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Introduction

Runoff generation is a complex multi-factor process localized with the boundaries of a river basin
(Vinogradov, 2009). So quantitative descriptions of distributed runoff generation are difficult to
acquire in field setting (Vivoni, 2007). On the other hand, determination of runoff generation
capacity as a significant factor in water resources management requires analyses which result in
more accurate runoff estimation along with uncertainty. To do so, more actualized rainfall —
runoff simulations should be done. Many efforts have been made by researches in order to
approach simulation processes to the reality ones. The location of runoff generation causes
different flow patterns which can have impact on simulation results (Brirhet and Benaabidate,
2016). Unlike Routine pattern in HEC-HMS, Lag pattern which considers runoff generation at the
subbasin centroid seems closer to the reality. However its performing needs some preparation in
HEC-HMS model (Choudhari et al., 2016). In present study both patterns will be performed in
HEC-HMS and their similarities and differences will be investigated.

Methodology

Excess rainfall in each subbasin which is converted to runoff cab be calculated either at the
outlet of subbasin or at the projection point of subbasin centroid on the main subbasin
streamflow. So two Routine and Lag patterns can be established. In Routine pattern which is a
commom widely uesed method in HEC-HMS, excess runoff is calculated at the subbasin outlet
then routing simulation continues through the reach (Scharffenberge, 2016). This procedure is
followed to The other subbasins and reaches until the total runoff hydrograph is obtained at the
basin outlet. In lag pattern, The projection point of subbasin centroid on the main subbasin is
considered as the location of converting rainfall to runoff and the routing is continued through the
reach which connects this point to the next subbasin centroid. The 5 recorded rainfall-runoff
event of 1352-1395 were used at the study area, Abolabbas basin. 3 out of 5 selected events
included 10/10/88, 10/8/55 and 13/10/59 used for calibration and two remained 2/3/74 and
22/9/58 kept for validationi. Other needed parameters and information were provided by HEC-
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GEO HMS and ArcGIS 10.2 sofrwares. x Maskingum parameters for both patterns and k
Muskingum parameter for Routine pattern were yielded through HEC-HMS calibration while k
Muskingum parameter for Lag pattern was gained through some calculations using area and
excess rainfall of each subbasin as well as the distance between projection point of each
subbasin centroid on the main streamflow to subbasin outlet. SCS unit hydrograph and
Muskingum methods were applied to coverting excess rainfall to runoff in subbasins and routing
in reaches respectively (Akhond-Ali and Kaboli, 2009). Finally using Peak-weighted RMS, Percent
Error Peak and Nash-sutcliffe objective functions the model was calibrated and then verified.
Consedering the fact that the two patterns are basically different in reaches and in order to
determine the sensitive parameters in Lag pattern the x and k parameters along with CN which is
known as the most sensitive parameter in SCS method were selected for model calibration

Results and Discussion

The results showed that the amount of PEP objective function is identical for both patterns.
While the Peak-Weighted RMS and Nash-Sutcliffe show that Routine pattern has been more
efficient (Table 1). The weak result of the Lag pattern can be related to the two more parameters
in model calibration. In order to improve the results of Lag pattern and determine the influence of
x and k parameter, the alternative removal of these two parameters in calibration was performed.
The amount of PWRMS and PEP indicated that in spite of x parameter, the removal of k
parameter has had negative impact on patterns and it’s been dramatically more tangible for Lag
pattern so that the amount of Nash-Sutcliffe objective function became acceptable. Validation
results showed that there has been a huge error in peak flow simulation. One the other hand
except for two cases in Routine pattern simulation, all objective function for both patterns has
been successful in flow volume simulation. It can be indicated that Lag pattern is preferred for
flow volume simulation (Table 2).

Table 1- Amount of objective functions in calibration of Routine and Lag patterns

PWRMS PEP Nash
Routine Lag Routine Lag Routine Lag
pattern pattern pattern pattern pattern pattern
10/10/88 1/03 2/49 0 0 0/57 -0/13
8/10/55 6/96 8/35 0/02 0/02 0/68 0/37
13/10/59 3/87 6/41 0 0 0/43 -0/08
Table 2- Statistical criteria in validation of Routine and Lag patterns
PWRMS PEP Nash
Routine Lag Routine Lag Routine Lag
pattern pattern pattern pattern pattern pattern
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Conclusion

Beside common way in HEC-HMS model for rainfall-runoff simulation, Lag pattern which
is closer to reality can be considered. In comparison to Routine patten The point of runoff
generation and consequently the reaches are different in this pattern. The result of simulation
using both methods showed that model calibration using CN and K parameters result in best
simulation and k parameter is introduced as significant parameter in Lag pattern. Validation
results indicated there has been vast error in peak flow simulation for both patterns while the the
volume of flow be calculated with high accurate specially using Lag pattern.
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Table 1- Properties of the studied subbasins

2 Perimeter Delay time  Distance between subbasin
Area (km’) (km) CN (h) centroid output basin
Subbasin 1 96.73 76.02 80.39 1.31 30.8
Subbasin 2 105.97 16.68 72.47 1.76 21.73
Subbasin 3 76.84 64.82 57.30 1.91 8.51
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Table 2- Amount of objective functions in calibration of Routine and Lag patterns

PWRMS PEP Nash
Routine Lag Routine Lag Routine Lag
Rainfall date pattern pattern pattern pattern pattern pattern
10.10.88 1.03 2.49 0 0 0.57 -0.13
8.10.55 6.96 8.35 0.02 0.02 0.68 0.37
13.10.59 3.87 6.41 0 0 0.43 -0.08
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Fig. 4- Hydrograph of objective functions of conventional and delayed patterns in model calibration
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Table 3- The values of the objective functions of the conventional and delayed in calibration of non-
parameter K model

PWRMS PEP Nash

Rainfall Routine Lag Routine Lag Routine Lag
date pattern pattern pattern pattern pattern pattern

10.10.88 1.04 2.49 0 25.52 0/74 -1.43

8.10.55 7.04 14.58 4.29 0 0/67 0.13

13.10.59 4.67 7.89 0 0 0/38 -0/01
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Table 4- The values of the objective functions of the conventional and delayed in calibration of non-
parameter X model

PWRMS PEP Nash
Rainfall Routine Lag Routine Lag Routine Lag
date pattern pattern pattern pattern pattern pattern
10.10.88 0.87 0.98 0 0 o/77 0.57
8.10.55 6.96 8.65 0.02 0 0/68 0.48
13.10.59 3.92 3.90 0 0 0/55 0.51
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Table 5- Statistical criteria in validation of Routine and Lag patterns
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Introduction

Water scarcity is a big problem in many areas, especially in arid and semi-arid regions. It is rising
due to the demand growth driven by increased economic activity and population growth in
developing countries. Since Iran is on the world's dry belt and it has rain equivalent to 1/3 of the
rain world's average, it is considered a dry country. The rain trend indicates that Iran is going to
drought, so plans and measures of water resources management should be developed accordingly
(Samadi Broujeni and Ebrahimi, 2010). Also rainfall in Iran is one of the main variables for
assessing of water resources, but its spatial and temporal distribution is very Non-uniform. For
this reason, the water resources distribution of the country is not uniform, too. Preservation and
water resources management are not only a function of rainfall but also depend on the variability
of rainfall. If spatial change of rainfall be small, the water resources are more homogeneity and
consistency (Mirmousavi and zohrehvandi, 2011) . Hence, the rainfall variations are important in
assessing water resources of rivers and the relative study of local and regional water resources.
Although various approaches have been proposed for modeling of rainfall, the use of single
generators can not properly reproduce the spatial correlations between different meteorological
variables. In this paper, was used the first-order Markov chain(MC1), the second-order Markov
chain(MC2) and the third-order Markov chain(MC3) for the occurrence of daily precipitation.
The Wilks method was used to simulate the occurrence of daily precipitation by preserving the
spatial correlation between stations for four synoptic stations in Khozestan province of Iran,
considering the importance of preserving the spatial correlation between adjacent stations in
water and agricultural studies in daily scale, which has not been studied in Iran up to now.

Methodology

In this study 4 synoptic stations of Khozestan province of Iran which have daily 30 years
rainfall dataset have been used in order to modeling occurrence of daily rainfall. The
geographical and climatic characteristics of the stations are presented in Table (1). Based on
extended de Martonne classification (Khalili, 1997), climates of the stations are arid moderate
and semi-arid moderate. The model is made just for rainy periods. To this aim, a stochastic
rainfall time series consisting of MC1, MC2 and MC3 have been used for reproducing rainfall
occurrence. To detect the best order of MC models, the Akaike information criterion (AIC) has
been used. After identification of the best order of MC model, due to the importance of the
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spatial correlation among the study stations, the Wilks approach has also been used for the
rainfall events modeling.

