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Objective: In this study, two advanced machine learning methods, namely support vector
machine (SVR) and extreme learning machine (ELM), are investigated for the
groundwater level simulation.

Method: The SVR model performs well due to its ability to simulate complex and
nonlinear relationships and the use of kernel functions for accurate prediction. The ELM
model, with its high computational speed and structural simplicity, is suitable for
processing large and complex data. In this study, 10-year data including groundwater
level, precipitation, evaporation and temperature with monthly time steps were used to
develop these models. All variables were normalized to the range of 0 to 1 to prevent bias
in the models And RMSE, NSE and R? indices were used to evaluate the performance of
the models.

Results: The results showed that the ELM model with polynomial activation function
provided the best performance in both training and testing stages (Training:
RMSE=0.1747, NSE=0.9045, R?=0.9097), (Test: RMSE=0.1675, NSE=0.9048,
R?=0.9098). In contrast, the SVR model with the multi-attack kernel function showed the
best accuracy in both stages (Training: RMSE=0.2246, NSE=0.8740, R?=0.9038), (Test:
RMSE=0.2218, NSE=0.8758, R=0.9048).

Conclusions: The findings of this study indicate that the ELM model can be used as an
effective tool in groundwater resources management. On the other hand, the poor
performance of the SVR model with the linear kernel indicates its inefficiency in
modeling nonlinear relationships in data from arid and semi-arid regions.
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Introduction

Groundwater level modeling in arid and semi-arid regions, such as the Bahar Plain, plays a crucial role
in sustainable water resources management. Decreasing precipitation and increasing water demand in
these regions have led to significant declines in groundwater levels, which have adverse effects on
agriculture, drinking water supply, and natural ecosystems. In order to plan and manage water resources
optimally, it is essential to use accurate and efficient forecasting models to analyze groundwater level
variations

Method
MODFLOW numerical model

In this study, two advanced machine learning methods, namely support vector machine
(SVR) and extreme learning machine (ELM), are investigated for the groundwater level
simulation. The SVR model is effective in forecasting problems such as groundwater level
changes due to its high ability to identify complex and nonlinear relationships between data.
This model is able to discover hidden patterns in the data and provide accurate predictions by
using the kernel functions. On the other hand, the ELM model is a suitable tool for processing
large and complex data due to its high computational speed and structural simplicity. This
model uses single-layer neural networks and is able to perform learning in a short time. One
of the main challenges in using these models is the precise adjustment of parameters, which
has a direct impact on their accuracy and efficiency. In this study, 10-year data including
groundwater level, precipitation, evaporation, and temperature with a monthly time step are
used to develop these models. All variables are normalized to a range of 0 to 1 to prevent bias
in the models, and RMSE, NSE, and R? indices are used to evaluate the performance of the
models.

Bahar Plain is located in the northwest of Hamedan Province, near the city of Bahar, and is
considered one of the most important agricultural plains in this region. This vast plain plays a
significant role in supplying the province's agricultural products due to its fertile soils and
groundwater resources. The groundwater of this plain is considered the main source of water
for agriculture, drinking water, and local industries, and this feature determines its high
importance in the economic development and food security of the region. However, in recent
years, due to excessive groundwater extraction, the water level of this plain has dropped
sharply, causing problems such as reduced well yields and land subsidence. This plain is
located in a semi-arid region with an average annual precipitation of between 300 and 350
mm, which occurs mainly in the form of winter and spring rainfall. This amount of
precipitation is not enough to provide surface water and recharge the groundwater aquifers of
this plain, and due to climate change and the decrease in precipitation in recent years, the
amount of inflow to groundwater resources has decreased significantly. This decrease has
turned the Hamedan Bahar Plain into a water crisis area, and this has increased the need for
water resource management, especially in the agricultural sector, and its optimal use.

Results

The results indicate that the ELM model with polynomial activation function provided the
best performance in both training and testing stages. In contrast, the SVR model with linear
kernel shows the lowest accuracy in both stages. The findings of this study indicate that the
ELM model with polynomial activation function, due to its high ability in fast learning and
processing complex data, has a significant performance in simulating groundwater level
changes and can be used as an effective tool in groundwater resources management. On the
other hand, the poor performance of the SVR model with linear kernel indicates its inefficiency
in modeling nonlinear relationships in data from arid and semi-arid regions.
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Conclusions

This research showed the importance of the selection of an appropriate model and optimal
adjustment of parameters in improving the accuracy of predictions and help managers make
decisions for sustainable operation of groundwater resources. In addition, the findings of this
study proved that the selection of a suitable machine learning and its parameters for predicting
the groundwater level in complex hydrological mediums is very important.
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Objective: Driven by the motivation to find innovative and efficient solutions for irrigation
management, this research delves into the precise examination of indirect methods for
measuring soil moisture and advanced techniques in automated and smart irrigation. Its
ultimate goal is to explore current knowledge and evaluate new approaches that can, while
optimizing water consumption and increasing productivity, effectively address the complex
technical challenges in this field. With a focus on practical and sustainable solutions, this
study strives to establish a foundation for the development of smart and environmentally
friendly agriculture.

Method: The study reviews sensors used in smart agriculture (rainfall, temperature, etc.)
and equipment for irrigation, frost monitoring, plant protection, and crop monitoring. It
analyzes their features to optimize farming and reduce resource use, improving efficiency
and sustainability.

Results: Smart technologies can boost agricultural efficiency and productivity, especially
for water management in water-scarce countries like Iran, making smart agriculture
essential. While proven in developed countries, Iran needs specific infrastructure for
success. Intelligent systems improve plant performance, cut water waste, and reduce
pollution. With internet access in rural areas, smart irrigation, using sensors like TDR and
PR2, can automate irrigation via the Internet of Things. Important factors include sensor
accuracy, power, cost, and salinity effects. Two-way wireless networks (WSAN) enable
monitoring and control of irrigation. Future planning should combine soil, water, and
climate monitoring with predictive control, focusing on dynamic processes and the impact
of intelligent monitoring on irrigation efficiency, given the uncertainties in agricultural-
irrigation systems.

Conclusions: With the power to prevent diseases, protect crops from frost, and eliminate
storage losses, these technologies revolutionize the efficiency and performance of
agricultural processes. Ultimately, implementing smart agriculture and using soil moisture
sensors goes beyond just saving water; it's an unparalleled strategy for overcoming climate
challenges and the overwhelming pressures on agricultural systems.
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Introduction

Smart agriculture, the third Green Revolution, uses information technology (like big data, Al,
and IoT) to increase agricultural product quality and quantity while reducing resource
consumption (Chidambaranathan et al., 2018). Climate-Smart Agriculture (CSA) helps farmers
adapt to climate change and ensure food security. These systems enable quick, effective
decision-making through data collection and analysis, using satellites, drones, and sensors to
monitor soil moisture, crop health, and environmental conditions in real-time (De Pinto et al.,
2020). As a result, farmers can optimize water use, reduce costs, and increase efficiency,
contributing to sustainable agricultural practices. Remote monitoring and integrating knowledge
with new technologies boosts productivity and resilience, ultimately supporting the overall
sustainability of the farming industry.

Methodology

This research takes a comprehensive approach, conducting an in-depth review of commonly
used sensors in smart agriculture and optimal irrigation management. This review covers a wide
range of sensors (rainfall, temperature, leaf, light, wind, air pressure, soil temperature, soil
moisture, water, snow, and plant sensors), as well as strategic equipment (irrigation management
tools, frost monitoring systems, plant protection equipment, growth and nutrition equipment,
agricultural machinery performance tracking, and crop monitoring devices). This study not only
analyzes the features and capabilities of this equipment in detail but also explains their roles in
optimizing agricultural processes and reducing resource consumption using a scientific and
precise method. The aim of this approach is to provide a deeper understanding of how to improve
efficiency and sustainability in modern agricultural systems, as well as to offer practical solutions
for enhancing agricultural performance through the use of advanced technologies.

Results and discussion

In this context, leveraging modern tools and smart technologies plays a crucial role in
enhancing the efficiency and productivity of agricultural processes. Optimal water resource
management, particularly in countries like Iran facing decreased rainfall, is a primary goal of
smart agriculture. Implementing smart technologies can lead to more effective water resource
utilization, making smart agriculture an unavoidable necessity in the agricultural production
sector. Although the benefits of this technology have been proven in developed countries, its
success in Iran requires specific considerations and the establishment of appropriate
infrastructure. Research indicates that using intelligent systems can improve plant performance,
reduce water losses, and minimize environmental pollution from agricultural activities. Today,
access to the internet and smartphones is possible in most rural areas, providing opportunities
for young people to widely utilize available facilities. Employing smart irrigation methods is
recognized as an effective solution for managing crises and conserving water resources.
Capacitive and impedance sensors, as well as sensors like TDR, FDR, and PR2, are used to
facilitate automated irrigation within the Internet of Things framework. For implementing
automated irrigation systems, the PR2 sensor, along with software like Datalink Logger, 1s used,
enabling the recording of soil moisture at different depths and determining the volume of water
and timing for switching irrigation on and off. When using these sensors, factors such as
installation accuracy, scaling, calibration issues, power supply, costs, and salinity effects on soil
moisture must be considered. A two-way wireless sensor network (WSAN) offers the
opportunity to monitor sensor performance and activate electric valves for initiating irrigation
based on real-time feedback and performance data. In summary, the combination of soil, water,
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and climate-based monitoring methods, along with a discrete predictive control approach, should
be considered in planning. Given that agricultural irrigation systems face uncertainties, future
studies should focus on developing dynamic process approaches for irrigation systems and the
impact of intelligent monitoring and control methods on irrigation efficiency.

Conclusions

This research demonstrates that implementing smart technologies and advanced sensors
optimizes irrigation management and enhances agricultural productivity. Given current
challenges like climate change and reduced rainfall, smart agriculture is an undeniable necessity.
Diverse sensors (such as PR2, TDR, and FDR) enable automated irrigation and optimal water
resource management. Internet and mobile technology access in rural areas offers new
opportunities for youth. Ultimately, addressing Iran's specific cultural and infrastructural
requirements is crucial for the success of these technologies. By adopting data-driven approaches
and real-time monitoring, improvements in plant performance and reductions in environmental
pollution can be achieved. Smart agriculture adapts to climate change and varying climates by
using smart monitoring for risk management, selecting resilient crop varieties with plant sensors,
and employing supplemental irrigation guided by soil moisture sensors in dry regions. It also
uses specific tools like FDR/TDR sensors for precise irrigation in arid climates,
temperature/humidity sensors for disease prediction in temperate zones, and drainage sensors
against waterlogging in humid climates. This approach optimizes resources and builds resilience.
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Objective: This study focuses on evaluating the effectiveness of the Outlier-robust
extreme learning machine (ORELM) model in predicting the discharge of the Qarasu
River at the Pol Kohneh hydrological station in Kermanshah.

Method: The study focuses on the Pol Kohneh watershed along the Qarasu River, which
originates from Sarab Ravansar, 50 kilometers northwest of Kermanshah. This study
applies ELM to predict rainfall and river discharge using hydrological and meteorological
data. ELM’s ability to handle complex, nonlinear relationships makes it suitable for
forecasting, especially in real-time applications. To improve accuracy, outlier removal is
performed before training. The model efficiently predicts future discharge values,
offering a scalable solution for water resource management and flood risk assessment.

Results: The RMSE values for a one-month lag (t-1) were recorded as 12.22 and 4.14 for
the training and testing phases, respectively. The findings of this study highlight the
potential of artificial intelligence-based models like ORELM in hydrological forecasting.
Unlike traditional methods, these models require significantly less time and
computational effort while delivering accurate predictions. By leveraging machine
learning techniques, water resource managers can efficiently forecast river discharge
trends, aiding in effective decision-making for flood management, irrigation planning,
and water allocation during dry and wet periods.

