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1. PREFACE

The immense heat of the Earth (whose main souriteidecay of radioactive isotopes in the
continental crust) is stored in the different rothkemselves, as well as in the fluids filling
their pores and fractures. Apart from the EnhanGabthermal Systems (EGS - extraction of
heat energy by circulating water via production aadnjection wells through artificially
created fractures in massive hot rock volumes éndibep subsurface, still not a commercial
technology), and ground-source heat-pumps (expimitaof shallow geothermal energy, a
significant proportion of the overall utilizationf @eothermal worldwide)major use of
geothermal energyis based on thebstraction of thermal groundwatersvith deep
circulation (hydrogeothermal systemsYhe heat distribution of these large scale rediona
flow systems are governed by convection. Heatiognfthe Earth interior causes thermal
expansion of the subsurface fluids causing lowersite, and therefore their rising along
suitable pathways, like subsurface conduits antistausually cold water from precipitation
with higher density and higher hydraulic potentetharges the systems. Consequently, the
utilization of hydrogeothermal systentgas bothwater management (abstraction of thermal
groundwater, as carrying medium of heat) and ener(gxploitation of heat energy itself)
aspects.

The Pannonian Basin is well-known of its good geotial potential due to the favorable
geological setting and being rich in thermal watghjch is widely used for recreational-
balneological purposes as well as in the agricejtand to a less extent in district heating.
The intensive exploitation of the reservoirs, comeloi with the current insufficient re-
injection practice (especially in intergranular gamment that is still under the research) may
threat the long-term productivity of the aquifellsie to the geographical-geological setting,
much of the large thermal water aquifers are detedhby geological structures and are
shared by neighboring countries. Therefore unfdMeraffects of excessive exploitation (e.g.
drop of temperature, yield) might be exposed inatigcent regions, leading to undesirable
changes in the natural environment and renewabbrggnresource that is shared by
neighbouring countries.

The TRANSENERGY project - running in the frame betCentral Europe Programme
between 2010 and 2013 - aimeéd support a harmonized and integrated thermal
groundwater and geothermal energy utilization mareagent among Hungary, Slovenia,
Austria and Slovakia, and as such, provides a goample for other regions in Europe
sharing trans-boundary hydrogeothermal resources.

There is a growing number of different types ofizdition (direct heat applications in district
heating and agriculture, balneology) in the reganmg a rapid growth is forecasted (especially
related to combined heat and power schemes) icdheng years, so it is essential to get a
profound knowledge on the available resources agkrves,impacts of abstraction-
exploitation and a better understanding of thieractions of different utilization schemes
order to avoid potential conflicts asdt up priorities if necessary.

The aim of this document is summarize the most important result§ TRANSENERGY
project and provide tangiblecommendations for a sustainable and efficient ligation of
transboundary hydrogeothermal resourcesn regional level, respecting the natural
boundaries of geothermal reservoirs that exceedonadt levels of evaluation. These
recommendations are based on the main project meEoa complex assessment of the
present production and wide-range utilization efrthal groundwater, as well as the results of
integrated evaluation of geological, hydrogeologasad geothermal models at various scales.
These appraisals were carried out by more thanxperes of the four national geological
surveys of the partner counties, providing an irtigbassessment and common understanding
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of the hydrogeothermal systems of the western gfatthe Pannonian Basin. The developed
problem-oriented approach of TRANSENERGY focusedhenneeds of decision-makers and
might be applied in other regions in Europe, thekping the countries to reach their NREAP
targets without threatening the environmental trgend/or interests of their neighboring
regions.

In order to communicate precisely which goals, teglato the management of
hydrogeothermal resources in the western parteoPdmnoninan Basin should be achieved in
the future, and which concrete steps are necessaegalize them, first we give a short outline
on the identification ofselected stakeholderstheir needs and the elaborateavorking
methods(i.e. “to whom, what and how” we accomplished).

The next main chapter of this report provides aeraew on the current situation of
utilization of thermal groundwaters and geothererargy in the studied regidstate-of-the-
art). Many of the TRANSENERGY activities and results soqped this assessment: to
identify the hydrogeothermal reservoirs and una@asthe main processes operating in them,
to get a clear picture on the existing utilizatsxhemes, their merits and pitfalls, as well as
non-technical issues, such as overview and congrared the regulatory and financial
framework in the project countries. Within this ptex ageneral overviews provided, where
the first part is relevant for the entire projema(called supra-regional area), followed by a
problem-oriented descriptiorof the studiedfive cross-border pilot areasBased on the
careful analysis of the present situation gaps fahge tasks are summarized inS&VOT
analysis at the end of this chapter.

In the next chapter, dision is set up, i.e. the desired future status of tyrdgeothermal
systems is identified, taking into consideratioa Hinding targets of related EU and national
policies (e.g. achieving and maintaining the gotadus of aquifers by 2015 according to the
Water Framework Directive, accomplishing the tamg@mnbers of geothermal energy defined
in the National Renewable Action Plans by 2020,)eased on a careful evaluation of the
different needs and often contradicting intere$tdhe key-players / main policies (including
economic and environmental impacts, territoriabunities), priorities are also defined.

Finally, in the last main chapter tangibkcommendationsare given to attain a real break-
through and to achieve the identified goals, aimgasioned.

2. INTRODUCTION TO THE PROJECT AREA

The TRANSENERGY project encompasses the westetropéte Pannonian Basin and parts
of the Vienna Basin (Fig. 1). The project area bagn delineated by considering the
boundaries of the most important geological unitd gectonic structures, the recharge areas
supplying the thermal water systems, the riveramasn discharges and the groundwater
divides. The outlined territory (47,700 kyis mainly a lowland area with some smaller hilly
regions, surrounded by the Eastern Alps and Nartl@@alcareous Alps at the NW, the
Carpathians on the N, the Transdanubian Centrag&am Hungary in the SE, and the
Kozjak, Pohorje and Haloze Mountains in Slovenithin SW. The largest lowland area is the
Danube Basin on the N-ern part of the project askared by Slovakia and Hungary, which is
divided from the Vienna Basin by the Leitha Mountaand the Little Carpathians. The area
of the Vienna Basin is divided between Austria &bovakia. On the SW-ern part there are
two important basins: the Styrian Basin shared loyehia and Austria, and the Mura-Zala
Basin located in Slovenia and Hungary. Two capitdlgshe partner countries are located
within the project area: Vienna and Bratislava, thiete are several populated cities, too, such
as Gyr, Graz and Maribor.