Table 1- Geographic information of the study stations

UTM Elevation
Station from sea level Climate
X Y (m)
Ahwaz 277996 3468896 22.5 Arid moderate
Abadan 235699 3362624 6.6 Arid moderate
Omidiyeh 370802 3404521 34.9 Arid moderate
Dezful 253884 3587786 143 Semi-arid moderate

Results and Discussion

In this study, the important characteristics had been considered related to dry and wet short
periods such as simple and conditional probabilities. Wet and dry day's probabilities had been
calculated using MC1, MC2 and MC3. The model order is chosen as the order that minimizes the
AIC for all the stations. Based on the AIC result, MC1 had performed as the best model order to
wet and dry events modeling in all of stations. Also, based on MC1, the occurrence probability of

a wet day was not directly related to its rainfall amount. In all stations, the PRy, didn’t increase

with any increasing in rainfall amount. Chi-Square test indicated that in each significant level,
there weren't any evidences to accept the zero hypotheses, which confirm independent of data.
Therefore, the frequency of transmission states followed the two-state MC method. The results
from run tests calculated using the Minitab software also showed the stationary condition of the
MC. As noted, the probability of consecutive wet days and the probability of wet day were
obtained using MC1. The result show, the average consecutive wet days probabilities for Ahwaz,
Abadan, Omidiyeh and Dezful were 38.91, 36.37, 43.32 and 44.88%, respectively. Furthermore
in these stations, the average probabilities of wet days occurrence were 13.9, 10.7, 13.5 and
17.7%, respectively. Also, The performance of the Wilks approach has verified using coefficient
of determination (R?). The base of results from Fig. (1) and (2) indicate that this model is able to
simulate the occurrence of precipitation with acceptable accuracy in the study stations.
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Fig. 2- Comparison of observation and simulation of number wet days for all stations
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Conclusion

The MC1, MC2 and MC3 models have been fitted to predict daily precipitation data series to
identify the dry and wet spells sequences. Based on the AIC criterion, the MC1 is selected as the
best model for the all stations. Based on this criterion, the average of preference MC1 compared
with second and third order was 61 and 74% for all study stations, respectively. The average

probability of 2 consecutive wet days (R, ) Vvaries between 36.37 (Abadan) and 44.88%

(Dezful). Also, the average probability of wet day occurrence ( R, ) changes from 10.7 (Abadan)

to 17.7% (Dezful). Also, based on the R?, the result illustrate that Wilks approach can accurately
simulate the occurrence of rainfall in a regional manner.
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Table 1- Geographic information of the study stations (Chaharmahal and Bakhtiari
Meteorological Administration site)

UTM Elevation
Station from sea level Climate
X Y (m)
Ahvaz 277996 3468896 22.5 Arid moderate
Abadan 235699 3362624 6.6 Arid moderate
Omidiyeh 370802 3404521 34.9 Arid moderate
Dezful 253884 3587786 143 Semi-arid moderate
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Fig. 1- Map of the synoptic stations of the study area
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Estimation rainfall occurrence with using the first
to third-order Markov chain

!

Selection the best order of Markov chain model

!
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for the best order Markov chain

!
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for all stations pairs

!

Construct the Cholesky
matrix for rainfall occurrence

!

> Generation normal random
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Generation correlated uniform
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!

Generation rainfall occurrence time series
with preservation of correlation for all stations

Fig. 2- Steps of work process
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Tabel 2- Result of the choices daily Markov chain model-orders based the on the AIC

Ahvaz Abadan Omidieh Dezful

First

Second Third First Second Third First Second Third First Second Third

2135
3429
3165

2208
2260

1637

1794
2691
3187

3031 32 2260 2660 3.3 B 366 36.45 3.9 35,65 3o
38.28 4043 2284 2609 2059 B3 M4 4806 3386 310 3256
4162 3399 3369 36.38 30.05 B BB 3552 3031 3921 3.9

25,76 2040 16.98 2081 24,04 182 1182 16.00 3019 2.9 2832
.11 2100 16.98 02 2806 218 20 2094 3099 3184 35.66

19.09 16.00 1263 1640 2109 208 210 2094 2467 26.75 26.06

19.00 2384 125 1640 198 400 800 16.00 2260 2621 2856
3082 3353 18.56 2210 00 75 9% 3763 047 313 3257
B 3141 2584 2061 34.08 64 AL6E 4406 38.28 3890 2231
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Table 3- Simple and conditional probabilities of dry and wet days of Ahvaz station

Day Conditional probability Simple probabaility
Puw Pud Paw Pyg Py Py
1 0.20 0.80 0.12 0.88 0.14 0.86
2 0.00 1.00 0.27 0.73 0.30 0.70
3 0.57 0.43 0.22 0.78 0.23 0.77
121 0.00 1.00 0.00 1.00 0.00 1.00
122 0.50 0.50 0.00 1.00 0.00 1.00
123 0.50 0.50 0.00 1.00 0.00 1.00
241 0.00 1.00 0.08 0.92 0.07 0.92
242 0.00 1.00 0.14 0.86 0.13 0.87
243 0.50 0.50 0.15 0.85 0.20 0.80
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Introduction

The analysis of transient flow plays a critical role in designing pipe systems and pipe networks.
Controlling and collecting the pressure wave signals at proper spots in the pipeline can provide much
information about the system. Many researchers have studied transient flow and the loss caused by
unsteady flow (Brunone et al, 1991; Pezzinga, 1999; Vitkovsky et al., 2000).

Compared with steel pipes, the use of polymer pipes such as polyethylene (PE) and PVC in
pipelines and pipe networks has attracted much attention due to their superior properties. Researches
have been conducted on the dynamic behaviour of these pipes on transient flow. Brunone et al.
(1995) explained that pressure wave damping in a polyethylene pipeline is caused by unsteady
friction loss; however, the research showed that there is a large difference between the numerical and
the experimental results, and this is due to the viscoelastic effects of polymer pipe walls, which were
neglected in this study. Soares et al. (2008) examined the viscoelastic behaviour of PVC pipes on
transient flow. The creep function of these pipes was calculated by inverse solution of the transient
flow. The results showed that the damping, scattering, and shape of the transient pressure waves are
fully described by taking into account the viscoelastic behaviour in the developed numerical model.
Carrigo et al. (2016) studied the uncertainties of the transient flow numerical model in polyethylene
pipes, indicating that unsteady friction loss and viscoelasticity of polyethylene pipe walls have
parallel effects on transient signals and the effects cannot be simultaneously distinguished.

Most studies have been so far conducted on the transient flow in a simple pipeline made up of
steel and concrete. Since few research has been done on transient flow in more complex systems and
plastic pipes, the present paper investigates the numerical and experimental model of transient flow
and its properties in polyethylene pipe networks in time domain. In this study, by collecting transient
signals of the pipe network, unknown parameters are calibrated and extracted by inverse analysis of
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the transient flow for different discharges. The pressure signal properties in polymer pipes are also
compared with discharge variations.

Methodology
Numerical model

One-dimensional equations governing the transient flow in closed ducts, namely the continuity
and momentum equations, are extracted as Eqgs. (1) and (2) by applying steady and unsteady friction
loss, and viscoelastic effect of the pipe wall (Covas et al., 2005):

dH a?9Q 2a*de,

a TgAx T g ar - )
0H 1dQ

— - Res + hey) =0

I9x Taa H s+ ) )

Where x is the coordinates of the pipe axis, t time, H piezometric head, Q flow rate, a pressure
wave speed, g gravity acceleration, A pipe cross-sectional area, hy, steady friction loss, hs, unsteady
friction loss, and &, retarded strain.

The continuity and momentum equations are solved using the method of characteristics, by
considering a reservoir with fixed head as the upstream boundary condition and a transient valve in
downstream of the pipe network as the downstream boundary condition.

Experimental model

In this research, a polyethylene pipe network fabricated in the Hydraulic Laboratory of the Faculty
of Water Sciences Engineering of Shahid Chamran University, Ahwaz, was used to numerically and
experimentally examine the transient flow in pipe networks. This network consists of six 3mx3m
squares. The pipes are made up of high-density polyethylene (HDPE) with a nominal diameter of 50
mm, wall thickness of 5 mm, and nominal pressure of 16 bar. A 700-L pressurized reservoir is
located at one end of the system and a ball valve at the other end of the network to generate transient
flow for the experiments. A globe valve, placed after the ball valve, is used to adjust the steady flow
of the experiments. The transient flow signals of the tests at upstream of the ball valve and in the
pressurized reservoir were collected by pressure transducers with a measurement range from 0 to 16
bar (T1 and T2).

Results and Discussion

The pressure values at upstream of the transient valve were collected for three steady state
discharges of 0.82, 1.16, and 1.5 lit/s using the experimental model of the pipe network. comparison
of pressure signals for different discharges shows that as the discharge increases, the intensity of the
transient flow signal increases, the phase shift decreases, and the number of cycles per a specified
time period increases (Fig. 1).

Since the unsteady friction loss and viscoelasticity of polymer pipe walls cause damping and
phase shift in the transient flow, the effect of each case on the transient flow should be determined
for the numerical model calibration so as to obtain the best state for the calibration of the pipe
network numerical model. The results show that considering the viscoelastic effect of the pipe wall,
the numerical model is able to simulate, with high accuracy, the transient flow reactions, and there is
consistency between the numerical and experimental results.

The creep compliance functions for polyethylene pipe network were determined by applying the
inverse solution of the transient flow and the pressures collected at the upstream of the transient
valve. The results show that by applying the viscoelastic effects for the pipe network, the creep
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function value in the numerical model depends on the initial discharge value. Moreover, the
variations in the retarded strain for three discharges were calculated. The results indicate that due to
the increase in the effective time of pressure loading and unloading in smaller discharges, the time of
variations in the retarded strain per each cycle is also increased.

