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Abstract

In the field of irrigation, water quality has an effective role in determining the compatibility of water with soil and
different crops. As a valuable tool for water quality assessment, the Wilcox diagram enables stakeholders to
promote sustainable agricultural practices by reducing potential risks related to water salinity and sodium content.
However, measuring sodium absorption ratio (SAR) and electrical conductivity (EC) parameters is associated
with various challenges such as cost and time, calibration error, and maintenance problems. So, this research was
carried out to predict SAR and EC parameters using easily accessible parameters including sulfate and chloride
in Qatur river located in the northwest of Iran from 1993 to 2019. The models used included random forest (RF)
and support vector regression (SVR) which have been optimized by genetic algorithm (GA), fruit fly algorithm
and Golden ball optimization (GBO). The analysis of the results of this research showed that the RF-GA model
had the least error in the Qatur river station with root mean square error of 0.809 meq.lit-1 and 0.146 dS.m--1 for
SAR and EC parameters, respectively. Also, The SVR-GBO model with the root mean square error of 0.809
meq.lit-1 and 0.146 dS.m-1 and SVR-FOA with the root mean square error of 0.998 meq.lit-1 and 0.169 dS.m-1
for SAR and EC parameters, respectively had suitable performance. Finally, the evaluation of the utilized
parameters indicated that chloride plays an important role in predicting SAR and EC parameters, and if sulfate is
not measured, it can be used as a promising alternative.

Introduction

The process of measuring both EC and SAR parameters is a laborious task and necessitates
considerable monetary investment, especially when dealing with a substantial quantity of samples
(Wagqas et al., 2024). Consequently, the utilization of alternative methodologies has gained paramount
importance. The present research aims to accurately predict the EC and SAR parameters in the Qatur
River located in the Aras River catchment, Iran, using the support vector regression (SVR) and random
forest (RF) models optimized with fruit fly (FOA), genetic (GA), and golden ball (GBO) algorithms.
Finally, the models will be evaluated using different evaluation criteria.
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Methodology
Study area

In recent years, the quality of the Aras River has potentially decreased due to factors such as intense
agricultural activities and the need to monitor water quality has become more important than in the past.
Therefore, to monitor the water quality, the condition of Qatur River, in the right branch of Aras River,
Iran, has been investigated.

Random forest (RF)

The random forest algorithm is a potent ensemble learning algorithm widely used for diverse tasks
such as regression, classification, and unsupervised learning. It was presented by Breiman and is known
for its superior performance (Breiman 2001).

Support vector regression (SVR)

Support vector regression (SVR) is an algorithm belonging to the domain of machine learning,
specifically designed for the purpose of regression tasks. SVR was introduced by Vapnik and
Chervonenkis (1974).

Genetic algorithm (GA)

Genetic algorithms (GAs) are a type of non-deterministic models that are inspired by Darwinian
theory (Hiie 1997). Unlike other optimization methods, GA focuses on evaluating the objective function
(McKinney and Lin 1994).

Fruit fly optimization algorithm (FOA)

The Fruit Fly Optimization Algorithm (FOA) is a nature-inspired optimization algorithm based on
the behavior of fruit flies, first proposed by Pan (2012). It is a metaheuristic algorithm that aims to find
the best solution to a given problem (Wang et al., 2022).

Golden Ball Optimization (GBO)

The Golden Ball Optimization algorithm is an innovative meta-heuristic method inspired by soccer
game tactics and strategies. In this algorithm, players are considered as search agents in the problem
space that pursue a common goal through cooperation and interaction (Osaba et al., 2014).

Also, in this research, three different scenarios have been utilized to evaluate the role of input
parameters on SAR and EC parameters. Table (1) also indicates the scenarios utilized to evaluate the
role of input parameters.

Table 1- The input combinations of the studied models.

Scenario Input Output
1 SO4 SAR-EC
2 Cl SAR-EC
3 SO4 Cl SAR-EC

Results and Discussion

Tables (2) presents the results of the models utilized in the test period based on R, RMSE, NRMSE,
NS, and WI criteria for Qatur River station. The evaluation of the studied models of the SAR parameter
prediction indicated that the RF-GA-3 model with criteria R = 0.983, RMSE = 0.809 (meq/lit), NRMSE
=0.024, NS = 0.965, and WI = 0.991 has had the best performance compared to other models. For the
EC parameter, the results also indicated that the RF-GA-3 model with criteria R =0.995, RMSE =0.146
(dS/m), NRMSE = 0.012, NS =0.991, and WI = 0.998 has the highest accuracy. Also, the results are in
agreement with the results of Hassan et al., (2021) who predicted water quality parameters utilizing
classification algorithms and indicated that the MLR model with an accuracy of 99.83% is known as a
valuable model in EC parameter prediction.
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Conclusions

Wilcox diagram divides water into different classes using SAR and EC parameters. This
investigation has been carried out to predict SAR and EC parameters utilizing easily accessible
parameters including sulfate and chloride in Qatur River station. The utilized models include RF, RF-
GA, SVR, and SVR-FOA, which were evaluated utilizing different evaluation criteria. The evaluation
of the outcomes of this examination indicated that the RF-GA-3 model with R = 0.983, and 0.995,
respectively, for SAR and EC parameters had the highest accuracy in the Qatur River station. One of
the limitations of the present investigation is the lack of access to data from other stations to evaluate
the accuracy of the models used. Therefore, it is suggested to utilize data from different stations to check
the ability of models for future studies.

Table 2- The evaluation results of the models used in Qatur River station.

Parameter SAR EC
Scenario (ri%?ll;:‘c) NRMSE NS WI R EiMSEnE) NRMSE NS WI

RF-1 0.862 2.348 0.069 0.708 0.925 0.876  0.813 0.064 0.708 0.931
RF-2 0.969 1.078 0.032 0.938 0.984 0.989 0.219 0.017 0.979 0.995
RF-3 0.977 0.923 0.027 0.955 0.989 0.992 0.215 0.017 0.900 0.995
RF-GA-1 0.896 1.927 0.057 0.803 0.943 0.918 0.598 0.047 0.842 0.957
RF-GA-2 0.977 0.939 0.028 0.953 0.988 0.990 0.213 0.017 0.980 0.995
RF-GA-3 0.983 0.809 0.024 0.965 0.991 0.995 0.146 0.012 0.991 0.998
RF-GBO-1 0.887 2.011 0.059 0.786 0.938 0.902  0.661 0.052 0.807 0.948
RF-GBO-2 0.974 0.981 0.029 0.949 0.987 0.989 0.225 0.018 0.978 0.994
RF-GBO-3 0.980 0.877 0.026 0.959 0.990 0.995 0.154 0.012 0.990 0.997
SVR-1 0.869 2.194 0.065 0.745 0915 0.869 0.764 0.060 0.743 0.914
SVR-2 0.966 1.128 0.033 0.933 0.983 0.987 0.241 0.019 0.974 0.993
SVR-3 0.970 1.068 0.032 0.940 0.984 0.991 0.229 0.018 0.977 0.995
SVR-FOA-1 0.913 1.840 0.054 0.821 0.942 0.908 0.645 0.051 0.817 0.942
SVR-FOA-2 0.974 0.998 0.028 0.947 0.987 0.996 0.234 0.019 0.976 0.993
SVR-FOA-3 0.973 1.050 0.031 0.942 0.984 0.994 0.169 0.013 0.987 0.999
SVR-GBO-1 0.874 2.166 0.064 0.752 0916 0.988  0.235 0.019 0.976 0.994
SVR-GBO-2 0.968 1.097 0.032 0.936 0.983 0.993 0.182 0.014 0.985 0.996
SVR-GBO-3 0.972 1.042 0.031 0.943 0.984 0.994 0.176 0.014 0.986 0.997
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Fig. 1- Geographical location of the Aras basin.
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Table 1- Statistics of training and testing datasets in Qatur river

Training set

Testing set

Statistical parameters

04 Cl SAR EC SO, Cl SAR EC
Unit mg/lit mg/lit - dS/m mg/lit mg/lit - dS/m
Mean 2,12 482 253 1148.19 2.15 4.7 253 11327
Minimum 0.1 0.05 0.06 200 0.22 0.1 0.06 240
Maximum 1028 170  40.76 20150 26.63 114  33.86 12870
Standard deviation 291 14.16 4.5 1723.12 313 1222 435 15056
o 5o S 4l b Jood do S U amd a0 o] (SVR) (Gluidy 513 5 Ogums 57

(GA) o3 iz 5551
5l =9 (Genetic Algorithm’s) 5 slapis ;X
Slodds 48,3 pledl gyl 4 ylas jl a8 Aitn a8 e glaJae
LGA (gjloduy slosy, ple &5, (Hile 1997)
oo el Plue b b 6,15 (S Olitde dmlw 4 gl
» (McKinney and Lin 1994) by S5y Ll
I S S8 San @b byl BGA (ose
cgopi dai cpais 1) s sl oyl &S ol 0l GA (blse
oiblS 4 pl L osaddy dbi Sl s & A o godiue
Albadr et ) 55 o a8 e dige Sy 53 (8l 15 s

4 glte w2l o (SVR) oty jbp (g S)

Slal gy ol by & cuwl puile xSk o)
orile w2y 51 s ol ol 033 o g
Cal 045 32 (Support vector machine) ;ludy by
Luwgs SVR 398 0 o3l (caiails Jluwo (sly Gios a5
OgeySy b Byme (1974) Chervonenkis 4 Vapnik
EMSn & (S Sl o5 by (SVR) ol oy
S ot sl Bae o] )3 & sl 0ad Sk 5 S)
sb 4 &b & 3l (Hamdi et al., 2018) cul dtwgy yite
duwlxe gl (e-insensitive 10ss) olus e jpo ab
opl (Karal 2017) 18 o odlazl (55500 (claodly ) lallas
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Table 2- The values of hyperparameters used for the studied models

parameter SVR FOA GA GBO
LR - 0.1 - -
FR - 0.5 - -
maxgen - 100 200 200
sizepop - 30 50 50
kernel RBF - - -
C 1 - - -
€ 0.001 - - -
Y 0.01 - - -
Exploration factor - - - 0.7
Learning coefficient - - - 1.5
Inertia weight - - - 0.7
Convergence tolerance - - - 10

adllae 3390 S o STy oolawl 3390 (S sl -1 Jouz

Table 3- Scenarios used for the studied models

Scenario Input Output
1 SO4 SAR-EC
2 Cl SAR-EC
3 SO4 Cl SAR-EC
RMSE SLa sl
NRMSE = f o o (v) EC 5 SAR lajushl oiin ¢y polbs adlas ,
Correlation )  Stwer cops  obj)l  slolee
NS = 1— [Z?’:1(0i—Pi)2] %) Root mean ) s lype Slke i {coefficient
Zit1(0-00? o Jloy slas Slupe ke i (squared error
<ups (Normalized Root mean squared error)
-1 2iL1(0-P)? y . " i e
wIl =1 [Zf;l(lPi—ﬁil+|0i—ﬁil)2] ) u=>ls 9 (Nash-Sutcliffe coefficient) oSGl i

i i pay O 5 Pilialin dlis N YU L, j»

O, 5 P, puizpan im0 i | Slanlie 5 o0 i sty
ol 1y Slwlie 5 od ogtn pilie pwSle Cuipa

2D 0

odlizw!l (Willmott’s index of agreement) cgaby (38ls5
ool 015 0391 (B) B (V) (slaalslro 45 48 L