Conclusions: The ability of ORELM to handle long-term discharge predictions with
minimal input data makes it a valuable tool for hydrological studies, particularly in data-
scarce regions where conventional models face limitations.

Cite this article: Adibrad, R., Khosravinejad, B., & Adibrad, M.H. (2025). Al application of the outlier-robust extreme
learning machine (ORELM) model in river discharge prediction, Advanced Technologies in Water Efficiency,
5(3), 44-55. https://doi.org/ 10.22126/atwe.2025.11918.1159

© The Author(s)
https://doi.org/ 10.22126/atwe.2025.11918.1159

Publisher: Razi University.



https://orcid.org/0009-0007-1137-8585
https://orcid.org/0009-0002-3599-4490
https://orcid.org/0000-0003-3980-6776

Advanced Technologies in Water Efficiency, Volume 5, Issue 3, 2025 2

Introduction

Accurate prediction of river discharge is crucial for the effective management of surface
water resources, influencing areas such as domestic water supply, irrigation, hydropower
generation, and environmental sustainability. River discharge forecasting can be categorized
into short-term and long-term predictions, where short-term forecasts typically cover periods
of less than a week, while long-term predictions extend over several months. Given the
complexity and non-linearity of hydrological processes, traditional physical and conceptual
models often face challenges in predicting river flow accurately, particularly in ungauged basins
or regions with highly variable climatic conditions.

Recent advancements in artificial intelligence (Al) have introduced machine learning (ML)
techniques as powerful alternatives to conventional hydrological models. Al-based approaches,
such as backpropagation neural networks (BPNN), long short-term memory (LSTM), and
extreme learning machines (ELM), have demonstrated significant improvements in discharge
prediction. Hybrid models integrating optimization algorithms, signal decomposition methods,
and preprocessing techniques have further enhanced accuracy, especially in regions with
limited hydrological data.

Method

Area

The study focuses on the Pol Kohneh watershed along the Qarasu River, which originates from
Sarab Ravansar, 50 kilometers northwest of Kermanshah. As it flows southeast, the river merges
with several tributaries, including the Razavar and Mereg rivers, before passing through
Kermanshah. Within the city, it converges with the Cham-Bashir and Abshuran rivers before
eventually joining the Gamasiab River near Faraman. Hydrological data from the Pol Kohneh
station on the Qarasu River was used for this research.

ELM

Extreme Learning Machine (ELM) is a fast and efficient machine learning algorithm for
classification and regression. Unlike traditional neural networks, it assigns random hidden layer
weights and computes output weights analytically, avoiding iterative backpropagation. This
study applies ELM to predict rainfall and river discharge using hydrological and meteorological
data. ELM’s ability to handle complex, nonlinear relationships makes it suitable for forecasting,
especially in real-time applications. To improve accuracy, outlier removal is performed before
training. The model efficiently predicts future discharge values, offering a scalable solution for
water resource management and flood risk assessment.

Results

This study utilizes the ORELM method to predict river flow discharge and assess its potential
as an alternative to complex models, especially in cases where numerical models are impractical
or data is limited. The model uses past monthly discharge data (t-1, t-2, t-3) as inputs to forecast
the current discharge at the Qarasou River's Pol-e Kohneh station. Results show that the
ORELM model with a one-step delay (t-1) achieves the highest accuracy during training and
testing. The model's predictions closely align with observed data, demonstrating its
effectiveness for river flow forecasting. The results of applying the ORELM artificial
intelligence model indicate that this method successfully predicted river inflow with minimal
error over a 65-year statistical period during both training and testing phases. The RMSE value
for a one-month lag time (t-1) was 12.22 during training and 4.14 during testing. For lag times
of 2 and 3 months, the RMSE in the testing phase was approximately 9.29 and 8, respectively.
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These results demonstrate that the ORELM model can accurately predict river discharge
without requiring extensive data or complex modeling processes based on governing equations.

Conclusions

One of the most significant achievements of this study is the ability to predict river discharge
over a long-term period using minimal data compared to numerical models. This approach relies
solely on past river flow data without requiring meteorological, soil, or geological parameters,
cross-section information, complex mapping software, or extensive time and costs for model
calibration and validation. This is particularly beneficial for water resource specialists working
in data-scarce basins or rivers with incomplete records. By utilizing artificial intelligence
models, valuable management insights can be obtained with minimal time and cost, allowing
for accurate discharge predictions in both dry and wet years. The evaluation of the ORELM
artificial intelligence model at the Qarasou River (Pol-e Kohneh station) demonstrated its high
accuracy in predicting river discharge. Over a 65-year statistical period, the model achieved
minimal error in both training and testing phases. Specifically, the RMSE for a one-month delay
(t-1) was 12.22 during training and 4.14 during testing. For delays of two and three months, the
RMSE values were 9.29 and 8.00, respectively, indicating that the ORELM model can
accurately predict river discharge without requiring extensive data or complex mathematical
modeling. Empirical results show that the developed method outperforms traditional
approaches based on various performance metrics. Thus, a new, practical evolutionary extreme
learning machine model using swarm intelligence has been developed for complex hydrological
forecasting tasks. However, applying the proposed method in practice may have limitations, as
determining optimal neural network parameters is theoretically challenging, especially given
the variations in hydrological characteristics across different locations. With the rapid
advancement of computing technology, the effectiveness of the proposed method can be
enhanced by introducing more efficient soft computing techniques or developing more robust
optimization strategies. Additionally, integrating newly developed signal processing techniques
could further improve its performance. Finally, the results confirmed that time delay is a crucial
input feature that significantly affects the predictive accuracy of the model.
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Objective: In the present study, effective methods for managing energy consumption in
pumping stations and pressurized irrigation systems have been examined.

Method: Energy consumption management methods have been examined in three
general approaches: improving system operation methods, improving system operation
methods and installing energy consumption management equipment, and improving
pump startup methods.

Results: The results of the study show that from an economic perspective, the energy
costs, repair and maintenance of a pumping system over its lifetime are up to 20 times its
initial investment, and the use of energy management technologies, such as energy audits,
will increase energy efficiency by 15 to 20 percent, operating the pump near the optimum
operating point will reduce energy consumption by up to 35 percent, implementing
automation systems in pumping stations will reduce energy consumption by up to 32
percent, and using variable speed pumps will reduce energy consumption in agricultural
water pumping stations by up to 19 percent.

Conclusions: It is important to note that due to the wide range of factors involved in
managing irrigation systems, it is necessary for farmers and operators to choose an
appropriate and economical method for controlling energy consumption based on the
existing conditions of the farm.
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Introduction

Sustainable development of pressurized irrigation methods can be one of the appropriate
solutions to improve agricultural water use efficiency and improve irrigation efficiency. On
the other hand, pressurized irrigation systems are mainly dependent on pumping stations,
which are among the largest energy consumers, and their optimal design is very important,
especially in terms of increasing the efficiency of pumping stations and controlling energy
consumption. With the increasing use of pumps in the agricultural sector (especially with the
development of pressurized irrigation systems in the last few decades), the discussion of
controlling and adapting pumping station conditions to the hydraulic characteristics of the
system has gained great importance in order to increase pumping station efficiency and
manage energy consumption. The pumping station is the most important part of an irrigation
system and is actually its heart. Any inefficiency in it will lead to a decrease in the efficiency
of the system. Given its inherent characteristics, this part of the system requires a more
systemic approach to increase efficiency.

The challenge of energy imbalance and power outages in agricultural water wells has made
the issue of energy efficiency one of the key challenges in discussions related to pressurized
irrigation systems today. Therefore, the study of energy-intensive processes, such as pumping
stations, has become inevitable in order to improve the overall efficiency of irrigation systems
(Shtabati Nejad and Razavi, 2015). Accordingly, today, saving water and energy consumption
is one of the requirements for implementing and operating pressurized irrigation, and in recent
years, with the approach to developing pressurized irrigation systems, the issue of energy
saving has been prioritized in most countries (Fernandez et al., 2014). With the growth of
technology and the application of new methods in pumping station management, it is possible
not only to save energy consumption, but also to prevent the excessive wear and tear of electric
pumps, and to achieve better performance of pumping stations and increase their lifetime.

Method
One of the best methods for improving the efficiency of energy consumption in irrigation is

an energy audit in the irrigation system. Energy audit in the irrigation system is to find
appropriate methods to determine energy saving opportunities, in which the state of energy
distribution and consumption is examined and suggestions are made for improving energy
consumption and efficiency in different parts of the system. In general, energy consumption
management in pumping stations and pressurized irrigation systems is classified into 8
sections.

1- Optimal energy consumption by choosing the right option in designing pipelines and
pumping systems

2- Optimal energy consumption by choosing the right option in arranging transmission lines
and equipment systems

3- Optimal energy consumption by choosing pumps and electrical equipment of appropriate
quality and standard

4- Optimal energy consumption by using soft starters and controlling motor speed in
proportion to flow rate (energy) consumption

5- Controlling energy consumption and the health of the motor and transmission lines by
evaluating the efficiency of the device and performance standards

6- Planning for the system's energy consumption cycle to distance the system's peak
consumption from the peak consumption in the regional power grid, in order to avoid paying
more money and reduce the risk of voltage drops and power outages
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7- Optimal planning and consumption by performing telemetry and installing control
equipment and preventing leaks

8- Optimal consumption by controlling energy-intensive devices through preventive
maintenance and repairs.

Results
1- Improving the system operation methods

1-1-Pump operation at a point closer to its maximum efficiency point: One of the most
important issues in agricultural water pumping stations is the non-compliance of the
pumping station conditions with the operation standards. Compliance with pump operation
standards will play a significant role in reducing energy consumption and increasing the
operating life. For example, studies conducted in India indicate that despite the lack of
information and training in the farming community, standardizing the design and operation
of pumping stations has increased the operating efficiency of pumping systems by up to
20 percent

1-2-Modifying the layout of the irrigation network in accordance with the modification of
the energy consumption pattern (identifying critical points of energy consumption in the
system): The pressurized irrigation systems that have been implemented in the country
over the past decades have been mainly targeted and implemented with the aim of
promoting and improving the efficiency of water consumption. However, in conditions of
limited and deficit energy resources, the implementation of pressurized irrigation systems
cannot be implemented solely with the approach of water consumption management, and
energy consumption management issues in the operation and design of the system will
definitely be effective

2- Managing energy consumption by improving the system operation method (system
automation): In another approach, the fastest solution for optimal water and energy
management is to upgrade the existing irrigation systems from mechanization to automation
which is possible by modifying the equipment while it is working and reducing the role of
human labor. Automation of pressurized irrigation systems can be examined in three parts.

3- Energy consumption management by installing energy consumption management
equipment and modifying the pump startup method: In the usual methods of operating a
pumping station, the output flow rate is controlled using valves and the motor operates near
full load regardless of the output value, which causes a lot of energy loss due to blockages. On
the other hand, the conventional options for changing the pump curve performance, such as
turning or replacing the pump impeller, throttling valve, and bypassing the flow, do not have
the ability to control the pumps in real time in response to the existing variables, which also
causes energy loss. It is obvious that the improper performance of the pumping station in a
pressurized irrigation system from a technical point of view and the mismatch between the
flow rate and flow pressure during the operation period and the actual amount required, causes
unnecessary energy consumption, reduced efficiency, equipment wear and tear, and imposes
economic costs.