25

— Q=1.5lit/s
== ==Q=1.16lit/s
- = Q=0.82lit/s

20 4

15

10 A

Time (s)

-10 A

-15
Fig. 1- Time variations in the pressure at upstream of the transient valve for different discharges

Conclusions

The purpose of this study is investigate the numerical and experimental properties of transient
signals in a polyethylene pipe network under different flow discharge conditions. The calibration and
validation of the numerical model of pipe network were performed by inverse transient analysis and
the genetic algorithm. The results showed, that the best state for calibrating the polyethylene pipe
network numerical model is to consider only the viscoelastic effect of the pipe wall with 1 Kelvin-
Voigt element. The creep functions of the viscoelastic model were calculated at different steady state
discharges and it was shown that with increasing discharge, the creep function decreases.
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Table 1- The calibration results of the pipe network viscoelastic model for

discharges of 0.82 and 1.16 lit/s

Q (lit/s) a(m/s) J1 (Pa™h) 7, () LSE (m?*)
0.82 252 51x10™! 0.05 0.3
1.16 286 31x10 0.05 0.4
53 E. i tal dat o3 i
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Fig. 4- Comparison of the experimental and numerical results of the viscoelastic model for

discharges of (a) 0.82 and (b) 1.16 lit/s

46 g ad 117 :(D) 5 +/AY :(2) polin b 2 81y ECaYIgKu g Jho 30 (30 § BT Zuli dulio—§ 5

Experimental data
60 A = = = Viscoelastic model+Unsteady friction

55 n 65
Experimental data
= = = = Viscoelastic model+Unsteady friction
=] =
=
= = 55
5 E
= o 50
=2 =
=40 2]
2 = 45
=2 7
35 & 40
o
30 35
0 2 4 6 30
Time (s) 0
70
65 4 Experimental data
= = = = Viscoelastic model+Unsteady friction
g
=
g 50
E 45
= 40
4
S 35
Ay 30 A
25
20 T T T
o 2 4 6
Time (s)

4
Time (s)

Fig. 5- Comparison of the experimental and numerical results by taking into account the pipe wall
viscoelasticity and the unsteady friction loss for discharges of (a) 0.82, (b) 1.16 and (c) 1.5 lit/s
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Table 2- The calibration results of the numerical model by taking into account the viscoelastic and
the unsteady friction loss effects

Q (lit/s) a(m/s) J; (Pa™1) 7, (8) K LSE (m?)
0.82 254 50x10™! 0.05 0.01 0.4
1.16 295 22x10™ 0.05 0.09 0.6
15 340 15x10™ 0.05 0.13 0.8

Pressure head (m)
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Fig. 6- Comparison of the experimental and numerical results by taking into account the unsteady
friction loss for discharges of (a) 0.82, (b) 1.16 and (c) 1.5 lit/s
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Table 3- The calibration results of the numerical model by taking into account the
unsteady friction loss

Q (lit/s) a (m/s) K LSE (m?)
0.82 261 0.20 0.6
1.16 295 0.23 1.3
1.5 345 0.28 2
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Fig. 7- Comparison of the creep function for different discharges
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Introduction

During the last few decades, greenhouse gases have affected the earth's radiation balance by keeping
long-wavelength radiation in the atmosphere and increasing the air temperature (Bakht Firouz and
Raeini Sarajaz, 2013). The agricultural sector has played an important role in emitting greenhouse
gases through using fossil fuels, carbon losses through tillage operations, incineration of crop and
forest trees, livestock, the use of livestock manure and construction, and the use of chemical
fertilizers. So, the share of this sector in climate change is about 13.5%, of which 60% is related to
nitrogen oxide, 39% to methane, and 1% to nitrogen dioxide (IPCC, 2007).

Considering the vast area under cultivation of sugarcane in Khuzestan province and the use of
chemical fertilizers as well as the burning of its residues every year, it is necessary to determine the
amount of greenhouse gas production in these areas. Therefore, the purpose of this study was to use
the DAYCENT model to determine the amount of gas flux emitted in sugarcane cultivation in
Khuzestan province and to determine the efficiency of this model with statistics of coefficient of
determination, maximum error, root mean square error, model efficiency, and residual mass
coefficient. The other purpose of this study is to compare the amount of global warming potential and
production of methane, nitrous oxide, and nitric oxide emissions between Shustar and Abadan agro-
industrial stations.

Materials and methods

The present study was conducted in the form of random sampling with two factors of culture type
and sampling date on the rate of methane emission, nitrous oxide, and nitric oxide. It was used to
measure the gas produced from the soil surface by the closed chamber method and gas
chromatography. Three chambers were set up in each field. Three hours after the installation of the
chambers, they were sampled from inside with the help of a syringe. The samples were immediately
transferred to the laboratory to read the amount of gas and measured by a gas chromatograph (GC)
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model UNICAM Series 610 equipped with ECD and FID sensors. This device reads the volume of
gas accurately in millions. By investing the volume of the chamber and the installation time of the
chambers, finally, the amount of gas expansion was calculated based on the amount of gas expansion
in terms of mass per unit area per unit time. Six samplings were performed in two-season sugarcane
crops in three replications during the research period. In the next step, greenhouse gases were
estimated using the DAYCENT model. DAYCENT model inputs include observed daily rainfall and
maximum and minimum daily temperature. The input of soil variables includes texture, density,
thickness, field capacity, wilting point, pH, saturated hydraulics, and conductivity for 14 soil layers.
This model has been validated using observed data related to crop production, soil organic matter,
nutrient circulation, and trace gases (Hartman et al., 2011). To calculate the global warming
potential, the unit of this index was expressed as the equivalent of carbon dioxide. For this purpose,
the amount of nitrous oxide gas with a coefficient of 310, methane with a coefficient of 21, and nitric
oxide with a coefficient of 298 were entered into the calculations. Finally, the statistical indicators of
maximum error, root mean square error, coefficient of determination, model efficiency, and residual
mass coefficient were used to evaluate the modeling accuracy (Ewert et al., 2005; Dashtaki et al.,
2010).

Results and discussion

The results of the average methane gas flux in Shushtar station (160 kg per hectare per year) were
higher than in Abadan station (120 kg per hectare per year). Shushtar sugarcane cultivation with
higher average rainfall had higher methane flux than Abadan sugarcane cultivation. For Shushtar and
Abadan stations, the average nitrous oxide gas flux was approximately equal (2 kg per hectare per
year). The average flux of nitric oxide gas modeled at the Abadan site was 6 kg per hectare per year.
The flux outputs of nitrous oxide and nitric oxide were obtained due to the same fertilization in both
similar stations, with a slight difference.

Based on the results of calculations of a global warming potential coefficient of methane, nitrous
oxide, and nitric oxide, Shushtar station obtained an average global warming potential (5172 kg
equivalent of carbon dioxide) higher than the average global warming potential of Abadan station
(4928 kg equivalent of Carbon dioxide). The higher average global warming potential at Shushtar
station is due to more methane emissions in this station than at Abadan station. In low and medium
temperature changes, this station had a higher global warming potential than Abadan station, but in
high-temperature changes, Abadan station showed more global warming potential. In global
precipitation changes of negative 2, positive 7, and 14% at Shushtar station, more global warming
potential was obtained. Different statistical indicators were used to evaluate the accuracy of the
DAYCENT model. The results showed that the statistical index's coefficient of determination (R2) of
nitrous oxide has the highest accuracy. However, all three gases have a suitable accuracy range above
0.50. The RPD (efficiency deviation ratio) index showed that the value for nitrous oxide was 2.6, but
in all, they had a good accuracy range.

Conclusion

Shushtar station, with a higher average rainfall level, had a higher methane flux than Abadan
station. The results of nitrous oxide and nitric oxide flux rates were similar. The Shushtar sugarcane
industry had a higher global warming potential than the Abadan sugarcane industry, which was
determined to be the main cause of high nitric and nitrous oxide emissions. The average output of
environmental emission costs also showed the largest share of nitric oxide gas emissions. Based on
statistical indicators, three greenhouse gases of nitrous oxide, methane, and nitric oxide were in the
appropriate accuracy range. The DAYCENT modeling program showed that it is an integrated model
that facilitates the interconnection of ecosystem processes.
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Table 1- Gas samplins schedule in studied agro-industries

Abadan  Farabi spring 15 Apr 28 May 24 Jun 19 Jul 10Sep  15Sep
autumn 12 Oct 17 Nov 14 Dec 24 Jan 11 Mar 20 Mar

Mirza Kuchak spring 15 Apr 28 May 24 Jun 19 Jul 10Sep  15Sep

Khan autumn 12 Oct 17 Nov 14 Dec 24 Jan 11 Mar 20 Mar

Amir Kabir spring 15 Apr 28 May 24 Jun 19 Jul 10Sep  15Sep

autumn 12 Oct 17 Nov 14 Dec 24 Jan 11 Mar 20 Mar

Dabal Khazaei spring 15 Apr 28 May 24 Jun 19 Jul 10Sep  15Sep

autumn 12 Oct 17 Nov 14 Dec 24 Jan 11 Mar 20 Mar

Salman Farsi spring 15 Apr 28 May 24 Jun 19 Jul 10Sep  15Sep

autumn 12 Oct 17 Nov 14 Dec 24 Jan 11 Mar 20 Mar

Shushtar  Imam Khomeini spring 15 Apr 25May 24 Jun 16 Jul 7 Sep 10 Sep
autumn 18 Oct 21 Nov 19 Dec 21 Jan 17 Mar 25 Mar

