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Geothermal expertise: petrophysics, log interpretation, and numerical simulation

 
The group’s geothermal profile comprises both experimental and numerical expertise in the fields of (1) petrophysics, (2) borehole logging and log interpretation, and (3) numerical forward and inverse simulations of flow, heat and species transport, and chemical reactions between host rock and formation fluids. Key members of the group have been contributing to geothermal, petrophysical, and log interpretation research on an interna​tional level for more than 20 years.
 
(1) In the field of petrophysics, research focuses on thermal and hydraulic properties of porous and fractured rocks. A fractal rock model approach was developed which relates permeability to porosity. It was calibrated on data measured on several hundred samples of shaly to clean sandstones and selected crystalline rocks (granites, gneisses, and metabasites). Theoretical developments relate NMR (nuclear magnetic resonance) and SIP (spectral induced polarization) to rock properties such as pore size distribution and permeability. The SIP method is currently being used to derive the permeability distribution on the field scale. Laboratory experiments are performed for a direct comparison of SIP and permeability data in combination with the development of theory. Recent studies involve mobile NMR core scanners and methods for predicting porosity, permeability, and pore size distribution from NMR decay curves. Hardware and methodology are currently being tested and adapted to various rock types. In several research projects, petrophysical data serve as input for numerical modeling, targeted e.g. to quantify groundwater flow by thermal methods, to derive thermal properties from logging data and to study on the borehole scale, the influence of both paleoclimate and groundwater flow. In this context a new inverse algorithm was developed which allows a more general estimation of physical rock properties from variable combinations of well logs. Lab facilities comprise several core scanners (thermal conductivi​ty, spectral gamma radiation, gamma density, sonic velocity, and magnetic susceptibility) supplemented by petrophysical instruments for measuring hydraulic, thermal and electrical properties on core plugs or mud samples.
(2) In connection with hydrogeological and geothermal problems log interpretation research emphasizes on characterizing rocks with respect to geology, stratigraphy, and their petrophy​sical properties. This requires both studying physical properties in the laboratory and analyzing and interpret​ing data measured in boreholes. One major research topic is the development of log interpretation methods for magmatic and metamorphic rocks. A log response database and log interpretation charts exist for various igneous and metamorphic rock types of oceanic and continental crust. Studies also focus on image log interpretation techniques targeted to develop an algorithm for automatic rock classification and identifica​tion and quantification of rock morphological features. The group disposes of a suite of logging Antares tools, cable and motor winch suitable for slimholes down to 1500 m, in particular: petro​physical tools (spectral gamma radiation; sonic velocity; electrical resistivity; gamma density), a high-resolution temperature/pressure/salinity tool, and a four-arm caliper. Several professional software packages exist for well log interpretation and analysis of laboratory data. 
(3) Efficient and versatile 2-D and 3-D computer codes for numerical forward and inverse simulations of flow and (reactive) heat and species transport in porous rocks (such as e.g. SHEMAT and SHEM_AD) have been developed within the group for almost 20 years. Recent developments (i) expand the simulation capabilities with regard to fractured rocks and complex geometries; (ii) focus on inverse parameter estimation with respect to thermal and hydraulic rock properties; (iii) address the simultaneous production of geothermal heat in combination with mineral trapping of carbon dioxide in producing geothermal reservoirs; (vi) include establi​shing statistic​ally based thermal and hydraulic rock properties for potential geothermal reservoir rocks; (iv) aim to design an improved, integrated geothermal exploration technique for basement rocks comprising of a combination of reflection seismics, petro​physics, log interpre​tation, and numerical forward and inverse simulations. These methods have also been used to improve the interpretation of geoelectrical and electromag​netic data, focusing on the appraisal of models. Model uncertainties, equivalencies, and resolution are a prime subject of research. 
Educational programmes are available for students, compris​ing lectures for borehole geophysics, practical exercises in logging and the integration of graduate studies in research projects. The group contributes to a new international IDEA-League master program for Applied Geophysics (www.idealeague.org/geophysics) between Technical University Delft, ETH Zurich and RWTH Aachen University, providing courses in petrophysics, log interpretation, geothermics, small-scale NMR, electrical and spectral IP methods. Short courses on log interpretation have been provided within the International Ocean and Continental Drilling Programmes, IODP and ICDP, respectively. Also, short courses on geothermal energy have been delivered at Heidelberg University.
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