Conclusions

In recent decades, the approach to analyzing energy consumption and examining solutions
for reducing energy consumption in pressurized irrigation systems has received great attention
in different parts of the world due to the economic benefits of energy savings. However, a
review of existing policies and guidelines at the national level shows that the development of
pressurized irrigation systems over the past three decades has been mainly focused on
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improving water consumption efficiency, and energy efficiency issues have received less
attention. However, in the coming years, it seems that energy deficit will be an important
component in the development or lack of development of irrigation systems. Therefore,
understanding the level of water and energy efficiency in agricultural and horticultural
production in each region is the first step towards planning and management to increase the use
of these resources. Also, presenting and applying energy consumption management methods in
the agricultural sector will be considered one of the pillars of planning in the agricultural sector.
This is despite the fact that due to the wide range of factors involved in managing irrigation
systems, it is necessary to continuously develop various irrigation technologies and farmers are
faced with different options in terms of energy saving in order to choose the appropriate and
economical method of controlling energy consumption based on the existing conditions of the
farm. Despite the existence of numerous and different technologies, there is a time gap between
the continuous development of such technologies and the creation of standard and systematic
guidelines for selecting the most appropriate technology. This issue can lead to the acceptance
of inappropriate technologies and, as a result, the failure to use new technologies in irrigation
systems. With the growth of technology and the application of new methods in pumping station
management, it is possible to not only save energy consumption, but also prevent the severe
wear and tear of electro pumps and, in addition to improving the performance of pumping
stations, their lifespan can also be increased.

Data Availability Statement
Data Availability Statement

Ethical Considerations
The author avoided data fabrication, falsification, plagiarism, and misconduct.

Funding
Not applicable.

Conflict of Interest
The author declare no conflict of interest.

Acknowledgements
We would like to thank the esteemed director of the Qazvin Provincial Agricultural Research
and Education Center for their support in documenting the projects presented in this article.



T 639 0y 2 Gl Sl (G390

'\'t/', YWAF-FasF 1 Sos Sl Ll https://atwe.razi.ac.ir '« = oKy J,';,,Z},

s ol 38 (53 91 8 ylaw o oo GG Hgld 9 (i S

P (25 o5 gy (e

(98 559k gy g Lhjeel «lisig lojl (cngiB il (b wlie g (5559l hjgal g Sl 3 e e5)yaliS (wdige 9 (8 Cliios ise )

a.gomrokchi@areeo.ac.ir :4ebL], .l )

oS> Ao SN

(3

bl ladibole § 5hes coolKiuw] 13 (g5pl Bpas Cople 13 She (sla by, pols iz > 1dad gy dlis i goi

sl L) 5118 g0y 3y90 LSS .
VTN edly s g,

Wlolo syl 00 (slashg) Mol IS 550g) 4w 13 (5551 Gpan Cupia slaghey IER9F W9y VEF/VIYY 15,5050 fu b
I PD)5e Gy Lg)".\.'slol) 09.3.4'3 CM@I 9 Lf))’l d)m Co e ul)*Pé‘ cual g alolw d)bﬁ"ﬁd 09.3»3 ng)l VEF/YIYE :L.}”)'.’.'b @)U
s U UR TR RW-LH PG

SRS g e (5] slaanse (oolamdl Jate 5| a8 ol ] osimdlis ord pbul wyyp gols tRABY aojlgas’
Bras Cyplo glagyld 6,5, 5 cuwl OT adgl (8o ps Vo 6 O] o Job 53 hey dilobw S &5y
ke Al S35 ) Geay 3,505 «g3 il 0djl Ll cage a3 Ve B0 gyl sinee Jlos! il (555 oy olS2u]

oiblS aod YY U Sl o] 0 emwlegil sladilobs (jlwosly g5yl Bpas Lials asys YO U LI iyl s o}l

O Sloy sloelSa] )3 (55l Bpan SlS 4 oo 103 VAL e 193 Guay (565,050 5 (51 B s, el

A dnlgs (g5y9lis ..
0 85 e

5V ooll ladilels Copte 3 Ju3d Jolge (5558 Jubs 4 a5 ol )] ol o 45 1 g g At

U99) RS 4 Cawd e jie dgzge bl ulul p (6551 (po2ddpo Come )3 4l po ey g ol ysliS” sl

(V). y[djj oppy g ity (slo (g5l5 . Sy sloolKia] )3 (655 Bilas Copte o (sygld 5 (5,55 (Ve F) L bl ¢ xS 108 Chusgy D]
DF-YY
http//doi.org/ 10.22126/atwe.2025.11955.1161

BY _NC UKJ““’?‘ © 'L5)“) oKy ).\ZD




ov ﬁ)ﬂfd&f' e GG S lao o pto (b (559LS 4 iy

4odio

aslolw ()ﬁl 5 ‘53)31 «_é).a.a.n d[ta@}a: 9 me;‘.;‘)sm 9 )LMBAA?U d)Lﬁi ralols 4 O‘)b)'?°)'?d 9 OI)’”L‘&.{ w}‘)f
S Slgice laseos ol lagbg) bk dreg cusl ord Widcos (g)lul ol )3 (55l ggige Caol il Con
d)t,j calble S)b | .asl d)Lﬁi Oledly daus 9 (65y5liS ol CBpns (590,00 dosb Sk 5 cawlio sl Kaly
oS wiwd (5l GBS B pan 35S, des ol (pl 45 tian Jhoy sloolKing] 4 dtuly bies Lidcos
L ol Caodll jlas (6553 Gymo JyiS g hos (slmolKiw] olosily Liali8l il o3 et Ll age (Sl 4 ox3lp
et g S o (3] ams ais jd jlidces olol cladilobs dnwg b ofga) (65,9l isu p ey 3,8 ilsl
b Cunnl (5,3l Bilas o pde g fley ol 035l (il jslateds cilols (Slg)ane Slasuio b jley ol byl
ol 9 2ol )L 4565 1 aS o guome o] LB @Bly 13 g (oylol wlole SO i5e p ke Sler ol Lol 03, lag
3,500y 4 (i W 398 S Slusgas wdsgl dlole 5l 5o cpl b dald dcgemme 03jb el ol 4 e
) 8 033k 3,V gy Suatinn

dasuive Gt dbiwy dasuie Sove sl yldged jlealaiwl b jles oS!l sl wiige Joliie Gluwlws )

Jbw Jas! gladilobw a8 cul Jb 50 opl 005 0 ©)go cunl ol el > vl oS dlie ol 58,5 a5 5 b 5 ailob
Cal H8 Jbs > slacees dluss 9 3oy o Kiws | CoxBgo <83 0y glate byl s (6l Seelipd J.ab.c 5l )JLA
S e gl Sloy olRial Jore 5 ([ da) jlinyge (23 9 5LiS ()39 piite ;03 9w VWAV (oaliiad 5 (ouns)
Gl el bl bl 3 5hey sloolKiws] 5 o)l popa 5> odas Mo ;50 5l Jld cla yolol dlass 5 s5UgS
2 s olyen )88 digy dad | oy (g St 8 Salold 5 5 Sles wioly 390 dgdzte ¢ 23 b Ol dleld
)50 g odd JpuS dmjed Sl eslitl b (298 (23 WS (0 ) Sl S 3 Gy By il e Jgeme slaghy,
Slobw yd LosiSdsdme pl bwgs (6L (g5l AW el &S w5 0 )5 JolS Jb o5 0 (2gy5 ke I Jlascd
233k G5l o S g Sy sbolSiul )3 (g5 ypae )5S Iyt de e 8L gyl Sgde
Caol 03)S 1o J938l59) Caodl los (slaolKiw)]

logille 51 (Ko 05,8l (55l syg0e Epde &S oad el (5 psltST O (slaely 5y A g (5l 5L Al
oK aile gdj)ﬂ B pasy L;Lh,\:gj)é =y 9)&])4 g NEWERA WL LS)L“.J.] ralols 4 199.3);» cole p 0lS
05950) bl oyl (VYAY (590, 5 015 SLI) cunlonds pisbolisl &bl slaasbols SIS ool Dy (sbiwly yd csleay
drog 412,509y b 3] (gloams )3 5 cul Jlibeos (g)lul iy g Ll SLII 65l g O Gpas )3 Sgradpo
Srddyo (55 Byas 3 e & )5 302 Il pl Sloay olKianl oo 1 Dt by 555,54 5 (5505 43,
2o Jgb Slioy (sloolSiun) g 3,Slas & (olitiod (s g oselJosdy (665 gl 515 Ioiuayg i8Il sy SVl asly 93
b Bl 5 Ll

1. Bypass
2. Fernandez Garcia et al



VPP Y o lods B 0390 e/ (549 o0 40 A i slo oy9lis OA

g 3} e 9 5 (Slo

63955 O Sl slaoliust 33 53 51 b b 033 3 Sl )
(B irio S By GleaSGras (el I (S0 by g g eS dacey ol > i
2) sy 3y Bpae wiliso sloyeiS ;> US DOE ! Lawgs 0y plosl Glalllas polul i (65,5l 5 (b9
@il g ololonly sl o 035 (035 Gloz 3 P Gp S e TV BV (o (1Sle yobo @ ()8 (oolos
el 5 g5l Brae e glo Sl @yl g (5531 By 0956 5 losily (s i ol 55 e VL e
033l 59y &5 (SWlas Jlto yob 4 canl (5551 Bpae il g (Giludiage sliwly 3 o plonl Glalllas jl loses isu
55 Cbyme 4ilS gl lneilolis ) gVl bty 51 55 ol 28 S plol VAR Jlas 53 1S5 pol 1528 53 Slimy (sladilolus
B g LB Oldlas 4 ashl ;3 IYAY g JkS) 3,b aasbobs opl 3,5 claanse o pWSede jials o] xda

ol 00 diB 154y £adg0 pl Lalal) )

Ao 1s Slaltae
ol Sors il cuay 0,88 ¥V (500000 ol bausgito aunlio oll (VYA ) So g pide o 3o gl
ailobuw opl )0 gyl po s 9 (b slad ol coley b ol ol Jio,\i] bylys yo ng dae Hledily Jadls b (65,5l
Dg0d p93ddyo oS S S Sl (65 5] G pne jd duopd YIFA aiVle o5 oo
Ot‘"“" E)I)‘" 5l SO JOP TR u"‘)l" d)lﬁ] oy ol 43 (655 E90we 033l g lAls (83! B yuao (30 L)”‘ 5
2 15 oslitl Wl ey (55 03jk lare 51 (b olol Sy loolSiun] 5,Slas dunlio (ol A5 )y len
Bruno S0ko g o )d ¥8/5 B Sles slaolSius] 10 (655] gg05m0 035L lawgio a5 oy HLiS a3 VW )0 bag S0l
oS! oty Lials Jle 5l S oylol (cladilols 13 .l 039 celuoctlggiS VY/Y (3 5l oKl 5 BLT 65,0
el 6yl p0 0 loj 3 Gl JyES g walals cusliel (sl g, Sl ool Loy

> ol

5 5l Jois 48 2558 I35 5 alefl y (o)l Somy csloolSi] oI35 Sl 51 45 YO 5 1330) T 5 s
Gl 0391 Joyd KY/F 5 FMND AV s 4y By hoy solSius] 1> (6551 gaam0 0351 (1:Ske

5% o S iliseo VLI 3 1y (S0 S0 (slanygige 033 (ko s slive Sel b oY1) T Kon 5 35k
YO a8 and oo i Gaiod (pl guls sl 1,8 a0l yg0 ) do > YO B VY 005l 4y oliwd ISel g 03905 39l o yd 0O
bl dny | g 2980 b ol 035 (3gml J> 4 L Sley slaolSil 53 o odlatul (S pSUl g5l Aoy
sl 4yl (I8 alops plyy Vo 1 ] jos Jobo 53 ey wiloles S (6)MaS5 g prasd 53, (sloaiyo

Shoy o] (B (6551 033k bl i 53 Sloy olStun] VY )3 (Bpae (g5l LT L (V) +) T, Sem g Lol
Gras 0 Spddpo Kl dopd V¥ ob L Sldlas edgie (pl 3 (655] (Siaee S0ly8 .lodges Dyglp duoyd AV 1)
ol &l D939 (555