Dehkhoda spring 15 Apr 25May 24 Jun 16 Jul 7 Sep 10 Sep

autumn 18 Oct 21 Nov 19 Dec 21 Jan 17 Mar 25 Mar

Karoon spring 15 Apr 25May 24 Jun 16 Jul 7 Sep 10 Sep

autumn 18 Oct 21 Nov 19 Dec 21 Jan 17 Mar 25 Mar

Haft Tappeh spring 15 Apr 25May 24 Jun 16 Jul 7 Sep 10 Sep

autumn 18 Oct 21 Nov 19 Dec 21 Jan 17 Mar 25 Mar
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Table 2- Average, minimum and maximum gases of methane, nitrous oxide and nitric oxide per hectare
per year in desired stations

site Variable CV (%) max Min mean
Shushtar CH4 Flux 3.8 600 100 160
N20 Flux 48.2 39 1 2
Flux NO 53.5 154 1 4
Abadan CH4 Flux 4.2 570 82 120
N20 Flux 59.3 44 2 2
Flux NO 78.5 165 3 6




DOI: 10.22055/JISE.2022.38525.1990

oY

s 8 Ll gleddes 0L Kes 5 doee 83l e

S5 3590 SOl 33 E/Y 9 T/0 ) € Lod ¥ lw 3o 1391 b 37 5Lb S kT S sol sl —F Jguo
Table 3 - Statistical parameters of gas flux with increasing annual average temperature 1, 2.5 and 4.2 °©
in desired stations

Low temperature changes (1°¢)

Variable site max min  mea site max min  Mean
n

CHsFlux Abada 576 88 124 Shushtar 608 108 165

N20 Flux n 48 4 4 41 2 4

Flux NO 170 4 7 158 1 5

Medium temperature changes (2.5°C)
Variable max min  mea max min  mean
CH. Flux n 610 112 171
585 94 132
N2O Flux 52 7 9 50 6 9
Flux NO 172 5 7 161 2 6
High temperature changes (4.5°°)

Variable max min  mea max min  Mean
n 622 118 179

CHa Flux 592 103 138

N20 Flux 59 10 14 58 9 13

Flux NO 179 7 10 168 3 8
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Table 4- Statistical parameters of gas flux with increasing annual average precipitation -2, +7 and +14%
in desired stations

Low precipitation changes (- 2% )

Variable site max min  mea site max min  Mean
n

CHsFlux  Abada 555 57 107 Shushtar 587 96 142

N20 Flux n 20 0 1 18 0 1

Flux NO 152 2 4 132 0 3

Medium precipitation changes (+7%)
Variable max min  mea max min  mean
CHa Flux n 660 175 200
617 155 180 18 9 14
N20 Flux 16 9 14 188 8 42
Flux NO 194 10 56 660 175 200
High precipitation changes (+14%)

Variable max min  mea max min  Mean
n 679 197 409

CHa Flux 640 168 196 53 18 30

N20 Flux 52 18 30 207 53 62

Flux NO 218 56 60 679 197 409
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Table 5 - Comparison of measured and estimated values of three gases, nitrous oxide, methane and nitric
oxide based on DAYCENT model

gas R? RPD SD CRM EF CD RMSE ME
N2O Flux | 0.98 | 2557502  0.142728 0.36441 0.619002 0.44796533 0.055808 0.121
CHsFlux | 0.99 | 1.742253  0.540479  0.343506  0.854543  2.458733391 0.310218 0.741
NOFlux | 0.77 | 1781006 0.069177  0.222642  0.767205 1.453933593 0.038842  0.053
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Introduction

This study evaluated a drip-gravity irrigation system implemented in Barajin Park at the north of
Qazvin province. In order to carefully examine the existing conditions of the field visit, the effective
parameters in the evaluation were measured for all laterals in the selected section, including 13
laterals. The results showed that the water uniformity distribution was unacceptable due to the
significant elevation difference. Note that no filtration system was used; hence, it was impossible to
use a pressure regulating emitter (PC) because these emitters are sensitive to chemical and physical
clogging. To improve the water distribution conditions, applications of 1) using flow control valves,
2) changing the diameter of the pipes, and 3) using two types of conventional drippers (Non-PC)
with different scenarios and modeling in EPANET software were investigated.

Methodology

Barajin Park, located in Qazvin province, was considered the case study. The irrigation water was
supplied by a pool constructed at the highest level of the irrigated area. The land slope of 20% made
it almost impossible to achieve a desirable water uniformity distribution along the main pipe.

To evaluate the irrigation system's performance, pressure and flow rate data were measured by a
digital pressure gauge and a one-inch flow meter, respectively. The number of trees on each lateral
line was counted, and the length of the laterals was measured.
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In the hydraulic laboratory of Imam Khomeini International University, two conventional emitters
were tested at different compression intervals. The results of this experiment were then used in
modeling scenarios.

EPANET software was used to model the irrigation system in different scenarios. This software
can simulate the behavior of water flows in pressurized networks (Ramana et al., 2015). To model the
irrigation system, the specifications of the reservoir, water transmission lines, manifold pipes, and
laterals, which include the length, diameter of the pipes, and the elevation, were given as the input
characteristics of the program.

Numerical models need to be calibrated to check the correspondence between the measured and
simulated parameters. To compare the values measured and simulated by the EPANET model,
statistical indices of root mean square error (RMSE), mean absolute error (MBE), and error
percentage (NRMSE) were used.

Results and Discussion

The scenario of the existing conditions was evaluated in four cases; in the first case, the current
performance was examined, and it was observed that the values of EU=58% and CU=71.48% were
obtained. The system's efficiency in terms of evaluation criteria was in the weak range. In this case, a
water loss of 0.5 I/s was observed.

In the second case, to investigate the effect of using a flow control valve (Zhang and Wang, 2015),
two valves with capacities of 1.5 and 0.74 (lit/s) were located between laterals 11-10 and 6-5,
respectively. The numerical simulation revealed that EU and CU values increased to 70% and 78.1%,
respectively. Also, the water loss was reduced by 82% compared to the available condition.

In the third case, to investigate the effect of changing the diameter of pipes in improving the pressure
distribution, the diameter of pipes based on the required flow rate of each section was changed
telescopically by modeling in EPANET. In this case, the EU value of 67% and the CU value of
77.6% were obtained.

In the fourth case, the system was evaluated numerically by changing the diameter of the pipe and

using a flow control valve.
The EU value increased to 71% and CU to 79.6%, reducing water loss by 43.5% compared to the
available condition. In general, comparing this case with the previous three cases, it was found that
using the flow control valve and changing the diameter of pipes would result in a more favorable
effect on efficiency increase.

The second scenario, which uses a typical type 1 dropper, was examined in four cases, as in the
previous scenario. In conditions without the flow control valve, the value of EU was 31%, and CU
was 49.2%, with a water loss of 0.57 I/s. In the second case, to investigate the effect of using a flow
control valve, the location of two valves with capacities of 1.19 and 0.58 (lit/s) were determined by
modeling in EPANET software. It was found that the EU value increased to 49% and CU to 72.2%,
which reduced the water loss by 78.9% compared to the previous case. In the third case, the diameter
of the pipes was changed telescopically by modeling in EPANET. In this case, the system's operating
conditions were more favorable in terms of evaluation criteria. In the fourth case, the evaluation of
the system was examined by changing the diameter of pipes and using a flow control valve. Two
valves with capacities of 1.19 and 0.58 I/s were modeled in EPANET. EU value increased to 72%
and CU to 81%.

In the third scenario, which uses a typical type 2 emitter, numerical results revealed similar results
as what was found for the type 1 emitter. Hence, applying the flow control valve resulted in
improving the water uniformity distribution.

In general, it was found that the flow control valve was a brilliant choice to increase the water
uniformity in sloping areas. Numerical simulations must determine the location of the valves and
their discharge characteristics.



61
Evaluating the Application ... Vol. 46, No. 2, 2023

Acknowledgment
The authors would like to gratefully acknowledge the support of the Iran National Science
Foundation, INSF. The project was granted under the ID number 99027971.

References

1- Ramana, G.V., Sudheer, C.V. and Rajasekhar, B., 2015. Network analysis of water distribution system in
rural areas using EPANET. Procedia Engineering, 119, pp.496-505.

2- Zhang, X. and Wang, D., 2015. A flow control device for incompressible fluids. Flow Measurement and
Instrumentation, 41, pp.165-173.

© 2023 Shahid Chamran Universiry of Ahvaz, Ahvaz, Iran. This article is an open access
BY article  distributed under the terms and conditions of the  Creative

Commons Attribution 4.0 International (CC BY 4.0 license) (http://creativecommons.org/licenses/by/4.0/).



