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1.  Introduction

Groundwater is one of the main sources of water supply in arid and semi-arid areas such as Iran. The
existence of more than 600,000 extraction wells in aquifers indicates the importance of ground water
resources in our country for various uses (agriculture, drinking, health and industry). A significant
amount of extraction from these resources is provided by using different drilling methods and by drilling
semi-deep and deep wells (Elci and Ayvaz, 2014).

Due to the easy access and simple use of groundwater sources, the amount of extraction from these
sources for various uses has increased significantly. The continuation of this process will lead to the
destruction of groundwater resources. Excessive pumping from groundwater, adverse consequences
such as changing the quality of groundwater and the intrusion, reducing the volume of water resources,
changing the hydrodynamic coefficients of the aquifers, caused by from water extraction (wells, springs
and aqueducts), increasing energy consumption of groundwater extraction, increasing the vulnerability
of plains to drought, land subsidence, creating cracks the ground and buildings, damage to facilities,
jeopardizing the ecosystem is all the damages.

Managing water resources in order to meet human needs and reduce losses caused by water extraction
is a complex issue that will become more difficult with the increase in population and demand in the
coming years. Several factors play a role in the drawdown of the groundwater, and in order to choose
the appropriate management solution, one must first pay attention to the main factors. Due to the
importance of the subject, many researchers have conducted research on the optimal management of
water resources, some of which are mentioned below. Many of the optimization problems in
engineering of about solving groundwater flow are naturally more complicated and difficult. Among
the available solutions in dealing with such problems is the use of approximate or innovative algorithms.
The inclined plane optimization algorithm (IPO) is an example of an innovative and intelligent
algorithm that is inspired to find optimal points by using the rules governing nature, which is used in
this study for the first time. The combination of two simulation-optimization functions can reduce
uncertainty and obtain results close to reality.

2. Materials and Methods

The main purpose of this study is to use finite element simulation model and the inclined plane
optimization algorithm together in the form of an integrated program in order to optimize the location
and pumping rate of extraction wells in unsteady state with the aim of reducing the drawdown. The
groundwater model is programmed in MATLAB environment. The number and location of extraction
wells derived feom using the FEM-IPO model.

3. Results

As it was stated, in this study, in order to minimize the drawdown occurs from pumping wells in an
standard aquifer, the combination of two methods of finite elements and inclined plane optimization
algorithm, was used. The groundwater in the aquifer is calculated using the finite element method after
the pumping policy is applied.

The optimization was done using the inclined plane optimization algorithm with the maximum number
of repetitions equal to 30. In this study, the number of 5, 6, and 7 active wells are considered as
extraction wells.

In this research, the objective function was considered to reduce the amount of groundwater drawdown
in all aquifer elements. It should be noted that before each member of the population selects a node, the
nodes on the four sides of the aquifer are removed from the total number of selectable nodes. This
means that none of the members of the population can take a position in these nodes (aquifer
boundaries).

With the increase of repetition, the value of the objective function decreased, which indicates the better
performance of the model.
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Figure 1. The results of interpolation of the groundwater water level of the studied aquifer with

4.

the presence of 5 harvesting wells (m)

Discussion and Conclusion

In this study, the integrated model of numerical simulation with discretization of finite elements was
presented based on the optimization model of inclined inclined plane optimization algorithm. Due to
the high accuracy, efficiency and time saving in modeling, the FEM-IPO model can be used as an
optimal model for the optimal exploitation of the aquifer. The results showed that the simultaneous use
of inclined plane optimization and finite elements algorithm can help in finding the appropriate location
of the extraction wells in order to reduce the drawdown in the groundwater table. On the other hand, if
there is a need to excavate a new well in the aquifer, by using this method, the optimal position of the
new well can be determined. The results of this study have shown that the amount of drawdown in well
number 5 was significant in 3 cases.
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Integration of finite element method and inclined planes system
optimization algorithm in minimizing groundwater level reduction

Zahra Baazm?, Abolfazl Akbarpour?*

Abstract

Groundwater resource management to meet human water needs and reduce the drop in groundwater
levels due to uncontrolled abstraction, is one of the important issues of the country. Therefore, in this
study, the simulation-optimization model (FEM-IPO) was used to manage the operation of the aquifer.
The mathematical model of the aquifer groundwater flow was performed using finite element numerical
simulation. In order to find the optimal location of wells and reduce the drop level, the optimal model
of the aquifer was prepared using the slope algorithm. The results show that the western and
northwestern areas of the plain have more potential for digging pumping wells. Also in the studied
aquifer and according to the defined water requirement, 5 wells located on the west and northwest sides
with a maximum drop of 28.49 meters has been the most optimal model for exploiting the aquifer. In
this study, the water level calculated by the finite element model was compared with the observational
water level of the model, so that the relative error and the root mean square error were 0.00024 and
0.224, respectively, which indicates the high accuracy of the model. Also, due to high accuracy,
efficiency and time saving in modeling, FEM-IPO model can be used as a model for optimal operation
of the aquifer.

Keywords: Numerical model, Groundwater level, Ultra-innovative algorithm.
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