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1. Geothermal Energy Research in Slovakia and Cooperation
on Geothermal Transboundary Project TRANSENERGY
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Abstract. The paper presents a brief overview of 40 years of
research in geothermal energy sector in Slovakia and its current
geothermal resources bound to 27 delineated areas with docu-
mented 141 boreholes on Slovak territory. In the light of merging
European policy the transboundary resources (in this case water
and geothermal energy) are in future focus. However few pro-
jects focused on transboundary geothermal resources were im-
plemented in Central European region so far. The need for
complex evaluation of geothermal energy sector was identified
by geological surveys and institutions of four countries in the
western part of the Pannonian Basin. The project TRANS-
ENERGY - Transboundary Geothermal Energy Resources of
Slovenia, Austria, Hungary and Slovakia was focused on
harmonized geoscientific evaluation of the geological environ-
ment, coupled by geothermic and hydraulic models. The
project was rather complex including issues of utilization of
geothermal water, the analysis of legislative and management
differences along with proposal for future harmonized evalua-
tion of management in project partner countries. The results
and the outputs were summarized in relevant reports that are
accessible on the project web site (http://transenergy-
eu.geologie.ac.at). Results of the project covered stakeholder
needs as well, by relevant information accessible through web
map application (http://www.arcgis.com/home/webmap).

Keywords: Slovakia, transnational cooperation, transboundary
aquifer, geothermal energy, thermal water, groundwater

1.1. Introduction

The EU aims to get 20% of its energy from renewable
sources by 2020 (2009/28/EC Directive on the promotion
of the use of energy from renewable sources). Renewab-
les include biomass, solar, geothermal energy, wind, as
well as hydro-electric generation of energy. More renew-
able energy will enable the EU to cut greenhouse emis-
sions and make it less dependent on imported energy,
which nowadays becomes very important task for future.
On the other hand boosting the renewables industry en-
courages technological innovations and employment. To
fulfil the EU aims 20-20-20, the cooperation of European
countries is needed on transnational level through com-
mon understanding the different attitudes applied in
neighbouring countries, knowledge transfer, coordinated
evaluation of the technology applied, and the best possi-
ble solution to be implemented.

Geothermal energy, as one of the renewable sources,
is thermal energy generated and stored in the Earth that
originates from the original formation of the planet (20%)

and from radioactive decay of minerals (80%) (Turcotte
& Schubert, 2002). The adjective geothermal originates
from the Greek roots yn (ge), meaning earth, and 6eppog
(thermos), meaning hot. Geothermal gradient is the rate
of increasing temperature with respect to increasing depth
in the Earth's interior. Away from tectonic plate bounda-
ries, it is about 25 °C per km of depth in most of the
world (Fridleifsson et al., 2008). In comparison thermal
gradient in Slovak part of the Danube Basin is documen-
ted in the range 35.6-43.7 °C.km™' (calculated for depth
interval 0-2,500, Franko et al., 1989) and in Hungarian
part of the Pannonian Basin more than 50 °C.km™" (Tuli-
nius et al., 2010). This gives the great potential for rene-
wable source utilization.

The Earth's internal thermal energy flows to the sur-
face by conduction at a rate of 44.2 terawatts (TW), (Pol-
lack et al., 1993) and is replenished by radioactive decay
of minerals at a rate of 30 TW (Rybach, 2007). These
power rates are more than double humanity’s current en-
ergy consumption from all primary sources, but most of
this energy flow is not recoverable. In addition to the in-
ternal heat flows, the top layer of the surface to a depth of
10 meters is heated by solar energy during the summer,
and releases that energy and cools during the winter.

From hot springs, geothermal energy has been used
for bathing since Paleolithic times and for space heating
since ancient Roman times, but it is now better known for
electricity generation. Worldwide, 12,013 MWe of geo-
thermal power was online in 24 countries in 2014 (Matek,
2014).

An estimate of the installed thermal power for direct
utilization at the end of 2009 in 78 countries was up to 50
GWt. The distribution of thermal energy used by category
is approximately 47.2% for ground-source heat pumps,
25.8% for bathing and swimming (including balneology),
14.9% for space heating (of which 85% is for district
heating), 5.5% for greenhouses and open ground heating,
2.8% for industrial process heating, 2.7% for aquaculture
pond and raceway heating, 0.4% for agricultural drying,
0.5% for snow melting and cooling, and 0.2% for other
uses (Lund et al., 2010).

