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Table 1- Location and geometric and hydraulic properties of Shibab network’s main canal

(km) Gl sww 5l abols (M) &S 05,0 Job o ol s () gpimps (M) Ges (M) (20
Distanse from Sistan Dam  Bottom width  Longitudinal slope  Side Slope  Roughness Coefficient Depth Discharge
1+250 — 0+641.1 13 1:20000 2 0.013 2.35 30

7+297 — 1+250 10 1:20000 2 0.013 2.35 195
12+730 — 7+297 4 1:20000 2 0.013 1.7 9
18+769 — 12+730 25 1:20000 2 0.013 13 5
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Figure 1- Schematic plan of the Shibab’s main and secondary canals
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Table 2- Geometric and hydraulic properties of Shibab network’s main and secondary canals

G, e ap (M)J (M) ges (M)US i (M) Yo (M) oo
Row Name Order  Length Depth Bottom width Top width Discharge
1 Main 1 18780 22,3 251013 9to 22 55-30
2 Numberl 2 18751 22,25 25t04 9to 12 7-105
3 Number2 2 11540 25 25t04 9.5t0 14 3-9
4 Number3 2 6650 25 2t025 9.5t010 35
5 Number4 2 5390 25 2 9.5 3
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y- Standard step method
v- Implicit finite difference
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Figure 2- (a) Schematic drawing of the Shibab’s adjustment and intake structures along the studied canal. (b) Schematic
drawing of radial and sliding gates
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Table 3- Location and properties of the Shibab’s main channel intakes in desired irrigation

(M) &yl aw 3 Abols g ;5SS

PHELIRES) (m*m) o, x gl

Distanse from Sistan Dam  Gate form  Number of openings Width*Height
1593.4 Slide 3 2.5%2
6234 Slide 12 1*2
7625.6 Slide 2 2.5%2
13407.8 Slide 2 2*1.5
19932 Slide 1 1.7*1.3
19932 Slide 2 1.4*1.3
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Table 4- Location and properties of the Shibab’s main channel adjustment structures

(km) oyl s 31 abold PHES SRy, olw god (m*m) o s x gl
Distanse from Sistan Dam  Number of openings Structure type Width*Height
S g bl s
7.8835 1 (5 92 b shes) o2 4%1.75
Radial (with 2 check)
S g Lol 3
14.1565 1 ( : » ‘_M)";c 4*1.75
Radial (with 2 check)
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y- Implicit finite-difference solution



VY T (ol JUIS paliss g J 508 gbosjle b,

@Pn < Qg

aﬂ-’fPA = .-_%ET iEM{rFA:]J {a = o . {QP“:’: :::- ?E (Y‘)
Jus glesil
@p = g .
MPe =13, 15,0, { oo, (2T%
i ’ - o -
Jgoo cllae
ﬂ-‘fP_E = %Eq- CVN.PA (0)
Jigs 55 gyl
MP, =%, CVr.P, )

Qr Sl a0 o & oo 8ly (0 =Cp YL by, 5 &8
o Sy (o3l el a5l 4z y s 350 (2 =
S s oy =CV 3 Py ST slaasg ps slass = No
slaplS sl =Ty Sloj olyuss cops =CVr Py Py
5 ol 0)93 Job dn & L9595 0)50 S 3 elio Sle
oo dibes T = FEUT/ L) sy S At
Sloi PS5 Jsbo 5 oot 0390 Jsb iy 4 AT 5 By
e S sl ail o el cans g (S i Slole
35 o3l Glgie o 0 Jgio Sl dapadls cul 5l o p Cumdy