Figure 1: The entire study area (red line) of TRANENERGY encompasses the W-ern part of the
Pannonian Basin and parts of the Vienna Basin (refeed as “supra-regional” area). Detailed studies wee
performed on five selected cross-border pilot areas

In geological termgMaros et al. 2012), the “supra-regional” projacta can be divided into
two main parts (Fig. 2). The Alpine-Carpathian @og (1) shows a complicated geological
structure. The outcropping mountain regions, ad agltheir subsided parts forming the
basement of the large sedimentary basins are lguittf metamorphic and non-metamorphic
Palaeo- and Mesozoic crystalline and sedimentajyeseces. They have a complex structural
pattern, arranged into nappes along thrust sheéistected by strike-slip and normal faults. In
the basement, these rocks represent fracturedfladsteservoirs at a depth of 2000 m, or
below, often cross-cutting political borders.

The intramountain basins (2) compromise the Pakw®gbasins that evolved as a
consequence of the compressional stress-fieldeftpine collision (the Flysch basins, the
Gosau basins and the Inner Carpathian Paleogene)Bses well as the Neogene basins
(Vienna Basin, Danube Basin, Styrian Basin, MuréaZBasin, Drava basin) that formed
during the Late Miocene-Pliocene (,Pannonian Basigstem). These basins have a wide
range of sedimentary infill sequence: deep watalicyturbidites; rhythmic coarse sand,
conglomerate and sand, fine grained aleurite witlrl nmtercalations (flysch deposits);
shallow marine carbonates and paralic coal-bedaggrs, sandy-clayey lagoon sediments;
deep water sandy-clay marl, delta-front sand bodielta plain-to alluvial plain sandy-clayey
sequences. These large sedimentary successioms) s#iveral thousand meters thick,
comprise significant intergranular aquifers, of g@hithe most widespread are the Upper
Miocene-Pliocene (“Upper Pannonian”) ones which shared by all TRANSENERGY
countries (Fig. 2).



Figure 2: Sketch of the geological structure, maimeservoir types and regional flow systems of the
Pannonian Basin. TRANSENERGY area is contoured byed line.

Theregional thermal groundwater flow systewf the TRANSENERGY supra-regional area
is linked to the geological structures, thus in naases crosses country borders (Fig. 2). It is
controlled by the considerable hydraulic potentiéferences between the recharge and
discharge areas (i.e. surrounding mountain chamaslaw-lying basin), sufficient recharge
(precipitation) and extensive deep-lying permedblenations outrcropping on large areas.
The regional flow system has two sub-systems (€6#. 2012). One is related to the deep-
seated fractured-karstified basement rocks thasapplied from the mountainous recharge
areas, where these rocks crop out. These flows tmatgo feed the overlying porous
sedimentary aquifers in the deep subsurface, otberthiey are separated. Some deep-seated,
isolated basement reservoirs might also existdbatot have a direct hydraulic connection to
the surface, containing stagnant thermal groundweita higher temperature and salinity of a
rather NaCl type (fossil waters in closed structre

The other major sub-system operates in the poredsnents of the Neogene basins and is
divided to an upper gravity-driven part and a degyaet, where stagnant fossil and confined
groundwaters are found. The regional gravity-drivgroundwater flow system of the
intergranular aquifers collects heat from a largessirface area and is mainly hosted by the
delta-front and the delta-plain facies sandy uaitthe Upper Miocene-Pliocene sedimentary
sequence at a depth range between 1000-2000 m.r Edrirable conditions, the sandy
aquifer units outcrop on the hilly areas with ah@ghydraulic potential, therefore providing a
fairly quick and direct recharge. This sedimentsgcession is characterized by a frequent
alternation of sand-silt-clay layers. Although ffermeability of the clayey-marly strata is 1-2
magnitude lower than that of the sands, this ik estiough to provide hydraulic connection
between the sandy units, thus make the entire ssdary succession one hydrostratigraphic
unit.

Regarding thegeothermal conditionsof the TRANSENRGY project area, it does not
comprise the hottest areas of the Pannonian B&&wertheless, the overall geothermal
potential is good in many parts (e.g. Mura-Zala 8tytian Basins in the SW, Vienna Basin,
N-ern part of Danube Basin), where the heat-flowpsto 110-130 mW/fmand geothermal
gradient can be as much as 45 °C/km. As a reaudswsface temperature distribution is
favorable at many places (Goetzl et al. 2012), tbgydepth of the 50 °C isotherm is found at
900-1200 m at most of the area, while to have XD®rie has to drill 2000-2500 m deep in
average (Fig. 3).
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3. TARGETED STAKEHOLDERS AND PROJECT WORKING METHOD S TO
ADDRESS THEIR NEEDS

Distinguish the targeted stakeholder groups, ifiettieir needs, focus project work according
to these recognized demands and finally communiestelts “in the language” they speak;
this is the right method to maximize impacts of @ngjects. Each potential target group has
different interests and demands, which were ovemik and anaysed at the beginning of
TRANSENERGY (Table 1). Although TRANSENERGY’s rétsucontribute to some extent
to almost all stakeholder groups, the project waak been conducted in a way from the very
beginning that it should provide information to tbecision makers and authorities, as
primary target group The reasons were multi-folded. The projeattnersare experts of the
national geological surveysof the four participating countries, and as sutheir
organizations’ mission is to provide the governmseaarid decision makers comprehensive and
impartial geoscientific information, support policymaking related to the sustainable
management of the environment and its resourcegiodé geological surveys are
responsible for the systematic acquisition, intetggrton, management and dissemination of
geoscientific data of their country’s landmass. yrhandle national geoscientific databases,
too, so they are the best qualified organizatianprbvide scientifically based models and
evaluations at national and macro-regional scategpendent of sectorial/users interest.

As authorities dealing with everyday managementsensing, etc. of thermal
groundwater/geothermal energy were among the maiigeted stakeholders, a special
attention was paid to identify them. Based on astijaenaire survey, altogether 40
authorities’ data (10-Austria, 15-Hungary, 7-Slovakia, 8-Slaaeninformation on
organization, contacts, role, etc.) were organip@d a database (http://akvamarin.geo-
zs.si/authorities) (Prestor et al. 2010).

