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Proposal
The characterization of active geothermal systems is fundamental to understanding the processes that govern their dynamics (e.g. fluid migration, soil deformation phenomena, magma and/or volcanic gas ascent). In this context, electrical and electromagnetic geophysical methods are useful because of their ability to study the electrical resistivity of rocks, which depends on their porosity and permeability and the nature and temperature of the fluids circulating within them. By reconstructing its distribution in the subsurface, it is possible to obtain models of the architecture of the investigated systems. These models, integrated with geological and/or geochemical data, provide a basis for the development of numerical modelling aimed at assessing the current state of the studied systems and their possible evolution over time, reconstructing the distribution of fluids within them in terms of pressure, temperature and gas saturation, as well as the possible responses to hypothetical perturbations of the incoming fluid flows.
The aim of this research programme is to develop thermo-fluid dynamic models of the geothermal systems of some Italian active volcanic areas, based on geophysical models already available. The results of this research can contribute to the definition of the physical conditions of these structures and the presence of fluid accumulations within them, useful both for their exploitation and for the evaluation of possible related hazard scenarios.

Research Program
The research activity will focus on the thermodynamic characterization of some Italian volcanic areas (e.g. Campi Flegrei, Pantelleria, Aeolian Islands) that host active geothermal systems. The programme foresees the reconstruction of conceptual models of the areas under study, using in particular already available electrical and electromagnetic geophysical surveys, possibly repeated over time. The interpretation of the geophysical models, integrated with geological, geochemical and hydrogeological data, will make it possible to define a 3D model of the studied geothermal systems. On this basis, numerical simulations will be developed to define the natural state of the investigated systems and the characteristics of fluid circulation within them. To this end, codes from the TOUGH2 family, which represent the current standard in the literature, will be used initially. In addition, codes from different families (e.g. FEHM, MUFITS, CSMP++, COMSOL) capable of modelling wider thermodynamic ranges and processes at high temperatures will be tested. The research will be concluded with a perturbative study of the thermodynamic states estimated for the systems under consideration, in order to simulate transient phases for outlining possible risk scenarios.

The research will be developed, over the three-years of the PhD program, as follows:
1st Year: Reconnaissance of geophysical, geological, geochemical and hydrogeological data available in the literature with the aim of reconstructing conceptual models for the target areas. Reconstruction of the thermodynamic state of the geothermal systems under study using TOUGH2 codes. Attendance at doctoral courses focusing on data analysis, processing techniques and modelling of geophysical data.
2nd Year: Completion of numerical simulations with TOUGH2 and evaluation of the limits of the models obtained. Study and application of different codes for high temperature processes. Stay abroad (3-6 months) to study advanced techniques for numerical modelling of complex systems. Presentation of research results at national and international conferences.
3rd Year: Critical comparison of results. Reconstruction of the thermodynamic state of the geothermal systems of the volcanic areas considered. Presentation of results at international conferences and in peer-reviewed articles. Writing of the thesis.
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