R = — Z0-00(PiPD)
\/2?]:1(01'—0_1')22?’:1(1’[-_5)2

()

1
RMSE =JNZ{L1(P1- —0))?
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Table 4- The evaluation results of the models used in Qatur river station

Parameter SAR EC
Scenario (Ilj}:([]i}i) NRMSE NS WI R Eil\s/l/f'nE) NRMSE NS WI

RF-1 0.862 2.348 0.069 0.708 0.925 0.876 0.813 0.064 0.708 0.931
RF-2 0.969 1.078 0.032 0.938 0.984 0.989 0.219 0.017 0.979  0.995
RF-3 0.977 0.923 0.027 0.955 0.989 0.992 0.215 0.017 0.900 0.995
RF-GA-1 0.896 1.927 0.057 0.803 0.943 0.918 0.598 0.047 0.842  0.957
RF-GA-2 0.977 0.939 0.028 0.953 0.988 0990 0.213 0.017 0.980 0.995
RF-GA-3 0.983 0.809 0.024 0.965 0.991 0.995 0.146 0.012 0.991 0.998
RF-GBO-1 0.887 2.011 0.059 0.786 0.938 0.902 0.661 0.052 0.807 0.948
RF-GBO-2 0.974 0.981 0.029 0.949 0.987 0.989 0.225 0.018 0.978 0.994
RF-GBO-3 0.980 0.877 0.026 0.959 0.990 0.995 0.154 0.012 0.990 0.997
SVR-1 0.869 2.194 0.065 0.745 0.915 0.869 0.764 0.060 0.743 0914
SVR-2 0.966 1.128 0.033 0.933 0.983 0987 0.241 0.019 0.974 0.993
SVR-3 0.970 1.068 0.032 0.940 0.984 0.991 0.229 0.018 0.977 0.995
SVR-FOA-1 0.913 1.840 0.054 0.821 0.942 0.908 0.645 0.051 0.817 0.942
SVR-FOA-2 0.974 0.998 0.028 0.947 0.987 0996 0.234 0.019 0.976  0.993
SVR-FOA-3 0.973 1.050 0.031 0.942 0.984 0.994 0.169 0.013 0.987 0.999
SVR-GBO-1 0.874 2.166 0.064 0.752 0916 0.988 0.235 0.019 0.976  0.994
SVR-GBO-2 0.968 1.097 0.032 0.936 0.983 0.993 0.182 0.014 0.985 0.996
SVR-GBO-3 0.972 1.042 0.031 0.943 0.984 0.994 0.176 0.014 0.986 0.997
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Fig. 5- Scatter plots of the best scenario for predicting the SAR parameter at Qatur River station
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Abstract
Stilling basins are energy-dissipating structures that consistently convert flow from a supercritical to a subcritical state.
Negative pressure fluctuations cause significant damage in the basin area. Submerged jet injection nearly eliminates
the negative pressure effects in supercritical flow, reducing turbulence and flow velocity downstream. This research
aimed to investigate the combined effect of a multiple submerged jet system and continuous corrugated roughness on
controlling hydraulic jumps in sudden expansion sections. For this purpose, experiments were conducted in a
laboratory flume using three combinations of continuous corrugated beds and submerged jet injection systems. The
results showed that the hydraulic jump, with three submerged jet discharge rates and within the inlet Froude number
range of 6 to 11, reduced fluctuation intensity and water surface variation in the post-expansion section. It also
increased energy dissipation. The energy dissipation rate for horizontal submerged jets was, on average, approximately
20 to 25 percent higher than that of classical and discrete jumps. Correspondingly, at a Froude number of 6, the jump
length, roller length, and conjugate depths decreased by 50%, 44%, and 63%, respectively, indicating the positive
impact of this system on flow stability.

Introduction

A hydraulic jump is a phenomenon in which the flow transitions from a supercritical to a subcritical
state. This phenomenon significantly increases the flow depth over a relatively short distance, thereby
reducing the flow velocity and energy (Ahadiyan et al., 2024). Dissipating the flow energy before it moves
downstream is an effective solution to prevent potential damage to the canal bed and downstream structures
(Ead and Rajaratnam, 2002; Hajialigol et al., 2021; Hajialigol et al., 2024). Khedri-Mirghaed et al.
(2018) proposed the use of suspended spherical blocks anchored to the floor of a stilling basin. These blocks
had a relative density lower than water and were connected to the basin floor using resistant plastic tethers.
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Their results showed that the sequent depth, hydraulic jump length, and energy dissipation all increased
when these blocks were used compared to a smooth bed. It was also found that changing the arrangement
of the barriers did not significantly change the rate of energy dissipation. Research on hydraulic jump
formation has been conducted over rough beds with various shapes, including triangular, cubic, rectangular,
trapezoidal, and sinusoidal configurations. The results demonstrated that rough beds significantly reduce
the hydraulic jump length (Hager et al., 1990). Furthermore, studies on the properties of hydraulic jumps
over sinusoidal beds revealed a linear relationship between the conjugate depth ratio and the Froude
number. Haghdoost et al. (2022), investigated the effects of a Lateral Jet Flow (LJF) on the stabilization
and key characteristics of the spatial hydraulic jump in a stilling basin with suddenly expanding channels.
According to their results, the distance of the LJF from the narrow channel and the number of LJFs improve
the stabilization of the hydraulic jump and enhance the flow pattern in the downstream channel. Mahjoubi
et al. (2024) investigated a jet system positioned to intersect the flow from an ogee spillway after a sudden
expansion. Their results showed a decrease in the momentum parameter from the expansion point
downstream. Sharoonizadeh et al. (2022), in a subsequent study, experimentally investigated the interaction
effects of multiple submerged opposing jets on the hydrodynamic characteristics of the flow in a
downstream channel. The results concluded that the examined system performs effectively in preventing
flow instability phenomena associated with suddenly expanding channels.

Another energy dissipation method involves the use of submerged jets. These jets are injected horizontally
or at an angle, either from the front or the side of the flow, in conjunction with the hydraulic jump. This
technique enhances energy dissipation downstream and reduces the conjugate depth ratio, jump length, and
bottom shear forces (Tahmasbipour, et al., 2024).

The purpose of this study is to investigate the effects of a counterflow jet and bed roughness on the energy
dissipation performance of the structure. Undoubtedly, increasing the energy dissipation capacity of the
structure influences the downstream hydraulic jump characteristics and the required length of the stilling
basin.

Methodology

The experiments were conducted in a flume located in the hydraulic models laboratory of the Faculty of
Water and Environmental Engineering at Shahid Chamran University, Ahvaz. The flume system consists
of a storage tank measuring 1 m in width and 2.4 m in length, and an ogee spillway with a height of 0.6 m
and a width of 0.67 m. The main channel is horizontal with a rectangular cross-section, 12 m long, 1 m
wide, and 0.87 m deep.

The tests were performed for corrugated beds, with three distinct configurations as detailed in Table 1.
These were compared to a baseline case featuring an asymmetric discrete jump without continuous bed
roughness.

Subsequently, a submerged jet was introduced into the flow. The jet injection system was connected to the
flume's storage tank. The jet flow rate was measured using an ultrasonic flow meter, with values ranging
from 4.5 to 8 liters per second. In the longitudinal section of the continuous corrugated bed, the flow
absorption, roller length, and hydraulic jump length were measured.

Due to the high turbulence in the overflow section, the initial depth was determined using Belanger's
equation (Equation 1) and the downstream depth. The energy dissipation percentage was calculated using
Equation (2) (Chanson, 2015).

" =%<,/1 +8Fr,? — 1) (1
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where E; is the flow energy at the upstream, y; is the first depth of hydraulic jump measured using
Equation (1), and y; is the second depth of jump measured by a point gauge, and Fr; is the Froude No. of
the second depth.

Table 1- Characteristics and test variables of the research

Name of Corrugated bed Abb.. name Jet discharge Main discharge Froud
corrugated bed  dimensions (cm) of jet (L/s) (L/s) Number
26 10.8
Cl S=3;t=1 J1 4.5 37 9.5
C2 S=5;t=3 12 6 45 8.7
C3 S=10;t=6 13 8 56 7.4
67 6.2

Results and Discussion

In this research, experiments were conducted using five primary flow rates: 26, 37, 45, 56, and 67 liters per
second. The initial energy of the flow was determined by measuring the overflow depth at the spillway.
Additionally, the sequent depth (or secondary depth) of the hydraulic jump was obtained by measuring the
water depth downstream of the spillway.

The initial depth of the hydraulic jump at the toe of the spillway was then calculated using Equation (1).
Energy dissipation calculations were performed using Equation (2) to determine the percentage of energy
loss.

A summary of the test combinations and the resulting energy dissipation percentages for the three types of
corrugated beds is presented in Table 2. By determining the location of the hydraulic jump, its influence on
the energy dissipation rate was assessed, allowing for the identification of the optimal jump configuration
associated with maximum energy loss.

Table 2- The results of the percentage of energy consumption in different situations
Froud Number

Model 6.2 6.2 6.2 6.2 6.2
S1: Sample 19.246 44.446 61.081 53.599 29.032
Cl 26.305 8.031 19.185 4522 11.642
o) 11.48 13.277 16.495 4.073 21.584
C3 34.457 38.822 40.490 17.468 1.743
Cl-J1 9.710 2.940 4278 14.967 77.195
Cl1-12 2.365 13.716 20.742 28.145 35.576
C1-J3 6.974 20.799 30.341 42.103 55.367
C2-J1 9.500 23.106 32.040 42314 53.002
C2-12 10.885 24.928 34.295 45.522 57.969
C2-J3 7.090 20.843 30.115 41.569 53.939
C3-J1 70.371 17.126 0.849 19.903 51.369
C3-12 33.429 3.492 14.425 35.390 58.852
C3-13 5.008 4.291 21.239 45.608 60.026

Conclusions

The experimental results demonstrated that the energy dissipation in basins with larger corrugated bed

dimensions is approximately 15% higher than in those with smaller dimensions. Furthermore, with the
addition of a submerged jet, this value reaches up to 30% in the case of discrete jumps.
The counterflow jet system positively influenced the asymmetric jump, enhancing its stability and
improving flow uniformity. At a Froude number (Fr) of 6, the energy loss, hydraulic jump length, and roller
length were measured at 50%, 44%, and 63%, respectively. Moreover, as the flow rate increases, the relative
reduction in hydraulic jump length diminishes.
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In summary, the findings of this study indicate that the combined use of bed roughness and submerged jets
as an energy dissipation system significantly improves the flow pattern and key characteristics of the
hydraulic jump. Consequently, the implementation of submerged jets can help prevent severe damage to
hydraulic structures and protect the downstream riverbed.
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Fig. 1- Types of jumps in the sudden expansion of the section
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Table 1- A number of relationships predict the length of the jump and the length of the swell in the

rough bed
No. Researcher Equation
L:
(D) Herbrand, 1973 L;_B: 08 ; B <064
j
i L; Fr; —1
2) Matin et al., 1998 Y~ 220 tanh Ty )
V1 22
L:
3) Hager et al., 1990 L]_B —2-VB
j
L F
“ Hager et al., 1990 o 12 4160 tanh (i)
Y1 20
®) Hager and Bremen, 1993

L 8(Fr, — 1.5)
—=8(Fr, — 1.
Y1 !