The final project results also target tthecision/policy makers at international levélable
1), aiming to provide them scientifically basedaenendations and evaluations supporting
the performance of EU policies and elaborationasfous strategies.

Stakeholder group Identified needs
Decision makers (ministries, authorities,| -up-to-date information on the current utilizatischemes and
governmental bodiegt national level impacts, based on reliable datasets and impax#liations

-concise thematic expert summaries supporting patipa of
licences, policy documents (including on the nalgerformance
of binding targets from various EU directives)

Decision/policy makers aupra- -bi/multilateral evaluations at a cross-border/sa@gional scale
national/EU levelbilateral water -recommendations for transnational managemenegiest
commissions, ICPDR, UNECE, Danube| -recommendations on long-term sectorial strategies
Strategy, DG Energy, DG Regio, etc. )

Companies developing geothermal -information on the geothermal potential at a raglscale,
projects including technical facilities

-information on the current national regulatorgdimancial
environment

Users (present and potential, including | -information on the targeted reservoir propertied Bmits on their

municipalities) sustainable use

-short and easy licensing procedures
Project investors, financing institutions -finari@apporting schemes

-viability and risks management of the projects
Academia (universities, research -up-to-date high-level scientific data
organizations, scientific associations) -interpretations, models
Education (universities, high-school) -training erals at various levels
Wider public -increase awareness of geothermal

Table 1: Stakeholder groups and their needs in TRABENERGY project with highlighting the primarily
addressed decision/policy makers
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Neverthelesspother stakeholder groupsan also largely benefit from TRANSENERGY
results. The outlined potential geothermal resesv(iRotar-Szalkai et al. 2012) provide an
excellent overview forproject developerson the prospective areas for further possible
explorations, while feasibility studies (Kujbus 2@l b, Vika et al. 2013) demonstrated for
future investorsthat on the basis of project data and models bde@irojects can be planned.
The overview of current legislation (Lapanje etZ8l11) and financial incentives (Nador et al.
2013) deliver useful information on the non-techhitssues. The elaborated high quality
geoscientific models (Rotar-Szalkai et al. 201d)can be also used in furthacademic
research,while some results of pilot area models provideaiied information on reservoir
properties for present and potentiglers Although education and raise of public awareness
were not among the main project activities, anranijame available at the project website
(http://transenergy-eu.geologie.ay.atas developed too, which offers basic informatonl
education on geothermal energy for wider public

After the identification of the main stakeholdersdaheir needs, it was also important to
transform the recognized general demands into tdrigiquestionsandelaborate a working
methodto be able to answer them. By setting up a questmd answers (Q&A) list (Table
2) it became clear that most of the questions caramswered on the basis of different
geoscientific models based on a common understgndiinthe hydrogeothermal systems,
therefore establishment of joint databases and modelling waityi were defined as core
activities of the project

Geoscientific modelsrepresent the simplified version of the existingdiogeothermal
systems (which are complex in reality) and by thterpretation and extrapolation of input
data, they provide a continuous information in gpgcg. about the geological buildup, rock
parameters, hydraulic heads that direct groundwidder, temperature distributions in the
subsurface, etc.) also for those areas, where mezhslata are not available. By quantifying
the different parameters, models also simulatedleyant interactions of the real systems and
may provide information about their future respan@eotar-Szalkai et al. 2010).

The geologicalmodels outlined rock geometry, determined the nggaalogical units with
similar hydrogeological characteristics (i.e. hyatratigraphical units), which were important
input data for the hydrogeological and geothermabdets. The hydrogeological-
hydrogeochemicaimodels described the thermal water flow system lentiie geothermal
models expressed the 3D temperature distributidhdrsubsurface.

Modelling activity was performed at two scales andsuccessive phases: first models
(geological, hydrogeological and geothermal) werdgrmed at 1:500 000 scale for the entire
project area Supra-regional modely. The aim of these models were to handle thequitoj
area in a uniform system approach, to determinenihen geological structures and flow
systems and the relation between them, to desdidtant hydrogeological processes, to
describe the geothermal potential and quantifyhygrogeothermal resources, and to provide
boundary conditions for the pilot models. Tmedelsdeveloped fopilot areasat a scale of
1.100 000 to 1: 200 000 focused on special transdemy problems which were different on
each area. On the pilot areas bstady statéexpected changes in the system under present
utilization practice) andscenario models (responses of the system to different
predicted/hypothetical utilization schemes in theeifure) were developed.



Some specific guestions

Tool for answer

-Where and in which depth the main aquifers are?

geological model(3D distribution of the main
hydrostratigraphic units)

-Which are the main flow systems and interactiansig
them?

-How much thermal water can be abstracted whichmhagal
recharge (i.e. quantify available free water rese)#t

-What is the current quantitative and qualitatitagiss of the
aquifers?

hydrogeological modghydraulic parameters of the

main hydrostratigraphic units, recharge and digpha

zones, hydraulic potential fields and flow direaso
groundwater budgets)

-Information on gases / dissolved content that mightrict
utilization (scaling, corrosion, necessity of wateatment,
utilization of associated gases, etc.)

-Information on chemical composition (potentials fo
balneological utilization as medicinal waters)

hydrogeochemical investigatiofshemical
composition of thermal water)

-What is the temperature at certain depths?
-How much heat is stored/available?

geothermal modgkubsurface temperature
distribution, estimation of geothermal resources an
reserves)

-Where and how deep the potential reservoirs are?
-What are the main reservoir properties (lithology,
temperature, fluid composition)?

-For which purpose the reservoir can be used?

-What is the interaction between the different resies?

- What are the limits of abstraction, is re-injecthecessary?

information on hydrogeothermal reservoirs
(combined interpretationf geological,
hydrogeological and geothermal model results)

Table 2: Q&A list: Most often addressed questionsrbm authorities/decision-makers dealing with therma
groundwaters / geothermal energy resources in theRANSENERGY region
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4. STATE-OF-THE-ART
4.1. Geothermal conditions at supra-regional scale

The W-ern part of the Pannonian Basin has favorgelehermal conditions which were
guantified by the supra-regional geothermal mo@aletzl et al. 2012). Within the model 16
regional maps were edited which show the surfacd-fh@wv density (Fig. 4), temperature
distributions at a depth of 1000, 2500, 5000 m anthe top of the pre-Tertiary basement
(Fig. 5), the depths of different (50°C, 100°C da®°C) isotherms (Fig. 3), as well as Heat
in Place and Specific Identified Resource calcatetifor the Neogene sediments, the upper
50 m of the basement rocks and in 5 annd 7 km vottkme respectively.