(\0)

ao by L g R slamssng olej 5 oL (Si9 laygis
M 5 Lo g g silwand loj 0 G 5 Caly slao)S
Al S g )i slop 5 D g P sidl o -1 loj &y by ye

ayslas byl ouldiedl o) 9o slagailas

ySlos o)l (e 03 iinaiwd gl asld
S 0yt ol s pide & puiins jokay &S Mt ol ey
3 ol IS5 byl oaisSo ol ol bl 5 1)l Sitan
slapasls asgorme (ol gl 008 )l (oS b3 lS (n
S 5 (MPe) cllie (MPE) (ol (MPA) ol (2
S rSojll (Sole g 9 a0 Bl 4 uitS  se (MPD)
ol Gae (V0) alens o3l Lasis b jadls o culie )]
slapas i wundinl S cus 2 o3 0)90 Sy 3 &S ol
Ly glojon joba Bad @ls S5 )5 (arwlie a8 5 )3 003 )53
R e e P e
4 sl S gloojls g T (gl ) Al oilats B
Lo asls opl Sl blgy 348 o cyund (gjlodinge 0],5 5
il i g

s colis ()

Gl sasud (Sg i 3 ySles Uyl g et Ll 3, lwiliwl pdlie—0 Joua
Table 5- Standard values for indices of hydraulic performance of irrigation networks

) S
Uiy v s Ll (Evaluation classes)
(Evaluation indexes) g g s
(Good)  (Fair)  (Poor)
cols
(Adeguacy) 09-1 08-089 08>
Oh».b'l)
- 0.85-1 0.7-0.84 0.7 >
(Efficiency)
e
(Equity) 0-01 0.11-024 0.25<
Gl
(Reliability) 0-01 011-02 02<
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Figure 3- Schematic drawing of the Shibab network’s main channel and cross sections in model
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Table 6- Boundary conditions used in the model for intake and adjustment structures at two operational scenarios of this

research
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Operating option First operating option Second operating option
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Structure typ Boundary conditions Boundary conditions
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Figure 4- Inflow hydrograph with 24.357 cubic meters per second discharge
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Table 7- The results of the statistical parameters of the model calibration for depth and discharge
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RMSE 0.0449 0.083 0
EF 0.9025 0.9949 1
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Figure 5- Comparison of depth and flow rate in actual and model condition
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Table 8- Comparison of the distribution of peak discharge in the lateral intakes based on operational options
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; Canal name ; Maximume  Discharge :
Operating under The volume of discharge(30 discharge deliver Relative
option cultivation water days irrigation estimatedgb errory error
(ha) required(m3) period) Y
a HEC-RAS
Voojlod ¥ a4y
Order2
Numberl 7185.85 32192640 12.42 5.39 -7.03 0.56
EFLLER
Taheri Canal 307.221 1376352 5.31 10.29 4.98 0.93
s a)lmi': s 4>
Order2
Number2 2632.5 11793600 4.55 3.66 -0.89 0.19
Yooyloss ¥oas
Sy 4 Order2
Jsl Number3 1527.42 6842880 2.64 2.10 -0.54 0.2
First operating  <lews o]
option YU
End of
Shibab
Upstream 405 1814400 1.7 0.79 -0.91 0.53
¥ oojloss ¥ oas
Order2
Number4 1955.57 8760960 3.38 1.36 -2.02 0.59
I e
Total
summation 14013.561 62780832 30 23.59 16.37 0.54
Voojlod ¥ oas
Order2
Numberl 7185.85 32192640 12.42 7.49 -4.93 0.39
EFLLERE
Taheri Canal 307.221 1376352 531 8.59 3.28 0.61
s b)u Y a0
Order2
Number 2 2632.5 11793600 4.55 4.58 0.03 0.0066
Y oo)lass ¥V odsp>
15 wo . .& ) )
S oy 43S Order?
Fs Number3 1527.42 6842880 2.64 1.9 -0.74 0.28
Second s <l
operating C
option Y
End of
Shibab
Upstream 405 1814400 1.7 0.58 -1.12 0.66
¥ oojloss ¥ oas
Order2
Number4 1955.51 8760960 3.38 0.82 -2.56 0.75
I e
Total
summation 14013.561 62780832 30 23.96 12.66 0.42
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Table 9- Optimization results of objective function and performance indicators for two operational options in 15 days period