253905 D9l 12 Moy DAY 1) 5oy (slmolian) 035b Wil g )3 Shoy o) Y0+ LT L oY+ 1Y) 2 Ko 9 5L

1. United States Department of Energy
2. Fippes and Neal

3. Chavez et al

4. Abadia et al

5. Diaz et al



64 S5 05 gy | o i Sylao cy ko sl (559U ()T

l03,8 355053 23 B+ 1Y 1 5oy (oSl 035l Sy bS] VY 5T L oY+ 1¥) ) o Sas g 190

3518500 39 9240 90 Jamily T
18 Wt

3 30t b Slay (sloolSin] S5 55 (55,1 Gy cslotins olise dutlio 5 syt & OVAY) (6,30 5 o)
Mtbos (g)lol 4 Slooy oSl ) &S Baios ol 3 xSy (51 ol SedS (slashg) g (53LoyS0g s
S5 Gyt o b gt 5 T ol Smy sbaolSinl (5551 o (sihobiny pe 5 pol 5,5 355 o)
b 555 sladills | odliiw! ©ygo jd (55 Gpas idlS do > YV & Wb sdalie g €8S )8 awyp 350
el 035y Jga> LB (5jlulely Jgane slashs)

2 libeos g ll sladilols )3 e 593 slaguey (Sb b)) & (B ) (VYY) iy g 5 el Ol
Spas il Sdg)in (69 ol )9> oy b ke )90 oy (LRl ST GBS (pl o Bl (JY - Al et
Ut 85 033 b ) Sl 19 ekt 353 crmy (6550 b o5 13 L5 gl s b Loy 033 5 55
Al Gl gl (2l a4 cond Jlo 3 20> YA L (55l Bpae e 9 Gl dopd Ve bl o

835l Bpan o gylel wlobs S ) (3 S8 Cliseo (sla g, o855k, b (WWAF) g2y (B9 5 53] ol
Shoslazal 3 (655l il (Vb by Ui (Brae (55l Jedod gls w900 duoliie |y (6l p00 00 Cilisto (looged )
sl 03 ialS 0o ) AF U FY 1) (o550l las aS 00 puxie yed (sl ey

(S oy izt baulyd b Badad )3 pite 593 Shey slaailols bl aagil (WAY) (i) (on 9 (25 55
el 53 313 S8 sy 3)90 1) 938 Ll 13 @Bly (i) )L AD Catio g CulS S )3 st 590 Slacaey S eolitul
G5l oo oS ol )] o LS 34855 ol sl od ot cilobs allwod (6,13 0580 0593 Jobo 13 (55,3 B)lane Ll
8L AR 203 VA Cully9d oy b powpo (6513 0 00 09y b dulio 13 ¢piiie 193 caoy (665,540 b (Brpan (oSl

!

> s Ol
Wloss ety 3L yg0 5Lid bl oS ()Ll slacilabs )3 (55l (gjloo > ilisn (slagy )l (V< +2) ) Ke g 5L
28 oglite (Do gl ¥ ow |y dilais o 5 o390 OBl 1) Wikl gt )3 (gladlaie gl 315 5118 ) 0)50
ol 3 1ol 3l 8 )50 51 0sd gskae el Sl S ealp (SisSe 5 il 5l ) e slagdaw el
b e oo yigy 5l eolawl a8 ol i Baisd guls .dged edlaiw] EPANET SJojdud jlwdod Jao | 3udss
YVl i ol 0 (581 (silwe 3 ol o 4y Slay (sloolSis] jlidyge g5 )0 (oulsl [halS ( gubadlate g ,Lib Sialiy
Buas (gilwdiny jokaiody WS o, 5l wlal 5 g 8253 des G ygods &S dibls g5 cpl Cunl 0ad el |y ao s
0 59 (slacuay 3l odlisl Lyl ul 53 35 05 (5] (e g0y ddlais o Wik oo Sty ible 3,8 5 55
S wal b (5l g ol Gpae sl |y (s pselune bl g o (65 Bpae jialS el Sl
o g5 15313 51,5 oy 90 |y W) ogion 5 Lo (bl lols S5 5 (6550 B ylne (Y +15) T 5o g 105
S o Sl e 593 Caow sl 5l osliul b ol L (o kol wlolus (g )15 0 500 Calise (sl gy 33 (B puan (65,
ol 0391 Sl o yd ¥A L (65,3l CB)las jo

1. Veraet al
2. Khadra et al



\f’f‘fo)l.m’b‘éa)ga‘y/"_;);a)egidwm‘jhgjju I

&35 9 2T @ilio Hlolgi Co e (Fony .Y
$o 298 0lal § T il el ) labcos (oll (bgy 4 B8 g (e (Bey I ool o9y s (IS ey
ol a8l i8] 55 dlobe Co e 9 (6,005 g i slaas 3o (65,5 Bylaae (ylol (g, puiS D S 039
Sl ol i) (a6 )lel g s o> s Wl cogin )3 il S5 )3 (Y01 0) lSen 5 ppguy lidos
Qo3 VY U 35 (65 p] Gyumn g adl yials aoyd £5 6 Ve Ol Gy jliscos gyl 4 (Cul 03¢ ddaw slao]
o FE Y il58l el odgr unjpj sl 4 diunly o OF ool aio oS (ladlaio )3 guls ol ol asdly i3l
ol 00 (5553l 8 puno
0350 3,511 1y Lilwl gz adlate 1> b (g )ll ol G 5> (Bpme (g5l (sloaje (Y0V8) T Sen 5 iS58
0351 (b yae (5331 Atz b Lo po (L o)l Wlobo S (6 0,000 5 ko c(5)1 0K Ay S0y ¥0 &S B S o
Wl (S 15y 555 65 SOl lzme ol (o )ll (elbailobo dnwgi 5| 5 (651 o ial33 s 4y .
Ll
G gl .l Ll 1> ()bl (slaailobs dngs b (6551 B)lao (I8l (g 4o (s ) (Vo V+) T olizag S
sl 231 05y 23 SOV (65 5] Gy e ¥+ 5180 Jlus 1 ] Cbyume (suoys V) idlS L oS il o Sk
S s oy pbjlideos )bl slaailols slogyae S 9Ll plsisar ]y aliwe ol (Y0Y) an o b
drog by lsly o ol bl Aty ot pf)de o Cul ol eaimalis 8.5 plol Lilsl il dlate o gl by
Ol &l Bl aal8l 00> Fe e gun 1 35 35250 (e i 31 (SRS 9 S0 00 S gyl slaailol
kel el o3ge lizgd 1y Jlibcos (g)lul e slatilel y3 (G5l Blae S8 5 (ol lie 38> Copte poj) 1ol
tbeos gilal Cap (Brae 5551 0o 5 Coluclygls < /FY 1) Ol oyt o ey (gl 5lidy90 (6531 ke Lansgic
L0903 39l py CusliwlgglS Voo v ), ya

SR M 099

2 &5 e sl )kl wlols 3 (G551 Shree ikl 3 55l Bpae S dene sl Lbey eye S
Gpan g @i Cumdg ol 85 (55l (a0 (s B s (lp caslio oy, (8L 5l cusl )le (gylul ailobe
9 > 2) 29wl alobe cilises slaise 1 (655l 2 g Bras dgme ly adliin g 39d0 (pyp 5]
503y yidu Ay lisces 6)lol sballs § fhey (ol 3 (6551 Bpas Cupte S by V4V (3500590
ol 0 03,91 (V) Jodo )3 45 ol o

3298 O oy (SolSiun] )3 (5551 e disge Cu pite (S(09) ) Jooa
539U 1 Sloy (g0l )3 (5551 o (5 5lodingg B 9,

Sy s g g bglat (2l ) cuslio 4555 Sl

38 i 9 JUl bl (il )3 caslio 455 Sl

3)lsbisl g cuolio cautSh By Sliaas 5 caey bl

38dae 3kl g olfawd 3,5 035 byl Gajbo J JUisl bokad g y9390 (gl 9 5551 Spae S8

(5535)) (2 By Cod &1 5ige 593 U3 5 Tp 3 jlilely gloolSiws 5l oolizl

dibaie 3p 45d )3 Spae Sy bl Spae Sy g ISkl (ly piaw 55 Span JSew slp Siy%ely
il oSl 5 S it cual g s yiedli plosl b g Syae g iyl

WSl IS 5 Slyesd gy 4 p 5y gloelliwy S b aige Spae

“

><\nt>»ﬁ—1—1zx§‘

1. Jackson et al
2. Corcoles et al
3. Corominas

4. Soft starter



7\ S5 05 gy | o i Sylao cy ko sl (559U ()T

el 005 0,51 (659l Ol Sloay (slmelSiam] )3 (55l Bpme Cope slagdy, 5l (Sp s b

dilolw (5,519 390 3¢9 s gy TH! )
T 003 Al Al 49 90 3 (Slalad) 33 oy 3 )5 41

d)")—?")-@r.‘ L;LD:J)L\;’L':.,..:I b )L.u oKl Ja.sl).w Lﬁ”u"" pis ‘LS)‘”U:S gj )Lm oK 5 JjL.uA R P b )‘1 uSu
@ .culy aalgs (o) po e yes Job ioli8l o (655l Bras ialS D Sliws (i oy 3,558 slas lulisl coley .l
()3oliS amels jd higel g leMbl oS i) e oS cunl ] Sly liwgdin jguiS 13 oad ploul Clallae diges Hobo
Lo Ve U )L.u sraslolu )'\ d)b)-fb)-éa. o33k u,,u])s‘ “S>g0 )L.u oK )‘1 d)‘-’)—?"ﬂd 9 u"‘)“o 909 J)L\Jl’ml
1)) a8 ol ol sdimd i Sy sloolSium) jogas p3 (Mol e olad bl oy (WA ¢ 55 405 Chwgs) ol o
ol 23 o8 el gy b S )3 cany Sl (B caay ()b (i) Geoy )b e o ) ool g
Gyan (gjlodingy STl .l 039 42953190 s (20 1y (55l Bpae o St 9 (Sl ((Sgyhen 3 ,Slae e
03gdxa (s d9aba ] 03l iy 4 &) FSp (S )3 ey 5,518 4 oo Lolg e e S5 3 55
YV B A o3 ASME-B73 5 jlibunl .ol 0dgs (Madl p (sladlasliwl &1yl 3 ()l CBun oy Sokeo cuay cawlio 2,5,
IYRE (55 508 Chwg) Cunl 03505 Ao gi 1y 2,58 dladi -y yips do

(Glolw 33 5551 S yao S 20 Bl L) 5551 S pao 5951 THON b il 5 3L T &Sl (SLoile> Mo
Sorte 5 85, Gual Baee wiload (cjluosly 5 1a 58 pdaw 55 41335 slaand b & jliscos bl bbbl
ol sladibol (gl lsiges (6551 @lie (s g Cudgie baylpd ) (S ol 2l 5 ()5 Gan O Gpas L
b 5 50 09 1 (5551 pan Capta ol 5 2905 (gjluodly Ol e Cupae 35505, b By |y jlibeos
il 0955 (5531 Byae 5o Mol (g ppte 3,55y () 3 VFY (25 a5 ) 332 sl 138 51 T lele
@se slel &b aloil g 1 09Me Ll ol 1 g dmlgs e ()l wlelis (g3 B i 3 o)lul &
loailolis )5 (g5 Bpae Cy o slaylSal) il Brae Gl bl pasets 5 )l slaisly anasl ozen
el Hlideos lol alelo )3 Sy ol g as 50 STsl dali o Fere S)lol &b )3 Slpoe LB ol )l
(V¥ oy Sam g 39b) 3945 sl (65,400 5 T (6l L (6553 Bylan Cudgizme b canlize (6Ll ailobus (4 Jlate 5113
Grae o ddlate 133,818 Lid ol olaiods oad plol BLsl diysa a8 cul ] oaimd Ui o plosl Clisios guls
(V) U3 53 (ITA% (8 o3 huwgy) Canl 03,55 (e 1) Jgpazen 3 Sdas (il 38l cilobs (65l 0 300 0593 Jobo )3 (6551
Fohe il Gl ygSde Bl Ol Sley alaigd (g glai)] SIS &S eadoslyp)lis (938 il ) (g EL S ) slaiges
Siaas 4l Casl p3Y (] Slhoy Ao 0 5V 03ga0xa) EL ol 1> (551 Do Sy abi (o)l wan gl LB 3y
Sleos |y @F (28] 039300 I (crmwg 05l )3 oy Sl p3Y (izman 398 L2l g (Sl 0390500 (nl b cuslize jlioy olSi]

