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Abstract 
 

Groundwater modelling is an essential tool for understanding and managing groundwater 

resources. There are various groundwater modelling codes available, each with its own 

strengths and weaknesses. In this article, we provide an overview of some of the most widely 

used groundwater modelling codes, including MODFLOW, FEFLOW, HYDRUS, SUTRA, 

SEAWAT, MODFLOW-USG, PEST, PFLOTRAN, MODPATH, MT3DMS, FEMWATER, 

PHREEQC, and RT3D. We also discuss the features, strengths, and applications of the codes 

to help readers choose the most appropriate one for their specific modelling needs. 

 

Introduction 
 

Groundwater is a vital resource that provides drinking water to billions of people worldwide 

and supports various economic activities such as agriculture, industry, and mining. However, 

groundwater resources are under increasing pressure due to population growth, urbanization, 

and climate change. The complex nature of groundwater systems makes it challenging to 

understand and manage them effectively. Groundwater modelling is a critical tool for 

studying the behavior of groundwater systems and developing sustainable management 

strategies. 

 

Numerical groundwater modelling codes are computer programs that simulate groundwater 

flow and transport in the subsurface. These codes use mathematical equations to represent the 

physical processes that govern groundwater movement and solute transport. There are various 

groundwater modelling codes available, each with its own strengths and weaknesses. 

Choosing the most appropriate code for a specific modelling application can be challenging, 

especially for those who are new to groundwater modelling. 

 

In this article, we provide an overview of some of the most widely used groundwater 

modelling codes, including MODFLOW, FEFLOW, HYDRUS, SUTRA, SEAWAT, 

MODFLOW-USG, PEST, PFLOTRAN, MODPATH, MT3DMS, FEMWATER, PHREEQC, 

and RT3D. We also discuss the features, strengths, and applications of the codes to help 

readers choose the most appropriate one for their specific modelling needs. By providing an 

overview of these modelling codes, we hope to facilitate the selection of the most suitable 

code for groundwater modelling applications. 

 

MODFLOW 

 

MODFLOW (Modular Groundwater Flow) is a finite-difference numerical modelling code 

that simulates groundwater flow using a system of partial differential equations. It is 

developed and maintained by the United States Geological Survey (USGS) and is one of the 

most widely used groundwater modelling codes in the world. MODFLOW is modular, 

meaning that it consists of several independent modules that can be used separately or 

together to model different aspects of groundwater flow and transport. 



 

One of the key strengths of MODFLOW is its versatility. It can be used to model a wide 

range of hydrogeological settings, including confined and unconfined aquifers, heterogeneous 

aquifers, and karst systems. It also has a wide range of boundary conditions that can be used 

to model various scenarios. MODFLOW can be used to model both steady-state and transient 

flow, as well as solute transport. 

 

Another strength of MODFLOW is its user-friendly interface, which allows users to easily 

define model inputs, visualize results, and analyze output. It also has a large and active user 

community, which provides support and resources for users. 

 

FEFLOW 

 

FEFLOW is a finite element numerical modelling code that simulates groundwater flow and 

solute transport. It is developed and maintained by the German software company DHI-

WASY and is widely used in Europe and other parts of the world. 

 

FEFLOW has several advantages over other modelling codes. It uses a flexible meshing 

approach that allows for detailed representation of complex hydrogeological features, such as 

fault zones, fractures, and aquifer heterogeneity. It also has advanced capabilities for 

modelling coupled processes, such as groundwater-surface water interactions and heat 

transport. 

 

One of the main strengths of FEFLOW is its ability to handle large and complex models. It 

can be used to model systems with millions of cells and is optimized for parallel computing, 

which allows for faster simulations. 

 

HYDRUS 

 

HYDRUS is a finite element numerical modelling code that simulates water flow, heat 

transport, and solute transport in variably saturated porous media. It is developed and 

maintained by the Czech Academy of Sciences and is widely used in academia and industry. 

 

HYDRUS has several unique features that make it well-suited for certain applications. One of 

these features is its ability to model root water uptake and plant growth in the soil-plant-

atmosphere continuum. This makes it a valuable tool for studying plant water use efficiency 

and irrigation management. 

 

Another strength of HYDRUS is its ability to model biogeochemical reactions, such as 

nutrient cycling and microbial activity, in the subsurface. This makes it a valuable tool for 

studying soil remediation and contaminant attenuation. 

 

SUTRA 

 

SUTRA (Saturated-Unsaturated Transport) is a finite-element groundwater modelling code 

that is specifically designed to handle unsaturated flow conditions. It is often used for 

simulating flow in unsaturated zones, such as vadose zones or wetlands. SUTRA has the 

ability to simulate flow under both steady-state and transient conditions, as well as solute 

transport. 

 



SEAWAT 

 

SEAWAT is a finite-difference groundwater modelling code that is specifically designed to 

simulate saltwater intrusion in coastal aquifers. It is based on the MODFLOW code and adds 

the ability to simulate density-dependent flow and transport in coastal zones. SEAWAT is 

often used for managing freshwater resources in coastal areas, where saltwater intrusion can 

be a significant problem. 