The different temperature maps give an overviewthan expectable rock temperatures in
certain regions. The observed positive anomaliedd@0m below surface correspond to
shallow hydrodynamic systems, whereas deeper dabsutemperature distributions are
mainly influenced by large scale crustal structufdsese maps indicated that in some parts of
the supra-regional area positive geothermal anesalccur in the subsurface. The SW-ern
part of the project area covering the parts of Skyian and Mura — Zala Basin is a region
with favourable geothermal conditions (> 120m\)inThe increased HFD values (in the
Mura — Zala Basin) are related to the convectiamesadn the pre-Tertiary basement rocks and
to various geological conditions like e.g. reducedstal thickness. Additionally several local
to regional scale geothermal anomalies were dapidtee positive geothermal anomalies in
the southern part of Vienna (“Oberlaaer High”) dmetween Bratislava and Vienna (Bad
Deutsch-Altenburg) are likely to be related to mally ascending thermal water
(hydrodynamic systems). At the central part ofDf@aube basin in Slovakia high HFD values
can be observed. This is a result of the thick reedtary basin fillings. In the region of
Komarno and Sturovo the depicted positive geotheamamalies are also correlated with
circulating groundwater systems.

The Specific Identified Resources maps imply thdtuge amount of heat is stored in the
subsurface. However, only the heat stored in porgesmeable rocks can be utilized
economically by production of hot water or steamg @ahese rocks comprise only a small
fraction of the total volume of rocks. These caitiains were made more percisely for the
selected hydrogeothermal reservoirs on the pikag{Chapter 4.9).
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Figure 5: Temperature at a depth of 1000 m and orop of the pre-Tertiary basement

4.2. Transboundary thermal groundwater flow at supa-regional scale

The results of the supra-regional hydrogeologicadeh (Téth et al. 2012) provided firm

evidences for significant thermal water flow acrtss political borders both in the Neogene
intergranular and in the fractured-karstified basetnaquifers. The model furthermore
guantified the computed water budgets and the li@msdary water transfers (Fig. 6) and also
showed that the present productions in each courawe significant transboundary effects

(Fig. 7). These effects were further studied inendetails at the pilot areas (Chapter 4.9.).
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Figure 7: Computed drops in hydraulic heads in thdJpper Pannonian intergranular aquifer due to
present productions in Slovkia, Hungary and Slover, numbers on isolines refer to drop in meters

4.3. Current use of thermal groundwaters

One of the major results of TRANSENERGY was a dietaoverview and analysis of the
present thermal water utilization in the region. éxtensive survey of the existing thermal
water users, utilization parameters and exploitggifars (Rman et al. 2011a, b) identified
altogetherl75 users(23-SLO, 28-SK, 20-AT, 104-HU) out of which 144 meactive, with
current abstraction of thermal groundwater (outftemperature > 20 °C) fro808 boreholes
(35-SLO, 39-SK, 50-AT, 184-HU). All data have beeoorporated into a database, available
at: http://akvamarin.geo-zs.si/users/

If the number of organizations is compared to thentry’s project area, Hungary is the most
densely exploited (6.3 users per 1000°krS$lovenia (5.8 users per 1000 kbecomes the
second, followed by Slovakia (2.9 users per 1006)land Austria (1.1 user per 1000 ®m
however, the territorial distribution is uneven asdme heavily exploited areasan be
outlined, in some cases at transboundary regiogs §ong the Danube, Mura-Zala Basin)
(Fig. 8).
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Figure 8: Thermal water utilization and max. outflow temperature

The overwhelming type (Fig. 9) of use b&thing and swimming including balneology
followed by using as arinking water, however this is reported only for Hungary where
thermal water is considered to have an outflow tEnapire of> 30 °C. Individual space
heatingis at the third place and exists relatively at f@daces, mostly in the Danube Basin in
Slovakia and in NE-Slovenia; geothermal districhtirgy is even less (e.g. Lendava-Slovenia,
Galanta-Slovakia, Vasvar-Hungary). Industrial watse is reported only from Hungary, and
sanitary water use from Slovakia and Slovenia. Jtiiezation of thermal water for heating of
greenhouses applies only to a dozen of boreholétiirgary, Slovakia and Slovenia. Power
production exists only at one place (Bad BlumaustAa) at a small pilot plant.

Although the outflow temperature is relatively I@gmajority is in the range of 20-60 °C in the
area), and only a smaller number of the wells (fpastthe Slovakian part of the Danube
Basin and in NE-Slovenia) produce thermal wateval@0 °C (Fig. 2), thiow percentage of
energy utilizationis still striking. Thermal water is mainly abstied by pumping, and natural
outflow prevails only in Slovakia.
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Figure 9: Thermal water use in the TRANSENERGY progct countries (226 inputs for 175 organizations)

The main exploited geothermal aquifers are the Upgpennonian sandstones (55%) and
fractured-karstified Mesozoic basement rocks (limess and dolomites) (27%), found at a
depth between 500 and 2000 m on average. The Mibllibeene clastic (7%) and the
Palaeozoic carbonate (4%) aquifers are also impiorighe total annual productionfrom
these aquifers was 31.3 million®*nmn 2009 in Hungary, Slovakia and Slovenia, whereas
Austrian production data were confidential. If watimate the Austrian production, the total
annual thermal water abstraction can be approxinatde aroun®5-40 million nt/yearin

the project area The large amount of produced thermal water, therwkielming
balneological use and the lack of re-injectionhe tew direct-heat application sites threaten
the reservoirs to beverexploited as it was already demonstrated at several lotatin
addition, our investigation revealed a grantedemuested thermal water demand of at least
double of the current production, whidbrecastsa hypothetical amount of thermal water
abstraction of up t60 million m® in the future (neglecting assumptions relatedotafidential
production data in Austria).