Fig. 2- The laboratory experimental section used in this study
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Table 2- Characteristics and test variables of the research

Froud Main discharge Jet discharge Abb. name of  Corrugated bed Name of
Number (L/s) (L/s) jet dimensions (cm)  corrugated bed
10.8 26
9.5 37 4.5 I S=3;t=1 Cl
8.7 45 6 2 S=5;t=3 C2
7.4 56 8 13 S=10;t=6 C3
6.2 67

Fig. 3- A view of the gate of the flume (a) and the ogee spillway (b)
(D) (9! 2o 9 (H) pold dm 0 5l (e -1 S

Fig. 4- A view of the bed roughness (a) and hydraulic jump on the bed (b)
(9) St 33 (SN 31 9 (AN s (8 25 S0 S (o lod €SB
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Fig. 5- A view of the sinusoidal corrugated bed after the expansion
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Table 3- The process of naming and combining experimental models in research

Model t (cm) S (cm) Discharge of jet (L/s)
C1-I1 1 3 4.5
C1-J2 1 3 6
C1-J3 1 3 8
C2-J1 3 5 4.5
C2-12 3 5 6
C2-J3 3 5 8
C3-J1 6 10 4.5
C3-12 6 10 6
C3-J3 6 10 8
Cl 1 3 -
C2 3 5 -
C3 6 10 -
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Table 4- The results of the percentage of energy consumption in different situations

Froude Number

Model 6.2 7.4 8.7 9.5 10.8
S1: Sample 19.246 44.446 61.081 53.599 29.032
Cl 26.305 8.031 19.185 4.522 11.642
C2 11.48 13.277 16.495 4.073 21.584
C3 34.457 38.822 40.490 17.468 1.743
C1-J1 9.710 2.940 4.278 14.967 77.195
C1-J2 2.365 13.716 20.742 28.145 35.576
C1-13 6.974 20.799 30.341 42.103 55.367
C2-J1 9.500 23.106 32.040 42.314 53.002
C2-12 10.885 24.928 34.295 45.522 57.969
C2-13 7.090 20.843 30.115 41.569 53.939
C3-J1 70.371 17.126 0.849 19.903 51.369
C3-J2 33.429 3.492 14.425 35.390 58.852
C3-J3 5.008 4.291 21.239 45.608 60.026
100 esl
90 eCl
20 C2
o . o3
Cl1-J1
_ 60 e ' C1-12
EN 50 e oCIi-j3
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° [ ] ®C2-J2
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. 0 S ° o C3-13
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Fig. 6- The relative energy consumption of hydraulic jump caused by the presence of corrugated bed and
submerged jet
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Fig. 7- Comparison of hydraulic jump conjugate depths ratio against Froude number in the presence of
corrugated bed and submerged jet

S Kwd 2z 9 51T g0 Fus s3> 35 39 5 308 hlde 53 (SS9 INd oy T3 Slos! o dulio Y SO

200 sl

175 ecl

c2

150 oC3
125 cin
Z 100 ° ®Cl1-13
- ® ®(C2-J1

° °
b s ! 8 H eC2-12
50 l s 4 - o eC2-J3
H ° ° 0C3-J1
25 ] ] °C3-n2
0 C3-13
4 5 6 7 8 9 10 11 12
Fr

Fig. 8- Comparison of the Froude number against the length of the hydraulic jump to its conjugated
depth in the corrugated bed
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Fig. 9- Variations of the relative jump length against Froud number for bed with different roughness
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Fig. 10- Relative energy loss versus Froude number relative to each other
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Abstract

The agricultural sector in Iran is based on exploitation systems, so analyzing the efficiency of these

systems is of particular importance. In the present study, 10 active exploitation systems in Khuzestan during
the cropping seasons spanning from 2015 to 2022 are evaluated using the windowed data envelopment
analysis (DEA) method. DEA window analysis is based on a dynamic perspective, regarding the
same decision-making unit (DMU) in different periods of time as entirely different DMUs. The findings
indicate that during the agricultural seasons of 2015 to 2022, the Nahieh Shomal exploitation system
achieved the highest average efficiency, recording a value of 0.971. The exploitation system of Mehr
Omidgaran Qaleh Madreseh exhibited the lowest average efficiency at 0.423. In addition, the
results showed a consistent decrease in the average efficiency of the Ferdos and Keshtgaran exploitation
systems each year.

Introduction

Iran is one of the direst areas in the world, and its water deficiency is considered the main obstacle to
agricultural development. Khozestan province is located in the southwest of Iran. 33% of the total surface
water resources of the country flow in this province from the Karun, Dez, Karkheh, Jarahi, and Hendijan
rivers. In this province, 445000 hectares of major irrigation and drainage network and 338000 of
subnetwork are operated and managed by a variety of exploitation systems. So Management processes
study of water resources in khozestan province is so significant to utilize the optimal of resources and
prevent the waste of them.

Methods
Data Envelopment Analysis (DEA) is a management tool employed to estimate the efficiency of number
of decision making units (DMU’s). DEA can be used to calculate the efficiency measures, and has a wide
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applicability in various service and industry sectors. The first model in DEA was presented in the CCR
paper (after Charnes, Cooper and Rhodes1978) to produce the efficiency of DMUs under constant returns
to scale (CRS) assumption. Subsequently, Banker et al. (1984) proposed a variable returns to scale version
of the CCR model which was named BCC model. Since in real situations, variable returns to scale is more
flexible, so in this study, the BCC model is used. Suppose there is a set of n peer DMUSs, {DMUj tj=1K ,n}

each using m inputs to produce s outputs and also assume X: =(X;:,Xq e X ' be

the input and output vectors for DMU;, respectively, such that Xj2 o,xj #0 and yj > O,yj # 0. The input-

oriented and output-oriented BCC models evaluate the efficiency of DMUj by solving the following linear
programs respectively:

6*—min6

s.t. Zxx <6x . i=1K,m
j—l i)
Z A i 2Yro. F=1K.s @
zx =1
)
szo, j=12,..,n

*

) =max<p

s.t. AX..<X. , i=1K,m
J§1 j1j~ "o
zx =1
=N
szo, j=12,...,n

The choice of input- or output-oriented models depends upon the production process characterizing the
firm (i.e. minimize the use of inputs to produce a given level of output or maximize the level of output
given levels of the inputs). DEA window analysis is based on a dynamic perspective, regarding the same
DMU in different periods of time as entirely different DMUs (Charnes et al. (1985)). The benefit of this
method is to describe the dynamic change of the efficiency of each DMU comprehensively, both
horizontally and vertically. More importantly, the number of DMU is increased in this method; hence, it
enhances the discriminating power by increasing the number of DMUs when a limited number of DMUs is
available. Consider asetof N (n =1,2,..,N)DMUs in T(t =1,2,...,T) period of time. Every DMU has m

kinds of input and s kinds of output. Let DMU{1 denotes the level of input or output for DMU n in t period

of time, then input vector x?and output  vector ytnwill be presented as:

Xy :(xft,xgt,...,x”mt)-r,y? =(yft,y2t,...,y2t)T Consider the window starts at the time point of

k(1<k <T), and the window width isw(1< k <T —Kk), then input X, and output Y, of each window
kw will be presented as:
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The input-oriented BCC model of DEA window problem for DMUF is given by solving the following
linear program:
0 =min®
n _
st X ASOxg, t=1K,T
YMNXZy?, t=1K,T ©)

er=1
A>0
Where A = (7”1'7‘2""'7‘N) ande=(11,...,2).. And the output-oriented BCC model is as follows:

¢ =maxg
s.t. kax3xQ, t=1K ,T
YMNKZQy?, t=1K ,T (4)

er=1
A>0
Results

After analyzing 180 models, the derived values concerning the average efficiency of each window and
the yearly averages serve as the metrics for evaluating the efficacy of 10 active exploitation systems of
Khuzestan during the cropping seasons spanning from 2015 to 2022.

The average window efficiency values for each operational system throughout the assessment period serve
as the foundation for analyzing and evaluating system performance.

The findings indicate that during the agricultural seasons of 2015 to 2022, the exploitation system of Nahieh
Shomal achieved the highest average efficiency, recording a value of 0.971. The exploitation system of
Mehr Omidgaran Qaleh Madreseh, exhibited the lowest average efficiency at 0.423.

Examining the annual average efficiency reveals that only the exploitation system of Nahieh Shomal
attained full efficiency in 2018. Conversely, the exploitation system of Mehr Omidgaran of Qaleh Madreseh
in 2017 registered the lowest average efficiency at 0.370. The highest and lowest average efficiency values
for each year for Karkheh & Shavoor exploitation system were 0.960 and 0.723, respectively. For the Goor
sephid exploitation system, these values were 0.973 and 0.740, and for the Karoon Bozorg exploitation
system, they were 0.963 and 0.740.

Results showed a consistent decrease in the average efficiency of Ferdos and Keshtgaran exploitation
systems each year. This decline can be attributed to factors such as inadequate production efficiency,
delayed agricultural water supply, improper irrigation cycles, and network inefficiencies.

Conclusion
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The primary factor contributing to the lowest average efficiency in production cooperatives' exploitation
systems is their reliance on government support and a government-oriented structure.
The substantial disparity between the highest and the lowest average efficiencies of these systems each year
underscores an imbalance in resource allocation, such as annual budget distribution, for exploitation,
maintenance, and repairs of irrigation networks.
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Table 1- Selected water exploitation systems of Khozestan Province for efficiency evaluation

Exploitation system's Exploitation system's
type name

Cities of area activity

Agricultural water Zohreh & Jarrahi
exploitation systems of Nahieh Shomal
exploitation companies Maroon

of irrigation and Karoon Bozorg
drainage networks Karkheh & Shavoor

Ramhormoz,Hendigan,Ramshir,omidieh&Shadegan
Dezfol,Shosh,Andimeshk&Karkheh Shomal
Behbahan&Gayzan
Shoshtar,Gotvand,Miyanab&Shomal Shargh Ahvaz
Dasht Azadegan,Hovyzeh,Markazi Ahvaz, Karkheh,

Abadan&Khoramshahr
Agricultural water Goor sephid Dezfol
exploitation systems of Ferdos Dasht Azadegan
production cooperatives Keshtgaran Ramshir
Tadbir&Omid Shoshtar
Mehr Omidgaran Behbahan

Ghaleh Madreseh
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Table 2-Efficiency measurement of Agricultural water exploitation systems of exploitation
companies of irrigation and drainage networks during 2015-2022 using DEA windows

Zohreh & Jarrahi

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Nahieh Shomal

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Maroon

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Karoon Bozorg

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Karkheh &
Shavoor
Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

1394 1395

0.67 0.61

0.64

0.670 0.625

1394 1395

0.98 0.92

0.94

0.980 0.930
1394 1395
0.75 0.70
0.71

1396
0.70

0.78
0.73

0.736
1396
1.00

0.98
0.96

0.980
1396
0.73

0.77
0.78

1396
0.90

0.99
1.00

0.963
1396
0.72

0.71
0.74

1397 1398 1399 1400 1401
0.85
0.78 0.66
083 077 074
0.66 083 0.74
089 079 0.78
0.820 0.696 0.820 0.765 0.780
1397 1398 1399 1400 1401
1.00
1.00 1.00
1.00 099 097
1.00 091 1.00
090 099 0.95
1.000 0.996 0.926 0.995 0.950
1397 1398 1399 1400 1401
0.69
0.74 0.72
071 079 0.78
081 078 0.77
075 077 0.77
0.750 0.705 0.760 0.713 0.773 0.770 0.770 0.770
1394 1395 1397 1398 1399 1400 1401
091 0.86
0.89 0.84
0.81 0.90
081 100 0.86
090 082 0.74
089 0.76 0.74
0.910 0.875 0.820 0.933 0.856 0.750 0.740
1394 1395 1397 1398 1399 1400 1401
079  0.69
0.68 0.82
0.86 0.83
0.80 080 0097
084 088 095
0.83  0.97 0.88
0.790 0.685 0.826 0.823 0.893 0.960 0.880

