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Abstract: 

Old ecological loads pose danger to the environment and have a negative impact on human 
health. Various mathematical models are applied to identify hydrogeological conditions at a certain 
site, to understand spatial migrations of contaminants and their any potential transformations into other 
substances at a given site. A model is an image of certain properties of an object (a studied part of the 
real world), obtained by abstraction, where the essential aspects of the object are emphasised and the 
irrelevant ones are eliminated. The quality of the model is given by the accuracy of capturing the 
object, the simplicity and degree of comprehending the laws which apply to the given object. A 
mathematical model is generally formed by a set of equations which are supplemented with initial and 
boundary conditions.  

Models of groundwater are usually applied to the solution of problems relating to the flow of 
groundwater and the spreading of substances in the saturated zone (models of transport). The starting 
model for models of transport, however, must always be a model of the system of groundwater flow. 
Whereas conceptual models are static and describe current conditions of a system, dynamic models 
serve for the prediction of the behaviour of a system in the future and do not enable manipulation. 
Dynamic models are further divided into physical ones, which are formed by materials simulating the 
natural environment (balls, cubes) by their sole composition and shape; analogue ones, where the 
natural environment is simulated by applying materials indirectly emulating the natural environment 
(an electric field, thick liquids); analytical ones (application of formulae); and numerical ones. In 
modelling the system of groundwater flow, numerical models are currently most applied, enabling the 
solution of complex tasks, in which a great number of diverse spatial and time parameters are 
necessary to be taken into consideration. Numerical models, unlike the other types of models, also 
enable a rapid change in parameters in the calibration process. Numerical models apply different 
mathematical methods to solve the basic equations of groundwater flow, e.g. the finite element method 
(FEM), the boundary element method (BEM), the finite difference method (FDM) and the integral 
finite difference method (IFDM). 

For modelling the system of groundwater flow, the program package PMWIN (Processing 
Modflow for Windows) is often used, which is an integrated graphic simulation system for 3D models 
MODFLOW (a model of groundwater flow applying the finite difference method), MT3D, MT3DMS, 
MOC3D (transport models), PMPATH (an advective model), PEST and UCODE (calibration models). 
The model MODFLOW enables to simulate a confined aquifer, an aquitard and an unconfined aquifer, 
and also the transition between a confined and an unconfined aquifer. The basic outputs are then the 
maps of isolines of hydraulic heads and the maps of isolines of lowering of hydraulic heads for 
individual aquifers; in unsteady flow for individual pressure and time levels. Another possible output 
is the map of path lines from any point of an area, which can be graphically displayed in the form of 
streamlines or vectors of flow velocity, even in profiles. It is thus possible to predict the likely flow of 
groundwater or a contaminant from a point or line source. To plot the streamlines, we can apply the 
PMPATH modulus, and it is possible to simulate the transport of contaminants by subsequent 
applications of MOC3D, MT3D and MT3DMS. The output is then a space-time distribution of the 
concentration of a contaminant in a studied area, which is usually supplemented with the mass balance 
of this substance. 

To evaluate the processes of natural attenuation of various contaminants at a given site, we can 
apply a relevant transport model calculator. In case of chlorinated ethylenes, it is, e.g., the 
BIOCHLOR program; in case of petroleum hydrocarbons, it is the BIOSCREEN program. It is the 
programs developed in a spreadsheet processor of Microsoft© Excel and in which the calculation is 
based on an analytical transport model (Domenico Analytical Solute Transport Model), which is 
capable of simulating 1-D advection, 3-D dispersion, linear adsorption and biotransformation by 
reductive dechlorination (in case of chlorinated ethylenes). In case of BTEX, it is, e.g., CORONA 

mailto:barton@geotest.cz
mailto:hillermann@geotest.cz


program (CoronaScreen Natural Attenuation Assessment Models), part of which is three simplified 
transport models with conceptual models (an analytical model, a model of electron equilibrium and 
travelling 1-D model).  


