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EXTENDED ABSTRACT

Introduction: Due to the quantitative and qualitative reduction of underground water, its management and
protection measures have become a challenging issue. These actions can be evaluated by developing different
models for simulating groundwater flow that are also used as decision support systems (DCS) (Omar et al.,
2020a). Groundwater management includes the efficient and effective management of groundwater resources at
a quantitative and qualitative level. A groundwater model similar to a real groundwater system can be simple (if
prepared based on one-dimensional analytical solutions), or very complex (if prepared in a multi-layered three-
dimensional form). Groundwater models can predict the future behavior of the system under constant and
variable conditions. To develop an efficient model, it is always recommended to start with a simple model and
then increase its complexity step by step until the concept of the model meets the modeling objectives. A good
conceptual model should describe reality in a simple way that meets modeling goals and management
requirements.

Methodology: In this research, a bibliometric analysis was conducted to investigate publication patterns,
prominent countries, influential journals, and prominent authors in the field of numerical simulation and
groundwater. Among other literature review methods, bibliometric analysis is different in that it includes
extracting information about the behavior and dynamics of the domain of knowledge, visualization of published
scientific articles and evaluation of efficiency, validity and the reliability of the research process. Bibliometric
analysis is a method that involves identifying, managing and applying the main analytical tools in a specific
field of study. For our scientometric analysis of numerical simulation research on groundwater, Web of Science
Core Collections accessible through the Web of Science (WOS) database have been used. WOS has wide
acceptance among researchers and has proven to be a valuable tool for conducting scientometric analysis in
recent research. It is among the most widely used databases in academic research and bibliography, and the
retrieval of full citation records is constantly updated with new additions.

Results and Discussion: From 1997 to 2023, a total of 2334 scientific documents related to numerical
simulation and groundwater were identified in the WOS database, including 1912 (79.70%) research papers, 411
(17.13%) conference papers, 41 (7.17%) is a review article and other forms of publication. Biblioshiny results
show that the number of documents has started to increase since 2008. The 10 journals with the most relevant
publications on "numerical simulation" and "groundwater" based on Biblioshiny's analysis are shown in Figure
7(a). A scientometric analysis of "numerical simulation" and "groundwater" studies for 1997-2023 identified
JOURNAL OF HYDROLOGY with the highest number of fully relevant articles (133), followed by WATER
RESOURCES RESEARCH and WATER. A total of 7436 authors published 2334 research papers on
"numerical simulation" and "groundwater”. Wang Y was the most productive author with 28 articles (relative
value 5.32), followed by Liu Y. (relative value 5.38) and Zhang Y. (relative value 67.11). Based on the
bibliometric analysis, some of the topics that were more prevalent in the early years of "numerical simulation™
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and "underground water" research, have recently been less studied in scientific societies; including: spatial
distribution, finite elements, stochastic analysis, mass transfer, variable density, unsaturated flow and
macrodispersion. Also, some words have recently advanced and can be used as a basis for the authors' research,
some of the most important of which include inrush (flow), drainage (groundwater), algorithm, permeability,
management, watershed, hydraulic conductivity, and transport. They are soluble substances.

Conclusion: Underground aquifers have always been an important source of water supply in the world,
especially in semi-arid and dry regions with low rainfall and lack of surface water resources. In recent decades,
due to the increase in population, the need for water has increased dramatically and the rainfall is low, the
underground aquifers have been seriously threatened due to the excessive exploitation of underground water.
However, good planning and management as a result of a good understanding of the behavior of underground
aquifers can help to solve this issue and ensure their sustainable and optimal use for us and our future
generations. Recent years have seen extensive technological advances in groundwater hydrology. The present
scientometric research shows the recent increasing interest of institutions, journals, researchers, countries and
funding agencies in "numerical simulation” and "groundwater" research. With the discovery of numerous
applications of models based on numerical simulation in groundwater studies, more academic articles have been
published in this field. One of the areas of technological growth in the development and use of numerical
simulation models has been distributed parameters for the analysis of flow and solute transport in groundwater
systems. These advances are somewhat paralleled by the development and wider availability of faster, larger,
more capable, yet less expensive computer system memories. Another area of major technological growth has
been in the use of isotopic Analyses in groundwater hydrology, where isotopic measurements are used to help
interpret and define groundwater flow paths, age, recharge zones, seepage, and interactions with surface waters.
Quantitative and qualitative evaluation of research articles and extracting deep insights are of great importance.
The role of scientific research is important in understanding the methods and special applications of numerical
simulation in groundwater studies. Based on the findings of the research, the study of inrush currents and the
performance of evolutionary algorithms can be one of the hot spots of the future.
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Table 1- 50 articles with the maximum number of citations related to numerical simulation and Groundwaterbased on Web of Science