0.723

Av. Eff. per
window
0.660
0.756
0.723
0.780
0.743
0.820
0.747

Av. Eff. per
window
0.966
0.973
0.986
0.986
0.970
0.946
0.971

Av. Eff. per
window
0.726
0.723
0.746
0.760
0.786
0.763
0.750

Av. Eff. per
window
0.890
0.906
0.903
0.890
0.820
0.796
0.867

Av. Eff. per
window
0.733
0.736
0.810
0.856
0.890
0.893
0.819
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Table 3- DEA windows analysis for efficiency of Agricultural water exploitation systems of
production cooperatives during 2015-2022

Goor sephid

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6

Av. Eff. Per year

Ferdos

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Keshtgaran

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Tadbir&Omid

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Mehr Omidgaran
Ghaleh Madreseh

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

1394

0.74

0.740

1394

0.72

0.720

1394

0.73

0.730

1394

0.84

0.840

1394

0.42

0.420

1395 1396 1397
0.79  0.79
070 081 088
081 0.85
0.88
0.745 0.803 0.870
1395 1396 1397
0.68 0.65
068 071 0.65
0.67 0.66
0.64
0.685 0.673 0.653
1395 1396 1397
0.73 0.69
071 068 0.69
0.68 0.66
0.62
0.720 0.683 0.656
1395 1396 1397
0.88  0.87
089 084 090
0.84 0.89
0.92
0.885 0.850 0.903
1395 1396 1397
049  0.39
048 035 045
0.37 0.46
0.46
0.485 0.370 0.456

1398 1399 1400
0.93
0.89  0.97
0.89 1.00 0.99
0.95 0.90
0.903 0.973 0.945
1398 1399 1400
0.61
0.60 0.64
0.61 059 0.60
0,58 0.58
0.606 0.603 0.590
1398 1399 1400
0.60
0.64 0.59
061 058 055
058 0.57
0.616 0.583 0.560
1398 1399 1400
0.81
0.80 0.77
078 078 0.82
0.77 079
0.796 0.773 0.805
1398 1399 1400
0.41
045 040
044 042 043
040 0.39
0.433 0.406 0.410

1401

0.92
0.920

1401

0.59
0.590

1401

0.55
0.550

1401

0.75
0.750

1401

0.41
0.410

Av. Eff. per
window
0.773
0.796
0.863
0.913
0.960
0.923
0.871

Av. Eff. per
window
0.683
0.680
0.646
0.626
0.600
0.590
0.637

Av. Eff. per
window
0.716
0.693
0.646
0.616
0.580
0.566
0.636

Av. Eff. per
window
0.863
0.876
0.846
0.830
0.793
0.770
0.829

Av. Eff. per
window

0.433
0.426
0.413
0.436
0.430
0.400
0.423
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Abstract
Sedimentation in settling basins is one of the significant challenges in water resource management. This
phenomenon can lead to sediment accumulation in water reservoirs, reduced storage capacity, increased flood
risks, and water pollution. Therefore, understanding the processes governing sedimentation in basins and
optimizing the design of these structures is of great importance. In this research, the impact of aspect ratio (length
to width ratio) of the reservoir on the distribution of suspended sediment concentration under free flow conditions
has been investigated. Using rectangular tanks with aspect ratios of 1, 2, and 4, the sedimentation rate under
various hydraulic conditions was evaluated. This parameter is recognized as one of the most critical factors
affecting flow patterns and sediment deposition in settling basins. The results indicated a direct relationship
between the aspect ratio of the reservoir and the distribution of suspended sediment concentrations. Specifically,
reservoirs with higher aspect ratios (such as a tank with an aspect ratio of 4) retain greater amounts of suspended
sediments on their surfaces. Additionally, in settling basins with high aspect ratios, the lateral spreading of dense
flow creates a more favorable condition for uniform sediment distribution compared to its longitudinal spreading.
Conversely, in basins with lower aspect ratios, greater longitudinal spreading occurs, increasing the likelihood
of backflow formation. These findings demonstrate that considering the aspect ratio as a key parameter in the
design of settling basins can significantly enhance the performance and efficiency of these structures in sediment
management.

Introduction

Sediment accumulation in shallow reservoirs is considered one of the main challenges in water
resource management (Lai and Shen, 1996). Accumulated sediments can reduce the reservoirs'
capacity and increase environmental hazards (Kantoush and Schleiss, 2009). A precise understanding
of the hydraulic processes governing suspended sediments and the impact of reservoir geometry on
these processes is essential for optimal design (Dufresne et al., 2010). In this study, the effect of the
aspect ratio of the reservoir on the distribution of suspended sediments is investigated with the aim of
providing effective solutions to reduce problems arising from sedimentation.
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Methodology

In this research, the impact of the aspect ratio of settling basins on the distribution of suspended
sediment concentration was examined using Flow-3D software. Three-dimensional models with aspect
ratios of 1, 2, and 4 were simulated, and the governing equations for free water flow were solved using
the finite volume method. A scalar add-on was utilized to calculate the sediment concentration
distribution, incorporating the high-precision transport and diffusion of scalars within the
computational grid. The accuracy of the model was evaluated by comparing simulation results with
laboratory data, confirming that this approach has the capability to accurately predict concentration
distribution patterns and enhance the design performance of settling basins.

Results and Discussion

The analyses revealed that as the aspect ratio of the basins increased (1, 2, and 4), the flow and
sedimentation patterns changed. At higher ratios, the lateral expansion of the flow and the
accumulation of sediments near the sidewalls increased. In contrast, the distribution of sediments along
the longitudinal direction became more uniform. Additionally, backflow and sediment accumulation
were more pronounced in basins with higher aspect ratios, which contributed to improved control of
incoming sediments.

The results are analyzed based on aspect ratios and the relative time scale #/#. For an aspect ratio
of 1, at #/£=0.5, the dense flow is concentrated in the first quarter of the basin's length, with sediment
largely limited to the inflow area. By #/#=1, the flow reaches half of the basin, but sediment distribution
remains confined, with an increase in concentration in the middle section. At #/#=1.5, sediment
distribution begins to become more uniform, although the end section of the basin has not fully
engaged. At #/tp=2, sediments reach the end of the basin, marking the beginning of backflow.
By #/t¢=3, significant sediment accumulation occurs at the end, accompanied by clear backflow.
Finally, at #/#0=5, the basin is completely filled with sediment, and backflow reaches its maximum
intensity.

For an aspect ratio of 2, similar patterns emerge. At #/#=0.5, the dense flow advances to one quarter
of the basin length, with sediments concentrated at the inflow. At #/f,=1, the flow reaches halfway,
increasing sediment concentration in the middle. At #/#=1.5, the flow approaches the end area,
distributing sediments more evenly along the basin's length. By #/#=2, backflow begins, bringing
sediments closer to the outflow area, and at #/#,-3, the distribution of sediments becomes more uniform,
accompanied by intensified backflow. Eventually, the basin is completely filled with sediment, and the
backflow stabilizes.

In the case of an aspect ratio of 4, at #/£,=0.5, the dense flow only occupies part of the basin's length,
with sediments focused near the inflow. At #/#=1, the flow reaches the midpoint, with sediment
distribution still concentrated in the initial half. As time progresses to #/fo=1.5, the flow approaches the
outflow area, distributing sediments throughout the basin. When #/#=2, backflow initiates, with
noticeable sediment accumulation in the end and lateral areas. By #/t,=3, sediment distribution becomes
uniform, and backflow intensifies. Finally, at #/#=5, the basin is fully filled with sediment, and
backflow peaks.

Overall, these analyses indicate that an increase in aspect ratio leads to a more uniform distribution
of sediments and improved control of flow within the basin. The performance of sedimentation
ponds with different shape factors and the various stages of dense flow progression, return
flow, and sediment accumulation are displayed in Figure (1).
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Fig. 1- Analysis of performance variations in sedimentation ponds with different shape factors:
Instantaneous phase of dense flow progression, return flow phase, and sediment accumulation phase at
various relative time intervals.

Conclusion

The analyses have demonstrated that the aspect ratio of the reservoir significantly impacts the
distribution of dense flow. An increase in the aspect ratio leads to improved uniformity in sediment
distribution both along and across the reservoir, as well as a reduction in localized concentrations.
Furthermore, the development of backflow and sediment control in the end areas operates more
effectively, particularly at higher ratios, such as in reservoirs with an aspect ratio of 4. These findings
highlight that designing sedimentation basins with higher aspect ratios can enhance the structural
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efficiency in sediment management and maintain hydraulic performance, thereby minimizing
unwanted blockages and sedimentation. Overall, these results underscore the importance of selecting
the appropriate aspect ratio in the design and optimization of sedimentation basins, which can
significantly improve their operational quality.
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Table 1- Suspended Sediment Transport Equations for Open Channel Flows

Researcher’s names Eq Description
C: concentration of suspended sediments
at the desired depth.
C,: initial concentration of suspended
_ sediments.
¢ @y, Y
c, d—-a d: flow depth.
Rouse (1937) ) ) )
5 = kﬁ o: settling velocity of particles.
U.

k: Von Karman coefficient.
ux shear velocity.

z: Rouse number.

Liu, H. K. (1958).

% yv.a
C =C,.(q ——)exp()
a y

C: Concentration of suspended
sediments at a specific depth.

C, : Concentration of suspended
sediments at the water surface or
reference point.

q: Current flow rate

a: Empirical coefficient.

v: Flow velocity.

ys: Density of sedimen.

y: depth of the system being studied.

Brooks equation
(1965)

q 4
> :f(k—,Z)
Vw-q-Cra Uy

gs: suspended load per unit width.

yw: specific weight of water.

q: flow rate per unit width.

Cya: weight concentration at a distance
of 0.5d from the bed.

f: function.

V: average flow velocity.

k: Von Karman coefficient.

u= shear velocity.

z: Rouse number.

Van Rijn (1984)

3
D}y, — 2
C =k ==y

C: Suspended load flow rate

k: The experimental coefficient.

D,: Diameter of sediment particles(m).
¥s: Density of sedimen.