ST (qwiige 9 pole ﬁ‘rﬁ

)mu_-,u/;:._f%@'u
Gkl dbolo 13 ST 395 (1550 !0 (S1y (20 aalid 7395 (Sl uls 3 5357 (b 3
EPANET )l}é!f)S dhwg 4 Sl Jow 9 G{o!)l 39 5!@;145
(298 cmlhb Olwgs 183550 4xllian)

0-YF . o ing3 dllin V£ ¥ (lial ¥ S0 sked € Al

¥ Y. %Y o e \ N .
AJ}A&}A@.&&} Qb—;ﬁdwe J\x&\dw)ébhc kslwfcv\swf

Ol e3¢ ast plal ) o015 ¢ mb e 5 50alaST oaSails (T (tign 5 p ke 03,8 i) kit ST Lrmmedlf 6

Ol s ¢ s ol Ml oy ol e 5 55008 0aSails (T akige 5 pisle 038 Sl (gtn oy 5 =Y
Ramezani@eng.ikiu.ac.ir

RPARITS Tpes ool (Ml s o8l ¢ ncs milin 5 (655587 0aSC8i15 (DT (ki 5 5k 03 8 5L0305 Y

NIRRT P e plol (hadl o o815 ¢ ol mlin 5 (5555158 0dSils (T (pakige 5 pske 05,8 sLssls ¥

VENADA S

VNN i VB VA L s

o>

912 A b jlacnd (LS1)1 )3 315 4158 (115520 14t 9 g 4255 3590 (5103 S JSWS a1 Ui oS (gl (srailol
Obiwgs 55 ouwd 1yal J&5 — gloyhad g )bl dilobw 31 iy (W93 () 50 Cowl Bl pod  TWSUie b dilobw (ol 51 (5,15 0 s00
2235k 39290 bl pad 883 (o (8152 Sl 4855 5108 (31 3590 Sl b2 yd Vo D9 i (51,13 &5 (2938 S )b
95 JIsd 30 VY Jold o sl gl 4 39390 GBI oobos glpt syl 93 Fge sl yially o 8w el silise
s 2l Jpd LByt 3 0 ol qpf ISy ctngd BB gl ST Joay o 313 (5 gl b 55l b b
g Casdiomly By 9 il o 038y VST 5 0ol L 3 Jlpoy olKEunt] 51 45 (300 adllan 3,90 (5l Wlolus (orizead
(PC) 1 5 s 5150 5 53] S0l 30 150025 3929 035 ooy it 9on 6l B 500
Ol iy bl 39t Sl (2] 2 il o ol (528 9 (rboonnd (SIS & o oy B0,ba8 (1525 Comnd
(S5t i 2 b (NON PC) [ 0.8 ol b oS08 35 93 51 bl W) s e ¢33 55y 1 030
o 998 <5 yll dlobw lad 5,5,15 ob,0 5l ael Cawday gl wwd owyp EPANET 13810, 15 (g5lw]ie g wglitio
JS it 31 03lw] O ygo 4D A Wil oo B B3gume 4D 23yl (s lre S 1 dilols o]y oS 3y LS od J S

e G 203 Vo 4 0N 1 ol iy ISy Bl I3 o

ol iy (315 ( Jaame (Sae b lid cod Lol 1 05l Sl

.(Khorami and Ansari, slas3 I8 bj)l 590 AoNio

2019)

B a0 1y el cpl &S canl (e i3l S S5yl
sSbes ity 5 05 8 3 St Ly lacadgios st
.(Qasemzadeh mojaveri, 1991) sl 3494 1,

s 2 abs)) & (2019) Ansari 4 Khorami
2 g abby e slad (lojlad gyl wlols 3 )Slos
(BU) ol gy (B9 (slalne 31 (sylel ol ol 25
o) ol Juuily (US) (298 (20 )bl (815
onl Sik o ol o)l plesily 5 PELQ) ol Sk 5
oS wly oad pbol byl b les)S eslizl (AELQ)
pae Cawl dopidie piwaw (pl 3yg0 3 &S (gl el
B Cawl baplSaojhd (Vb (o> Sy 5 (Bl
G dog b &S sl cama SYIY gewe opl lp LSy

Sl Omer il g sloalols Sl oslitl 03l
L] Ml; “’““’9’ u’l d)..ao u.:9>45)..o LSL.AAJI) )0 ‘_slb).la_‘i
lojhad ol claaslolus Wiy cou (0,50 drgh picmen
B den el ogge M 5 Jlue olulid
CawydB 3,558 o ol ola o]y e LialS asle YIS
st 5 iyl 1) ) 008 Cinnd o 5,Skae g ol
Aol b b sl o cammt] o slo b o lol wlols Mo
el Jls 4 g adly 1) ploily tals e o)l e o
sl S by oy
3955 YL pdaw ol oplad g lol cladilols ax 31
ot o J93 B olgen bl 3, Sloe Lol iz 13,65
oylyen ailebs cpl Gloly Vb @ ol () polaie


mailto:Ramezani@eng.ikiu.ac.ir
mailto:Ramezani@eng.ikiu.ac.ir

sy
DAV o NP Lo ¥ o5les F5 655

ST (glign 5 psle

Lol b calie C8l sadgn Sl (S sl
b plel Jlil LS b G tals

Silodnd jslaieds (gilo Juo (sboljdleys il ookl o9 el
sl Bl o Ol mig sedid o ol Sdgke
sdaieds EPANET wle (bl celolséloy 5l oslicu
Ol @i ceaed 3 ol Gileand s ledss
S (o Ll nailob e 9 (2l 53 555

CubsS g (Selgpin JlB) (gilwand EPANET 3l s
sy oyl amd e pll i cou dg) claaSis o 1) O
9 Byed sy (A VLail) baoyS dadg) jl oS S5 o134
2l ol )l ol sl oad S5 (gilueysd il
Sy ble g e g 3 Ol gl w8 ey Lid g e
il ol S b3y &b el 3 1) plend 45
Pl @iy Slaptums » ol S Sy Sliios
wloacy il glgl Gy ol 5l g 5 cul ond
35 ol @98 St oS 9 w5 3 )8
(Ramana et al., 2015)

b yslais & 45 EPANET Jlsélas 3 oSl (slaalslec
ol 5 (Siwen srdbslee 35 o odlaiwl Slopl 4SS

Adbge (V) 5 (V) abaly 3o 8 >

dp
: ap _ \
div pV + 7 0 (")
d __32pvV
S P +vZ)=—07; (v)

cod v (JSuh) S » 2ls i P lladgy ol o

o) Jlw Lawgio oV (a5l 1 mpe o) ol Seilotz

pS) Jhw osate (i Vg (yie) Ay Jhd De(ast »
el (o yia s

Jsasd 4w §1 Uil koo gl EPANET Jl3le s 5

«§ .)9.0& odlazwl &.M.:Lo—d).w 9 CLAJ.AAJ? ‘sm)l.) ‘)AL.L)B u)a.b

by o Jsed @y cbased wly ol orcestie

h, = 10/7LD~*87 (%)1-85 (¥)

55D (y20) g Jsb L g (5305 s € ofF) e

&)} c8l by g (436 caSe i) gl (2 Q (i) 49
(Farzin et al., 2018) 1l o ()

5 45 5 odlitel gl EPANET bl blje )

P ok &5 of ol sl il 4 lgie el Jlbs

A 2Ulg g wle cansay dad g, 5 edlil L ass

il s eSS plonly (bl sl
G ol Lialiil g wlob 5,518 seugs el aloolaiiy
o5 il 4 e gl de )& s
bl alobpep 4 @l 4aby g el 51 (sl oy
oS &S (placiand lp Jog 5 gy ) edlizal b o)l
2 lop adss yud caal o ol @ il g eats wsls
P e sbdyd )l xSel Gl cwlie e
9 8 hl > bolse ojhd (olga I 5y Ssl s>
35 o)Ll yicuslio clo S oykad | o3lizl
& byl yskaeas (2012) Qaemi 4 Noshadi

oS aeyie g LV Loyls il )3 gloplad gylol (sl pias
W33 518wy 3y90 1) W39 I8 (lie codlil g9 ]
cops (BU) o Ghpy (Bl Glajlee 512l
omb Sile ol ol glesly Jewily (CU) (516
oslizl (AELQ) b Sl > o 5,8 ol 5 (PELQ)
W2,S

= lojlas o)l] wlobo () plsl b & yp0
ok Ll ol el )Lid cleSs @js pis 398 pasuie
ol 5 olitl g lbalg) Jab s Lt 218 pits gla
5l b oy 0siiS pabais (clmogl 315 &0l,) jLis oaiiS’ s
Sedgrhen ool 4SSl 5265 )8 4 paio sla Shy 9
Tk Gan 4 g b gl 4l S5 0 &S )b 1) Ul oyl
ol g s GBIENL Gl jlisyge s Ul i
9 gy wialed 58 Ty w53 Gl e Olise ey
Sl soaSed > (> 5Soill sl SFLS slaojl
sl o b 53 ol lipl 5l (o (23 welaid jed 215 392
Rahmeyer and ) cosl a4y g S allee
[Driskell, 1985

N ome Sbor Olie IS sln Ol S )3l 5 (S
5 Zhang .wiws (oo JyuS 56 layud 3,5 oolatal dg)
F g b olel Jsol Sl odsl il (2015) Wang
Frms 2 8055 ©ppon oS b il ) (23 JyuS
Sy a5 el Ly 1)

Pl cls 4 & cwl glojle o0 S b
b 1y ol by g Cuns wlus a8 Casdpoly 9 CunaYl
@ S8 s a3 g 355 311y (2 Loy (03 o)lgen oS
Slal 30l bl o 2 Ol GaYsle s (4l Bl o0
. (Mehri and Bijankhan, 2019) wsb awsls

4 2Bkl o) (2019) Bijankhan 4 Mehri
Wb Ve gm0 S sbd 3Shes (ou)p
b Sl oo (20 Sy oS 0b ol Jobs pols by
o 1y (2 LB (o ol et wple gl <
P @ ol b lol el Sy bld 4 e



DOI: 10.22055/J1SE.2022.38621.1991

7¥

...)bedhﬁbﬁ)\f&\i})\ Q.)&.&h}é«fc)\s

B Sl O g BIES b (il )lib oaiiS pilats
SlagBaojhd (8,5 jlai 5 b W ol dalys JSis 1) Joi8
bil A Cad gboed Bl > jlis onigd elalid
pladl (oase (gilore g (lae 13k bawg wglite (slags s
ma ol 5 eslatul Sl g (o3 S s )8 Lwly ol 3 s
13 o o3l > )Lt 0kigd oS sl S ke o]y