Country of the

Rank Article Title Document Journal corresponding Tl_mes Publisher PY
Type author Cited
Seawater intrusion processes, investigation and management: Recent - ADVANCES IN WATER .
1 advances and future challenges Article RESOURCES Australia 977 ELSEVIER SCILTD 2013
2 Review: Regional land subs.ldencg accompanying groundwater Review HYDROGEOLOGY USA 579 SPRINGER 2011
extraction JOURNAL
TOUGHREACT -: A simulation program for non-isothermal multiphase COMPUTERS & PERGAMON-
3 reactive geochemical transport in variably saturated geologic media:: Article USA 514 ELSEVIER SCIENCE 2006
T KR . : GEOSCIENCES
Applications to geothermal injectivity and CO2 geological sequestration LTD
Large-scale impact of CO2 storage in deep saline aquifers: A sensitivity INTERNATIONAL JOURNAL
4 study on pressure response in stratified systems Article OF GRE(E)N?ggEE GAS USA 425 ELSEVIER SCILTD 2009
Variable-density flow and transport in porous media: approaches and . ADVANCES IN WATER
5 challenges Review RESOURCES Germany 377 ELSEVIER SCILTD 2002
6 Vadose zone flow model parameterisation using cross-borehole radar Article JOURNAL OF HYDROLOGY England 313 ELSEVIER SCIENCE 2002
and resistivity imaging BV
Variable-density groundwater flow and solute transport in JOURNAL OF
7 heterogeneous porous media: approaches, resolutions and future Article CONTAMINANT Australia 297 ELSEVIEBRVSCIENCE 2001
challenges HYDROLOGY
8 Numerical simulation of infiltration, evaporation and shallow Article  JOURNAL OF HYDROLOGY  Netherlands 282 ELSEVIER 2000
groundwater levels with the Richards equation
9 Caputo-Fabrizio Derivative Applied to Groundwater Flow within Article JOURNAL OF Romania 217 ASCE-AMER SOC 2017
Confined Aquifer ENGINEERING MECHANICS CIVIL ENGINEERS
Hillslope-storage Boussinesq model for subsurface flow and variable AMER
10 source areas along complex hillslopes: 1. Formulation and characteristic Article WATER RESOURCES Netherlands 212 GEOPHYSICAL 2003
RESEARCH
response UNION
1 Determining natural groundwater |_nf|gx to a}troplcal river using radon, Article JOURNAL OF HYDROLOGY Australia 215 ELSEVIER SCIENCE 2003
chlorofluorocarbons and ionic environmental tracers BV
Coupled groundwater flow and transport .1. Verification of variable - ADVANCES IN WATER
12 density flow and transport models Article RESOURCES GERMANY 203 ELSEVIER SCILTD 1998
Variations of hydraulic properties of granular sandstones during water . ELSEVIER SCIENCE
13 inrush: Effect of small particle migration Article ENGINEERING GEOLOGY England 195 BV 2017
. . ) AMER
14 Coupled multiphase flow and poromeghanlcs. A computat_lonal_model of Article WATER RESOURCES USA 201 GEOPHYSICAL 2014
pore pressure effects on fault slip and earthquake triggering RESEARCH UNION
JOURNAL OF
15 Numerical simulation of biodegradation controlled by transverse mixing Article CONTAMINANT USA 189 ELSEVIES\}SCIENCE 1999
HYDROLOGY
. A . L . . JOURNAL OF PETROLEUM
16 Modeling of faultreactivation and induced selomiclty during hydraulic— aricte SCIENCE AND USA 200 ELSEVIER 2013
9 9 ENGINEERING
. . . . . JOURNAL OF HYDROLOGIC ASCE-AMER SOC
17 GSSHA: Model to simulate diverse stream flow producing processes Article ENGINEERING USA 199 CIVIL ENGINEERS 2004
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Country of the