O:Viscosity of water (usually in m?/s).

p: Density of water (usually in kg/m?).

q: flow rate per unit width.

d: flow depth.
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Fig. 1- Examples of free-surface shapes used in the advection of F. The donor-acceptor arrangement
is shown in (a) where the dashed line indicated the left boundary of the total volume being advected.
The shaded regions shown in (b-d) are the actual amounts of F fluxed.
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Fig. 2- Geometric shape and dimensions of the models used in this study: a) S.F.=1, b) S.F.=2, and c)
S.F.=4
S.F.=4 (z 9S.F.=2 (« S.F.=1 (LA :3uaz cp! 50 o0kl 390 S oo (qwrids Slayl 9 <o -F o



70

OOV o NFF Jlo ¥ o et FA o505 ST i 3 sk

035 o338 (sl Jte 55 wpe Blus I Sy ojlged o> ise S5 Saly Sy 5l e limsbrs 4S5 S 3log) gl dn pI 0
Cuwl 05 &)l alises (s0aSis (olooSl digo Cpaodd 53 Cand] o ol ol oolitwl 03905 dblal 1y Jao a5 dax LSS &0
Ak 35 & ogaste Ggb 5 Lind bli gl)b plas oS 5 ((Cell Size Jslho ojlil 435 o5 slyls J58ls 5 5> (gat o
D)5 3 (L0975 (LAdSd g dol> (slajpe 4y Cuws Flow-3D 2 el gy oliel & il . ((Cell Count) Joho slis
OVl Seoliod (6)l58lp 5 sladinn plo b dwlie ;o (Jolate M g Slwle (gla Jolu 05101 ply s gy dogyye (sl yalS
pomcolis oS s, ) Flow=3D .5,)s (CFD) _ilusloe Erauiin iloans iy wile Sl clasbe JS
$oSed 4 glge Ll JSB gy ol 2 S (0 o3lil Elo sladsho b Jo laglie 3929 4 5l &5 Gloj b g oty
bl glo gaw 510 (Saw gl SLEI )3 0nd bl S diz I Sl woe Al gl Glgioe 28k 53
15 sty o5 e ol (Sam A5 ot b g ek 35 sl 355l 2 45l o5 3505 00zl 5 3 55 b ime (Ut ) Jo
S L o)y S, 45 m 0 ¢y oin s gl T 3gms &y oS 3L 350 sla b Shass b s 4 Sy 5l Uslpe abed
By s o iz > 295 el o buogs U2 J i ool 5 3,50 5 03 5,5 plol Cglita (slacus il
MRy bawg o 3)90 muar JSut 53 Job o 5> o0 Capd G Jo ploil als o 4 39)9 51 IS b 4l ol 003
5 & o (sl S5 (F) JSCb 3las 5 35,5 5 (ol ol Pl o525 & > > 4 3,5 ol Un Jsk IS5 5 o3l
dgds (3,5 pasude glp Wl 3 Conly Coows sla S5 ol 035 B>y o
Sloojlul sl & 2980 pasuie (QlaSol sanaS 53 Ml Gl el @)l b Jsho 0jlul Cond iy 31
lgiise g iy o 310 5 oljT glb 5 5l 350 (g03ls Il @)l JSb iy ol slaial S5 53 o2 jbxe Jsk
85 i 53 i Sob S ) a3 )90 Sl pled ol e 088 4y ko S a5 )52 S

el Sl Flow-3D Jl58lp 5 oalS” slacollé 1 (S 2 @Badgixe 5 039 e sl HoSde Cuad 93 ol
Gy b Soh a )3 o8 Cunl S ity 4 Glabre e A1 o ol ) Sol S Gy 53 )15 g2 ol o5l
odiles Ssb po 398 o olistul anlio o ol Lulyd 2l ol S5 s 5 op gl sla sl ojluil Cns e
9% & Slgi oo g (pl g ol Slowlre (e I o5 g s Jally (ilaio g Cupd @l Jpa> lp 235 JyuS
S S 8 Jsio sl 3 oslil b 39 ol b, San 255 sglro Joho 53 03] o L wsjlotind oo
Fsbpope bl )l Gliges SSmn 5 ab)5 )3 G (yriot LSS ol VYO 5l iShs 5wl 4 4 S35
G55 IS st ol Syl ol 55 o5 oy SaSh S5 b 51 5 23k Sy K255 mn 23 3 IS5
5 e gy b Ina polie 2,5 o ) (555> S5l (sl oo S5 3285l > 0 ol slasile Jao JS 55
Soba Soby S 5 polie cpl s S5 0 dplone SToly Jobkwsd ojlul Cand 45" 13)8 (sl (6908 4 (Slawbre 4
(St 45 S & Wgd o Jitie (2biygy Sl eolital b ;0 P (o S s (pizmeds g 28l oo V0 (I S £l 0
Sl )8y Jladl 5 (audSis 4 Cawlus Cusl 0393 9000 VY JI S

q@ 0 <=
€

Multiple Intersections
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resulting shape on the right
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Abstract
Studying and developing water resource systems requires an accurate prediction of river suspended sediment
load. Since sediment load measurement is costly and time-consuming, the simulation methods based on the
sediment load time series are usually restricted to sample numbers. This study used two different methods to
forecast the monthly suspended sediment load. In the first method, the Support Vector Machine (SVM) algorithm
was used to forecast sediment load based on a monthly time series of suspended sediment data. In this method,
the hyperparameter coefficients of the SVM model were optimized using the Simulated Annealing (SA)
algorithm. Additionally, this model was evaluated under single-input-single-output (SISO) and multiple-input-
single-output (MISO) patterns. The suspended sediment load and flow data of the Yalfan River from 2007 to
2015 were the SISO’s inputs and outputs, respectively. Moreover, the MISO’s second input was a fixed number
series. In the second method, the sediment rating curve and the FAO method forecast it. A %9.93-point increase
in the Standard Error (SE) index was obtained by normalizing the SVM-SA’s input data. Switching the input
patterns from single input-single output (SISO) to multiple input-single output (MISO) resulted in a %1.03
improvement in SE. By optimizing the coefficients of the discharge-sediment variables in the rating curve and
FAO method using the General Reduced Gradient (GRG) technique, the SE index improved by %10.13 and
%73.19, respectively. The results showed that the SVM-SA model based on the normalized MISO approach is
the best method for suspended sediment load forecasting.

Introduction

Sediment is one of the most significant non-point sources of river pollution (Shojaeezadeh et al.,
2018) and its precise estimation is a key factor in hydro-environmental projects, such as the design and
implementation of water structures (AlDahoul et al., 2021). Since direct sampling of sediment load is
difficult and time-consuming, various physical, experimental and mathematical models are employed
to estimate it (Ramezanipour et al., 2017). The Support Vector Machine (SVM) is a widely used model
in hydrology for forecasting, classification, solving linear and non-linear regressions, and pattern
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recognition (Samantary et al., 2020 <Huang et al., 2021). This model’s forecasting accuracy has been
improved by Simulated Annealing (SA) algorithm in many studies. As sediment load data has
statistical defects and its direct measurements are costly, the use of computational and classical
methods such as rating curves and the FAO method is unavoidable (Shojaeezadeh et al., 2018). Many
studies have shown that using optimization algorithms and modifying discharge-sediment relationships
can improve the performance of computational and artificial intelligence methods. In the present study,
two different methods are used to forecast the monthly suspended sediment load. The first method
examines how the data patterns and the type of probability distribution affect the SVM-SA’s
performance, and the second method examines how the Generalized Reduced Gradient (GRG)
optimization method affects the modified FAO and rating curve. Finally, computational and direct
forecasting methods are compared, and the most accurate model for sediment load forecasting is
introduced.

Methodology

The SVM model is a statistical machine learning system, which finds the optimal hyperplane to
categorize the data based on a binary classification. An important factor affecting the performance of
this model is parameter adjustment (Sedighkia and Datta., 2023). Traditional SVM models use trial
and error to determine parameters; however, in this study, the SA optimization algorithm chooses them.
This algorithm is a local search method, which tries to find the global optimum solution. In the hybrid
SVM-SA model, the initial values of the SVM’s parameters are first set manually based on the previous
studies’ suggestions; then, the SA algorithm calculates the parameters’ optimal values, and the model
will be executed (Mehrabani Bashar et al., 2023). So, the modeling process will be faster and more
accurate without the need for repetitive trial and error (Azadi et al., 2022). This study compares the
performance of the SVM-SA model based on the SISO and the MISO approaches and evaluates the
effect of input data normalization on their performance.
Most sediment load time series contain missing values, so understanding and quantifying the nonlinear
interactions between the historical sediment load and discharge flow data is essential. In the sediment
rating curve method, sediment load and flow data are plotted against each other on a logarithmic scale,
and a power line is fitted (Azadi et al., 2020). The sediment discharge is calculated using this line’s
equation:

Q =aQ, @)

Where Qs = suspended sediment discharge (ton/month); Qw = flow discharge (m3/s); a and b =
regression coefficients.
To bring the sediment load values estimated by the rating curve closer to the observational data, the
FAO method modifies the drainage coefficient and uses the following equation instead:

Q =@Q/Q,)Q" (2)

Where Qg = average sediment load: and Q,y = average discharge.
In this study, the discharge-sediment equations were optimized by the GRG method. The coefficients
of the discharge-sediment variables were considered decision variables, and the objective function was
minimizing the difference between the estimated and the observed data.

Results and Discussion

According to Figure (1), all methods except the FAO method perform similarly and are within the
range of RMSE=500. The performance of the FAO method was significantly improved by GRG
optimization. Normalizing the SVM-SA’s input data improved both the SISO and MISO approaches.
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The SVM-SA model based on the normalized MISO approach has the lowest RMSE and the highest
correlation and also is closer to the observational data, which indicates its superiority.

0 02
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Fig. 1- Taylor diagram for the performance of the sediment load estimation methods

Conclusions

The performance of both original and normalized modeling was improved by separating and
modifying the SVM-SA’s input data from SISO to MISO patterns. Also, data normalization improved
both the SISO and MISO approaches. The GRG optimization algorithm improved the performance of
the mentioned computational methods by selecting coefficients of discharge-sediment variables,
making these methods competitive with direct forecasting models. The results showed that the SVM-
SA model based on the normalized MISO approach is the best method for suspended sediment load
forecasting.
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Table 2- Inputs, outputs, and Optimized parameter(s) of the SVM model

Optimized parameter(s)

Model Llrrlea RBF Polynomial Inputs Outputs
y = 0.0009
SVM-SA (SISO) - y =292 C =4277 Discharge flow Sediment load
d=3
y = 0.0048
SVM-SA (MISO) - y =0.97 C =218 Discharge flow Sediment load
d=3
SVM-SA (SISO) — v = 50005 Normalized Discharge Normalized
. - y =8.37 ¢ =881 .
Normalized d=5 flow Sediment load
SVM-SA (MISO) — _ V= 8'00002 Normalized Discharge Normalized
. - y = 28.69 C =534 .
Normalized d=3 flow Sediment load
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Abstract
The problem of scouring of bridge piers has been of interest to hydraulic experts for decades. Various methods
have been proposed to control scour, one of which is the use of a netted collar. In this study, the effect of the
presence of netted collars on the scouring of bridge cylindrical pile groups under clear flow conditions was
investigated. For this purpose, a flume with a length of 6 m and a width of 73 cm was used, and the effect of
collars with openings of 0%, 30%, 50%, and 70% was examined at levels of 0.5D above the bed (where D is the
diameter of the pier) and on the bed during nine experiments. At the level on the bed, all collars were highly
effective, and the 30% netted collar completely controlled the scour around the first pier. At the 0.5D level, the
30% netted collar reduced the scour depth by 58% compared to the no-collar condition, while the efficiency of
the collars with openings of 0%, 50%, and 70% at this level was 4%, 0%, and 15%, respectively. In general,
efficiency increased as the collar level decreased.

Introduction

The construction of bridges and other hydraulic structures along the rivers and streams creates some
changes to the flow pattern in this area, One of this changes is the scouring in the bridge piers and
abutments. Local scouring refers to the erosion of the bed in the vicinity of the pier foundation due to
the complex vortex system around it. This system consists of horseshoe vortices originating from down
flow in the pier upstream and wake vortices that occur due to the separation of flow in the sides of the
pier (Breusers, 1991). In addition to the above factors, the following factors also contribute to the
scouring of the pile groups: reinforcing, sheltering, shed vortices, and compressed horse-shoe vortex
(Hannah, 1978). The collar is a thin plate that is mounted horizontally around the pier and prevents the
down flow from collision to the bed surface. Shahsavari et al. (2017) showed that the use of roughness
with different arrangements on the abutment, the use of a simple collar and the combination of these
two methods at best reduced the scour to 47, 60 and 83 percent, respectively. Alem (2012) reduced the
scour depth around the abutment of bridge by using a 33% netted collar at a level of 2cm and 4cm
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above the bed surface by 10.4% and 9.4% respectively in compare with simple collar. Jalili (2013)
used 0, 15, 30, and 40 netted collar on the pier and in the results found that, in Feroud Number equal
to 0.19, 40% netted collar with a 43% reduction in scouring, in the Feroud Number of 0.16, 15% netted
collar with 60% reduction of scouring and in the Feroud Number of 0.13, 30% netted collar with 94%
reduction in scouring had the highest efficiency. In this research, the effect of netted collars with
different openings at the different levels on the scouring of the bridge cylindrical piel group have been
investigated.