5 algs 03] dinde Al | ey (A5 H934 xie ol (ul &S wles

1. Belaud et al



VFoF ¥ o bl B 0y90 ‘y/";)j 0y g0 didpiies slo 5 9ls Y

A

(8551 Byl ylaie 51 oy (S0 alalli 3925) OF Slioy S gaws (S5 )1 05L b L Sy 51 (g1 Wiged Y JSS

(Glolw (g 3lw )84 ) Aol (5418 390 g9 0 ga ST 1 b (55 31 B pao o 0 .Y
Ol 358 s 5| 65lul saailols 39290 @iy il es3pl 5 f Aty Copde sl ool cn Sy 5503 3,09 5
D508 9 ) Jb 5 Sliass pMol Gk ) dius opl 45 (Ve o5 O LKan g o) ol 0l lgie (5l 8048 4

Solel Gy s 5 0lS ol 5o 550l (sl g3l )S0g5 >
ol @iy JS sy b dg bbas )3 (gilo)lS38 >
ool yilid g Sy o] > (gilyS3g5 >

loglis 4o gl (Brae O pre J5S Shey ool > JS slaghy, Jlosl Gun oy jage tiwly ol

S Hlidcos o)lul sladilobn 3 (g5l 5353 0,iuS &S Cunl )] Cacal Sl aSS .l (o)l 0 00 0590 Job ;3 Bpas
a )30 g 13 Ol @95 5 JUanl slasilobs e o o 53 (5)ll J 1S gl oy (slaolSiunl 53 Wlgigo 5 039 oo
0150303 5L JIS355 0 3 3,55 CeblB b (65558 T Sloay olStug] (S loyd 5l 5l (elaigas (¥) JSiS 5 25,8 Jlesl

Cawl

1. Boman et al



Sy S5 05 gy | o i Sylao cy ko sl (559U ()T

529U O 5lay o] S (55w 48398 51 gldiges T U

oy (§511015 090 ZMo! 9 (5551 B puan L prdo Ol uad L (55581 B s Gy it T
95 ple Sl i o jgige g 0 JyuS e pud jledlatul b (g5 (23 Gleey oianl (3130 500 Jgeme o) )3
5500 sgw Db o BoasS dgde lawgs (0L (65,51 W el (gl po e Sigy opl &5 3 S5 LS L (Soop
Ol (25 YIS (O A b ey Allgn (g5 b g A Rl ey (e 3)Sles s Cap pgw e slady S
1 alss (g5 Al el 3 Ao ) 45 el als5 1y Sy ae (olb peite 4y geasly 53 niaoy alasdagalisd 1S bl
pas g b b 3l lasces ol abole 53 5oy oStun] canliol 3, Sles S sl el (VY (S 508 Chwgy)
5398 033l al (g5l 0500 Bpan el jlidyge (H8ly Jlde b gy 0)93 (b > (b HLiS 5 (23 sl
Slideos ol lels S5 55 (g5l e e bl b Gared 500l 0 Sl 55 L po ool oty o e 5 g
9 (530580 0)90 Jgb 53 (0 lpsd pbai a1 )8 51 S cudle s gl 11 .l (6y9p8 (50l Sloy oK) Ll b
(F) US55 sl 3 Sloay ol 15 IS (sladilolus (65,50 libeos o)l wloles (5 5 s Ui cyuols po

ol 00050013 Ui Shoy o] oo jd (00 J5S Cas by 585 LS o, 5l edlatwl Jdd 4 (65,1 clals ) slaiged

[ i e et
BT

ooy 0 Bkumt] o 53 oy J S 29ae U5 4 (£559UES o Gluoy olium! 3 (2551 OIS 51 gaiges I S5
Slloly 09 dgus so odliiwl iy &S e (950 (gl (oSl glaygige 5l aST (giley slaolRiw] 3 500 (sow
Slloly oleiil oguds (648,84 d)lg0 By > a5 (gozuidy il H10y95 1 (sliw & Cueal 5l (655l B uan Cu e 3 0 caoy



1P ¥ oyl O a)sa‘y/"_;)j 0y g0 didpiies slo 5 9ls ¥

39S o oy (sloolSinl el 13 Ly o Jgomn g ud 2alys Ol Slooy (slaolSiun 13 (553 S & jocte scnny
gy opl il edie = ol G ygods (giluloly 35 0 (3L (g5l BT 4 e g o edliinl oy (gjluilely s
5 (o)l b)) Bade sillely cml SWy > Sz QW slaygige ccsillely by zge (3539850 (sl (g3l
Chusgs) (e (39)) A28y g 295 (ool s (Su335 a1 5390930l &5 39300 Jlas!] (olSim 405 JolS 5y (] 5l e
silslely by Sl slaiges (F) JSb 29 g0 S edto = 05l 9y Mol caay (giluilely g ol dr (V¥ (25 55

ol 03l L 1y o — o)l g 4 Gluoy oK)

prey
o — 0, g, 4 Sluog 0iuny] (g3ll0l, 51 glaiges £ JSuS

Otete )l e gy iy eged el 5 (5l Bpas cu e Slies ad b (5 Spas ot nlple
ol 0ds 0, Sliesd cpl 51 (S D 50wl (6551 B pas Copie Cas b)Kal,

(5651, 019 il pe) o3

Ol Bras 4 ol )3 & )y (Fasd Gublise ol 45l il Cap o conl (SlaigS 4 baygiges pSUl jlis L
Olg ool plssa il 5l Jghie Jooly G plgisay ol b )5 8550 5l 398 (glulely g (e ) 90551,
015 B yno 31 5l (slag 9 (6503101 )5S Lo (B pae 5T, g VYl )08l (clmoiS b pumo 53 33,5 o 00litsl B e
sliwly 1l sales 5 5y Jlsl gl bl 5 bpw e S cel 98Ty @8 de3g 500 (g 3100)5 o cdlyyd
Db 03l (EalS (Bpas STy Gly b okl db ke IS b g (Bpae Bp sbauie B g S5l Jradpe
O3B 51l By 0ad ) 985S, (g 2929 Cigo )3 (Bran B pAB yete () Sl e Ol e JSiie cnl &) sl
(hen 5 (>18) wuled o] Sauges 4 pladl a0 3 s oo 53 (3 525 S0 53 L g 0390 edlizal (58 SUL L
sloolSiun] ) el ey $3led el 1) 595909 580 jlidjg0 92381, (o5 Alg5 o g 0392 92551, g5 oS W a3l (ITAY
2005 s g dmobro jLidyee 3B UL L dicaosg iS5G 08 (o b g iy g xSl dlaw was g5l Sley
ol o202l 3 SO 4y 005 528 (555l O Slhay oSl (50 gb S Sl (gleiged (B) S



$0 S 305 gy | o i Splao o o slo (559U p (ST

——a ey '\‘! _'u.

o SSLa nﬁmﬁ S$329WeS & 5leoy ;M‘ 1Y ,1.31‘3 31 glaiged .0 U
Yoy jlailel,
E9r (Stuadldy y390 (bt = 0, g)) ey olSum] (3llly Jgore (slashgy BMS 5 (3l (slagsig) 5
£ Sl ol 9300 Sy ol 1> (S8l g (SlSe SoS9d Bl ol atnl g9, (al 9 5o IS
sl dbol ol illely HgliS 5 (gilalely Gl oml Wy Jlesl b g ool Sed0)kieds o 93909 Sl (b

(598 T Sl oSt S 53 5l L & 350 (535 5159 () S (V¥ (25 o8 ngs) s anli
ol 03l ol 1y

IMSE ren o Ba ] l

o35 10l &4 55 32 (55,5485 1 3o o] 3 54U 31 o T IS

1. Soft starter



VPP Y o lods B 0390 e/ (549 o0 40 A i slo oy9lis 44

UL
ealbls oy Bere 51 (S Gley ol )3 )Lid couts p ogMe (S5 Sl Hgige 53 (63959 (Wl B sk Sl L gl
alobw (gl 8 51 &S smvo allas |y 4 2,8,I8 JLid ¢ 00 Olyuss LB cwnl b 1) cublB ) diodiign &jguody a5 Cul
ol Jlosl aydss (uilS )3 i8S b joige SO i s pun (99,5 58S (gl ppine S5 g3])d a0 s ol 0l (i y23
Slagl)y dmd 1ok Kwgy job 4 g Hgige (o 93 plp pain U jhe Sl H9ige 590 Cunl B &S ol (S 5S1 H93ge 4
ol il g olg oy deun (Ul S o S 065 Jln €L s s ] oawg 0390500 )3 A o9V Siig Sl
ly 2 bt ld ol caoy puite ey 3,SMos &Sl VYAV (532508095 9 (35 305 Chwga) 1)1 1y (sl
iz gl yed 13 oy S gyonlil w3 g B plices aw g b 1) pas olgi g 90 Gl L]y el s S gl b
0553 5 6130yt iliee Ll 3 Slemy ol8tu] (g pisbllanl iali8l el pol ol &S ols algs Sglite 3,Slae iovcio
5 oy daSudie (Gote daey dilgy IS s G s b eleloply Al sl Hlidces L;)L,j wlol & yd 555!
Bl Ceny ol e (V) (e &S w1558 5 peeo sl )0 1) wlele e (ST (V) JSUS asds g5l ges dnles o
Jb sl sl 3Lidyee Hlid g 20 dad a5 dlole oue g9y g laidygee dad led caey 0, Sles dladl Cjgw ol jd
Cambgo ) 595 Gl b Gaay (Joxie g opl 3 by (EalS 4 LS ST (V) Cumbge 1D Gaoy (Soxie 9 3905 dnlgd WS
e 593 any 33 olliml el AalgE 3929 ) e dastie otie ey j9 i b cul pinl 285 sals )3 (Y)
anlgs gubaie abais ol ) 3¢5 lis Loy, 5l oolil b ey (oo ilobo gmio ;3 jLidyge HLis g 0 Hlade wasgil

Wl 0aB0303 L5 (65,9UiS O Sl oKl p3 yuito 193 caoy IS wiloler SO I (laiges (A) JSS p 3ge3

A

ailals iomia

s elis

\ 4

e
ailobu 5L b Cawlilo puiin 590 (sGCa0s 1D 190 i 095 51 Silowd glod Y U

1. Drive
2. Affinity Laws



sV S 305 gy | o i Splao o o slo (559U p (ST

(ko fsew alt (sins y2e8)i5 375038 1 Sy o1l 19 yeiio 193 oy (J 558 ol o 1 (sTaigad A JSL