Jrgod culas’ Jr929 ol Jreod 45 (gylb Jrgou j Cllae Sad aul
35 kes Delivery adequacy Delivery Efficiency Delivery reliability Delivery equity Objective function
Operating index
&b HBly Gupse Hly Ghpse Hly Ghpse Ay Sipe Hly e
Date Real Mangement Real Mangement Real Mangement Real Mangement Real Mangement
WYAY/- YA
05/08/2013 0.8 0.94 0.76 0.9 0.11 0.065 0.18 0.095 0.73 0.32
yyay/-y/ha
05/09/2013 0.67 0.81 0.63 0.77 0.104 0.062 0.18 0.06 0.984 0.524
yYay/-y/y-
05/10/2013 0.68 0.82 0.64 0.78 0.108 0.064 0.22 0.11 1.008 0.574
WAY/-Y/VY
05/11/2013 0.64 0.78 0.6 0.74 0.21 0.063 0.31 0.116 1.28 0.659
WYAY/-Y/vyY
05/12/2013 0.64 0.78 0.6 0.74 0.212 0.063 0.35 0.121 1.322 0.664
WYAY/-Y/vy
05/13/2013 0.56 0.7 0.52 0.66 0.213 0.061 0.35 0.122 1.483 0.823
yAY/-V/vY
05/14/2013 0.74 0.88 0.7 0.84 0.214 0.061 0.37 0.126 1.144 0.467
WAY/-Y/vo
05/15/2013 0.8 0.94 0.76 0.9 0.202 0.06 0.38 0.13 1.022 0.35
yYay/-y/vs
05/16/2013 0.83 0.97 0.79 0.93 0.19 0.059 0.43 0.143 1 0.302
WYAY/-Y/vY
05/17/2013 0.83 0.97 0.79 0.93 0.189 0.057 0.4 0.141 0.969 0.298
WYAY/-Y/YA
05/18/2013 0.75 0.89 0.71 0.85 0.185 0.055 0.36 0.11 1.085 0.425
yray/-y/va
05/19/2013 0.72 0.86 0.68 0.82 0.178 0.048 0.36 0.085 1.138 0.453
yay/-y/y-
05/20/2013 0.69 0.83 0.65 0.79 0.165 0.045 0.35 0.074 1.175 0.499
WYAY/- Y/
05/21/2013 0.65 0.79 0.61 0.75 0.182 0.036 0.26 0.071 1.182 0.567
WYAY/- ¥/
05/22/2013 0.67 0.79 0.63 0.75 0.093 0.089 0.26 0.071 1.053 0.62
2,99 (nSile
Period average 0.711 0.85 0.67 0.81 0.170 0.0592 0.317 0.105 1.105 0.5042
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Table 10- Results of improved performance indicators from the actual to management condition

3 Slos ot b oadli o2 dgu Mo yd
Operating index Jago Clis Jago5 e Jego5 )3 5,k JEYCAIRPS G b
&L Delivery Delivery Delivery Jugo0 Objective
Date adequacy efficiency reliability Delivery equity function
WAY/ YA
05/08/2013 175 18.42 40.90 47.22 56.16
AYAY/-¥/1a
05/09/2013 20.89 22.22 40.38 66.66 4491
AYaY/-y/y.
05/10/2013 20.58 21.87 40.74 50 43.05
WAY/- Y/
05/11/2013 21.87 23.33 70 62.58 48.51
WY/ Y/VY
05/12/2013 21.87 23.34 70.28 65.42 49.77
WY/ Y/VY
05/13/2013 25 26.92 71.36 65.14 44.50
AYAY/-Y/VE
05/14/2013 18.91 20 71.49 65.94 59.17
WAY/-Y/Y0
05/15/2013 175 18.42 70.29 65.78 65.75
WYav/-y/vs
05/16/2013 16.86 17.74 68.94 66.74 69.8
WY/ Y/vY
05/17/2013 16.867 17.72 69.84 64.75 69.24
WAY/-YIYA
05/18/2013 18.66 19.71 70.27 69.44 60.82
av/-y/va
05/19/2013 19.44 20.58 73.03 76.38 60.193
AYAy/- v/
05/20/2013 20.28 21.53 72.72 78.85 69.93
WA/ Y/¥
05/21/2013 21.53 22.95 80.21 72.69 52.03
WY/ Y/
05/22/2013 17.91 19.04 4.30 70.60 41.12
Sgue o yd (3Ske
Average percentage of
improvement 19.70 20.90 65.24 66.07 54.81
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Figure 6- Comparison of the daily performance indicators for two operational options during 15 days period
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Table 11- Assessed categories of performance indicators in actual and management condition
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Introduction: Poor performance of irrigation and drainage networks causes to reduce the transfer and
distribution throughputs and in result comes useless water and makes too much consumption in forming. A
significant portion of water losses in irrigation and drainage networksis related to transmission and distribution.
Therefor more consideration in thrirrigation network management, improve irrigation efficiency and also the
exploitation of water resources, especially in the agricultural sector is necessary. Controlling and adjusting
structures of water level in the direction of drainage and irrigation canals can influence on increasing of
throughput and decrease the use of water. So, right choosing and recognition of the deficiencies of these
structures helps carry up the throughput of the networks and prevents to waste water. It is hard to solve equations
of water flow in canals and related institutions by using analytic methods. For this reason, this research was done
with HEC-RAS hydraulical model in the main channelof irrigation and drainage network of Sistan plain.