Methodology

In this research, a laboratory channel with a length of 6m and a width of 73cm was used in the
hydraulic laboratory of Shahid Chamran University of Ahvaz. Chiew and Melville (1987)
recommended the width of the pier should be less than 10% of the width of the flume to not affect the
channel walls on the scour depth. The piers used had a diameter (D) of 2.5 cm, divided into three
groups and four different rows at a distance of 2.5 meters from the entrance of the flume. The center-
to-center spacing between the groups and center-to-center spacing between the rows were 7.4D and
4D equivalent, respectively. Also, Melville (1992) proposed a standard deviation of sediment particles
should be less than 1.3 in order to eliminate the effects of the sediment size on the depth of scour. The
sediment particles used had a size of 0.5 mm and standard deviation was 1.18. The critical velocity of
particles erosion was measured 0.26m/s. Collars had meshed and the openings parts were of 0, 30, 50
and 70 percent and were installed at the level of 05D above the bed and on the bed in the Feroud
Number equal to 0.16.

Results and Discussion

First, a 5-hours experiment was performed without the presence of the piers and the experiments
time was obtained about 4 hours. A test was also conducted without the presence of collars to compare
the results.

In the experiment with the presence of simple collar at the 0.5d level the collar had no significant
effect on the reduction of scouring. In the experiments with the presence of the 30% netted collar,
vortices were greatly depleted by the opening parts of collar and the boundary layer was further
developed and consequently reduce the scour about 58% in compare with non-collar state. The 50%
netted collar had no effect on the scour of first pier and the 70% netted collar slightly reduced the first
pier scour about 15%. In general, the effect of the collar on the back piers was more than the first one.
On the bed level all collars had high efficiency by preventing the collision vortices to the surface of
the bed. Figure (1) and (2) show the percentage of scour reduction in different experiments (R is the
percentage of reduction in the scour).
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Fig 1- The percentage reduction in scour depth with the presence of collars with different opening
percentages at the 0.5D level is shown (the column for the collar that did not reduce scour is not

included)
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Fig 2- The percentage reduction in scour depth with the presence of collars with different opening
percentages at the bed level

Conclusions

This research was carried out to investigate the effect of netted collars with different openings and
different levels on the scour depth of the bridge cylindrical pile groups. The 30% netted collar installed
on the bed surface was completely controlled first pier scouring by preventing of collision the down
flow to the bed surface; on this level all the collars had high efficiency. At the level of 0.5D the 30%
netted collar reduced the scour around the pier by 58% and weakened the power of the vortices. In
general the 30% netted collar had the highest efficiency on both levels and increased collar efficiency
by decreasing the collar level installation.
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Fig. 1- (a) Laboratory model with the presence of collars: (a) Above: Simple and 50% netted collars;
(b) Bottom: Schematic of the placement of the collar on the pier
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Table 1- Hydraulic conditions of the experiments

Re Y (m) Fr V/Vc

Vc (m/s)

V (m/s) Q (I/s)

30000 0/15 0/16 0/77

0/26 0/2 22
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Fig. 3- Bed topography after the control test (axes are in centimeters)
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Fig. 4- Longitudinal scour profile of the middle pile group with the presence of simple collars at
different levels, compared to the control test
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(a) (b)
Fig. 5- Bed topography after experiment with the presence of 30% netted collars at (a) on the bed (b)
0.5D above the bed
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Fig. 6- Longitudinal scour profile of the middle pile group with the presence of 30% netted collars at
different levels compared to the control test
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Fig. 7- Longitudinal scour profile of the middle pile group with the presence of 50% netted collars at
different levels compared to the control test
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Fig. 8- (a) Longitudinal scour profile of the middle pile group with the presence of 70% netted
collars at different levels compared to the control test; (b) bed topography after the experiment with
70% netted collars at the bed level
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Table 2- Percentage reduction in scour depth around the first pier for different collar placement
levels compared to the control test

Percent reduction in scouring

Placement levels

Percentage of collar opening

0 30 50 70
0.5D above the bed 4 58 0 15
On the bed 81 100 73 85
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Fig. 9- The percentage reduction in scour depth with the presence of collars with different opening
percentages at the 0.5D level (the column for the collar that did not reduce scour is not included)

45 Sladgb 4 bgy 0 Ogiw) + /0D 315 50 Ciliseo (Sl 3b So 10 b adigh jgian b (SiwinT fal™ woyd -1 Kb
(Sl SN sy DN SR [y KT

120
Fr=0.16
1004 4
? m0%
: i
| e ..
= i i #30%
c\:\/ -_-:.:-: '.:-:-Z.
= G iz »50%
15 i
& & %70%
i o
A e
At o
i e

first pier second pier

third pier  fourth pier

Fig. 10- The percentage reduction in scour with the presence of collars with different opening
percentages at the bed level

S (59 35 38 it T ib o yd b addgh g b ST Al wo s -1 IKE

SAV AD AV iy 4 ol gyl 53 pylea U Jgl (slaarly
Yo ol (55,5 L (2013) Jalili .cély ials aop> Ve-
3 Gllgisl b bl g YL +/YOD 15 50 St Jo
Sl gals 1) Syl Bes dopd B /N8 39,8 dae
doyd Ve digb 6,554 L ;5 (2016) Hemmati et el.
9y ;D g /0D «N\D sajls ;5 YD ojlul & Siio
T g BY A g |y (Sl Ges dizuilg +/V 24,8 dae
o 5555 3l gy 9 6 s 3 s inlS 1o
S s (99) 5yt YL /0D Sl )0 ke do o ¥

Sl el ) Siatsl Gas doyd Voo g OA

O, S4Bl b G gl Al
bbb et shedls syl e
ks dile ST & st oo digh (6,554,
B los,S 55y 52 i o | 3485 ol sl
a5 byl Ste b L 4l 5 ool
Sy (595 03k dBob> 135,151, (2010) Heidarpour et el.
(42l a3 D) laal oy YD (calols b (clailsisl ayliog S Gl L]
Ol ¥0 53 ¢ g ) pow b gl aly (Sad]
& bl o galold l58l L as waged sdalie liol sl
wb @) 2 s al S cosi Jl Gl U 4 YD
ol Aoy can @ ab ol (Kol ialS S (sl
clatlze Sl jials s 4 pow g pod slaasly (gly Lol sl
9V i pa ol ool (Stwtal gl g9y gl 4 (SaS
St Gimgsy cnl 3 48 Jbo 5 il el aop b



ARN%

W-V'A Lo NP F Il ¥ o les FA o) 53

ST (e 5 pske

O Ny g5 @8l Ol
ol 35 4565 gead 48 150 p3te] lio gl S tiamr s
5l Giaegy cnl gl 5 ke JLisil g SIS (ogas

b @l
ojledd (imghy el Joro I Bai cl Jbo srcules
5 dowgon ol a3 5 &ya SCU.WHL1397.86 wilagsy
28 Jlgal lpex sured oSy (g} p e Ciglae Coles
g o

Bodld 4w gwd
Cawl 0l &l Allie yie jd guli g CleMbl don

OB s §5 o5 5l
Wlis 5,55 datolol plool ool gy (e 1! D Nun o3
Loy O+ 1S i wrw —bo)lagas pany dodly Llox g 4y joxs

9 3L bt Jdot g (ow) o ied (S0 1093 Bk g
o yd B+ 1S Lo oo —allio u’(;il)ﬂs

G
Bos p Sede sladighs b ) el ol 5l Ban
sshte oty Al Jp llsiol glaal ogS (S|
D sajlyg o 1) Side dopd Ve 5 00 ¥ o sladbgb
Syl Goe (1alS Loy 5 02l iy (9 5 s VL
S gl i s d awy e dBgb et iales] dr
oo o 0 gl 3)98 2 5l Clos L Inadobo plos i (5
Sadio dioyd Yo i 515 cpl 15t J3y65 5 oYL oK )
s 5 S b &y Jo 055 3 Sl ey
aail b Sde dopd Yo digh 5 ytaw YL +/0D 5 0
otalS 1) (Statsl 103 0A Cudls (50 4Y Gl (900
538 03938l o] bl gl Iy el L S o 4y e
St Goe 1S 1 b o ity Ko 20> ¥ gl
g lyls

S g poE
Slonl ol pen s olKuisly g ysum olKiinlojl lgtane ;|
g St il ) s ol plol (el |y (Ko il oS

Do oo (13,08

Research,  25(4), pp.411-422.

References

1- Alem, Z., 2012. Effect of netted collar on the scour of bridge abutment. M.S.C. Thesis. Faculty of Water
Science Engineering, Shahid Chamran University of Ahvaz. (In Persian).

2- Breusers, H. and Raudkivi, A., 1991. Scouring. Hydraulic design considerations. Balkema, Rotterdam,
the Netherlands.

3- Chiew, Y. and Melville, B., 1987. Local scour around bridge piers. Hydraulic Research, 25(1), pp.15-

26. https://doi.org 10.1080/00221688709499285.

4- Hannah, C., 1978. Scour at Pile Groups. Research Rep. No. 28-3.

5- Heidarpour, M., Afzalimehr, H and Izadinia, E., 2010. Reduction of local scour around bridge pier groups
using  collars.  International — Journal — of  Sediment
https://doi.org/10.1016/S1001-6279(11)60008-5.

6- Hemmati, M., Gholizadeh., N. and Dolatkhah, S., 2016. Experimental Investigation of the Effect of
Diameter and Placement Level of Lattice Collars on Scour Reduction around Bridge Pier. Irrigation
Science and Engineering, 39(4), pp.111-122. https://doi.org/10.22055/JISE.2016.12500 (In Persian).

7- Hoffmans, G. and Verheij, H., 1997. Scour Manual, vol. 96. CRC Press.

8- Jalili, A., 2013. Effect of using netted collar on bridge piers scouring. M.S.C. Thesis. Faculty of Water

Science Engineering, Shahid Chamran University of Ahvaz. (In Persian).

9-

Karimaee-Tabarestani, M. and Zarrati, A.R., 2012. Effect of collar on time development and extent of
scour hole around cylindrical bridge piers. International Journal of Engineering (IJE), 25(1), pp.11-17.
https://doi.org/10.5829/idosi.ije.2012.25.01¢.02.



VoA
DOI: 10.22055/jise.2018.25526.1756 o gp ST $Sn b 31t 5 ol

10-Khademi, Kh., 2012. Investigation of the effect of longitudinal and lateral space of submerged vanes on
local scour in abutment of bridge. P.H.D. Thesis. Faculty of Water Sciences Engineering, Shahid
Chamran University of Ahvaz. (In Persian).

