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Water Well
Calculated
Hydrological modelling uses modern
computational methods to simulate local and
regional water circulation systems. How does
this work, and what benefits does it bring?
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H

umans have always been interested in the
natural world around them, striving to understand the phenomena and processes occurring
within in it. Scientists, therefore, attempt to provide
a description of the relations between various aspects
of the environment. Because such relations are often
very complex, the explanation provided by scientists
is necessarily a simplification. This simplified version
of reality is called a model, and the approximate replication of phenomena and processes using a model
is called simulation or modeling.
Models and simulations are widely used in many
fields of science, including hydrological studies of both
surface and ground waters. The models may concern
a single process, such as precipitation infiltration, in
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other words rainwater seeping into the ground, or
a group of processes, such as evaporation, infiltration,
flow, and changes in water chemistry. It all depends
on the purpose of modeling. It may be to examine the
conditions of the water cycle, and thus determine the
area of supply, flow and drainage (outflow) of water, including determining the relationship between
ground and surface waters. It may be to identify floodrisk zones, identify and protect water resources, or assess the impact of certain human activities on the soil
and water environment. In addition to the quantitative
aspect, modeling can be used to determine changes in
the quality of surface and/or groundwater, such as assessing the direction and speed of migration, concentrations of possible pollution, the extent of the impact
of a potential pollution hot spot, as well as assessing
the water’s susceptibility to contamination.






In the first stage, a conceptual model is created – an
image of the real hydrological system, taking into ac-
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count its structure and the key processes occurring
within it. To do this, scientists use available archival data and their own hydrological observations and
measurements. Next, the model boundaries are defined. Once we have the concept, the next step is to describe the phenomena and processes occurring within
the modeled system using mathematical equations,
hence creating a mathematical model. There are two
ways to solve such mathematical equations, depending
on the complexity of hydrological conditions and the
size of the model. An analytical method is often used
for one-dimensional models and for selected points
of the studied area. The numerical method is used to
obtain results for the entire research area and for 3D
calculations. Software developed over the past two decades has enabled computational algorithms to come
into very broad use in hydrological research.
One of the key stages of modeling is the transition from continuous reality to a model consisting
of blocks or computational elements. Each block is
assigned average values. The separating out of individual model layers creates clear boundaries, while

in the natural environment changes in properties or
conditions vary smoothly. The model has to have
a finite number of calculation blocks; the more there
are, the longer it takes to perform calculations. The
boundaries, however, should not distort calculations
of pressure distributions or pollutant concentrations.
Mathematical equations describing water flow or
migration of pollutants are always solved for the assumed conditions occurring at the beginning of the
modeled timeframe, such as in the case of hydrodynamic models for the given values of the initial position of the water table in the research area. Appropriate conditions are also assumed at the edges of the
spatially finite model – the model boundary does not
mean a tight barrier preventing water inflow or outflow. It is extremely important to incorporate the right
conditions, as this determines the credibility of the results obtained. For different initial and boundary conditions, the same equations will have different results.
In order for the model to provide a good representation of an aquifer, the results generated by the model
should be compared to actual values m
 easured during
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Cross section of a river valley
– hydrological forecast
for 10% flow (a) and
1% flow (b).
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Predicted migration
of a spot of pollution
within an aquifer.

Further reading:
Brunner W.G. (2016). HEC-RAS
User’s Manual. Version 5.0. US
Army Corps of Engineers, Davis.
Dąbrowski S., Kapuściński J.,
Nowicki K., Przybyłek J.,
Szczepański A. (2011). Metodyka
modelowania matematycznego
w badaniach i obliczeniach
hydrogeologicznych – Poradnik
metodyczny. [Mathematical
Modelling Method for
Hydrogeological Research and
Calculations – A Methodological
Handbook]. Polish Ministry of
the Environment, Warsaw.
Przybyłek J., Hermanowski P.
(2016). Metodyczne
i interpretacyjne wady modeli
numerycznych – czyli nie taki
model dobry jak go malują.
[Methodological and
Interpretative Shortcomings of
Numerical Models – Or: The
Model Is Not as Good as It’s
Made Out to Be]. In: Praktyczne
metody modelowania przepływu
wód podziemnych [Practical
Methods of Modelling Ground
Water Flows], (ed.) Witczak S.,
Żurek A., Kraków: 263–270.
Visual MODFLOW Pro User’s
Manual, Waterloo Hydrogeologic
Inc., 2002.
the magazine
of the pas

1–2/61–62/2019

field tests, such as water levels or pollutant concentrations. This is called model calibration. It can be done
by trial and error or by optimization methods in which
computer programs automatically try to find the best
match between the measurements and the values calculated by the model. Sometimes, for the calibration
to be successful, it is necessary to conduct additional field and/or laboratory tests, change the boundary
conditions or model parameters, so as to minimize
the discrepancy between the results of calculations
and field observations. After water flow and pollutant transport simulations are carried out, the model’s
reliability is then evaluated. This involves comparing
the results obtained with the current knowledge of the
studied phenomena, empirical data, or approximate
analytical solutions. Once it is determined that the
model is reliable, predictions can then be made related
to the hydrological system in question.






Observing the migration of pollution through
a river, soil or aquifer involves recording at a given
measuring point the changes in the concentration
of this pollution over time, referred to as the breakthrough curve. Migrating contaminants may undergo
diffusion, hydrodynamic dispersion, sorption and/
or decay.
Modeling can be used to identify the processes
and determine the migration parameters of selected
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pollutants. This is done both in the lab and through
field studies, during which pollution breakthrough
curves are obtained. The curves are then interpreted
through numerical modeling, providing information
on the processes and parameters of pollutant migration. These results can be used to simulate pollution
migration in aquifers, including hydrogeological forecast models.






Models constructed for river catchments, hydrogeological structures, and protected areas help identify local and regional water circulation systems. The
measurements obtained from identification models
may form the basis for prognostic research on the
quantitative and qualitative changes of water resources
in both natural and forced conditions, such as using
groundwater intakes. Numerical hydrological modeling is a modern and rapidly developing tool that allows scientists to recreate a number of hydrodynamic
and hydrogeochemical processes occurring in the natural environment. Modeling results can provide useful
input to making important environmental decisions.
However, it should be noted that models are only projections of reality and the key issue here is their credibility. Good hydrological data are very important in
modelling. A model is only as good as the data.
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