Rank Article Title Document Journal corresponding Tl_mes Publisher PY
Type author Cited
18 Characteristics of dewatering |n_dqced dravydown_ curve under blocking Article JOURNAL OF HYDROLOGY China 157 ELSEVIER SCIENCE 2016
effect of retaining wall in aquifer BV
Numerical solutions for the Robin time-fractional partial differential INTERNATIONAL JOURNAL EMERALD GROUP
19 equations of heat and fluid flows based on the reproducing kernel Article OF NUMERICAL METHODS Jordan 148 PUBLISHING LTD 2018
algorithm FOR HEAT & FLUID FLOW
A process-based, distributed hydrologic model based on a large-scale . ADVANCES IN WATER
20 method for surface-subsurface coupling Article RESOURCES UsA 165 ELSEVIERSCILTD 2010
RENEWABLE & PERGAMON-
21 Worldwide application of aquifer thermal energy storage - A review Review SUSTAINABLE ENERGY Germany 150 ELSEVIER SCIENCE 2018
REVIEWS LTD
An improved SPH method for saturated soils and its application to INTERNATIONAL JOURNAL
22 investigate the mechanisms of embankment failure: Case of hydrostatic Avrticle FOR NUMERICAL AND Japan 150 WILEY- 2013
g o ater orossure 4 ANALYTICAL METHODS IN P BLACKWELL
P P GEOMECHANICS
23 Regional groundwater dls_charge: phrea_tophyte mapping, groundwater Article JOURNAL OF HYDROLOGY Belgium 163 ELSEVIER SCIENCE 2003
modelling and impact analysis of land-use change BV
. . . . . . . INTERNATIONAL JOURNAL
24 Simulation of industrial-scale CO2 storage: Multi-scale heterogeneity Article OF GREENHOUSE GAS USA 146 ELSEVIERSCILTD 2012
and its impacts on storage capacity, injectivity and leakage CONTROL
25 A critical review of groundwater budget myth, safe yield and Review  JOURNAL OF HYDROLOGY  Netherlands 146  ELSEVIERSCIENCE 544
sustainability BV
. L . . INTERNATIONAL JOURNAL
Long-term variations of CO2 trapped in different mechanisms in deep . .
26 saline formations: A case study of the Songliao Basin, China Article OF GREEN?ggEE GAS China 157 ELSEVIERSCILTD 2009
Three-dimensional numerical modelling on localised leakage in - COMPUTERS AND .
2 segmental lining of shield tunnels Article GEOTECHNICS China 143 ELSEVIERSCILTD 2020
. . . . . Article;
28 Simulating solute transport in porous orlfra.ctured formatlons using Proceedings VADOSE ZONE JOURNAL France 145 SOIL SCI soC 2005
random walk particle tracking: A review Paper AMER
. . . . Lo . AMER
29 Numerical simulation of hydrodynamics and bank erosion in a river Article WATER RESOURCES Italy 151 GEOPHYSICAL 2008
bend RESEARCH UNION
Numerical simulation on mining-induced water inrushes related to . ENVIRONMENTAL EARTH .
30 geologic structures using a damage-based hydromechanical model Article SCIENCES China 137 SPRINGER 2011
Geologic heterogeneity and a comparison of two geostatistical models:
31 Sequential Gaussian and transition probability-based geostatistical Article ADVANCES IN WATER USA 150 ELSEVIER SCILTD 2007
simulation RESOURCES
Identification of groundwater pollution sources using GA-based linked . JOURNAL OF HYDROLOGIC . ASCE-AMER SOC
32 simulation optimization model Article ENGINEERING India 12 cviLenGiNeEgrs 2906
33 Deformation, failure and permeability of coal-bearing strata during Article ENGINEERING GEOLOGY China 136 ELSEVIER SCIENCE 2016