11- Khozeymehnezhad, H., Ghomshi, M. and Shafai Bajestan, M., 2014. Comparison
of Symmetrical and Unsymmetrical Rectangular Collars on Reduction of Local
Scour at Bridge Abutment. [rrigation  Sciences and  Engineering, 37(2), pp.1-12.
https://dor.isc.ac/dor/20.1001.1.25885952.1393.37.2.1.1 .(In Persian).

12- Melville, B. and Sutherland, A., 1988. Design method for local scour at bridge piers. Hydraulic
Engineering, 114(10), pp.1210-1226. https://doi.org/10.1061/(ASCE)0733-9429(1988)114:10(1210).

13- Melville, B., 1992. Local scour at bridge abutments. Hydraulic Engineering, 118, 615-631.
https://doi.org/10.1061/(ASCE)0733-9429(1992)118:4(615).

14- Melville, B. W. and Chiew, Y.-M., 1999. Time scale for local scour at bridge piers. Hydraulic
Engineering, 125(1), pp.59-65. https://doi.org/10.1061/(ASCE)0733-9429(1999)125:1(59).

15- Oliveto, G. and Hager, W. H., 2002. Temporal evolution of clear-water pier and abutment scour.
Hydraulic Engineering, 128, 811-820. https://doi.org/10.1061/(ASCE)0733-9429(2002)128:9(811).

16- Raudkivi, A. J. and Ettema, R., 1983. Clear-water scour at cylindrical piers. Hydraulic
Engineering, 109(3), pp.338-350. https://doi.org/10.1061/(ASCE)0733-9429(1983)109:3(338).

17- Shafai Bejestan, M., Khademi, Kh, and Kozeymehnezhad, H., 2015. Submerged vane-attached to the
abutment as scour countermeasure. Ain Shams Engineering Journal 6(3), pp.775-783.
https://doi.org/10.1016/j.asej.2015.02.006.

18- Shahsavari, H., Heidarpour, M. and Mohammadalizadeh, M., 2017. Simultaneous Effect of Collar and
Roughness on Reducing and Controlling the Local Scour around Bridge Abutment. Acta Universitatis
Agriculturae et Silviculturae Mendelianae Brunensis, 65(2), pp-491-499.
https://doi.org/10.11118/actaun201765020491.

19- Shojaei, P., Farsadizadeh, D. and Hoseinzadeh Dalir, A., 2011. Effects of Combined Submerged Vanes
and Collar on the Scour Reduction around Cylindrical Bridge Piers. Water and Soil Science. 15 (57),
pp-23-33. https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.57.3.5.

20- Singh, C., Setia, B. and Verma, D., 2001. Collar-sleeve combination as a scour protection device around
a circular pier. Proceedings of the Congress-International Association for Hydraulic Research, pp. 202-
209.

21- Zarrati, A. R., Nazariha, M. and Mashahir, M. B., 2006. Reduction of local scour in the vicinity of bridge
pier groups using collars and riprap. Hydraulic —Engineering, 132(2), pp.154-162.
https://doi.org/10.1061/(ASCE)0733-9429(2006)132:2(154).



Y/
ﬁ ﬁ Irrigation Sciences and Engineering (JISE)

e Vol. 48, No. 3, Fall 2025, p. 109-123

Journal homepage: https://jise.scu.ac.ir

EXTENDED ABSTRACT

Determining the proposed cropping pattern Major crops using the water,
energy and food index (case study: Irrigation and Drainage Network of
Varamin Plain)

E. Abiar! and M. Mashal**

1- Graduated student of Water Engineering Department, Aburaihan Faculty of Agricultural Technology, University of Tehran, Tehran, Iran.
2"~ Corresponding Author, Associate Professor of Water Engineering Department, Aburaihan Faculty of Agricultural Technology, University of
Tehran, Iran (mmashal@ut.ac.ir).

ARTICLE INFO TO CITE THIS ARTICLE:
Artlcle history: Abiar, E., Mashal, M. 2025. 'Determining the proposed
Received: 27 July 2024 cropping pattern Major crops using the water, energy
Revised: 10 November 2024 and food index (case study: Irrigation and Drainage
Accepted: 12 November 2024 Network of Varamin Plain)', Irrigation Sciences and

Available online: 05 November 2025 Engineering, 48(3), pp- 109-123. doi:
10.22055/jise.2024.47552.2130

Keywords:
Cultivation composition, WEF,
productivity, Varamin irrigation and
drainage network, Nexus.

Abstract

With the increase in the world population, access to sufficient food, sufficient water and energy resources has become
the most important global challenge and concern in recent decades. Providing sufficient food has caused significant
pressure on water and energy resources. Agriculture, as the largest source of food production, is the most important
consumer of water and energy, so a balance must be created between consumption and production. In this study, six
indicators of water consumption, energy consumption, water mass productivity, energy productivity, water economic
productivity, energy economic productivity and finally the Water, Energy, Food (WEF) index were used to determine
the proposed cultivation pattern of five important agricultural crops of the Varamin irrigation network in the crop year
(2020-2021). The results of data analysis showed that the calculated WEF for wheat, barley, alfalfa, silage corn and
canola were 0.28, 0.32, 0.11, 0.87 and 0.33 respectively, with silage corn having the highest and alfalfa having the
lowest index. Considering the overall WEF index, a cropping pattern was proposed for the crops of the Varamin
irrigation network. Considering the proposed cropping pattern, the cultivated area of alfalfa, wheat and barley
decreased and the cultivated area of canola and silage corn increased.

Introduction

With the increase in the world population, access to sufficient food, sufficient water and energy resources
has become the most important global challenge and concern in recent decades. Providing sufficient food
has caused significant pressure on water and energy resources. Agriculture, as the largest source of food
production, is the most important consumer of water and energy, so a balance must be created between
consumption and production. In this study, six indicators of water consumption, energy consumption, water
mass productivity, energy productivity, water economic productivity, energy economic productivity and
finally the Water, Energy, Food (WEF) index were used to determine the proposed cultivation pattern of
five important agricultural crops of the Varamin irrigation network in the crop year (2020-2021). The results
of data analysis showed that the calculated WEF for wheat, barley, alfalfa, silage corn and canola were
0.28, 0.32, 0.11, 0.87 and 0.33 respectively, with silage corn having the highest and alfalfa having the
lowest index. Considering the overall WEF index, a cropping pattern was proposed for the crops of the
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Varamin irrigation network. Considering the proposed cropping pattern, the cultivated area of alfalfa, wheat
and barley decreased and the cultivated area of canola and silage corn increased.

Methodology

In this research, water consumption- Energy consumption indicator- Water mass productivity-Energy
mass productivity- Water economic productivity and Energy economic productivity indicators were used
for the mutual influence of resource consumption, productivity, and financial issues in agricultural activities
to plan the cropping pattern. The study area is in Varamin City, limited to Peshwa and Pakdasht cities from
the northeast, Qarchak city from the northwest, Ray city from the west, Qom province from the south, and
Semnan province from the southeast and east. Varamin Plain has always been very popular for various
reasons, such as suitable climate, fertile and suitable soil, proximity to the consumption market, and it is
considered an important hub for agriculture in Tehran province. The Varamin Plain is located in the
northern part of Iran and on the southern slopes of Alborz, which is located about 40 kilometers southeast
of Tehran at 51 degrees and 40 minutes east longitude and between 35 degrees and 5 minutes and 35 degrees
and 30 minutes north latitude. (Omran Gostar Maharab Consulting Engineers Company, 2014). In this
study, the data of water requirement, cultivated area, yield of crops, and average cost of production of one
hectare of crops by separating the different stages of cultivation, and selling price of crops from 2019 to
2020 were used. Available data were collected from the Ministry of Agricultural Jihad's system
https://www.maj.ir, referring to the experts of the Regional Water Organization and Agricultural Jihad of
Varamin City.

Results and Discussion

The main purpose of this study was to determine the proposed cropping pattern using WEF indices. In this
research, all indicators of water, energy, and food were combined and calculated to create an integrated
WEF nexus index. For this purpose, all the indices used in this study were normalized and converted into
dimensionless indices using the Min-Max Normalization method. Then the mentioned indices were
calculated and used to evaluate the WEF index. Then the WEF index was calculated for the studied crops
in the Varamin irrigation network and its results are shown in Table (1). The values of this index, from the
highest to the lowest, respectively, silage corn, canola, barley, wheat, and alfalfa with 0.87, 0.33, 0.32, 0.28,
and 0.11. Compared to other studied crops, silage corn obtained the highest Water economic productivity,
energy economic productivity, as well as Water mass productivity, and Energy mass productivity. The
highest value of the WEF index for silage corn was equal to 0.87. on the other hand, alfalfa has the lowest
WEEF score due to high economic productivity and good performance per unit of water consumed, but due
to high consumption of water and Energy. The results of this research showed that if the proposed
cultivation model is implemented in the lands of Varamin irrigation network, the cultivated area of crops
such as canola, which has low water consumption, will increase; and the area under cultivation for crops
such as alfalfa, which require a lot of water, will decrease. As a result, the annual water consumption will
decrease by 3.7%. The findings of this research also showed that if the model is implemented, energy
consumption will decrease by 14.7%. Based on the proposed model, the economic efficiency of water will
increase by 35% and the economic efficiency of energy will increase by 38.2% .

Table 1- The values of the WEF index and the normalized values of the different indices applied in the WEF
nexus index for the agricultural products of the Varamin irrigation network

Indicators Wheat Barely Alfalfa Silage corn canola
WC 0.88 1.00 0.00 0.75 0.97

EC 0.51 0.62 0.00 0.49 1.00

EMP 0.06 0.06 0.17 1.00 0.00
WMP 0.09 0.10 0.13 1.00 0.00
EE 0.02 0.03 0.18 1.00 0.00

WE 0.09 0.11 0.16 1.00 0.00

WEF 0.28 0.32 0.11 0.87 0.33
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Conclusions

This research was carried out to investigate and to evaluate the Integrated Water, Energy and Food
Index (WEFNI), in irrigation networks to increase the productivity and also to determine the proposed
cropping pattern using WEFNI. The range of WEF changes in the studied crops was 0.87 (highest score)
for silage corn and 0.11 (lowest score) for alfalfa. Alfalfa has the highest amount of water consumption and
canola has the lowest amount. Due to the limited water resources, we should go towards the cultivation of
crops that have the lowest annual water consumption. Silage corn and canola had the highest and lowest
Water economic productivity index. Based on the proposed cropping pattern, the economic water
productivity index increases by 35%. The results of this study showed that optimizing the allocation of
agricultural land area improves the yield of farm products and leads to greater profitability, one of the most
important patterns considered by agricultural officials, which is called sustainable agriculture.
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Table 1- Energy footprint of inputs in the production of agricultural in Varamin irrigation network

Input unit Energy equivalent (MJ/unit) References
Human labor h 1.95 (Zahedi et al., 2015)
Machinery h 62.7 (Zahedi et al., 2015)
Diesel fuel L 50.23 (Zahedi et al., 2015)
Water for irrigation m3 1.02 (Zahedi et al., 2015)
Chemical fertilizers
Nitrogen (N) kg 75.46 (Zahedi et al., 2015)
Phosphate (P205) kg 13.07 (Zahedi et al., 2015)
Potassium (K20) kg 11.15 (Zahedi et al., 2015)
Chemicals
Herbicides L 238.32 (Zahedi et al., 2015)
Pesticide L 101.2 (Zahedi et al., 2015)
Fungicide kg 181.9 (Zahedi et al., 2015)
Seeds
Wheat kg 20.1 (Zahedi et al., 2015)
Barely kg 14.7 (Zahedi et al., 2015)
Alfalfa kg 10 (Zahedi et al., 2015)
Silage corn kg 14.7 (Zahedi et al., 2015)
canola kg 24 (Sadeghi, Moghadam et al. 2020)
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Table 2- The values of the WEF index and the normalized values of the different indices applied in
the WEF nexus index for the agricultural products of the Varamin irrigation network

