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Groundwater, as the world's second largest reservoir of fresh water, is essential for the sustainable 
development of human society. The geological setting at the contact between the Bohemian Massif and 
the Western Carpathians is characterized by a variety of different rock formations, including crystalline 
formations, basin structures, and platform sediments. In a relatively small area, we can observe all the 
basic types of aquifer structures with their typical characteristics of groundwater formation, circulation, 
and drainage. Many of them form groundwater bodies that are important for the development and 
sustainability of human society.  
Geological processes in the area have also led to the formation of significant raw material deposits. Their 
historical extraction, including both surface and underground mining methods, gradually affected the 
groundwater regime and led to the establishment of a new state influenced by anthropogenic activity. 
For the cases of gravel and sand mining, being the typical example of open pit mining, the marked local 
disruption of groundwater table has been characterised. Changes in the aquifer water balance due to the 
evaporation losses from open water table reduces sustainable groundwater resources. A comprehensive 
analysis of the present and future stages requires 3-D numerical groundwater flow modelling, preceded 
by extensive field measurements. These include the groundwater levels and surface discharges 
measurements for model calibration, determination of ET, evaluation of hydrochemistry for SI 
calculations and minerals precipitation using geochemical modelling, and possibly the evaluation of H 
and O stable isotopes contents. 
The underground mining affect not only the deep aquifers directly surrounding the mine works, but also 
the shallow overlying aquifers and other water elements, including the surface streams and rivers. The 
hydraulic connection of mine works with shallow aquifers and surface water is via natural tectonic 
structures or mining induced fractures, up to 50% of mine water may originate from surface stream 
losses. The use of 3-D numerical groundwater modelling tools to compare the pre-mining and post-
mining stages needs specific data set. The sequential stream discharge measurements at boundaries of 
geological units and fault structures were used for model calibration, instead of classical approach using 
borehole groundwater levels.  
Stream thermometry was proved to be an effective tool to delineate the preferential geological features 
important for groundwater flow in non-homogenous crystalline rock complex in mining areas. Statistical 
approach of aquifer drainage positions requires extensive field data set; combination of T and EC values 
measurement has proven to be suitable.  
Industrial growth and increasing population density has brought significant risks to the quality of 
groundwater due to the use of toxic substances. Chlorinated solvents, particularly chlorinated ethenes, 
are among the most widespread groups of groundwater contaminants.  Despite of their artificial origin, 
they undergo natural attenuation processes, including the decay. For cases where the reductive 
dechlorination is the principal process of their degradation, values of first-order decay rates vary 
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significantly. Redox zones delineation, based on spatial analysis of redox sensitive species 
concentrations, and the use of analytical modelling, have clarified the differences in degradation of 
primary PCE and TCE to DCE and VC among sites. The PCE and TCE degradation rates were found 
one order of magnitude higher under sulphate reducing conditions, while the VC degradation have been 
found to more effective under Fe(III) reducing conditions. 
In the last decades, geothermal energy, a form of renewable energy, is gaining popularity among many 
EU countries. The aquifers contained within Mesozoic sediments are of particular significance within 
the field of geothermal energy research, since they exhibit both increased permeability and a 
considerable spatial extent. Anthropogenic risks are primarily associated with their possible excessive 
exploitation, resulting from insufficient knowledge about the formation of thermal waters. 
Understanding the processes of thermal water formation needs a complex of methodological approaches, 
including 3-D geological setting interpretation, hydrochemistry evaluation including suitable 
geothermometers (in e.g. Na–K–Mg), H and O stable isotopes evaluation, and finally advanced 3-D 
numerical groundwater flow modelling with variable density flow (in e.g. 
MODFLOW‑2000/MT3DMS coupled in SEAWAT).  
 
The list of eight selected publications included in habilitation thesis is listed below. List includes 6 
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