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Extended abstract

Introduction

Groundwater flow modelling is a widely used technique for the sustainable
management of these resources. Many groundwater modelling tools are
readily available. Numerical modelling of groundwater flow in confined
aquifers is much more than in confined aquifers. The governing equation is
fully nonlinear and subject to nonlinear boundary conditions. The
nonlinearity in Richard's equation is related to the dependence of the relative
permeability and water retention in the unsaturated zone on the pressure
head. Furthermore, fully saturated models are usually associated with
boundary conditions such as constant head, pumping/injection flow rate, and
leakage flux through a semi-confined bed. These are essentially linear and
do not pose additional challenges to standard numerical solution techniques.
Numerical models for groundwater flow and transport are often developed
using the finite element approach (FEM). The behaviour of groundwater
flow and transport is described by partial differential equations (PDES),
which are solved numerically using this method. FEM can represent rough
geometries and various material properties and is particularly useful for

modelling complex geological settings.
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Material and method

In this study, the WoS database has been used for the scientometric analysis of
finite element method application in groundwater studies. This choice was made
primarily because of superior journal coverage and citation analysis capabilities
compared to other widely used publication databases. Considering that, according
to the WoS database, research on the application of finite elements in groundwater
started in 1971, a database search was performed using the search code TITLE,
with the operator "AND" between the years 1971 and 2023. The AND operator
was used for two keywords "underground water" and "limiting elements" and
finally 1910 scientific documents were extracted. This study used R software to
analyze the data through a web interface called Biblioshiny, a bibliometric
analysis. The Biblioshiny R approach includes other bibliometric analyses and
helps to understand the productivity of research publications. Therefore, using the
Biblioshiny approach, 1910 WoS data were analyzed for this paper.

Results and Discussion

The National University of Scientific Research of Quebec and the Indian Institute
of Technology are the most active research centres regarding the use of finite
elements in groundwater studies, and also the countries of China, America,
Canada, Germany, Italy, France, Great Britain, and Iran are leaders in this field in
terms of publications. This distribution reflects the global interest and participation
in research related to the application of finite elements to groundwater problems.
Based on this research, the current popular topics in the field of finite element
application in groundwater studies are: "seepage", "deformation" and "stability
analysis". The present study not only highlights the relationship between
collaborations and scientific advances and trends in scientific collaboration but also
serves as a model to display new research directions in the field of finite element
applications in groundwater.

The Biblioshiny R approach has clarified the dominant issues in the existing
literature and emphasizes the widespread application of finite elements in
groundwater research. These programs collectively serve to strengthen the security
of water resources. According to Biblioshiny's analysis, the most cited, productive,
and influential author is Olaf Colditz, a German and department head of the
Helmholtz Center for Environmental Research. His outstanding work is "Flow and
Transport of Solutes in Groundwater" which has been published in 2 editions
"Examination of Variable Density Flow and Transport Models" and "Three
Dimensional Thermohaline and Convection Systems". Previous works in the
literature developed using a moving mesh approach using standard finite difference
(FDM), finite volume (FVM), and finite element (FEM) methods. This is because,
in an FDM framework, the grid must remain orthogonal and fixed, so the
groundwater flow equation is rewritten in a rectangular computational domain
using a coordinate transformation technique.

This study emphasizes the importance of using finite elements in groundwater
studies. It is important to understand that some study axes in this field, which have
been discussed more in the past, are used less recently in research, including
Richard's equation, spatial variation, and stochastic analysis. Therefore, future
research should focus on recently trended axes.
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Larabi, 2023).
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Table 6. Scientific production of countries on the application of "finite element" in "groundwater"

studies.
ado FKeY)
region Freq
China 909
USA 716
Canada 265
Germany 220
Italy 197
France 182
Uk 140
Iran 132
India 129
Australia 120
Spain 88
South Korea 80
Japan 78
Switzerland 63
Belgium 36
Brazil 36
Turkey 35
Greece 33
Netherlands 32
Egypt 30
Poland 30
Israel 27
Vietnam 27
Hungary 23
Czech Republic 20
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