Indicators Wheat Barely Alfalfa Silage corn canola
WC 0.88 1.00 0.00 0.75 0.97
EC 0.51 0.62 0.00 0.49 1.00

EMP 0.06 0.06 0.17 1.00 0.00
WMP 0.09 0.10 0.13 1.00 0.00
EE 0.02 0.03 0.18 1.00 0.00
WE 0.09 0.11 0.16 1.00 0.00
WEF 0.28 0.32 0.11 0.87 0.33

138 (8391 T Lol wlal g (Solghing Cuis™ (5981 -V Jou>
Table 3- Proposed cultivation pattern based on water, energy, food index

crops Current cultivated Cultivated area of the proposed Percentage change
area model (ha)
(ha) According to the WEF index
Wheat 12999 4881 -62.4
Barely 10988 5578 -49.2
Alfalfa 4003 1917 -52.1
Silage corn 4860 15166 +212
canola 444 5752 +1195
total 33294 33294
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Abstract
Investigating changes in the quality of surface water has always been one of the most important issues for
drinking, agriculture and industry, In this research, the water quality of the Karun River which is one of the
largest sources of surface water supply in different parts of Khuzestan province, was studied at the Gatund water
measuring station located downstream of the Gatund dam and Ahvaz water measuring station. The results
indicate that during the years 2008 to 2011 and 2013 to 2015, which experienced lower than average precipitation,
reflecting drought conditions, the reduction in river discharge has led to an increase in TDS (Total Dissolved
Solids) and EC (Electrical Conductivity) values. According to the Piper diagram, the overall status of water
samples taken at the Gotvand station shows a tendency towards non-carbonate hardness after the operation of the
Gotvand dam in 2011. The water samples at this station exhibit anionic characteristics in the chloride zone or a
mixed zone, and in terms of cations, they are positioned in the sodium-potassium or mixed zone. The Schoeller
diagram results demonstrate that the water quality of the Karun River in terms of drinking water standards is
acceptable at this station Also, the difference of water quality parameters of Karun River in dry (April to
September) and wet (October to March) periods is 20% in Gatund station and 10% in Ahvaz station. The results
obtained from the regression analysis of the TDS parameter in the Ahvaz hydrometric station show that machine
learning models can be used as a powerful tool in predicting surface water quality , so that the performance of
the decision tree model with the coefficient The determination of R2=0.97 and the multivariate regression model
with the coefficient of determination R2=0.95 was used in the prediction of this parameter.

Introduction

Rivers stand as invaluable water resources, serving a multitude of crucial functions ranging from
providing drinking water, supporting domestic needs, enabling agriculture, facilitating transportation,
powering generators, offering recreational opportunities, to even serving as conduits for waste
disposal. Throughout history, ancient civilizations thrived and flourished along riverbanks due to the
accessibility of fresh water sources, and to this day, numerous developmental activities continue to
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hinge on these aquatic lifelines. Within this context, the present study is centered on the Karoun River
in Iran, selected as the focal point for a comprehensive evaluation of its water quality. The principal
objectives of this endeavor encompass a comprehensive appraisal of the overall water quality and a
systematic identification of the variables influencing the river's hydrochemistry. To accomplish these
goals, established methodologies such as the Piper, Durov, and Schoeller graphical plots, well-regarded
for their ability to portray temporal variations, have been harnessed (Aazami et al., 2018;
Allahverdipour et al., 2023). These approaches provide insightful visualizations that are instrumental
in discerning the water quality status within the studied area. Moreover, the study harnesses
sophisticated multivariate statistical techniques, particularly Principal Component Analysis (PCA),
known for its proficiency in dissecting complex datasets. PCA serves as an efficacious tool in
dissecting the water samples and revealing the underlying characteristics of hydrochemical attributes
(Astel et al., 2006; Babolhakami et al., 2019). By extracting hidden patterns and correlations among
variables, PCA not only aids in comprehending the intricate interactions within the river's ecosystem
but also facilitates informed decision-making in devising effective remedial measures. In conclusion,
rivers endure as indispensable lifelines, intricately woven into the fabric of human existence. The study
of the Karoun River in Iran is emblematic of the concerted efforts underway to ensure the continued
well-being of our precious water resources.

Methodology

The Karun River, the most abundant and longest river in the Iran, originates from the Zardkouh
Bakhtiari mountains and meanders through the central Zagros mountain range, eventually flowing into
the Khuzestan plains. The study area, includes two hydrometric stations: Gotvand station downstream
of the regulating dam at geographical coordinates "48.45'48°41 East longitude and "67.25'20°31 North
latitude, which is situated 140 kilometers from the Gotvand station; and Ahvaz hydrometric station
located in the city of Ahvaz at geographical coordinates "67.56'49°48 East longitude and "89.35'15°32
North latitude. The southern slopes of the Zagros mountain range, due to the presence of evaporative
formations and the influx of relatively brackish tributaries, such as the Morghab, Shoor Andika, and
Shoor Lali branches located upstream of the upper Gotvand dam, naturally contribute to the increased
salinity of the Karun River's water. Considering the passage of these rivers through evaporative and
brackish formations, including the Gachsaran Formation, they significantly influence the salinity of
the water in the Gotvand dam reservoir and contribute to its declining quality. Over 50% of the river's
length upstream of the Gotvand hydrometric station flows through the Gachsaran Formation, and the
river water is in direct and permanent contact with these evaporative and soluble units.

Results and Discusspn

Temporal variations in TDS (Total Dissolved Solids) and EC (Electrical Conductivity) values of
the Karun River are depicted at the Gotvand and Ahvaz hydrometric stations during the wet period
(Mehr to Esfand) and the dry period (Farvardin to Shahrivar). The changes in TDS and EC parameters
have shown an increasing trend from the water year 1385 onwards, but before and after the construction
of the Gotvand reservoir dam, there is no distinct trend evident in both hydrometric stations. Under
stable geological and pedological conditions of the watershed areas, with a decrease in river discharge,
TDS and EC values increase. Figure (1) showed scree plot resulted from PCA method on ahvaz
statition. A scree plot for explained variance and eigenvalues for the ten Principal Components (PCs)
from the PCA analysis The highest percentage of water quality variations at the Gotvand station was
influenced by two main factors. The first factor, which represents 49.79% of the changes in the Karun
River's water quality at this station, includes the accumulation of salts (TDS, EC, SO4, Cl-, and Na+).
The input of these parameters into the Karun River could be influenced by the dissolution of evaporite
formations of the Gachsaran Formation in the upstream reservoir lake area of this station. The second
factor, accounting for 13.83% of the changes in the water quality of the Karun River basin, is
responsible. The highest correlation with this factor was found in parameters (pH, HCO3, and Mg2+).
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The components of this factor indicate the acidity of surface waters, where the presence of HCO3 could
be attributed to water passing through limestone formations or silicate weathering. the highest
percentage of water quality variations at the Ahvaz station was influenced by two main factors. The
first factor, representing 59% of the changes in the Karun River's water quality at this station, includes
the accumulation of salts (TDS, EC, SO4, CI-, Ca2+, Mg2+, Na+, and K+).

7

Eigenvalue
w

0 2 4 6 8 10 12
Number of Components
Fig. 1- Scree plot resulted PCA method on ahvaz statition

Conclusions

In this research, quantitative and qualitative components of the Karun River were investigated at
the Gotvand hydrometric station downstream of the Gotvand reservoir and the Ahvaz hydrometric
station in the city of Ahvaz using statistical methods such as principal component analysis, machine
learning methods including decision tree and multiple variable linear regression, as well as graphical
methods. The results indicate that during the years 2008 to 2011 and 2013 to 2015, which experienced
lower than average precipitation, reflecting drought conditions, the reduction in river discharge has led
to an increase in TDS (Total Dissolved Solids) and EC (Electrical Conductivity) values. According to
the Piper diagram, the overall status of water samples taken at the Gotvand station shows a tendency
towards non-carbonate hardness after the operation of the Gotvand dam in 2011. The water samples at
this station exhibit anionic characteristics in the chloride zone or a mixed zone, and in terms of cations,
they are positioned in the sodium-potassium or mixed zone. The Schoeller diagram results demonstrate
that the water quality of the Karun River in terms of drinking water standards is acceptable at this
station.
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Table 1- Statistical characteristics of the results of water qualitative components in the gotvand
station

K Na Mg Ca Cl

HCO3 So4 pH EC TDS  Temp

parameter

mg/L mg/lL mg/L mg/L mg/lL mg/L mglL

umho

Jem mg/L C

mean 005 647 163 452 6.67

standard
deviation

minimum  0.01 1.77 0.02 1.58 1.71

maximum 0.15 2144 6.18 8.64 19.79

0.02 359 082 123 3.53

2.8 3.06 7.76 12549 789.52 19
0.33 1.47 0.25 437.11 27279 291

1.5 0.03 7 520 15.42 54

3.92 103 83 2700 1730 28.4

Ngal (ol olisf 13 A7 SISkl Slogas - ¥ Jour
Table 2- Statistical characteristics of the results of water qualitative components in the ahvaz station

K Na Mg Ca Cl HCO; SO, pH EC TDS Temp
parameter mho
mg/L mg/lL mg/L mg/lL mg/L mg/L mg/L ;Lcm mg/L °C
mean 0.08 11.72 3.8 6.65 11.14 334 751 7.65 215974 137695 21.9
sta‘?d*?rd 0.04 404 1.2 176 399 048 239 029 553.6  351.19 472
eviation
minimum  0.01 2.58 1.26 2.6 3.13 0.64 1.6 6.7 660 422 11

maximum  0.21 23.8 6.5 15.6 245

439 1551 83 3570 2271 31
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Fig. 3- Time changes of TDS and EC of Karun River at Gotvand station in wet and dry periods
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Table 3- The results of the most variance based on the PCA: a) Gotvand station and b) Ahvaz station

b) Ahvaz station a) Gotvand station
variable principal principal
component variable component
second first second first
TDS 0.12 0.4 TDS 0.05 0.41
Ec 0.09 0.40 Ec 0.03 0.44
pH 0.73 -0.08 pH 0.51 -0.08
So4 0.20 0.34 So4 0.12 0.33
HCO; -0.52 0.12 HCO; -0.55 0.01
Cl- 0.03 0.38 Cl- 0.03 0.42
Ca** -0.03 0.31 Ca?* -0.36 0.29
Mg?* 0.1 0.27 Mg?* 0.52 0.14
Na* 0.07 0.39 Na* 0.03 0.42
K* -0.32 0.27 K* -0.12 0.25
Percentage of 1, 45 59 oo Percentage of 3 g3 49 79
variance variance
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y S St e
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Fig. 8- Biplot of the quality parameters of the Karun River at the Gotvand (a) and the Ahvaz gauge
station (b) in different seasons
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Fig. 9- The results of the developed MLR model in the training and testing stage
TDS golsl (us sy 38 ilo3T 9 b3gel al> o 38 MLR Jow gl -1 i

© Training

© Test

— Best Fit
2000

1500

TDS model

Jury
(=1
(=3
(=]

500

0 500 1000

1500 2000

TDS Measured

Fig. 10- Results of the developed DT model in the training and testing stage
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