2Ol (551 Bpan JyuS LS )31y dlols ()30 02 slajl I (s 5wy 0394500 4 (2985uoly il jl ool
il o5 Sl gl 5L Al 3929 Cilisie (SlacutS I oS 5 (] aSud S 3 ST S sgsa g0 dalss
il bl Anlgs 39g Sloay olStum] 35 pate Cupte )3 Chlizee (slo Jpdo gyian Jlac] SISl cypite 43 amy 3,55
9 (P55 Chg) Sl pumo )> o b ) a3 (3513 g caeng i8Il o3 S sy (6551 o e
(VYAY 50y Ghasn

g3 slasdl

3ylse el )3 15,0li8 (S w35 lslid S g Bl dginy0 (63935 b o )lul slaailobo (g0 40 Colio aiz o
009> (b 3 (i Sl xS 4 ot el (45 85105 Fleey ol (5l oy gl colie I B cal
dsb 53 ey albole S () 5 yrasi g5l gloainsr (eolail an ) wiged psbody D dales aibobes (515,050
tmsgs b 0398) 45l Il 13yl ol (Fo)e (a5 3gls) ol 045 3y50 5] 4yl ()8 eslop Yo b ] yor
S3lloly 29,5 o 525 (D95 ¢33l o Slyoy SloolSinl ailan (f 4 atly slial gl (a5 1o 558
033k b (sbaygig09 Sl c0uiS1 (ly SEalS Cljagas Sleey sloolimn] (5lo 355 Clies uite 593 lacees
3909 3] Jlo diz (o 5> (65,9l Ol ooy (slmoliunl (5l oy 5> & Cal laigyglid I i g YU (3o
(VF¥ (S o5 Ghoga) casl 0ad L)) 5538 51 )l 5 J313 )3 Loyl 93 cnl (6365, jl (Abge o5 g il
$539biS O Sy sboolSia] 53 (551 Bpan Cu e (slasyslid duglio Cypome b I sbzer S5 (V) Joss
1S 3e o 3 01 o)Ll shael 45l ] Canenl Bl 4155 il 05 ) (655 b yuna ilS Aoy 5 i Lloxd ]
Sradpo Sty Olie 383 e yshaiodr 5 03505 Al (555l Bpas 13 Ser by (e pasld S S SN
129 005 S0l 5 b Wlals (s po s Camdy b bayo 548> lise el ol Y fluay oSl ya 5>
Sarp 65554 Oyg0 3) G55l Bpas 3 g abyo Jraily 355 25l 1 4 Cod (B o (5531 033 (e ls ol
903 i kbl (lgs oo (5551 Bpae Capte slagsby,



VPP Y o lods B 0390 e/ (549 o0 40 A i slo oy9lis ZA

Bpan 2l do g3 g a3 Bod 51 5551 B s Co e g 649U8 aglio Y Jous

& LBl b g (S8 (Sl Glime S5 Bpan Copde gy | 3,
(Va3%) “plils o i )5 &3P o33l a8l sl Jop Yo VD &5l o Jlasl \
358 dal S35 )3 ey 3,518
(W) ke (e diyjn oly alS 003 VF B g (g5l pme alS 3 003 YO b Y
e
Cal lod F B Y o losly ciS oy Lials doyn 0 5l i ye5se 5Ldg ,S1
(\Y8F) (25505 gy ° sl 35kl 5y 53 5390 3,55 ¥
Cadld Alg>

Oamologil (gl wiuaw I odlatul Cijaw )d (655 Bpae ials ao > YY 2 oamologil sladilobw (g5lwodly

(WA ()b g ou>) .
Gillely Jgezre (slosbg) (slox 3oy ol
oy olBtm] ylosly yiol38l 1oy VA
(V1) (polels Yoy ol Glebly (p2l38 Ao
. . 990 Sl & o st yod S s 3 (55l B pas S loyd VA
U9 9 (TS ye5 g b
(W%) 30y ' e )93 Gy (55 54 o
. . oot JUo AT A Lgio jobay it y9d 38 whege jl oslitul adgl 4 s
U9 9 (TS pe5 g . i e el .
3,5, el VAe v e B V0 - +) 03 dnls Slpts alobu (63,0,
(W0) 35

(o2

o
Lot bl ladills ) (5l Gpae (1ol sla)Saly )y g 55l B)lae Jdos 43,505, p3l laans )
5 bcwwluw awyp bl .l 039 dgidy90 Caday Wid calizee bl o (650 Sepddyo | Jols (odlaidl dgw S 4
baos bl dmd aw (b 5 jliscos ol cladilobs drwgs a5 cuol o] sdimd i jguiS o )3 39390 (sla Josdlygiawd
oS ol Joo o ol 4B S 15 ar 93,50 108 (6550 5y 00 obio g 039 3 s Ol e DS 50 slie
e S W aadl (gl cloailobs axugs pis b g dxgi 5 pre dilhe Sy (5531 (68 w0 Jai 4 Gl slaJlo o
onl 3l osliel Blj8l (el oo 5 (h2ya0l s 50 P (gl dilate o (2o (o) Sl 5 (655l ‘r‘] o9o e
Siralin OB 5l (Ko 65ysliS 50 53 (6551 S pae Cupde slaby) 5 S s ] (pzmen D98 0 Cgucne plie
D AnlgE Cguime (65)9liS GiS )

S 5 n
0 3ol pglie yobods (edamie (gylol (slagy9ld cunl p3Y ()bl (sladilols oo 1> s Jelge (SdpuS s 4
RS 4 Cawd cdshe g0 Lalpd olul i U Xisd dalse (6551 (ag2aiyo Cone )3 (Folate saan S L j)sliS
Orz pyle dbml G (glite 5 daxie glagyslid D2y pEs WSj (g5l Bilae S 5 (golatdl § culie o)
ol ) 352y Sloj alold G 6yglid (p Fowlie (LSS lp bopllas g )il (slaialy bglad sbul g (alacsylid
29 (5)ll gladilobs )3 e (slacs)skd 5l ealitl (oolSh aomats ) 5 caliol (slags,gld (b ydy o Bl o0 395 aline
Sdd o (555l Bas 0 LTl &S 31 3459 Sl ] los 0] Cu pde 3 i sla ybgy (605 8 g (g yolid Wy b
56 Wl yoe Job cflimy (sloolSinnl yigg 5,Slas (youd 9 1] Joo 4 (6ol 35 Waanyg yiSUl ad Sl 31 4l 395

el pRalj8!

1. Girish and Shantanu



74 S5 05 gy | o i Sylao cy ko sl (559U ()T

K olboMo
ORI Jgol 51 59
aslegl dan 126250 £3050 (il g Blodges Cole) ale Gimgly cnl L] g plsl )3 1y (EMS] Jpol (Bt
&8l o,
D)0 gile (ol lie pl B aim g bl Ly
Sl Fwlew
o ;> ond &) sloofyy (silositue coa Sty Jbla (w955 Gl (55)sliS Shjeel 5 Dliios S pe pyime )

Spse Sl 3l



1P ¥ oyl O a,,a‘yf‘_;),a)@,aw};:ﬁgugﬂw \2

&bo

SHlid S Sliasd caal 3 yb sl ey slaolKisl o Slos 5 (65,5 B e (o 5lwaigy (VTAF) Dg0mme S Lo (5l
https://civilica.com/doc/879324 .yl pl ¢\ 5 el 8, o g Spmo o o o inlos sl

o S ngs Ol oy sloolKi sl o (5551 (5 5lwdings VYAF) oo o (S92, 3 o0l w5 SLS

Ol oS e Sgo sl a S5 g oo maiei lapi e Jignol S g 5y g
https://civilica. om/doc/511288

Lsme\.x.Lal_..u 6)‘0).30).@‘4. 9 L;‘>|).‘a ) ).ut...o 9° 6L@u.a..u QJ..))IS (\Y‘ﬁ‘:) aeble ‘LS)") w)j)) 9 ‘HJA 56)01 uLdé
https://doi. rg/ 10.22059/ijswr.2015.54294 $1-FA ()FF .S 5 Ol 485 . Lol Jawlols

b 5lheos loolSis) J S 50 (655l B man (glwdinge Olie dmuglin g oy 2 (VYAR) iy «6y0b g oyl ¢ g0
)L.o.: ‘_;Lbolia_a.u)‘ 9 u] u.».ALS )L».o.: Oli:..MJ‘ LY A:JLL:M) Lg)L.\.:‘o‘) &».w)is 6L®w5) 9 L)5""“L°5"‘ p..»_ua.a_u) )| oolail
Glgal o iS5 g oylo] slo 4TS o e Lo inlas ogun (5,5 5y0 o) lid Cou o)Ll aSul jlad oo gl
https://civilica.com/doc/112199 .l !

)L.o.: ‘_ngolil.m.i‘ 5 d)f‘ d)..a.a 9 o»))'l.g )y (\YAQ) ] o sw‘ 9 oo L';l'c ‘6)‘6"-? ‘d“‘u’-’-" o ‘c’_'v‘}.é)
AR SARIQ AR EPIPERA V-3 okl sla o5l i Dladss 4y, a5 laes Gl wl gl (S SIL gLl
https://idser. reeo.ac.ir/article _102312.html

el loaileles jo uite 550 lacwy (Sdgyaen 2b5)) 5 b YY) adble (ghy Goyon 5 sy el Gl
AFOV20 (F) VNS 5 Ol cbla> sla tagh as s (JY -alS jlo cuis (6,lol ailobu 159,90 anlllas) jLidcos
https://dor.isc.ac/dor/20.1001.1.23222069.1393.21.3.7.6
https://doi. rg/10.22060/ceej.2021.19867.7277 .NYYY-\YAA

SOV TREIEA|CIPRERAREINPIVCC S PN IV P S BV JUESNQ ) .} 1 R VEIWIP SRUON PPN POY SOV S SV IPIR VOt

Sl TS Sot] S 5 i 15 ano ot (s S5m0 szl sy oS
https://civilica.com/doc/325606

Gl ali o ol Gheos 1 S —an Gl gilmdige ((VYAY) Lo ,SUlaie gy 5 o SSL J)BS_..J T g e (S

Ol Glgal (i g ool glo 45 e Lo Linlas ogo 0yl Se s sla
https://civilica.com/doc/60370

e 0 )8 5 (ol B, oLl )] sloailel w55 (555l (rman (VT V) adble (55 (B9 9 codile (B3
https://doi. rg/10.22034/ijwer.2023.390180.1034 YA-2\ (Y)Y ¢yl O cwaige sloiags

b bl o g ciS GlanS 8 g Gl (e (el Slaguey s 2SI Gleily (o) 2 (VTAY) 2 S 559 oS
) 158 o g olls 5 el a5 5| ki IS

cSeolios (g5l Jae 5l oslaiwl b heay sbolSis] 1o (65,51 B yuan Co pae (OVYAY) 018 g0 cgolias g 815,8 « cmug
https://wwjournal. r/article 2189 BA- £A.(¥)12 .Ml 3 & alxe

d.JL...J) )LM‘JMJU 6}...‘] B ).ul...a 99° o2 L:)Lm.: Oli»_uu)‘ )‘ l;}.v ‘5)‘0).10)45' JM AMB.' (\Y‘ﬁ?) u.._m.‘!‘ “576’05 gﬁ...ug.:
U‘)"‘ ‘u‘).é‘é ‘(JL"@" OKAMJ/JM&LJ) L;jjﬁuu“""’)" 56)50
.6})3L.i;5 s_:—| )L..o..) le.ﬁoli:_mo.l‘ 6}‘..\3‘ o\) 9 Lg)‘o).g 0yt 3O 6“3 SIS ‘5'}).3 OfFY u.._...s‘ ‘jcf).af g_n_wy

Rl @S 6559 sy g Ghigel «linizg lejlaw 5t O g S Oldaion dago (A8 i
https://press.areeo.ac.ir/book 2863 .html



\A 25 o5 Gy | o (g5 ylao Sy prto (sl 559LS i b

)I LS)‘\)).}O).QC» b 6L®u.u5) Pod 6))"‘ ;_B)Loa.o J...l?u (\‘“D(V) aable 3) U’d)ﬁ)) 9 ‘Q"_""‘Bl s@S).of ga_wy
‘(Y)YYJID 9 u—l ra}l.c c\.L?m (c\..ﬁ)_..u‘ Celo 9 u_.....s 6)1...;‘ chol_..u :60)5.41 c\.aJUaA) Ls))Bl_,.MS u—l )L..o) leiboli»_m.v‘
http://jstnar. ut.ac.ir/article-1-3305-fa html .\ fy-1av

okl ool 1o it j90 Glacaey oulh - aize ko (VYD) aible w32y ()95 5 e omidl (7 05 gy
DYY-0FY () )F oyl (280 g 5,lal 4 s (ad, i) Cais g cciS (5 Lol sailolan 160,90 anlllas) [Lids
https://idj. aid.ir/article 55407.html