The threat of overexploitation was further suppirby theobserved changem operation,
which was reported from many inspected boreholedy @% of the boreholes targeting the
Mesozoic carbonate aquifers indicated yield deereabowing that they receive enough
recharge. Contrary, 13% of the boreholes produfrimip the Upper Pannonian intergranular
aquifers showed a decrease in the yield and watet,lwhereas temperature and water-level
drop was reported from 21% of the boreholes produdrom Middle Miocene clastic
reservoirs. These unfavourable trends affected nsesiously the Palaeozoic fractured
metamorphic aquifers, where drop in yield/tempegtwas reported from 67% of the
boreholes.

As analyses (Rman et al. 2011 a, b) showed, fonilysitesof geothermal energy applications
have re-injection and only one (Bad Blumau, Austria, re-injectiotoi Palaeozoic dolomite
aquifer) operates continuously. Periodic re-inmtthappens at Podhajska (Slovakia) into the
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Mesozoic carbonates and at Lendava (Slovenia),th@dJpper Pannonian clastic reservoir,
while at Mosonmagyarévar (Hungary) the re-injectigell is not in operation.

Due to the practical lack of re-injection, all us@mit their used water to sewage systems or
to the surface waters (creeks, rivers). Data /rm&dion onwaste water treatmenwas very
poor and showed that only 10% of users clean waster at purifying plants (Austria,
Slovenia). Waste water monitoring targeting qugntihemistry and temperature, exists to
some extent in all countries, however they do movigde sufficient datalhermal pollution

is a serious issue: more th@a% of the active usersmit waste water with average annual
temperatureabove 20°C(17% between 20-25 °C, 60% between 25-30°C, aathan 17%
with temperature above 30°C). This implies thhermal efficiency is low, and the
extraction/utilization of heat energy is insufficte

4.4. Delineataion of transboundary thermal water agifers / hydrogeothermal reservoirs

The Water Framework Directive(WFD) (2000/60/EC) addressed for the first timean
comprehensive manner all the challenges faced bywatérs. It targetsiver basins i.e.
natural hydrological, hydrogeological units irresipge of state borders. Furthermore the
WFD recognized that the aquatic environments digfeatly across the EU and therefore did
not propose any ,one size fits all solution”, ierovidedonly guidance on the executioof
the achievement of its ultimate goals (good stabfiswaters by 2027). This causes
discrepanciesamong the countries, i.e. when TRANSENERGY preapage systematic
comparison of the national River Basin Managemdans (Prestor et al. 2012) it was
demonstrated thathe delineation of groundwater bodie€GWB-s as basic units of the
RBMP-s) differ greatly in the participating countries, therefatees not allow a direct
comparison of aquifers in the transboundary regians

In Slovenia, GWB-s are delineated only by surface boundariglscamprise a set of different

vertical layers within the characteristic aquifecarding to their different properties. The
thermal water aquifers (T > 20°C) of the TRANSENER@oject area have been identified
and characterised within the six groundwater bodesntified geothermal aquifer types in
this region include the deeper Neogene sediments the pre-Neogene carbonate or
metamorphic basement rocks.

In Austria, GWB-s were distinguished based on the depthshalow and deep ones. Among
the deep GWB-s, the only thermal one was desciibé&tpper Austria (the so called “Malm”
aquifer situated in Upper Jurassic carbonatesdratea between Bavaria and Upper Austria)
and no groundwater body with thermal water wasnéelied within the Austrian area of
TRANSENERGY.

In Hungary, GWB-s are classified according to lithology andhperature of the aquifer:

intergranular and karstic types, and those produwaiater with outfllow temperature equal or
higher than 30°C are considered thermal. The Huaggart of the TRANSENERGY project
encompasses two thermal intergranular and six thidcarstic groundwater bodies.

In Slovakia, three layers of groundwater bodies were delinediaded on the depth
(nevertheless with a different approach than intAaisor Slovenia): upper layer (Quaternary
GWB-s), basic layer (pre-Quaternary GWB-s) and d&sgger (including thermal water
aquifers, T >15 °C). The Slovak part of TRANSENER@¥icompasses six geothermal
groundwater bodies, which are situated in the Neegands, sandstones, conglomerates and
the Triassic to Jurassic carbonates.

These discrepancies have several consequences:
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e it is impossible to compare and assess in a corepstye way the status,
environmental objectives and measures of the hyarogically linked aquifers in the
transboundary regions (as they belong to diffegeotindwater bodies),

* it impedes the delineation of joint transboundargugdwater bodies for the same
reasons.

To deliver a scientifically based and uniform comtéor the delineation of transboundary
geothermal aquifergotential hydrogeothermal reservoitsave been outlined on the basis of
integrated interpretation of the results of therawuegional geological, hydrogeological and
geothermal models and hydrogeochemical data (RR#alkai et al. 2012).

Applying the definition of a geothermal reservda part of the geothermal field that is so hot
and permeable that it can be economically expldiéedhe production of fluid or heat” by
Grant and Bixley 2011) to the geological conditioolsthe TRANSENERGY area, the
permeable rock volumes having a temperature hitjtagr 50 °C were considered as potential
geothermal reservoirs. To be able to provide a lErapd transparent characterization for the
decision-makersthree major reservoir categoriesere established based on the geological
and hydrogeological properties of the rock units:

1) Upper Pannonian (i.e. Uppermost Miocene-Pliocene)ys reservoirs,

2) Miocene (i.e. Sarmatian, Karpatian, Badenian artddbgian) reservoirs (with 3 sub-
types: porous, double-porosity, non-classified),

3) Basement fractured crystalline and carbonate (pkatistified) reservoirs.

The top surfaces of the reservoirs were construbted@ombining the different geological
horizons, isotherm surfaces, and hydrogeologicatastterization of the different geological
formations.

The outlinedUpper Pannonian porous reservoird-ig. 10) with a temperature range of 50-
100 °C are the most widespread, ranging from theuba Basin to the Mura-Zala Basin and
cross-cut by political borders. These geothermalfars are widely utilized for balneological
purposes as well as for direct heat (mostly greesé®), therefore groundwater level, yield
and temperature drops due to overexploitation dready existing problems at many
locations. Usually the Upper Pannonian reservoes djrect recharge via the overlying
sediments, or from their outcropping sandy layerd aor Quaternary aquifers on the hilly
areas with a higher hydraulic potential. This iBeaed in the chemical composition of the
stored thermal waters with relatively low salinitgnd a total dissolved solid content
increasing with depth. The deep regional thermaugdwater flow system developed in the
Upper Pannonian sandy aquifers is generally cheniaet! by an alkaline NaHGQ@haracter.
However, based on the differences in water chemiirs large reservoir unit was subdivided
into 4 sub-categories with the highest total digsdlcontent on its northern part and the most
dilute waters on the south. These reservoirs capobentially used for direct-heat purposes
and balneology, but the high total dissolved contan be a restricting factor.