Materials and Methods: Sistan plain is located in southeastern of Iran with good potential for agricultural
production because of the alluvial sediments from Hirmand River. 23820 ha of the Sistan plain is covered by 5
blocksof the Shibab irrigation and drainage network. While Sistan’sShibab irrigation network efficiency is low,
HEC-RAS Hydraulics model in unsteady condition was performed to control and adjust this network’s main
canal in approximately 19 Km length. In this research, the evaluation model in the canal was performed for more
suitable intakingwater in the quadruple order 2 canals . So, the existing structure’s operation was analyzed on
controlling structures in management and lack of management situations.This research was assessed during a 15-
day impounding period using hydraulic model of HEC-RAS with the aim of performance and operation
evaluation of existing structures on the Shibab main canal. HEC-RAS model was prepared by United States
army corps of engineers which is developed by the hydrologicengineering center.HEC-RAS analyzes river
system and runs under the Windows operating system. This software package is of hydraulic analysis program
series, where the user communicates with the system via a graphical user interface (GUI). The system is capable
of performing steady and unsteady flow water surfaceprofile calculations. HEC-RAS software is designed to
perform one dimensional hydraulic calculation for a full network of natural and synthetic channels. Visits were
made before and after the beginning of irrigation, and during the Operation, in order to record the data of the
flow and observe the way of utilization of canal, and existing structures. Then, the model was calibrated on the
basis of depth and discharge measurement and simulation data in real condition of operation for 10 days
impoundment during 21 to 30 April, and the Statistical parameter values:RMSE, EF, MBEand R2 were
calculated. Then the objective functionwas evaluatedusingoperational performance indexes of adequacy,
efficiency, equity and reliability of Molden and Gates regarding to HEC-RAS simulation results in unsteady
condition.

Results and Discussion: According to the simulation results in existing condition,theerror of delivery
dischargeis equal to 0.54 while applying the management onthe adjustment structure of irrigation
networkdeclined theerror to 0.42. By the canal routstructuremanagement in HEC-RAS model, on the basis of
proposed operation option, according to existing operation condition, delivery discharge loss in comparison to
the total discharge of the network 0.12 value decreases.Based on the simulation results, the mean percentage of
improvementin performance indexes of adequacy,efficiency, equity and reliability, as well as objective
functionofdelivery discharge are equal to 19.7, 20.90, 66.07, 65.24and54.81. Therefore based on simulation
results of different scenarios and investigation of the effective factors onto the flow, onthe forms of charts and
tables show that without management on controlling structures, it isn't possible to appropriate of flow rate onto
second class canals and traditional streams branched out main canal and also streams branched out second class
canals, properly.
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Conclusion: The results show that the model of HEC-RAS is proper for hydraulic simulation of main canal
in the irrigation and drainage network of Sistan plain. Based on the simulation results of different scenarios of
this research, the mostimprovements intheobjective functionare allocated toequity and reliability indexes in the
Shibab main canal with the proposed management method.

Keywords: Irrigation network, HEC-RAS, Performance indexes, Sistan plain, Unsteady flow