longwall mining

BV
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Table 1- Continued
Document Country of the Times
Rank Article Title Journal corresponding . Publisher PY
Type Cited
author
. . PERGAMON-
34 Finite element modeling of bo_rehol_e heat _exchanger systems Part 2. Article COMPUTERS & Germany 126 ELSEVIER SCIENCE 2011
Numerical simulation GEOSCIENCES LTD
Numerical investigation of groundwater outbursts near faults in - INTERNATIONAL JOURNAL .
35 underground coal mines Article OF COAL GEOLOGY China 132 ELSEVIER 2011
Saltwater Intrusion Management of Coastal Aquifers. I: Linked . JOURNAL OF HYDROLOGIC . ASCE-AMER SOC
36 Simulation-Optimization Article ENGINEERING Australia 123 cviLenGiNEgrs 2909
37 Numerical simulation of ground heat and water transfer_for groundwater Article ENERGY AND BUILDINGS Japan 131 ELSEVIER SCIENCE 2010
heat pump system based on real-scale experiment SA
. . . . . . . AMER
38 New piecewise-continuous hydn:aullc functhns_ for mo_dellng preferential Article WATER RESOURCES USA 128 GEOPHYSICAL 1997
flow in an intermittent-flood-irrigated field RESEARCH UNION
Numerical simulation of mining-induced fracture evolution and water . COMPUTERS AND .
39 flow in coal seam floor above a confined aquifer Article GEOTECHNICS China 124 ELSEVIERSCILTD 2015
Optimal management of coastal aquifers using linked simulation - WATER RESOURCES .
40 optimization approach Article MANAGEMENT India 117 SPRINGER 2005
Reach-scale isotope tracer experiment to quantify denitrification and - LIMNOLOGY AND
4l related processes in a nitrate-rich stream, midcontinent United States Article OCEANOGRAPHY USA 141 WILEY 2004
42 Numerical simulation anq plfedlt_:tlon of regional Iaqd subsidence caused Article ENGINEERING GEOLOGY Iran 117 ELSEVIER SCIENCE 2016
by groundwater exploitation in the southwest plain of Tehran, Iran BV
Evaluation of the blocking effect of retaining walls on groundwater . . ELSEVIER SCIENCE
43 seepage in aquifers with different insertion depths Article ENGINEERING GEOLOGY China 119 BV 2014
A quantitative methodology to assess the risks to human health from - ADVANCES IN WATER
44 CO2 leakage into groundwater Article RESOURCES USA 129 ELSEVIER SCILTD 2012
45 Steady-state freshwater-seaw;(:irif?rlslng zone in stratified coastal Article JOURNAL OF HYDROLOGY USA 118 ELSEVIER 2013
. . . JOURNAL OF NATURAL
46 A fully coupled ;Tg;\’fgrhc%iﬁzgCmrgteh‘;hn?gi'r:;t‘:gﬁ' with two-phase Article GAS SCIENCE AND China 129 ELSEVIERSCILTD 2016
ENGINEERING
- . . AMER
47 Convection in groundwater be;low an evaporating salt lake .2. Evolution Article WATER RESOURCES AUSTRALIA 114 GEOPHYSICAL 1997
of fingers or plumes RESEARCH UNION
WATER RESOURCES AMER
48 Riparian biogeochemical hot moments induced by stream fluctuations Article USA 125 GEOPHYSICAL 2012
RESEARCH UNION
Evaluation of hydraulic parameters from pumping tests in multi-aquifers - COMPUTERS AND .
49 with vertical leakage in Tianjin Article GEOTECHNICS China 110 ELSEVIERSCILTD 2015
Finite element modeling of borehole heat exchanger systems Part 2 COMPUTERS & PERGAMON-
50 . ) . ' Article Germany 126 ELSEVIER SCIENCE 2011
Numerical simulation GEOSCIENCES LTD
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Figure 8- Top co-authors in the field of numerical simulation and groundwater.
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Figure 9. Dynamic analysis around the activity level of each country and also the level of countries’ collaboration on
numerical simulation and groundwater researches represented by the choropleth map
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(SCP) collaboration.
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Figure 11. The cumulative growth of the published numerical simulation and groundwater research in the top 10
sources in the dataset
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Figure 12- Citations analysis (A) Organization citations. Mashhad University of Medical Sciences received maximum

citations (10355) presented in green cluster (B) Countries citations. The various colors represent distinct groupings,
and the size of the rings represents the number of citations.
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Figure 13. Co-authorship analysis (A) co-authorship map, which identifies 14 authors who collaborated in numerical

simulation and groundwater publications (B) co-authorship map of international organizations. (C) the co-authorship
map of countries.
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Figure 14. Analysis of bibliographic coupling (documents (a) and sources (b)) and co-citation (sources (c)). the

various colors represent distinct research fields. The size of the rings serves as an indicator of the quantity of co-
citations. The inter-ring distance denotes the degree of correlation between the two rings.
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