Systematic exploration of geothermal energy in Slo-
vakia began in the early 70s of last century and lasts until
today. Within the geothermal research and exploration in
the Slovak territory research and exploratory geothermal
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Figure 1.1 Geothermal prospective areas according to Remsik et al., 2011, based on Fendek, et al., 2002, and on geological map Biely et al., 1996

Explanation: (1 - 3 main aquifers of geothermal water) 1 - Triassic carbonates, 2 - Neogene sands, sandstones and conglomerates, 3 - Neogene andesites and related pyroclastics, 4 - Klippen belt,
(5-10 geological structures) 5 - Early Paleozoic metapsamites, metapelites, predominantly acid metavolcanic and volcanoclastic rocks, 6 - Late Paleozoic (Crystalline) granitoids and metamorphic
rocks, 7 - Mesozoic predominantly carbonate rocks (limestones and dolomites), minor sandstones, claystones, quartzite, 8 - Paleogene sandstones and claystones, 9 - Neogenic volcanic and volcano-
clastic rocks, predominantly andesites, 10 - Neogene sandstones and claystones, 11 - main faults,12 - geothermal wells. Numbers of geothermal prospective areas are listed in Table 1.1




Table 1.1 Overview of the geothermal prospective areas and wells in Slovakia (based on Remsik, 2012)

carbonates

|| Danube Basin Central Depression | SK300240PF 45 290-2.800 | Dacian - Badenian, sand. sandstone, basal clastic sediments, andesites 1891 4797 99.17 05201 | Na-HCO, Na-HCO,-Cl, Na-CHCO; . Na-Cl
2 | Komérno High Block SK300010FK 10 125-1021 | Lias - Triassic. limestones, dolomites 2040 265.0 17.42 07-08 Ca-Mg-HCO;,Ca-Mg-HCO5-50,
3 | Komérno Marginal Block SK300020FK 4 1184-1.970 | Neogene -Triassic. congk I dol 4264 159 262 22.900 mixed type, Na-Cl
Vienna Basin (Sastin, Laksdr, Ldb-
4 | Mulacky cevation wilhadiacent | s a00030FK 2 2.100-2,605 | Eggenburgian, Triassic. clastic sediments, dol 7378 370 950 68109 Na-Ca-CI-SO, Na-Cl
sunken belt)
5 | Levice Marginal Block SK300210FK 2 1,470-1,900 | Badenian, Triassic, clastic sediments, l dol 69-80 810 2074 19.2-19.6 Na-Cl
6 | Jovoitenycobaymunt sedBinows | gx3000008K 7 102-2,106 | Paleogene, Triassic, b 1 20-55 688 526 0759 Ca-Mg-HCO,, Ca-Mg-HCO;- SO,, resp. Cl
7| Upper Nitra Basin SK300100FK 5 150-1851 | Paleogene, Triassic - Permian, breccias, carb d 19-59 579 7.05 04-19 Ca-Mg-HCO;, Ca-Mg-S0,-HCO,
8 | Skorusina Basin SK300120FK 2 600-1.601 | Triassic, dolomites 28-56 1350 18.29 0813 Ca-HCO,,.Ca-Mg-HCO,
9 | Liptov Basin SK300130FK 6 400-2,500 | Triassic, carbonates 25.66 1214 20.36 0547 Mg-Ca-HCO,, prevailing Ca-Mg-HCO,-S0,
10 | Levota Basin W and S pants SK300140FK 9 607-3.616 | Mesozoic, dolomites, i 25.62 2263 424 0640 Ca-Mg-HCO,-50, Ca-Mg-HCO,
11 Kogice Basin SK300170FK T 160-3.210 | Neogene, Triassic, gravel, sand, dolomites 18-129 2074 78.88 0.7-31.0 prevailing Na-Cl, Na-Ca-Cl-HCO,
12 | Turiec Basin SK3001 10FK 2 1,503-2.461 | Triassic, carbonates 54 122 202 25 Ca-Mg-HCO,-50,
13 Komjatice Depression SK300250FK 0 - - - - - - -
14 | Dubnik Depression SK300180PF 4 350-1927 | Neogene, sand, sandstones, clastic sedi 1875 36.0 37 1.6-30.0 Na-Cl, Na-Ca-HCO, Na-S0,-C]
15 Trnava embayment SK300040FK | 118 Triassic, dolomites 24 2,52 Ca-Mg-HCO;-S0,
16 Piestany embayment SK300050FK 1 1206 Mesozoic, carbonates 194 1.41 Mg-Ca-SO,
17| R kian Neogene voleanies | 300190k 10 64-2500 | Neogene, Mesozoic, porphyres, dok 2157 806 9.47 0450 | Ca-Mg-SO,-HCO,, Ca-Mg-50,Ca-Mg-HCO;
18 Trencin Basin SK300060FK 0 - - - - -
19 | Hava Basin SK300070FK ! 1761 ; : . ;
20 | Zilina Basin SKI0080FK 4 6002258 | Pakeogene. Triassic, i 24.41 574 295 04-0.5 Ca-Mg-HCO,, Ca-Mg-HCO,-50,
2| G vakian Neogene voleanies | y00200rK 4 65910 | Neogene, Triassic, I 2546 64.1 a4 10-57 Ca-Mg-HCO,-50,, Na-Ca-S0,-HCO,
22| Homé Strhdre - Trent graben SK300260FK 4 320625 | Neogene, sand 2138 16.0 1.04 0.4-3.1 Na-HCO,
23 | Rimava Basin SK300220FK 5 158-1,050 | Triassic, carbonates 1833 61.3 1.76 1.7-59 Ca-Mg-HCO;, Ca-HCO,
24 | Levoca Basin NE part SK300150FK 3 3,400-3,500 | Paleogene, Triassic, carbonates 53.85 19.0 455 9.4-12.3 Na-Cl, Na-HCO,-CI-SO,
25 | Humenné ridge SK300160FK 2 600-823 | Neogene, Mesozoic, sand, sandstones dolomites, l 29.34 60 041 44119 Ca-Na-CI-S0,, Na-C}-S0,-HCO,
26 | Besa - Citarovee structure SK300230FP 0 - - - - - -
27 Lucenec basin (Rapovce structure) 1 1,501 Triassic, carbonates 38 12.6 Na-HCO,
s y of delined geothermal areas 141 643616 | Neogene-M ok, sand bireccias; anded] 18-129 2,083,9 345,04 0.4-90.0 NaHCO, “NaCl CiMy 5000