 

MODFLOW-USG  

 

MODFLOW-USG (Unstructured Grid) is a newer version of MODFLOW that uses an 

unstructured grid to model groundwater flow. It can handle more complex geometries and has 

the ability to model surface water-groundwater interactions, as well as unsaturated flow and 

solute transport. 

 

PEST 

 

PEST (Parameter ESTimation) is not a groundwater modelling code, but rather a software 

package that is used to calibrate groundwater models. It is often used in conjunction with 

other codes, such as MODFLOW, to help improve the accuracy of model predictions. PEST 

uses an optimization algorithm to find the best combination of model parameters that fit 

observed data. 

 

PFLOTRAN (Petascale Flow and Transport in Porous Media) 

 

PFLOTRAN is an open-source scientific software package for modelling subsurface flow and 

transport processes in porous media. It is primarily used for simulating groundwater flow, 

solute transport, and heat transfer in geological formations. It includes a wide range of 

physical and chemical processes, including flow in unsaturated and saturated media, heat 

transfer, multiphase flow, reactive transport, and geochemistry.  

 

MODPATH 

 

MODPATH is designed to work with MODFLOW and uses MODFLOW's output files as 

input. It is used to simulate the movement of groundwater particles, known as pathlines or 

streamlines, in a three-dimensional aquifer system. The code is particularly useful for 

analyzing groundwater flow and contaminant transport, as it can be used to track the 

movement of specific particles or contaminants through the aquifer over time. 

 

MT3DMS (Modflow Transport in 3D Multi-Species)  

 

MT3DMS is a software package developed by the U.S. Geological Survey (USGS) that is 

used to simulate groundwater solute transport in three dimensions. It can simulate multiple 

solutes with different properties, and includes a range of features for studying reactions, such 

as degradation and adsorption. 

 

FEMWATER (Finite Element Model for Surface-Water and Ground-Water Flow)  

 

FEMWATER is a software package developed by the USGS that is used to simulate 

groundwater flow and solute transport in three dimensions. It includes a range of features, 



such as the ability to simulate surface water and groundwater interactions and contaminant 

transport. 

 

PHREEQC (PH Redox Equilibria in Aqueous Systems)  

 

PHREEQC is a software package developed by the USGS that is used to simulate chemical 

reactions in groundwater and surface water systems. It includes a range of geochemical 

models that can be used to simulate a variety of processes, such as mineral dissolution and 

precipitation, and sorption reactions. 

 

RT3D (Reactive Transport in 3 Dimensions) 

 

RT3D is a software package developed by the USGS that is used to simulate reactive 

transport in three dimensions. It can simulate the transport of multiple solutes with different 

properties, and includes a range of features for studying reactions, such as degradation and 

adsorption. 

 

PHT3D (PHreeqc Transport in 3 Dimensions) 

 

PHT3D is a software package developed by the USGS that is used to simulate groundwater 

flow and solute transport, with the added ability to simulate complex geochemical reactions 

using PHREEQC. It includes a range of features, such as the ability to simulate advection, 

dispersion, and sorption. 

 

These are just a few examples of the many modelling codes available for groundwater flow 

and quality modelling. The choice of groundwater modelling code depends on the specific 

needs of the project. Factors such as the complexity of the aquifer, the type of 

hydrogeological conditions, the available data, and the required level of detail all need to be 

considered when selecting a modelling code. It is important to note that these codes are often 

used in combination with other software packages, such as GIS tools and data analysis 

software, to create a comprehensive groundwater management system. 

 

Conclusion 
 

Groundwater modelling is a critical tool for understanding and managing groundwater 

resources, and there are many different groundwater modelling codes available to meet 

different modelling needs. MODFLOW, FEFLOW, and HYDRUS are three of the most 

widely used groundwater modelling codes, each with its own unique strengths and 

applications. 

 

MODFLOW is versatile and user-friendly, making it a good choice for a wide range of 

hydrogeological settings and scenarios. FEFLOW excels at handling large and complex 

models and can model coupled processes such as groundwater-surface water interactions and 

heat transport. HYDRUS is well-suited for modelling variably saturated porous media and 

can model root water uptake and biogeochemical reactions. 

 

Other groundwater modelling codes, such as SEAWAT, SUTRA, PFLOTRAN, PHREEQC, 

and MODPATH, also have their own unique strengths and applications. 

 



It is important to choose the appropriate groundwater modelling code for the specific 

modelling needs, taking into consideration the hydrogeological setting, desired level of detail, 

computational resources, and availability of user support and resources. In addition, it is 

important to have a thorough understanding of the underlying hydrogeology and hydrological 

processes to ensure accurate and reliable modelling results. 

 

Overall, groundwater modelling codes are essential tools for managing and protecting 

groundwater resources, and ongoing research and development in this field will continue to 

improve our understanding of groundwater systems and inform better management practices. 

 

 

 

 

 

 

 

 

 

 