1 oy o @i IS Sl

lh&j) 9 é',.o

Al 390 dikaie

Oliws: glojlad (g)ll oo I and adlllas 3,90 b
02 9 Job e3ga0e > b ol il (s S il
o5 sl s1p,S gdly FYVERY 5 FASAVY L Ldl s
Hille Sy (i g yete b adllas 3)50 )b ) 3924e
Ca ) g oy ool g ddlate ol )3 (lojlad (Ll
2l g Pl Gm gy GBI ) esliial b o) e
b Gl ) S Cope B jgen Cwdiml
4 ol Ay dewgt Ol bl Lo Yo Cginm Jled
g o4 ik el e VY gk 4 e e VY ¢ 4la3
A g 03g (gSuli pgods (28 Ayl 95 0 Jiie 25
g &5 Joto giole ol 003 LS5 Fr 900 Y slal L
OMY 1l j> a8 oas JuSis jio luo YV o ¥o jlad o3 5 o8
lyo sta o VY a5 L aly) o IV el 13 5 Fe alg) oo
9 Oygods & Gyl Vol 4 Usasle buwg
slooskas Sl coles g Jite Canl 0ad codie )b
Db gy Bl Jyane £l (25 05ka5 4 39290

wlp » 1) b cudoe | ol e ppad (1) JSO
e e olis Google Earth

Ramana ) syl 1y o e g Ylasl o )5 )5 33 clals 8,5
.(etal., 2015

4 lid cov Wl wble (2012) Ghaderi et al.
Aoy & (5000 il Gl o ) 1) )lSe V0 colus
@ o) B by S (gileand EPANET sl s
ts‘a Lh:ui be‘ alolw R L;"‘?)'\‘?h ugua.n Candg
33l 5l 3590 JLid @ 25 L] dige Jobo g 5B ool cudey
mdizge pLnl b &S W) @ Gl A oy e g 250
SinlS 103 Y0/ bl JS auin by Jsb g kb (g5l
ble

bl les ol] Gbls I eud adlas 3)90 2 )b
5 CandYl o glas)) M (815 e e bl s Jody oS o2y

Sl 2y pis Jba dsde ol B e
(PC) Lt oS melas Spolad 51 oolitl lSel (gl it
5 bord S SBS 4 Cond okl ol 1) cun
ol S
saly Juisa alols 3,508 soe (sly cnlply sl e
b Gl O i (16 b ods:
Lol Jbows ol & b cov gl sloalele
@i 4 e S g B Ches W SNedie
salp pde OLe jop g ol )y ol SISl
055 oyt ookl )b (gl (sl pols BaiS > S
8 edlatal 3)00 Ol iy (IS (I Gl 0 S8
laailels §) oslizul lSal o5 oy ae 55§ e 4355
395 el il 1 Lot ()bl O 5 25l jse (gl it
e Sgaoskd 5 (> JS 08 sl I S5

Fig. 1- Location of the study plan in Google Earth

Google Earth ;s asllae 5,90 b Cozlge Y JSWS


https://doi.org/10.22055/jise.2020.32057.1900

0
DAV o NP Lo ¥ o5les F5 655

ST (okige 5 p5le

1 oslitl b calplty b oo L33l Slobe 3 gy Iy
@8 Sl plo 4 Consd & jalbiy i (225 ol
9 035 dwslre dlgl bolad > Col Glgie oo 5350
S Cale) opimen g A Copw 4 g b badg) jlas
ds290 53 (o 55 @y sl 285 5 5 ool Bl
» A cdn e o)l sae 9 cap il @ )b
2 WY able IS5l 5y00 (00 (plple sl Gl cele
alllas 3,90 )kl Wbl oo (2hb Al 4
aplre (Sgpen sloyell d290 0l ol b 4 sl

4 S L 290 (23 e Gululy adg) jlE g w8
clasio (V) Jsia 0 w35 bbb @l @je

Cal 03,5 et (IS o (Sg)in

Za AL =W
Fig. 2- (A) One-inch meter and (B)

S'on (6518 o1
05 15 o ySoias) ool Ly Ly oo 5 L (slmosls

mlss B) 5 gl S i (A) (b (1) S5 b
U bogkss oy g ol dae aibe Jlm
@ byye (£l8)) pody b g pSojlul bl Job g )l
5 GPS o8t lawss o (gl posls cleMbl alpwy 4 blas
Josa 33 el cuwsay Google Earth 5 cleMbl o] (24,5

ol 0 733 (Sle 3030 5l odds cud slaoaly (V)

3 3590 (23 9 LUKy ,ad
b Sl il ohy & 5 sl dusle
sl oy ool el 5] (Sloskab (ol ol slaaly
oniman 5 Ol 25 o) (2l oo dulme S50 50

Jluzd g slid (B) 9 gl O seu5™ (A) -F IS8

Sl w33k 3l ond cud srodls - Jau>
Table 1- Recorded data from field visits

No Number Measured flow Measured Elevation Lateral
of trees rate(lit/s) pressure(m) (m) length(m)
1 35 0.33 8.81 1586 102
2 39 0.24 8.41 1587 105
3 34 0.18 8.53 1587.5 93
4 23 0.17 6.5 1589.5 66
5 36 0.3 4.17 1591.5 103
6 32 0.17 4.98 1591.5 99
7 34 0.14 3.69 1593 93
8 34 0.2 2.26 1595 100
9 33 0.14 0.81 1597 92
10 23 0.17 1.12 1597.5 86
11 22 0.05 1.64 1598 58
12 18 0.08 0.84 1599.5 57
13 18 0.04 0.85 1600.5 56
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Table 2 - Hydraulic specifications of the system based on the criteria of design principles

. First
Row D d Q | the Coefficient Hf V _helght End pres
ength difference pressure sure
Unit (mm) (mm) Lit/s (m) - (m) mis (m) (m) (m)
';"I‘tir 16 124 016 50 0.36 37 13 0 479 756
1-2 16 12.4 0.16 4 0.36 03 13 -1 7.56 7.29
2-3 20 16.4 0/34 9/18 0.36 07 16 -0.5 7.29 7.56
3-4 25 214 0.49 5.2 0.36 02 14 -2 7.56 6.72
4-5 25 214 0.59 5.2 0.36 03 16 -2 6.72 5.94
5-6 32 28.2 0.75 6.4 0.36 02 1.2 0 5.94 6.05
6-7 32 28.2 0.89 4.7 0.36 02 14 -15 6.05 5.42
7-8 32 28.2 1.04 55 0.36 02 17 -2 5.42 4.60
8-9 40 35 1.19 55 0.36 01 12 -2 4.6 3.68
9-10 40 35 1.34 55 0.36 01 14 -0.5 3.68 3.53
10-11 40 35 1.44 7 0.36 02 15 -0.5 3.53 3.42
11-12 40 35 1.54 6.6 0.36 02 16 -15 3.42 2.83
12-13 40 35 1.62 6.6 0.36 02 17 -1 2.83 2.5
13-C 40 35 1.7 16 1 1.7 18 -0.5 2.5 3.67
Cc-B 50 45 1.7 7 1 02 11 -1 3.67 2.89
B-A 63 57.2 1.7 1 1 0 0.7 -1 2.89 1.9
A-P 110 100 1.7 163 1 01 0.2 -2 1.9 0
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Table 3- Drip irrigation system efficiency criterion

EU 70% -80% 80% -90% > 90%
Water
distribution Medium Good Excellent
uniformity

B g sl Dlaskin —£ J9u
Table 4- Specifications of scenarios

scenario  Modes Explanation
1 Current situation
1 2 Current status with flow control valve
3 Current situation with changing the diameter of some
pipes
4 Change the diameter of some pipes with a flow control
valve
1 Using typel non pc emitter
2 with flow control valve Using typel non pc emitter
2 3 Using typel non pc emitter with changing the diameter
of some pipes
4 Change the diameter of some pipes with a flow control
valve
1 Using type2 non pc emitter
2 Using type2 non pc emitter with flow control valve
3 3 Using type2 non pc emitter with changing the diameter
of some pipes
4 Change the diameter of some pipes with a flow control
valve
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Table 6- Evaluation criteria values in different scenarios

Change
Scenari  Required Flow Used theg Wa_ter
- rate . EU% CU% saving
0 flow (lit/s) (litfs) valves diameter (litls)
of the pipe
2.2 X X 58 71 -
1 1.79 v X 70 78 0.41
2.16 X v 67 77 -
1.96 v v 71 79 0.2
2.27 X X 31 49 -
5 1.7 1.82 v X 49 79 0.45
2.11 X v 57 74 -
1.83 v v 72 81 0.28
2.3 X X 46 60 -
3 1.84 v X 52 76 0.46
2.12 X v 65 79 -
1.83 v v 74 83 0.29
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groundwater recharge.

Introduction
The over-drilling of deep wells and the excessive exploitation of groundwater sources cause the
groundwater level to decrease daily, resulting in more energy to power pumps. Artificial recharging
is the injection of water into a permeable formation to recharge the groundwater aquifer and reuse it
with a different regime and quality and by creating additional facilities or changes in the region's
natural conditions (Fazl Avali, 1998). Placing artificial recharge systems are one of the basic
principles of creating these systems. The selection of sites based on scientific and natural points plays
a critical role in the success and efficiency of the development of these systems to achieve the
relevant goals. This process must be undertaken with considerable care. lIdentifying artificial
recharge areas and substrates can be accomplished using various methods and parameters. No matter
the method used, the results from different studies must be analyzed jointly, and then the most
appropriate area for the study must be determined. Due to the presence of various characteristics in
location, continuous changes of influential factors, and the need to examine the evaluated criteria, the
use of GIS due to special features and capabilities, can be beneficial to this endeavor. The multi-
criteria analysis method has been mentioned as a valuable model for integrating information layers in
artificial recharge. Numerous studies have been conducted to locate recharging sites for artificial
recharge.

