain of
360x70 cm is considered. Different scenarios were examined to prevent the progression of
salinity using a validated model. The studied scenarios include inceptor pipe drainage, inceptor
open drainage and subsurface barrier which were simulated using the HYDRUS-2D model. The
parameter of the equations governing water flow and solute transport were estimated using
observed moisture and salinity data and inverse solution tools in HYDRUS-2D model. pipe and
open drainage were considered at three distances of 270,180 and 90 cm from the freshwater
reservoir and two depths of 15 and 5 cm from the impermeable layer. The effect of the
subsurface dam on preventing the advance of saline water at three depths of 55, 65 and 70 were
investigated.

Results and Discussion

Different scenarios of different drainage locations have been simulated to study salinity
distribution and water table after 6 months. Regarding the location of the drainage site, three
factors are important that have been studied: 1- The amount of water and salt outflow from the
drainage 2- Controlling and preventing the advance of salinity 3- Its effect on the entry and exit
of water from the freshwater aquifer. The location of surface and subsurface drainage showed
different effects on salinity advancement. By changing the location of drainage from A to f the
amount of drained water in pipe and open drainage decreased by 5.8 and 6.5 m®m, respectively.
Drainage location also affected actual evaporation from soil surface and salinity accumulation in
the soil surface layer. In the cases of drainage where the lowest and highest evaporation from the
soil surface occurs respectively, 15% difference was observed. In the case of open drainage at a
distance of 90 cm from the freshwater reservoir and a depth of 5 cm from the impermeable layer,
the amount of actual evaporation from the soil surface during the whole simulation period is
greater than the actual evaporation in non-drained condition and also caused increased salinity
between two reservoirs. The subsurface barrier has generally blocked the saline water flow only
when it has reached the impermeable layer. The profile of the water table is broken due to very
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low hydraulic conductivity (about 0.1 m per day) when it reaches the subsurface barrier. The
amount of failure and drop of the water table increased with increasing barrier depth.

Conclusions

The salinity distribution parameteres in the area between two aquifers, discharged drain from
drainage and its concentration and protection of freshwater aquifer are effected and can be
considered according to the condition of each location. On the other hand, each of the scenarios
has a positive and negative effect on these factors, so according to each sample and specific
location, it must be decided how to prevent the progression of salinity (drainage or subsurface
barrier) and their location.

Keywords: Groundwater, Hydraulic gradient, inceptor drainage, Salinity Front
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Extended Abstract

Introduction

Today, due to the increasing development of mechanized irrigation systems in the Iran, in
some cases, this type of systems do not meet the demands of users because of technical and
social reason. Therefore, the need to develop such systems with higher flexibility along with
changing the attitudes of the users of mechanized irrigation systems are more obvious than ever.
In this regard, using the capabilities of automated systems and applying control processes, along
with the implementation of pressurized irrigation systems is essential. Among the automation
systems used in pressurized irrigation systems, SCADA systems, as they have a variety of
software and hardware structures, can be used as a suitable tool to increase flexibility, timely
monitoring and productive management of a system. Irrigation should be proposed in such a way
that it is efficient in a wide range of different operating conditions of the irrigation system and
leads to the improvement of the operational capabilities of an irrigation system. The capability
and efficiency of these systems with the development of integrated irrigation systems and
operating requirements related to this type of systems, is more evident today. The present
promotional article aims to investigate the capabilities, advantages and limitations of telemetry
and SCADA systems in pressurized irrigation systems so that experts, operators, farmers and
promoters are aware of some of the effective capabilities of this type of systems and make
decisions based on a comprehensive understanding.
Methodology

One of the most important goals of implementing intelligent irrigation systems is to improve
the ability to manage irrigation water optimally at the farm or garden level. Intelligent irrigation
systems generally collect sensor information and manage irrigation based on user-defined
commands. In other words, intelligent irrigation systems can determine the time and amount of
irrigation at defined times or at their own discretion (based on environmental information they
obtain from various sensors). Based on their software and hardware capabilities, these systems
can affect different time, place, plant growth period, quantitative and qualitative changes of
water resources and energy consumption in the irrigation management process. Establish other
necessary connections between different equipment’s of irrigation units, including wells,
pumping stations and central control station. Automation of intelligent irrigation systems is one
of the most important tools that can improve the operational capabilities of an intelligent system.
In automated systems with the installation of control and communication equipment, agricultural
or horticultural parameters along with hydraulic network information and meteorological
parameters are instantly monitored and software set based on control algorithms and timely
information, orders appropriate to the current interest situation. Export’s system removal.
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Automation mechanized irrigation systems in three main steps including plant water requirement
and the timing of irrigation, automation pipeline distribution network to control and automate
the flow of water pumping and filtration stations, can improve productivity and increase a
mechanized irrigation system Its flexibility can be exploited under variable conditions .It is
important to note that automated systems not only open or close valves, but also the ability to
comprehensively control an irrigation system such as energy management, pump operation
control, registration of operation information and data, fertilizer injection operation and filter
washing Will also have. In advanced automated systems, direct field data such as flow rate,
pressure, wind speed, soil moisture, and phenological growth indices are also collected and
recorded. In addition, capabilities such as defining the water supply system in integrated
pressure irrigation networks, the ability to automatically troubleshoot the system, applying
variable rate irrigation at the land level, etc. can be implemented from the implementation of an
irrigation system.
Results and Discussion

Variable pressure operation of the irrigation system according to cropping patterns, changes
in water demand, temperature and precipitation in different years of operation, the area of land in
operation, changes in water demand during the growing season, the mismatch between the hours
of irrigation cultures, different number of sprinklers activated is part of the technical problems in
the operation of mechanized irrigation systems. In most irrigation systems, the control of system
performance in these conditions is manual and non-continuous. The inflexibility of the system in
the changing operating conditions will reduce the efficiency of the system, increase water and
energy losses, increase damage to equipment and reduce their useful life. In this regard, any
process that leads to the adaptation of the operating conditions of the system to environmental
factors, will increase the efficiency of the system and reduce water and energy losses during the
operation period. An automated system makes it possible to plan a programmable, flexible, and
compatible operation that is very close to optimal operation.
Conclusions

With the increasing development of pressurized irrigation systems in the country, in some
lands, the need to implement automation systems is essential. Therefore, it is necessary in some
cases, such as the implementation of integrated irrigation systems, irrigation systems in large
areas or the existence of some technical limitations for the operation of the system, such as wind
problems, low quality irrigation water or slope Lands, there is a need for more flexibility in the
operating conditions of the system. Accordingly, in some cases, it is necessary to manage the
system from the mechanized method to the automated method, and in its operation,
arrangements should be made for the implementation of instrumentation systems. An automated
system makes it possible to plan a programmable, flexible and adaptable operation. Therefore,
from the managerial point of view, the implementation of irrigation systems seems to be under
pressure. The capabilities of control systems (such as SCADA) should be considered and
appropriate technical instructions should be developed as in other sectors (industry, water and
wastewater facilities, etc.). In this research, an attempt has been made to examine and analyze
some capabilities and limitations of telemetry and SCADA systems only from an expert point of
view. However, it is important to note that in choosing a suitable irrigation method, more
attention should be paid to other environmental factors such as social issues, telecommunication
constraints, problems in supplying inputs and machinery, exploitation issues and the presence of
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specialized personnel. These factors may in some areas cause limitations or requirements in the
implementation of an automation method.

Key words: Automation, Instrumentation, Monitoring system, Water consumption.
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