Due to lithological heterogenity and porous chamgate-injection into these reservoirs has to
be planned cautiously, as the necessary injectiesspre can substantially increase within a
relatively short time. The most common problemhis plugging of screens (perforation) in
the well and pore throats of the reservoir fornratibhe precise mechanisms which determine
injectivity are site specific, and processes areamirely understood yet, therefore research
and development is necessary before applications.
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Upper Pannonian porous reservoirs above 100 &Ccur in a much smaller region: the
central part of the Danube Basin and in a smal arehe Mura-Zala Basin in Slovenia, close
to the Croatian border (Fig 10). As a consequesfcthe bigger depth, this reservoir is
already partly separated from the regional grawita flow system. The higher temperature
makes it suitable also for combined heat and p@petications, however restrictions of re-
injection are similar as described above.

- Upper Pannonian reservoirs100-150 °C
) Upper Pannonian reservoirs 50-100 °C

. 0 15 30 60 Kilometers

Figure 10: Upper Pannonian porous reservoirs

The identified Miocene reservoirs(Fig. 11) typically displayed a scatterd distribat
occurring either on the marginal parts of the b&sor in elevated position on the basement
highs. Based on the geological and hydrogeologioaperties of the Miocene formations, 3
sub-types were distinguished.

(1) Coarse grained sediments, conglomerates, ssadstones, deposited at several places in
small (some tens of meters) thickness form porbasnal water aquifers, with usually direct
hydraulic connection to the fractured basementrvess.

(2) The most important Miocene thermal water resiesvare the widespread Badenian and
the Sarmathian shallow-marine clastic carbonatéls avifew tens of meters thickness. They
are considered as reservoirs with double porosity also often have direct hydraulic
connection to the fractured basement reservoirs.

(3) There are some known Miocene reservoirs (geothleaquifers with operating wells),
where the lithology of the screened interval carmmtidentified due to missing geological
information from well documentation, therefore these displayed as "non-classified".

The depth of the different Miocene reservoirs shawside range depending on their local
geological settings.

Depending on their position, the Miocene reservairs generally semi-open, or closed
structures regarding their hydraulic connectioniseyl store different types of groundwater
depending on the burial depth. Where layers outdtapinfiltrating Ca-Mg-HC@water type
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is observed, while towards deeper parts the longfention time, cation exchange, mixing,
dissolved gas and other geochemical processes yrbeéif composition, so Na-HG@o Na-
Cl types prevail and the reservoirs generally hbhigh, sometimes extremely high TDS
content, which may cause scaling problems duriregaifons.

Despite the favorable porosity conditions, the hiligsolved content and the relatively small

thickness put a limit on the wide-range utilizatiointhe Miocene reservoirs, furthermore re-

injection can be also problematic. Nevertheleskdmdogical and direct-heat utilizations are

feasible at certain locations with favorable sgsinas well as combined heat and power in
areas where temperature is above 100°C and resehaie a direct hydraulic connection to

the fractured basement rocks.

Miocene double porous reserviors 50-100 °C

- Miocene double porous reserviors-above 100 °C
Miocene porous reserveoirs 50-100°C

1 Miocene porous reservoirs above 100 °C

Miocene non-classified reservoirs

0 15 30 60 Kilometers

Figure 11: Miocene reservoirs

Thefractured basement reservoimsere subdivided into two main sub-categories: tatiiee
(Fig. 12) and (partly karstified) carbonates (Hi8).

From hydrogeological point of view, the crystallibesement formations are considered to be
aquicludes. Nevertheless, locally they can fornttineed aquifer systems, especially the

weathered upper 50 m of the basement. The locatibtiese aquifers are very uncertain, and
can be further specified only by detailed geophglsicethods. Considering this uncertainty,

the entire crystalline basement with temperatughédm than 50°C was outlined as a potential
reservoir, which encompass most of the regions dibnhe Neogene sub-basins and also
includes siliciclastic rocks below the Vienna BadRegions where temperature exceeds 100
°C at the surface of the basement also have gréanigon in the central parts of the basins,

while areas having temperature above 150 °C ateatesl to the basin interiors (Fig. 12).

The fractured crystalline basement reservoirs atmlly closed structures with restricted-, or
limited connections to the regional flow systentgeréfore the chemical composition of the
geothermal fluids is expected to have high salirityd NaCl type (fossil waters). The

reservoirs have a wide range of utilization potdatof direct-heat, combined heat and power
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and even power generation in parts where temperahay exceed 150 °C, however both
production and re-injection is limited to largemadture zones with increased hydraulic
conductivity.

basement fractured crystalline
- reservoirs above 150 °C
basement fractured crystalline
reservoirs 100-150 °C
basement fractured crystalline
reservoirs 50-100 °C

. 0 15 30 60 Kilometers
SN N Y |

Figure 12: Basement fractured crystalline reservois

The non-metamorphic, Mesozoic formations and thbargate units of the Graz Palaeozoic
can be considered as potential fractured carbaeatgvoirs, which occur in the basement of
the Vienna and Styrian Basins and in the basemenh® area of the Transdanubian Range
(Fig. 13). They are fractured aquifers with difierenagnitude of permeability. Where the
carbonate sequences could have been karstifiedgltheir geological evolution (especially
the upper zone of the formations) permeability banhigher and form good to excellent
reservoirs. Depending on the location, the tempegatf these fractured carbonate basement
rocks can be classified into 50-100 °C, >100 *GQ0-1C.

The chemical composition of the basement carboreservoirs depends on their hydraulic
connections to the regional flow systems. The Me&ozarbonates of the southern part of the
Vienna Basin and the carbonate formations of than3danubian Range have low TDS
content, because they have direct connection tctince outcrops (direct recharge). The
hydrogeochemical nature of these waters generhbbyvsa mixture of low salinity Ca-Mg-
HCO; character related to the infiltrating cold karsisva. In addition, Na-HC©Oto Na-Cl
types may also occur depending on the connectiather reservoirs, or their isolation from
the regional groundwater flow system. The carboeatpiences at northern part of the Vienna
Basin usually form closed reservoirs without regearTheir chemical composition can be
characterized with high TDS content.