Ramalingam and Santhakumar (2002), using GIS and remote sensing techniques, investigated
suitable artificial feeding areas in a state in India which considered geomorphological, geological,
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soil, slope, land use, runoff intensity, and groundwater depth. As part of the research conducted by
Hekmatpour et al. (2007), areas of the Varamin plain that can be artificial recharge were identified
through classification and layer combining in a GIS environment and using a decision support system
to make decisions.

Procedure

The Dezful-Andimeshk plain is a vast, flat area downstream of the Dez reservoir dam,
approximately 150 kilometers north of Ahvaz. The plain occupies an area of approximately 2487
square kilometers. In order of age, the outcrop units in this area are The Bangestan Group, The Gurpi
Formation, The Pabdeh Formation, The Amiran Formation, The Tele Zang Formation, The Kashkan
Formation, The Asmari Formation, The Asmari-Shahbazan Formation, The Gachsaran Formation,
The Mishan Formation, The Aghajari Formation, The Lahbari section, The Bakhtiari Formation, and
sediments of the recent era. Alluvial sediment is present in the region and throughout the Dezful-
Andimeshk plain, and its thickness and extent vary in different places based on the river and erodible
altitude.

Influential factors may be considered the most critical factors in achieving the final goal
depending on the research type. Thus, considering their importance in the location, various
components should be given the highest preference and weighting. The weighting of other factors
proportional to reducing its effects on location becomes less (Table 1). Thus, the most influential
factor in location will have the most weight.

Table 1- Weighting factors as a pairwise comparison based on preference (Ghodsipour, 2008)

Preferences (oral judgment) Numerical value
Extremely preferred 9
Very strongly preferred 7
Strongly preferred 5
Moderately preferred 3
Equally preferred 1
Preferences between strong distances 8,6,4,2

Discussion

Six parameters were selected and studied among the different factors that influence the location of
areas prone to groundwater recharge in this study, including transferability, alluvial thickness,
distance from the river, land use, and road, and lithology. The focus of the research is to provide
information layers based on location. The layers' weights were determined based on a hierarchical
analysis process and a unigque vector technique. Weighting was performed based on the relative
importance of each parameter in locating an appropriate location for artificial recharge. Pairwise
scaling was performed using the 1-9 hour scale. Table 2 presents the final weights calculated by the
software. Afterward, AHP layers were determined according to the weight of each criterion.
Following the initial map, the AHP map of each criterion was obtained by multiplying each of the
maps by the Raster Calculator tool in ARC GIS 10.5 software. Following the determination of the
final weights and the preparation of map representations of each criterion and sub-criteria, integrating
these maps with the Raster Calculator tool in ARC GIS 10.5 software resulted in the final AHP map,
as illustrated in Figure 1. In this study, the TOPSIS method was used to achieve goal to compare and
achieve better results. Weights were determined using the AHP method, and layers were weighed.
Then the positive and negative layers were drawn in GIS. Finally, the final 10.5 layers of the best
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artificial feeding place based on the TOPSIS method were obtained by subtracting these two layers
by the Raster Calculator tool in ARC GIS software. In this method, all criteria except complex
formation and distance from the river were considered negative ideals.

Table 2- Final weights of criteria

Factor Final weight
Transferability 0.375
Alluvial thickness 0.282
alluvium 0.81
Hard Formation 0.009
Distance from the river 0.145
Land use 0.101
Distance from the road 0.024

Conclusion

According to technical criteria, the final maps of AHP and TOPSIS demonstrate the north and
center of the area around Andishmak and Dokuheh, especially alluvial thickness and alluvial
material, which have the highest score among other factors, was the best place to achieve the desired
goal. Furthermore, with every approaching to the south-west, i.e., Shush, and to the south and
southeast, i.e., around the Karun and Shahid Beheshti agro-industrial companies, the distance from
the place where to attain the goal is reduced. Among the findings, the distance from the river and the
alluvial nature of the area have the most significant impact on the location of suitable artificial
recharge areas.
Based on the criteria considered for the purpose, TOPSIS provided a more appropriate answer than
AHP with a slight difference. This can be attributed to considering both the best and worst outcomes
or the distance from the ideal.
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9 Extremely preferred
7 Very strongly preferred
5 Strongly preferred
3 Moderately preferred
1 Equally preferred
8,6,4,2 Preferences between strong distances

Economic criteria Technical criteria

Fig. 2- Hierarchical diagram of recognizing the effective factors in locating suitable places for
artificial feeding
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Table 2- Final weights of criteria

Factor Final weight
Transferability 0.375
Alluvial thickness 0.282
alluvium 0.81
Hard Formation 0.009
Distance from the river 0.145
Land use 0.101
Distance from the road 0.024
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Table 3- Weight matrix
Distance Landuse Distance Hard alluvium  alluvial  Abilityto  Weight
from fromthe Formation thickness  transfer matrix
road river
0.0194 0.0184 0.0117 0.0016 0.5693 0.1982 0.2509 Excellent
0.0111 0.0369 0.0067 0.0033 0.4428 0.1541 0.1951 Good
0.0038 0.0553 0.005 0.0049 0.3163 0.1101 0.1394 medium
0.0028 0.0738 0.0017 0.2299 0.1898 0.0661 0.0836 Weak
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Table 4- Distance from postive and negative ideals
distance size Positive negative
Excellent 0 0.4392
Good 0.1466 0.2927
medium 0.2928 0.1466
Weak 0.4392 0
JTews!l Jooly 4 So5 a5l -0 Jyus
Table 5 - Index of proximity to the ideal solution
Name Weak medium Good Excellent
Result 0 0.3333 0.6663 1
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Fig. 11- A- Proximity to the negative ideal, B- Proximity to the positive ideal
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Table 6- Comparison of two methods
AHP method TOPSIS method
Criterion  Area (KM2) Percentage of Criterion Area (KM2) Percentage
area of area
Excellent 227.78 9.83 Excellent 470.67 20.31
Good 707.84 30.53 Good 459.63 28.47
medium 698.89 30.15 medium 639.90 27.48
Weak 683.71 29.49 Weak 550.26 23.74
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Introduction

Management of irrigation networks has always been one of the most important issues in the
agricultural sector, and the use of modern valves and structures for controlling and adjusting the
water flow is very important in irrigation channels. Water level control structures are used in
irrigation canals to imple-ment delivery methods (Naghaei and Monem 2013).

Gates are one of the most used water structures in distribution canals that are used to transport and
deliver water to consumer or to control the flow rate or water level. Determining the relationship
governor on these structures can improve the performance of open canals and therefore prevent water
loss. Lopac gate as a water level adjustment structure has recently attracted attentions and its
performance in applied and practical areas of irrigation channels in different countries is accepted.
The gate can be opened along the flow direction and can regulate upstream water level for various
dis-charges by adjusting the gate opening angle (Oad and Kinzli 2006). So far little studies have been
done on these types of gates. Some studies have examined hydraulic conditions of the flow passing
through rectangular Lopac gate and presented the discharge equation as well as its coefficient in free
flow and submerged conditions. In the present study, an experimental investigation has been
conducted on new type of Lopac gate called elliptical lopac gates. This type of gate, which is a
combination of rectangular Lopac gates and elliptical sharp edges have good function in passage of
rubbish, foliage of trees and sediments along with the flow. We constructed and installed an elliptical
Lopac gate as well as a rectangular Lopac gate at the laboratory scale to control and compare
performance of both types of gates. The test were conducted for 5 opening degrees and for 5
discharge. Then, discharge equations of the elliptical Lopac gate in free flow condition with the help
of buckingham pi theorem were presented with appropriate precision of Mean Absolute Percentage
Error (MAPE = 4.44%).Also, changes in the energy flow dissipation crossing of Elliptical Lopac
gate and Rectangular Lopac gate were studied and compared.
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Methodology

First, after examining all the methods of testing and flumes and channels in the Hydraulic
Laboratory of the Faculty of Water Engineering, Shahid Chamran University of Ahwaz, a rectangular
flume with a glass wall and a metal floor with a length of 10.5 meters and a width of 0.8 meter, a
height of 0.6 meter was selected for tests. In order to obtain the opening angles, a pair of PVC picket
were cut at the desired angle were used. . In free flow conditions, five different discharge (40.6, 58.2,
73, 84.8 and 93.8 I/s) were tested for 5 different opening angles (20, 22.5, 30, 37.5 and 45
degrees).The flow discharge was measured by an ultrasonic flow meter with accuracy of £ 1 I/s. In
each experiment, for a given discharge and the angle of opening, the depth of water upstream of the
elliptical lopac gate was taken and in the number of 7 axis along the length and number of 5 points in
width. After dimensional analysis of the effective quantities on the discharge and energy flow
dissipation of elliptical lopac gate, the effective dimensionless parameters were obtained. These
guantities include Froude number, Reynolds number, Flume width to the upstream water depth ratio
B /y, and Opening ratio bg / B. the amount of energy flow dissipation to the Upstream energy flow
of the Elliptical Lopac gate. The Reynolds number expresses the effect of viscosity forces. .
According to the tests in the range of turbulent flow, the impact of the viscosity force is negligible. In
the following, we first got a dimensionless relationship for discharge by using a regression on the
results of the experiments in the free flow condition. Subsequently, we determined energy flow
dissipation crossing on the Elliptical Lopac gate and Rectangular lopac gate and compared their
results.
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Fig. 1- Variation of dimensionless discharge versus opening ratio

Results and Discusspn
The discharge relationship in free flow conditions for elliptical lopac gate is shown by
dimensionless equation (1).

im0 (1)

This discharge relationship a function of the gate opening ratio and its value increases with
increasing gate opening. Figure (1) shows dimensionless discharge versus opening ratio.The
observations showed that the most effective dimensionless parameter on the discharge relationship is
the opening ratio.
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Table 1- Accuracy of discharge relationship
Lopac Gate MAPE RMSE R? RE
Eq.1 4.44% 0.005 0.973 +10%

This relation as shown in Table (1) provides similar accuracy as the main equation with Root
Mean Square Error of 0.005, Mean Absolute Percentage Error of 4.44%, and Relative Error of +10%.
Therefore in terms of practical applications, this equation is recommended.

