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Publishable executive summary 
 

Project objectives 
The share of renewable energy sources in the European energy balance can be increased by a 
meaningful contribution of geothermal energy. Since the mining cost (exploration and 
drilling) to access the resources represents over 60% of the total investment, a reduction in 
mining cost would increase the competitiveness of geothermal energy significantly. This goal 
can be achieved if we had a way to detect the presence of the fluids inside the natural and/or 
enhanced geothermal systems before any drilling operation. 

The project I-GET was aimed at developing an innovative geothermal exploration approach 
based on advanced geophysical methods. The objective was to improve the detection, prior to 
drilling, of fluid bearing zones in naturally and/or artificially fractured geothermal reservoirs. 
This new approach was tested in four European geothermal systems with different geological 
and thermodynamic reservoir characteristics: two high enthalpy (metamorphic and volcanic 
rocks), and two middle to low enthalpy geothermal systems in deep sedimentary rocks. 

Seismic and magnetotelluric data were acquired in the test sites, and new acquisition and 
processing techniques were developed to solve problems related to the particular target such 
as high temperatures, anisotropy, phase condition, etc.. In addition, petrophysical and 
geomechanical properties of the investigated rocks were determined by laboratory 
measurements. With respect to the high enthalpy sites elastic and electric rock properties were 
measured at the steam/liquid transition of the pore fillings. 

All data acquired in both field measurements and laboratory tests were integrated to construct 
the static and dynamic three-dimensional model of the geothermal reservoirs. The input of the 
results of new geophysical prospecting provides a new, comprehensive illustration and 
representation of the reservoir and its properties. 
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Final Publishable Activity Report 
The I-GET project was aimed at developing an innovative strategy of geophysical 
exploration for deep geothermal reservoirs. This strategy integrates all the available 
knowledge, from rock physics to seismic and magnetotelluric (MT) data processing and 
modelling, and exploits the full potential of seismic and electromagnetic exploration methods 
to detect permeable zones and fluid bearing fractures. 

The proposed geothermal exploration approach was applied in European geothermal systems 
with different geological and thermodynamic reservoir characteristics: In Italy (high 
enthalpy reservoir in metamorphic rocks), in Iceland (high enthalpy reservoir in volcanic 
rocks) and in Germany and Poland (low to middle enthalpy reservoir in sedimentary rocks). 
For these reservoirs, a varying degree of information exists, allowing the method to be 
developed in areas with pre-existing knowledge on the reservoirs and to be tested at a lesser-
known site (Skierniewice). 

Many geothermal reservoirs are associated with fractures characterised by high permeability, 
which are quite often heterogeneously distributed. The detection of these fluid filled fractures 
and high permeability zones is a major challenge in the exploration of geothermal reservoirs. 
This search for high permeability zones is not limited to geothermal exploration, but is 
equally important for hydrocarbon exploration and the detection of deep aquifers. However, a 
unique problem to geothermal exploration is posed by the rock environment of the geothermal 
reservoirs. The salinity of geothermal fluids is usually high and temperatures are close to the 
liquid/steam transition. High temperature and fluid salinity potentially change rock transport 
properties even during production. The behaviour of rocks with increasing pressure and 
temperature has been studied by many laboratory measurements and seismic and 
magnetotelluric (MT) field tests. However, these peculiar features of geothermal areas have 
never been studied in detail until now. 

The innovative aspect of the project is the realisation of an integrated multidisciplinary 
approach, leading to a synergy among different technologies (geophysical, geological, and 
thermodynamical) in order to reduce the interpretation ambiguity and to optimise the 
geothermal reservoir knowledge assessment. While most of the individual methods are well-
known and have been widely applied in exploration, especially for hydrocarbons, the 
combination of all these methods is new and has never been performed before. The state of 
the art in exploration is 3-D and 4-D seismics, which is very expensive and is applied to 
geothermal projects only in exceptional circumstances (here: in Travale by I-GET partner 
ENEL). Seismic exploration can yield high resolution of structural information of the 
subsurface, but normally no information on fluid content. In contrast, MT is highly sensitive 
to the presence of fluids. Thus the combination of the two can be beneficial for the detection 
and characterisation of water reservoirs. 

In addition to the combination of these methods, several novel approaches were used for the 
individual fields: 

− The 3-D seismic data set fro Travale obtained by Enel was made available for 
interpretation by IGET partner UNIPI.  

− In Hengill, Iceland, active seismic methods were not applied but instead passive 
seismicity was used, in addition to MT measurements of the same area.  

− Petrophysical measurements on rock samples were carried out in the laboratory at 
temperature and pressure conditions similar to the reservoir's ones. This kind of data have 
been severely lacking for quantitative interpretation for geophysical characterization. 
Quantitative relations between relevant petrophysical properties such as elastic parameters 



and electrical conductivity at the steam/liquid transition of the pore fillings were 
determined.  

The data from field and laboratory were used to produce a numerical model for each 
reservoir. Seismic and MT data provided the basic input, calibrated against existing 
information about the reservoirs. Finally, a joint interpretation of all data was performed.  
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