Similarly to the crystalline reservoirs, the fraetd carbonate reservoirs also have great
utilization potentials for direct-heat, combinecahand power and power generation in parts
where temperature may exceed 100-150 °C. Nevesshdboth production and re-injection is
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limited to larger fracture zones with increasedrawtic conductivity. The best opportunities
are on those areas where the carbonates are higihdyified and fluids have low TDS
content.

3 basement fractured carbonate reservoirs
above 150 °C

basement fractured carbonate reservoirs
100-150 °C

basement fractured carbonate reservoirs
50-100 “C

0 15 30 60 Kilometers
RTINS s O

Figure 13: Basement fractured carbonate reservoirs

4.5. Monitoring

Monitoring, as integral part of management has beearviewed and analysed by several
TRANSENERGY studies (Prestor et al. 2012, Rotati@a&t al. 2013 c).

Monitoring of hydrogeothermal systems an®-folded on one hand they are strongly linked
to the related questions gfoundwater monitoringand management, and as such are rather
focussing on the fulfilment of environmental tasgedisustainable satisfaction of water
demands without causing long-lasting qualitativel guantitative changes in the aquifers).
On the other hand, measurements have to provitkblesldata orenergy contributionof
geothermal installations, such as mass flow anghéeature, which require different concepts
and other types of parameters to be measured.

Monitoring associated with energy contribution aetated to the measurement of physical
changes in a geothermal reservoir, while envirartalemeasurements have to provide
information on the response of the natural systethe stress of abstraction and emission, as
well as the efficiency of utilization. Both typed ononitoring include the following
measurements:

» Mass discharge history of production wells

* Enthalpy or temperature of fluid produced

* Wellhead pressure (water level) of production wells
* Chemical composition of water and steam produced
* Injection rate histories of re-injection wells
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» Temperature of re-injected water

* Wellhead pressure (water level) of re-injectionlsvel

» Reservoir pressure (water level) in observationswvel

* Reservoir temperature through temperature logbsevation wells
* Well status through caliper logs, injectivity teatsd other methods

In the frame of the implementation of the WFD-Na#b River Basin Management Plans
(being compulsory for all TRANSENERGY countries EBember States), groundwater
monitoring wells have been selected from each e¢guwnt which reporting towards the EU is
a legal obligation (WFD-monitoring systems). Nelietess, these representative monitoring
stations for groundwater bodies, transboundary facguiand protected areas have been
selected in each country depending on the natiooaditions (hydrogeological situation,
identified groundwater bodies, etc.) which varyoaifrom country to country and in many
cases do not characterize thermal aquifers. Fumthrer, each country has its own rules on
groundwater monitoring (including thermal water ntonng).

It was concluded thahonitoring (quantitative and qualitative)n general isvell regulated

at national levelsby different acts with detailed provisions on frerameters, frequency of
measurements, reporting obligations, etc. It wae aken that the source of information (i.e.
“sub-types” of monitoring) is fairly similar in thERANSENERGY countries:

* at a national level the organizations being resipbmsfor the coordination and
implementation are typically governmental bodiedoy8k Hydrometeorological
Institute-SHMI, Environmental Agency of Slovenia-8R, Regional Directorates for
Environmental Protection and Water Management ingauy),

» other monitoring sub-systems are operated by thdvidual municipals, local
governments,

» periodical surveys are performed by governmentdmdicientific institutes and other
organizations,

* measurements are also performed by the users,-iaese holders.

Nevertheless, there is a significatifference in the classification and terminology dhe
above listed‘sub-systems”listed above in the TRANSENERGY countries, whigud Ito
different interpretations even among experts. Bangle in Hungary “areal monitoring”
refers to monitoring at a national level that isden the auspices of the state, local
governments or other state organizations. Its dtermnd details of measurements are
proportional to the rate of the public interesteTmonitoring carried out by users is called
~environmental impact monitoring”, while this isfeered as ,operational monitoring” in
Slovenia. However under the EU WFD and Hungariayuledory framework ,,operational
monitoring” is defined as monitoring used to detethe status of water bodies identified as
being at risk and following their changes as restithe programme of measures.

It was concluded that thenonitoring of thermal water resources is insuffigie in all
TRANSENERGY countries. There are only a few (iitany) observation wells being part
of the “national” monitoring systems, which woulcbpide reliable information on the actual
static status of the reservoir. Monitoring of tlutivee production wells by users is functioning;
however the integrated evaluation of these dagaragjional scale is missing in many cases.

To improve monitoring, tangible recommendationsenbeen pharesed for monitoring wells
at each pilot area based on the integrated evatuand understanding of the targeted
geothermal aquifers, these are discussed in déeiailsapter 4.9.
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4.6. Reporting

Similarly to monitoring, the reporting on the utéition of geothermal resources is also two-
folded: it has energy and environmental aspects.

Reporting ofgeothermal energy utilizatiorhas different levels. Theompulsory reporting
(including all TRANSENERGY countries, as Membert8¢ is related to the performance of
the National Renewable Energy Action Plans (NREAR)e yearly abstracted geothermal
energy from the geothermal resources has to betegpto the Commission by 31 December
2011, and every two years thereafter. The sixtbntefo be submitted by 31 December 2021,
shall be the last report required. Neverthelesssdhreports include only the total annual
installed capacity (MW and gross electricity generation (GWn geothermal power
production and total annual contribution in heatmgl cooling (ktoe) in direct use, so are too
general for regional / local and sectorial assesssnée.g. geothermal energy used in the
agriculture, district heating systems, etc.).

Nevertheless, there are sevevaluntary reporting methodswhich provide more detailed
information. The internationally most accepted anéhe so called Australian / Canadian
Geothermal Code for Public Reportirg(AGC 2009, CGCC 2010)The Codes aim to
produce and maintain a methodology and provideranmim, mandatory set of requirements
for public reporting of exploration results to imio the existing and potential investors, their
advisors, as well as governmental agencies. Theymiovisions on the entire life-cycle of a
geothermal project, applicable also in other caasjrtherefore they became internationally
accepted. The Codes provide a detailed list ofrpaters which have to be assessed including
a set of pre-drilling exploration technical datapngment, environmental and infrastructure
data, subsurface and well-discharge data includ#sgrvoir properties, resource parameters,
as well as additional factors. Although the Codes well-known and accepted as a
methodology in TRANSENERGY countries, reporting@ding to its requirements does not
exist in everyday practice, partly due to its coexily and data confidentiality. Furthermore
these data provide only local information related a& concrete project, therefore only
summation of several reports would allow regionalleations.