Also, as seen by decreasing the gate opening angle in both types of gate, energy flow dissipation
increases. As can be seen in Figure (2), these increases are approximately equal for both Elliptical
Lopac gate and Rectangular Lopac gate, and as the Froude number increases, the amount of energy
flow dissipation decreases.

Conclusions

Depending on the selected angles, it is expected that the effect of the ellipticide of the Elliptical
Lopac gate on the energy flow dissipation, rather than the rectangular Lopac gate, is more
pronounced in the smaller openings angle.
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Introduction

Figs are one of the main horticultural products in Iran due to their high nutritional value, high yield
and economic value, and resistance to adverse climatic conditions. About one million tons of figs are
produced annually in the world, Iran is the fifth largest producer of this product in the world (FAO,
2018). In addition to the above, the agricultural sector in Iran, like many countries, is the main
consumer of water from renewable water sources. But there are not exact information on the volume
of irrigation applied water and water productivity of this product in Iran. Therefore, this study was
conducted with the aim of measurement of applied water at field scale and evaluation of water
productivity of figs orchards at selected provinces in Iran.
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Methodology

To measure the amount of applied irrigation water in fig orchards, 100 orchards in Fars, Lorestan,
Khuzestan, Kerman and Kermanshah provinces were selected as hubs of this product. The volume of
irrigation water provided by gardeners were measured. These provinces covered about 70 percent of
the irrigated figs cultivated areas. In each province, 1-3 cities with the highest area of fig cultivation
were selected for evaluation. The number of fig orchards studied in each province has been selected
according to the area of fig orchards in that province. The measurements were conducted in different
irrigation methods, different salinity of irrigation water and soil, various soils and different fig
varieties during the growing season of 2019-2020 without interfering with the gardener's irrigation
program. The measured values were compared with the net irrigation water requirement estimated by
the Penman-Monteith method and also with the national water document values. Crop yield was
determined at the end of the growing season and water productivity was calculated as the ratio of
yield to total water (irrigation applied water and effective rainfall). Also, gross economic
productivity of water (benefit per cost) and net economic productivity of water (net benefit per cost)
were determined. Analysis of variance was used to investigate the possible difference between
applied water and water productivity among the selected province.

Findings

The results showed that the average of applied water and water productivity among major fig
producing provinces were significant at 1% probability level. The applied irrigation water varied
from 7706 to 13471 m*ha and its average weight was 10428 m*/ha. The amount of applied water in
orchards with drip irrigation method was about 23.6% less than orchards with surface irrigation
method. The yield of figs varied from 4170 to 14911 kg/ha and its average was 11594 kg/ha. The
range of water productivity in the studied province was from 0.3 to 1.58 and its average was 1.16 kg/m”.
The difference in water productivity between drip and surface irrigation systems was significant at
the level of 1% probability. The average of water productivity in drip and surface irrigation methods
was 1.58 and 0.99 kg/m®, respectively. Drip irrigation compared to surface irrigation system
increased crop yield by 11.9% and water productivity by 60%. The net and gross economical water
productivity was 50.9 and 111.20 thousand Rials/m®, respectively. The average net irrigation water
requirement in the study areas estimated by the Penman-Monteith method using meteorological data for
the last 10 years as well as the national water document were 749 and 696 mm, respectively. The average
of application irrigation efficiency in major fig production areas was 65.6 percent. The total volume
of irrigation water for fig production in Iran was estimated at 95 million cubic meters.

Conclusions

Due to the fact that a large percentage of Iran orchards have surface irrigation methods, holding
training classes on the use of flow reduction methods, the use of hydroflume pipes and the use of
mulch for reducing water loss and increasing productivity are recommended. Also in some fig
orchards, Lorestan, Fars and Kerman provinces are facing deficit irrigation and water stress, training
and using scientific and accurate deficit irrigation methods can improve water productivity without
significant reduction in yield. Changing Basin irrigation method to furrow irrigation caused reducing
evaporation, reducing weed growth and it also prevents touch of water with the tree trunk and
reduces fungal diseases. The use of drip irrigation compared to surface irrigation system, which
increases crop yield by 11.9% and water productivity by 60%, is also recommended in fig orchards.
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Table 1- Cultivation area, production and average fig yield in irrigated production hubs in Iran

No Province Area Percentage of ~ Production(Ton) Percentage of Yield
(ha) Area production (kg/ha)
1 Fars 2510 27.3 7150 13.1 4498
2 Lorestan 1610 17.5 18392 33.8 12845
3 Khozestan 536 5.8 2455 4.5 5257
4 Kerman 769 8.4 2536 4.7 3848
5 Kermanshah 752 8.2 8713 16 12548
Sum of selected 6177 67.3 39246 72.2 -
provinces
Total 9184 100 54390 - 7422

= Ahmadi et al. (2020)

Ol g LSl Sy EL Sluss g Bk yeb - Jgu>
Table 2- Cities and number of selected gardens in each province

Province Town No. of selected Garden(Main) Percentage from total data
Fars Firouzabad, Jahrom and Estahban 21 21
Lorestan Mamulan, Poldokhtar 35 35
Khozestan Izeh 6 6
Kerman Avrzuiyeh, Golbaf 17 17
Kermanshah Dalahu 21 21
Sum 100 100

2 Ay jlesd (gpSeilul cadises ColdS ) oy
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Table 3- Mean, standard deviation and adequacy of measurements in Fig orchards

Statistical index Applied water(m*/ha) Fig yield(kg/ha)
Average 10662 11294
Standard deviation 3742 5269
Number of measurements needed 96 96
Number of performed measurment 100 100

2988 Coiin SBOLw! 33 (2T poul wgi 33 Gl OT pome il slg Jubowi ¢ Jeue
Table 4- Analysis of variance of irrigated water in fig production in selected provinces

Source of variations  Sum of squares  Degrees of freedom  Average of squares  F value P value
Between provinces 4.58.10° 4 1.15.10° 11.8  Less than 1%
In each province 9.14.10° 94 9.72.10’

Selected provinces 1.37.10° 98
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Table 5- Average volume of applied water of figes in selected provinces

Row Cluster Province Applied water(m*/ha) * Comparative rank
1 1 Kermanshah 7706 a
2 Fars 8828 ab
3 2 Khozestan 11822 bc
4 3 Lorestan 12006 c
5 Kerman 13471 c

BNational water document
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Fig. 1- Comparison of net irrigation water requirement estimated by the Penman-Montith method and

national water document
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Table 6- Analysis of variance of water productivity in selected provinces

Source of variations ~ Sum of squares  Degrees of freedom  Average of squares F value P value
Between provinces 17.3 4 4.3 24.4 Less than 1%
In each province 16 90 0.2

Selected provinces 33.3 94
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Table 7- Comparison of fig water productivity in the studied provinces

Effective rainfall (mm)

Water productivity

Row  Cluster  Province 3 Comparative rank
(kg/m?)
1 1 Kerman 72.2 0.3 a
2 Khozestan 140 0.33 a
3 2 Lorestan 134 1.17 b
4 3 Kermanshah 102 121 bc
5 Fars 30.8 1.58 c
(u:&»)lo »Jby )!}h) (BPD) UT Solaidl A6 (5590, -A J3u
Table 8- Gross economic productivity of water (BPD) (thousand Rials per cubic meter)
Province Min (BPD) Max (BPD) Average
Fars 92.07 420.42 246.31
Kermanshah 60.27 264.40 131.17
Lorestan 32.62 195.36 89.96
Khozestan 31.34 76.20 50.39
Kerman 26.05 59.06 38.12
Average 48.47 203.09 111.2
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Table 9- Net economic productivity of water (NBPD) (thousand Rials per cubic meter)

Province Min Max Average
Fars 33.48 239.62 127.5
Lorestan -18.26 150.4 43.8
Khozestan 24.1 87.2 45
Kermanshah -6 85.8 22.4
Kerman 7.2 33.3 16.01
Average 8.1 119.3 50.9

Slo b 9  baw ST S 95 18 Wl dyg0 S @S Ao -V Jgu
Table 10- Comparison of Applied water and Water productivity in surface and drip irrigation methods

Applied water (m*/ha)

Water productivity (kg/m°)

Province

Drip Surface Total Drip Surface Total

Lorestan - 11566 11566 - 1.17 1.17
Kermanshah - 7391 7391 - 1.22 1.22
Fars 8674 10940 8982 1.61 1.39 1.58
Kerman 10980 12946 12924 0.40 0.32 0.32
Khozestan 8899 17248 13846 - 0.3 0.3

Average 8553 11199 10428 1.6 0.99 1.16
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Fig. 3- Comparison Applied water volume of studied fig orchards in different irrigation methods
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