Gl sloalels ;5 pite ;50 slacasy Sealns g5l Joe (VYAF) ible (g3 Goy95 5 e0mitdl ( 25 o8 gy
Dldeiize) alzeo (43,5l Caio 5SS (g )lol Blabow 53,50 dalllae) (55,1 B e Julo 4 5,805, b JLid oo
https://doi.org/10.22092/aridse.2017.107049.1117 N FY-\F+ (FMA ¢ i5a; 5 s, L] (slo ojle  wiigo

6))3[—‘45 UT )L..n..u 6L®ol§.._uu‘ ).) 6)).>| 00)'[). [“5'9(“'“ » g_f"")i' (\Y‘ﬁ\/) cUL]oLC ‘LS)") U"")j)" 9 ‘u.._....d‘ 5‘576]05 ;Q_.uj.‘
https://doi. rg/10.22067/jwsd.v5il.62786 YA-¥F (1) 0 o,lasl dnussi 5 ] ales



VPP Y o lods B 0390 e/ (549 o0 40 A i slo oy9lis \Al

References

Abadia, R., Rocamora, M. C., Corcoles, J. 1., Ruiz-Canales, A., Martinez-Romero, A., &
Moreno, M. A. (2010). Comparative analysis of energy efficiency in water user's
associations. Spanish Journal of Agricultural Research, 8(S2), 134-142.
https://doi.org/10.5424/sjar/201008S2-1356

Amiri Mobarakeh, M. (2017). Optimizing energy consumption and performance of pumping
stations through the installation of pressure control equipment. First National Conference
on Water Consumption and Waste Management, Tehran, Iran. https://civilica.com/doc/879324
(In Persian)

Belaud, G., Mateos, L., Aliod, R., Buisson, M., Faci, E., Gendre, S., Ghinassi, G., Gonzales
Perea, R., Lejars, C., Maruejols, F., & Zapata, N. (2020). Irrigation and energy: Issues and
challenges.lrrigation and Drainage, 69(S1), 177—185. https://doi.org/10.1002/ird.2343

Boman, B., Smith, S., & Tullos, B. (2006). Control and Automation in Citrus Microirrigation

Systems. Florida Cooperative Extension Service Publications, Gainesville, Florida.
https://edis.ifas.ufl.edu/ch194

Chavez, J. L., Reich, D., Loftis, J. C., & Miles, D. L. (2010). Irrigation pumping plant
efficiency. Colorado State University Cooperative, Extension, 4, 712.
https://extension.colostate.edu/topic-areas/agriculture/irrigation-pumping-plant-efficiency-4-712/

Corcoles, J. L., Tarjuelo, J. M., & Moreno, M. A. (2016). Pumping station regulation in on-
demand irrigation networks using strategic control nodes. Agricultural Water Management,
163, 48-56. https://doi.org/10.1016/j.agwat.2015.09.001

Corominas, J. (2010). Agua y energia en el riego en la época de la sostenibilidad. Ingenieria
del Agua, 17(3), 219-233.https://doi.org/10.4995/ia.2010.2977

Delfan Azari, M., & Parvaresh Rizi, A. (2015). Application of Variable- Speed Pumps in
Design and Operation of on- Demand Irrigation Systems. lranian Journal of Soil and Water
Research. 46(1), 41-48. https://doi.org/10.22059/ijswr.2015.54294 (In Persian)

Diaz, J. A. (2013). The Importance of Improving Energy Efficiency in Irrigated Areas. Irrigat
Drainage Sys Eng, 2, e117. https://doi.org/10.4172/2168-9768.1000e117

Diaz, R.J. A., Luque, R. L., Cobo, C. M. T., Montesinos. P., & Poyato. E. C. (2009). Exploring
energy saving scenarios for on-demand pressurized Irrigation networks. Biosystems
engineering, 104(9), 552-561. https://doi.org/ 10.1016/j.biosystemseng.2009.09.001

Diaz. J. A., Pérez-Urrestarazu, L., Camacho-Poyato, E., & Montesinos, P. (2011). The paradox
of irrigation scheme modernization: more efficient water use linked to higher energy
demand.  Spanish  Journal of  Agricultural  Research,  9(4), 1000-1008.
https://doi.org/10.5424/sjar/20110904-492-10

Farrokhi, M., & Parvaresh Rizi, A. (2022). Energy Audit in Sprinkler Irrigation Systems:
Methodology and Application. Journal Of Iranian Water Engineering Research, 2(2), 79-
91. https://doi.org/10.22034/ijwer.2023.390180.1034_(In Persian)

Fathi Moghadam, M., Lashkara, B., & Behnia, A. (2008). Optimization of energy consumption
for pumping water in non-mechanized pump. Second National Conference on Irrigation and
Drainage Network Management, Ahvaz. Iran. https://civilica.com/doc/60370( In Persian)

Fattahi, H., Shirzadi, S., & Aminzadeh, S. (2014). Reactive Power Compensation: Methods,
Goals and Challenges, First National Conference on Development-Oriented Civil,
Architectural, Electrical and Mechanical Engineering of Iran, Gorgan, Iran.
https://civilica.com/doc/325606 ( In Persian)


https://doi.org/10.5424/sjar/201008S2-1356
https://doi.org/10.1002/hyp.6335

\'Al ﬁ)ﬂfd&f' e GG S lao o pto (b (559LS 4 iy

Fernandez Garcia, 1., Montesinos, P., Camacho Poyato, E., & Diaz, J. A. (2014). Methodology
for Detecting Critical Points in Pressurized Irrigation Networks with Multiple Water Supply
Points. Water Resource Management, 28,1095—1109. https://doi.org/10.1007/s11269-014-0538-x

Fippes, G., & Neal, B. (1995). Irrigation pumping plant efficiency testing program. Department
of Agricultural Engineering, Texas Agricultural Extension Service, College Station, Baton
Rouge, Louisiana. https:/gfipps.tamu.edu/publications/

Girish, S., & Shantanu, D. (1996). Agricultural pumping efficiency in India: the role of
standards. Energy for Sustainable Development, 3(1), 1-17. https://doi.org/10.1016/S0973-
0826(08)60178-7

Gomarpour, K. (2003). Investigating the efficiency of electro pumps of local farmers in
Khuzestan and agricultural and industrial companies. Master's thesis. Irrigation Department,
Shahid Chamran University, Ahvaz, Iran.

Jackson, T. M., Khan, S., & Hafeez, M. (2010). A comparative analysis of water application
and energy consumption at the irrigated field level. Agric Water Manage, 97, 1477—-1485.
http://dx.doi.org/10.1016/j.agwat.2010.04.013

Khadra, R., Moreno, M. A., Awada, H., & Lamaddalena, N. (2016). Energy and Hydraulic
Performance-Based Management of Large-Scale Pressurized Irrigation Systems. Water
Resour Manage, 30(10), 3493- 3506. https://doi.org/10.1007/s11269-016-1365-z

Mora, M., Vera, J., Rocamora, C., & Abadia, R. (2013). Energy Efficiency and Maintenance
Costs of Pumping Systems for Groundwater Extraction. Water Resources Management,
27(12), 4395-4408. https://doi.org/10.1007/s11269-013-0423-z

Raeisian Amiri, Z., & Parvaresh Rizi, A. (2014). Hydraulic Design and Evaluation of Variable
Speed Pumps on Pressurized Irrigation Systems (Case study: Harkalleh-Laali Irrigation
System).  Journal of Water and  Soil  Conservation, 21(3), 145-164.
https://dor.isc.ac/dor/20.1001.1.23222069.1393.21.3.7.6(In Persian)

Rahimi, A., & Naderi, Z. (2010). Investigating and comparing the degree of energy
consumption optimization in the control of pumping stations using automation systems and
classical startup methods (case study of water supply pumping stations and pumping stations
for boosting the pressure of the irrigation network under pressure in the eastern lands of
Gargar). The Third National Conference on Irrigation and Drainage Network Management,
Ahvaz, Iran. https:/civilica.com/doc/112199 (In Persian)

Rezvani, S., Jafari, A., & Amin, S. (2011). Efficiency and Energy Consumption in Sprinkler
Irrigation Pumping Plants in Some Fields in Hamadan Province. Journal of Agricultural
Engineering Research. 11(4),19-34. https://idser.areeo.ac.ir/article_102312.html (In Persian)

Sabatinejad, A. R., & Razavi, S. H. (2015). Energy Optimization in Water Pumping Stations.
Second National Conference on Electrical and Computer Engineering, Distributed Systems
and Smart Grids, Kashan, Iran. https://civilica.com/doc/511288 (In Persian)

Salmasi, A. (2022). Evaluation of variable speed pumps in pressurized water distribution
systems. Amirkabir Journal of Civil Engineering, 54(5), 1773-1788.
https://doi.org/10.22060/ceej.2021.19867.7277 (In Persian)

Uossef Gomrokchi, A. (2017). Development of a dynamic operation model of a pumping station
with a variable speed pump in pressurized irrigation. PhD thesis, College of Agriculture and
Natural Resources, University of Tehran, Tehran, Iran.

Uossef Gomrokchi, A. (2024). Some technical points in the operation and commissioning of
agricultural water pumping stations. Technical publication of the Soil and Water Research
Institute, Agricultural Research, Education and Extension Organization, Karaj, Iran.
https://press.areeo.ac.ir/book 2863.html(In Persian)

Uossef Gomrokchi, A., & Parvaresh Rizi, A. (2016). Investigation of Energy Consumption in
Agriculture Water Pumping Stations by Different Operation Methods (Case Study:


https://doi.org/10.1002/hyp.6335
https://gfipps.tamu.edu/publications/
https://doi.org/10.1002/hyp.6335

VPP Y o lods B 0390 e/ (549 o0 40 A i slo oy9lis V¥

Ashrafiyeh Agro-Industry Irrigation System). Iranian Journal of Irrigation & Drainage,
10(4), 532-543. https://idj.iaid.ir/article_55407.htm] (In Persian)

Uossef Gomrokchi, A., & parvaresh Rizi, A. (2017). Dynamic Modeling of Variable Speed
Pumps in Pressurized Irrigation System Considering Energy Consumption Analysis (Case
Study: Ashrafieh Agro-Industry Irrigation System). Irrigation and Drainage Structures
Engineering Research, 18(68), 143-160. https://doi.org/10.22092/aridse.2017.107049.1117 (In
Persian)

Uossef Gomrokchi, A., & Parvaresh Rizi, A. (2018). Introduction to the Concept of Energy
Efficiency in Agricultural Water Pumping Stations. Journal of Water and Sustainable
Development, 5(1), 29-36. https:/doi.org/10.22067/jwsd.v5i1.62786( In Persian)

Uossef Gomrokchi, A., & Parvaresh Rizi, A. (2018). Investigation of Energy Consumption in
Agriculture Water Pumping Stations by Different Operation Methods (A Case Study:
Ashrafiyeh Agro-Industry Irrigation System). Jwss, 22 (2),143-157. http:/jstnar.iut.ac.ir/article-
1-3305-fa.html (In Persian)

Veysi, F., & Shemshadie, M. (2008). Energy Consumption Management in Pumping Stations
Using Dynamic Modeling. Journal of Water and Wastewater, 19(3), 58-65.
https://wwjournal.ir/article 2189 (In Persian)


http://jstnar.iut.ac.ir/article-1-3305-fa.html
http://jstnar.iut.ac.ir/article-1-3305-fa.html

Ragi University

homepage:https://atwe.razi.ac.ir

Advanced Technologies in Water Efficiency

\'\//
L] v

i

Online ISSN:2783-4964

Solving the pollution equations by using the Chebyshev super-spectral

Ladan Roshanaei !

viscosity method

, and Elham Darvishi 2*

1. Department of Water Science and engineering,Campus of Agriculture and Natural Resources, Razi University, Kermanshah.
Iran. E-mail: l.roshanayi@razi.ac.ir

2. Corresponding author, Department of Water Science and engineering,Campus of Agriculture and Natural Resources, Razi
University, Kermanshah. Iran. E-mail: e.darvishi@razi.ac.ir

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received 06 April 2025

Received in revised form 29
June 2025

Accepted 31 July 2025

Available online 23 September
2025

Keywords:

pollution,
Advection-Diffusion-Reaction,
spectral Method,

super-spectral viscosity.