mixed type
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countries. In line with the WFD and following EU guide-
lines for classifying groundwater bodies (EC Horizontal
Guidelines), with regard to long-term information data-
base in the assessment of groundwater in Slovakia and
national specifics three independent levels of groundwa-
ter bodies were identified: (1) Quaternary groundwater
bodies, (2) Pre-quaternary groundwater bodies and (3)
geothermal groundwater bodies. Delineation of the geo-
thermal groundwater bodies respects the delineation of
geothermal areas as shown on Fig. 1.1 and Tab. 1.1. As
seen on the map there are several geothermal structures of
anticipated or verified transboundary character, though on
level of geothermal groundwater bodies only Komérno
High Block (SK300010FK) and Komdrno Marginal
Block (SK300020FK) were identified and mutually
agreed (with Hungary) as transboundary groundwater
bodies. Skorusinskd panva Basin (SK300120FK) was not
internationally agreed with Poland as cross-border struc-
ture and will be evaluated at the national level with re-
spect to confirm or reject the presumed mutual transfer of
groundwater across the border area (Report of the Slovak
Republic on the status of implementation of the Water
Framework Directive, Kollar et al., 2005). Based on
aforementioned report more attention is recommended to
geothermal waters, mainly completing the database of
geothermal resources and their exploitation, processing of
geothermal water balance monitoring and implementation
of geothermal groundwater bodies. Particular attention is
recommended as well, to the selected transboundary wa-
ter bodies, their evaluation and higher demands on the
quantity and quality of the data.

Apart from the WFD, in the Danube River Basin there
is the overall legal instrument for co-operation on trans-
boundary water management - the Danube River Protec-
tion Convention (DRPC). The convention was signed in
1994 by eleven states from the Danube River Basin and
came into force in 1998. The International Commission
for the Protection of the Danube River (ICPDR,
www.icpdr.org) is a transnational body, which has been
established to implement the Danube River Protection
Convention. In 2000, the ICPDR contracting parties
nominated the ICPDR as the platform for the implemen-
tation of all transboundary aspects of the WFD in the Da-
nube River Basin District (DRBD). In the Danube River
Basin Management Plan (DRBMP) (ICPDR, 2009) the
transboundary thermal water body Komarno High Block
“Komdriianskd vysokd kryha/ Dunantili-khgs. északi r.”
was nominated as transboundary groundwater body of
basinwide importance in the DRBD and marked as
GWB-11.

Besides the international declarations and conventions
regulating the transboundary water bodies, bilateral
agreements between Slovakia and neighbouring countries
exist though not exclusively specifying groundwater or
geothermal water management issues.

Bilateral agreement between Slovakia and Hungary
on transboundary water management came into force by
the Decision of Council of Ministers 55/1978. (XII. 10.).
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The agreement focuses on surface waters, but also en-
compasses groundwater aquifers divided by the state
border. A permanent Czechoslovakian-Hungarian Water
Management Committee is set up, which holds a meeting
once a year. The update of the agreement is ongoing. In
addition to this bilateral agreement, Governmental Deci-
sion 2093/1999. (V.5.) on the general cooperation be-
tween the Republics of Hungary and Slovakia on
environmental and nature protection, discusses general
aspects of protecting the environment and its elements
(such including water), but no specific water or ground-
water relate points are included.

