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Good knowledge of Mathematics I and II, Physics and Hydraulics
The Class is dedicated to the study of flow and transport of pollutant in
aquifers. After an examination of the main parameters of the porous media,
the equations describing the groundwater flow are obtained, starting from
the conservation of mass (continuity equation) and momentum (Darcy
equation). Then the pollutants transport into aquifers is analyzed. The
physical processes that underlie the transport of a conservative solute into
the aquifer and the corresponding equations are obtained and described;
subsequently the transport of reactive solutes (pollutant) effected by
adsorption and decay is modeled.
Finally, the characterization of porous media by means of experimental tests
like pumping and tracer tests are illustrated. Open source software packages
are distributed to the students to solve numerically the flow and solute
transport equations.
Specific Competences:
- The student at the end of the class must have knowledge of the topics
covered, in order to be able to understand the phenomena related to
groundwater, the related causes and the mechanisms underlying them;
- The student must also be able to make a complete mathematical
description of the phenomena of flow and transport in porous media, being
able to clearly identify basic hypotheses, boundary conditions and
correspondence with the physical meaning;
- The student must be able to apply all the concepts learned during the
course and combine them together to address the wide range of problems
related to subsurface hydraulics.
Transversal skills:
- The student must be sufficiently independent in making the appropriate
choices necessary to correctly frame the phenomena related to
groundwater and to be able to identify the most appropriate model for the
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solution of the related problems;
- The student must be able to express himself in technical language suitable
for the correct presentation of the arguments of subsurface hydraulics.
1. The hydrological cycle and aquifers
- Hydrological systems
- Aquifers: definitions and fundamental parameters
- Characteristic properties of porous media
2. Water flow in saturated porous media
- Darcy's concept of velocity
- Heterogeneity and anisotropy of a porous medium
- General equation of groundwater flow
- Equations of groundwater flow at a regional scale
- Boundary conditions
- Analytical solutions of the flow equation
- Pumping test in confined aquifers
- Pumping test in unconfined aquifers
- Numerical solution of the flow equation by means of Finite
Difference Method
3. Transport of solutes in porous media
- Non-reactive transport:
- Convection
- Molecular diffusion
- Hydrodynamic dispersion
- Péclet's number
- Reactive transport:
- Filtration
- Adsorption instantaneous and kinetic
- Radioactive decay
- Analytical solutions of solute transport equation
- Numerical solution of solute transport equation
- Tracer tests
Frontal teaching
Frontal teaching assisted by slide shows; recordings will be made available
for later viewing
The oral examination is based on the homework, sent by e-mail one day in
advance, and on the theoretical issues of the Class.
Student performance assessment criteria are: i) quality in drafting a formally
correct brief technical report, and ii) demonstrated understanding of the
course material, ability in a clear and concise oral exposition, critical
evaluation of the scientific literature. The final grade will be assigned on a
scale 0-30, as a result of both parts of the exam (homework and oral).
Flusso e Trasporto nei mezzi porosi reali, Salvatore Straface, Edizioni
LIBRARE, 2017.
Quantitative Hydrogeology: Groundwater Hydrology for Engineers, De
Marsily, Ghislain, Academic Press, Inc., 1986.
Paper from Journals.
http://diam.unical.it
http://diam.unical.it
http://diam.unical.it

ESTIMATED STUDENT WORKLOAD

1. The hydrological cycle and aquifers:
- Hydrological systems
- Aquifers: definitions and fundamental parameters
- Characteristic properties of porous media
Flusso e Trasporto nei mezzi porosi reali, Salvatore Straface,
Edizioni LIBRARE, 2017
2. Water flow in saturated porous media:
- Darcy's concept of velocity
- Heterogeneity and anisotropy of a porous medium
- General equation of groundwater flow
- Equations of groundwater flow at a regional scale
- Boundary conditions
- Analytical solutions of the flow equation
- Pumping test in confined aquifers
- Pumping test in unconfined aquifers
- Numerical solution of the flow equation by means of
Finite Difference Method
Flusso e Trasporto nei mezzi porosi reali, Salvatore Straface,
Edizioni LIBRARE, 2017
4. Transport of solutes in porous media
- Non-reactive transport:
- Convection
- Molecular diffusion
- Hydrodynamic dispersion
- Péclet's number
- Reactive transport:
- Filtration
- Adsorption instantaneous and kinetic
- Radioactive decay
- Analytical solutions of solute transport equation
- Numerical solution of solute transport equation
- Tracer tests
Quantitative Hydrogeology: Groundwater Hydrology for
Engineers, De Marsily, Ghislain, Academic Press, Inc., 1986
- Flusso e Trasporto nei mezzi porosi reali, Salvatore Straface,
Edizioni LIBRARE, 2017
Paper from Journals
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