Objective: The objective of this research is to solve the pollution equation using the
Chebyshev spectral method and the Chebyshev super-spectral viscosity method.

Method: Spectral and quasi-spectral methods that have been developed in recent years
are able to calculate the solution with higher accuracy than analytical and numerical
methods using fewer nodes and less time. These methods have not been investigated for
solving pollution equations so far. In this study, the solution of pollution equations using
the Chebyshev spectral method and the Chebyshev super spectral viscosity method is
investigated. The results of these methods will be compared with the analytical solution
under different boundary conditions.

Results: In this study, the accuracy of the Chebyshev spectral method and the Chebyshev
super spectral viscosity method for solving pollution equations in two modes of
continuous and stepwise pollutant injection was investigated in comparison with the
analytical solution. The results of these two methods in solving the advection equation
showed that with increasing the number of points, the numerical results are closer to the
analytical solution, and with the same number of points, the Chebyshev super spectral
viscosity method has a higher accuracy in calculating the pollution concentration.
However, none of the graphs match the analytical results. The mentioned methods were
used to solve the advection-diffusion and advection-diffusion-reaction equations in
stepwise injection and were compared with the analytical results. The Chebyshev super
spectral method with the same number of points has a higher accuracy than the
Chebyshev spectral method in solving the advection-diffusion equation. The results of
this method are completely consistent with the analytical results. Also, both methods
have the same results for solving the advection-diffusion-reaction equation, which have
a high accuracy compared to the analytical solution.

Conclusions: the results of this study showed that the Chebyshev spectral methods with
high accuracy in solving the pollution equations, the number of points required for them
is independent of the length of the river. Thus, at a short length, the number of points
required is required in a channel or river with a large length.
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Introduction
Today, the issue of pollution transfer in rivers is considered one of the greatest environmental

challenges and it has profound effects on aquatic ecosystems and public health. The main causes of
water pollution include pollutants, which include two categories of point and non-point sources. Point
source pollutant injection comes in two forms: instantaneous (momentary) and continuous. The
governing equation of flow in the conditions of pollution conditions of the Second order linear non-
homogeneous partial differential equation is that different analytical and numerical methods have been
used to solve it. Some of these methods include the; Laplace transform (Kumar.2020), finite volume
(Kumar et al, 2021; & Chen et al. 2019), finite difference (Noye, 1987), finite element (Jamali, 2019).
These methods require a large number of computational nodes to achieve the desired accuracy. Spectral
and quasi spectral methods which are developing in recent years are able to calculate the solution with
higher accuracy than analytical and numerical methods. In this research, solving the pollution equations
using Chebyshev spectral method and Chebyshev spectral method is studied. The results of this study
will be compared with analytical solution in different boundary conditions.

Method

Pollution simulation was conducted for two scenarios: continuous injection (Eq. 1) and stepwise
injection. The stepwise injection included two cases. In the first case, the initial concentration ¢ is
uniform across all points (Eq. 2), and the upstream boundary pollution input ¢,=0 is terminated (Eq. 3).
In the second case, at time t=0, the pollution input ¢, at the upstream boundary is terminated, and at time
t1, pollution with concentration ¢; is introduced at the upstream boundary, which is then terminated at
time t, (Table 1).

B.C.&(0,t)=¢,0<t<c0 (1)

1.C.&(X,)=00<k<oo

L.C. : &(x,0)=¢, (2)
(€o0<t<ty

B.C. (Upstream).{ &0t>t, 3)

Table 1. Flow and pollutant characteristics with a time-stepped pattern (Meshdgarmeh et al., 2013)
u(m/s) | Dx(m?/s) k(1/s) t1 (s) t2(s) T(hr) | ¢ (kg/m?) | T (kg/m?)
0.3 0.3 0.00001 1000 3600 5 0.5 0.5

Results

The results obtained from the advection - diffusion - reaction equation for the first case of
step injection using spectral and super spectral Chebyshev methods compared to the analytical
solution of Van Genuchten et al (1982) indicate that over time, the maximum pollution
decreases due to the presence of the reaction term. In this case of pollutant injection, both
numerical methods have the same accuracy in predicting the amount of pollution (Figures 1 and
2).
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Figure 1. Comparison of the spectral Chebyshev method with the solution of Van Genuchten and Alves
(1982) for step injection (Case 1).
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Figure 2. Comparison of the super spectral Chebyshev method with the solution of Van Genuchten and
Alves (1982) for step injection (Case 1).

The results obtained from solving the advection - diffusion - reaction equation for the second
case of step injection using the spectral and super-spectral Chebyshev methods, compared to
the analytical solution at different times, show that both spectral methods have the same
accuracy in calculating the concentration of pollutants. Therefore, it can be concluded that the
spectral and super-spectral Chebyshev methods have equal precision in solving the advection-
diffusion - reaction equation (Figures 3 & 4); however, the execution speed of the spectral

Chebyshev method is greater than that of the super-spectral Chebyshev method.
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Figure 3. Comparison of the spectral Chebyshev method with the solution of Van Genuchten and Alves
(1982) for step injection (Case 2).

0.5
0.45
il | ~
‘oA O Cheb t=522
0.35 s é A N eb t=5227s
03 oA A Exact t=5227 s
[ D b H v !
£0.25 A4 A Cheb t=18000 s
=< ]
5 0.2 A A. j ----- Exact t=18000 s
1 A
0.15 S a ,'}A'
0.1 ! 4 g
0.05 ﬁ
0 u——#
0 2000 4000 6000 8000

x(m)

Figure 4. Comparison of the super spectral Chebyshev method with the solution of Van Genuchten and
Alves (1982) for step injection (Case 2).

Conclusions
In this research, the accuracy of the Chebyshev spectral method and the Chebyshev super

viscosity method was examined for solving pollution equations in two scenarios: continuous
and stepwise pollutant injection, compared to analytical solutions. The results of these two
methods in solving the advection equation indicated that as the number of points increased, the
numerical results approached the analytical solution, and at the same number of points, the
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super viscosity Chebyshev method exhibited higher accuracy in calculating pollutant
concentration. However, none of the graphs fully aligned with the analytical results.

The mentioned methods were employed to solve advection -diffusion and advection -
diffusion-reaction equations under stepwise injection and were compared with analytical
results. The super viscosity Chebyshev method demonstrated higher accuracy than the standard
Chebyshev method in solving the advection -diffusion equation at the same number of points.
The results from this method were in complete agreement with the analytical results.
Additionally, both methods yielded similar results for solving the advection -diffusion-reaction
equation, showing high accuracy compared to the analytical solution. However, due to a greater
operations computational, the super viscosity Chebyshev method had a lower execution speed
than the standard Chebyshev method. The Chebyshev spectral methods with high accuracy in
solving the pollution equations, the number of points required for them is independent of the
length of the river. Thus, at a short length, the number of points required is required in a channel
or river with a large length.
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Objective The purpose of this study is to analyze the spatiotemporal pattern of
groundwater levels using geostatistical methods, investigate the impact of land-use
changes on groundwater level fluctuations, and examine hydrological factors (including
meteorological drought and groundwater drought)
variations.

influencing groundwater level

Method: In this study, land use changes and climatic variations were evaluated as the most
important human and environmental factors in groundwater level decline, and their
relationship with groundwater levels in Chamchamal Plain was examined over a 25-year
period. For this purpose, land use maps for three time periods (1990, 2003, and 2015) were
obtained from Landsat TM, ETM+, and OLI satellite imagery using the Maximum
Likelihood Classification method. Water level data from 21 piezometric wells were
interpolated using Ordinary Kriging (OK) with minimum RMSE and MBE. The SPI and
GRI indices were used to determine drought and wet periods.

Results: According to the results, agricultural, residential, and industrial areas increased by
2 times, more than 2 times, and more than 8 times, respectively. The maximum
groundwater level decline was estimated at 22 meters in the southwestern part of the plain.
The water table showed a decreasing trend, with an average decline of about 7 meters
across the region. Pearson correlation coefficient between average groundwater level
changes and average rainfall indicated that rainfall and groundwater level fluctuations

occurred simultaneously with a 2-month lag.

Conclusions: Excessive groundwater extraction during droughts has intensified the decline
and prevented recovery during wet periods, resulting in a persistent decreasing trend.
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Introduction

Groundwater resources are known as valuable environmental sources in arid and semi-arid
regions. Today, due to the water shortage crisis, the causes of groundwater depletion and its
relationship with environmental changes have been studied. Quantitative assessment of
groundwater resources and proper understanding of their relationship with land use changes is
essential for planning, managing, and sustainable development of water resources in arid and
semi-arid regions. Considering the expansion of urban areas, agriculture, and water-intensive
industries and their effects on groundwater levels, this research was conducted to analyze the
spatial and temporal patterns of groundwater levels using geostatistical methods, investigate
temporal and spatial changes in land use through satellite image processing and their impact
on groundwater level fluctuations, and examine hydrological factors including meteorological
drought (SPI) and groundwater drought (GRI) and their effects on groundwater levels.

Method

In this study, the impact of land use on the quantity of surface and groundwater resources
in the Chamchamal plain of Kermanshah province was examined over a 25-year statistical
period. To prepare the land use map of the Chamchamal plain, two methods were used: pixel-
based classification and object-based classification. The trend of fluctuations in surface and
groundwater resources was analyzed on a monthly, seasonal, and annual scale using the non-
parametric Mann-Kendall test and the sen's slope estimator. Consequently, the hydrograph
representative of the Chamchamal plain aquifer was drawn up. Different interpolation
methods were used for estimating the groundwater level, including ordinary kriging (OK),
inverse distance weighting (IDW) with powers ranging from one to five, and co-kriging (CK).
The variogram with a Gaussian model was chosen as the best-fit model for the spatial
structure of the data, and the kriging method was selected as the most suitable method for
estimating groundwater level. Groundwater level mapping was performed annually using the
kriging method for the study period. The trend of fluctuations in hydrological factors such as
precipitation was examined annually using the non-parametric Mann-Kendall test and the
sen's slope estimator. The periods of drought and wetness in the region were determined using
the SPI and GRI indices. To investigate the effect of land use on surface and groundwater
resources in the study area, a combination of the land use change map and the map of the
quantitative changes in groundwater level was utilized.

Results

Based on the results of this study, the area of agricultural, residential, and industrial land
has increased, respectively, twofold, more than twofold, and more than eightfold. The decline
in groundwater levels in most areas of the plain was estimated to be a maximum of 22 meters
in the southwestern part of the plain. The water table level in the region is on a downward
trend, with an average drop in groundwater levels of about seven meters. Considering the
Pearson correlation coefficient between the average changes in water table levels and average
rainfall, the overall trend of the fluctuations in the two curves of rainfall and the groundwater
level of the plain has occurred simultaneously but with a two-month delay.

Conclusions
Excessive exploitation of groundwater resources during droughts has intensified the

decline and has resulted in a lasting downward trend that cannot be compensated for even
during wet periods. If the current trend continues, it could lead the plain to face challenges
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such as land subsidence, increased depletion of groundwater, and consequently a further
decline in the water table level along with a reduction in the quality of groundwater resources.
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