Bilateral agreement between Slovakia and Austria on
the water management is based on the treaty between the
Czechoslovak Socialist Republic and the Republic of
Austria with the subject of border waters and transbound-
ary water management, which was signed on December
the 7, 1967 in Vienna. The permanent Slovak — Austrian
commission for these Waters (water route March /Morava)
was founded (BGBI. Nr. 106/1970; ,,Vertrag zwischen
der Republik Osterreich und der Tschechoslowakischen
Sozialistischen Republik iiber die Regelung von wasser-
wirtschaftlichen Fragen an den Grenzgewissern®). This
agreement concerns issues and measures for the preserva-
tion of watercourses along the state border as well as bor-
der crossing and neighbouring waters that may have an
adverse effect on the other party. The treaty focuses on
surface waters excluding fishing and any water utilization
of energy-economic importance.

1.4. Transboundary groundwater structures under
the scope of international cooperation

There have been couple of international projects imple-
mented that were focused on geoscientific information
sharing knowledge (eWater and OneGeology projects).
Within the frame of international cooperation, the project
DANREG was implemented by Austria, Slovakia and
Hungary (1987-1997) (Tkacova et al., 1998). The aim of
the project was to develop a set of geological, geophysical
and geo-environmental maps and explanatory notes, as
well as the development of a separate study on the quality
of water, geothermal energy and environmental aspects.
Substantial part on the Slovak territory of the project
DANREG was the Danubian Basin. From geothermal
point of view Geothermal Potential Map was compiled in
scale 1:200,000 (Kollmann, Rotar-Szalkai, Remsik in
Tkacova et al., 1998) displaying temperature of expected
aquifer, basement surface and location of wells.

Other project that was designed for common evalua-
tion of transboundary aquifers was project ENWAT
(Environmental state and sustainable management of
Hungarian-Slovak transboundary groundwater bodies),
implemented within the frame of the European Union
INTERREG IITA during the years 2006-2008. In this
project three transboundary groundwater bodies were
investigated in the Hungarian-Slovakian border region:
Ipoly/Ipel’ Valley, Bodrog region (both of them with
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Figure 1.2 The supra regional and pilot model areas of the TRANSENERGY project

Parameter - content

* borehole identification, localization, purpose,
ownership, etc.

« thermal power, thermal groundwater
usage/monitoring, waste water data, etc.

* borehole dimensions and construction, drilled profile,
(inclination and dip), etc.

« lithology and stratigraphy (age) of rocks, facies,
formations, fault traces

* hydraulic tests, hydraulic parameters, aquifer hydraulic
properties, groundwater level monitoring, etc.

= thermal properties of rock and fluid, temperature
profiles and monitoring, thermal gradients, etc.

egeophysical borehole logs

*Water analyses or monitoring of respective
macrocomponents (Ca, Na, Cl, ...)
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academic research, while some results of pilot area mod-
els provide detailed information on reservoir properties
for present and potential users.

Besides the stakeholders approached through ques-
tionnaires, publishing activities and by project organized
conferences and seminars, of the project directly involved
stakeholders. From very beginning of the project pro-
posal, the establishment of the External Evaluation Board
(EEB) was designed. EEB members consisted of each
country stakeholders, including one national and one local
governmental representative, one current and one poten-
tial user, as well as 3 people from international agencies.
The EEB members were providing an independent ap-
praisal of the project results and were actively participat-
ing by implementing their needs and ideas into the project
work and results.

1.6. Conclusions

The paper presents a brief overview of research results
in geothermal energy sector in Slovakia and its current
geothermal resources bound to 27 delineated areas with
documented 141 boreholes on the Slovak territory. Though
in the light of merging Europe policy the transboundary
resources (in this case water and geothermal energy) are in
future focus. The project “TRANSENERGY-Transbound-
ary Geothermal Energy Resources of Slovenia, Austria,
Hungary and Slovakia” addresses the key problem of using
natural resources that are shared by different countries in a
sustainable way. Natural resources, such as geothermal
energy whose main carrying medium is groundwater is
strongly linked to transboundary geological structures.

The project delivers multilingual web-portal for facili-
tating a sustainable use of the thermal water in the west-
ern Pannonian region that includes:

e Geological, hydrogeological and geothermal maps,

cross sections, models;

A multilingual borehole database;

Thermal water utilization maps;

Geothermal potential maps;

A database of authorities dealing with manage-
ment and licensing of transboundary geothermal
aquifers;

e A summary of actual legal and funding frame-
work in the participating countries with emphasis
on cross-border geothermal facilities;

A strategy paper evaluating existing exploitation, future
possibilities and recommendations for a sustainable and
efficient geothermal energy production at the project area.

The web service (www.transenergy-eu.geologie.ac.at)
as one of the main outputs of the project is public and can
be used by the involved authorities (water management,
mining, land use), by consultants and investors.
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