Nevertheless the Codes also lay down principlescatkegorization and assessment of
geothermal resources and reserves, which wereuabssh by TRANSENERGY while making
potential evaluations for selected reservoirs afitot areas (see in Chapter 4.9).

Another voluntary reporting includes th@ A/EGEC templates which are required for the
country update reports for the international gewtia congresses. The set of tables for deep
geothermal include data on electric power genarafindirect use), as well as direct use
(swimming, bathing and balneology, space heatirguding district heating, agriculture
applications, aquaculture applications and indaisprocesses), where the installed capacity
and annual energy use for each category is prekeRegjuired data include: flow rate, inlet
and outlet temperatures at maximum utilization egsililting capacity. All TRANSENERGY
countries submitted these reports for the 2013 figan Geothermal Congress, and so far
these templates seem to be the most appropriagepyoeiding a comprehensive picture on
the geothermal utilization of a country.

Reporting ofenvironmental measureeelated to the Water Framework Directive in trenfe
of the national River Basin Management Plans asoa@ated with the quantitative and
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gualitative status of groudwaters (Tables 3, 4)hisTis a well established and accepted
methodology which delivers sufficient information the environmental status of the targeted
aquifers.

The level of groundwater in the groundwater bodysigch that the
available groundwater resource is not exceededhbyldng-term annual
average rate of abstraction.

y/n/uncertain

Accordingly, the level of groundwater is not sulbjee anthropogenic
alterations such as would result in:
— failure to achieve the environmental objectives fm®sociated
surface waters,

y/n/uncertain

— any significant diminution in the status of suchteva, y/n/uncertain

— any significant damage to terrestrial ecosystemsctwidepend

directly on the groundwater body, y/nfuncertain

Alterations to flow direction resulting from levalhanges may occur
temporarily, or continuously in a spatially limitedea, but such reversals
do not cause saltwater or other intrusion, and aloimdicate a sustaingd y/n/uncertain
and clearly identified man induced trend in flowedtion likely to result in
such intrusions.

Table 3: Reporting quantitative status of a groundvater body

The chemical composition of the groundwater bodsuish that:

— does not exhibit the effects of saline or otherusibns or trend

5 .
- e o /n/uncertain
that could exhibit unstable conditions and uncarpaediction, y

— does not result in failure to achieve the environtakobjectives
for associated surface waters, nor any significeminution of the
ecological or chemical quality of such bodies, moany significantf y/n/uncertain
damage to terrestrial ecosystems which depend tidiren the
groundwater body.

Table 4: Reporting chemical status of a groundwatebody

4.7. Databases, data policy

Vast amount of different geological, hydrogeologiaad geothermal data were available at
the partner national geological surveys in difféeréormats, stored in various database
structures. However, these inhomogeneous datasetsnot make possible uniform
evaluations in their original formats. Geoscientifhodels with consistent content for the
entire project area established in TRANSENERGY ireguharmonized datasets from the
four countries; therefore establishment gbiat, multi-lingual borehole databas&vas one of
the key-activities and core outputs of TRANSENER@Mikita et al. 2011). The expert
database contains tens of thousands of data refrord4686 boreholegFig. 14) in the four
countries, organized in®33 parameterand 11 major parameter groups (Fig. 15) including
technical, geological, hydrogeological, geotherarad hydrogeochemical data. Databse of the
active thermal wells used for the evaluation ofrentr use (Chapter 4.3.) has a different
structure and parameter content as required focifgpesvaluation. Nevertheless it is
compliant to this borehole database.
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In addition to provide experts by high-quality JalRANSENERGY also aimed to make the
main parameters of boreholes publicly availablenéatering confidentiality issues). Nearly
100 000 records regarding the Kkey geological, hyeotogical, geothermal and
hydrogeochemical properties froh®41 boreholeAT-115, SI-128, HU-742, SK-56) were
made freely accessible at the project websit#p{//transenergy-eu.geologie.ay.athis

public databasealso significantly contributes to the work of antities, decision-makers, as
they can check on-line the most important parameeitboreholes in the targeted regions.

Nevertheless the strict Austrian data confidertigiolicy was considered as a barrier during
the project work.
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Figure 14: Distribution of boreholes of TRANSENERGY borehole database
Parameter groups Parameters - content

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

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

» borehole dimensions and construction, drilled profile,
casings, screened intervals, geophysical surveys
({inclination and dip), etc.

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

=+ hydraulic tests, hydraulic parameters, aquifer hydraulic
properties, gr | level itoring, etc.

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

#geophysical borehole logs

+Water analyses or monitoring of respective
l!aslcdnmlsw macrocomponents (Ca, Na, Cl, ...

swater analyses or monitoring of respective
Trace elements microcomponents (Se, B, 1, ...)

swater/gas analyses or monitoring of respective
Isotops and noble gases Isotopes (*C, §'*...) and Noble gases (He, Ne, Ar, ...)

swater analyses or monitoring of respective components
(PAH, VOC, ADX, ...)

Figure 15: Parameters of the TRANSENERGY borehole atabase
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4.8. Non-technical barriers

Although TRANSENERGY team experts are mostly gesmssts, they have been aware that

for the development of the geothermal sectors énrégion, favorable resource conditions are

needed, however not yet enough; a reliable angpeaent regulatory framework, as well as

financial incentives is also essential. Therefarspecial emphasize was put on the evaluation
of these non-technical barriers, too.

TRANSENRGY performed detailed analysis of interoa#il and national water management
and energy policies and highlighted theampeting interestsvater management policiegre
focusing on therotection of resourcegin line with the provisions of the Water Frametwor
Directive (2000/60/EC), i.e. achieving and maini@gnthe good status of waters by 2015,
while (renewablegnergy policy(2009/28/EC) puts themaximum utilization of resourcesn
focus, in line with the target numbers of the Nadio Renewable Energy Action Plans
(NREAP). However not only the objectives, but measutime-frames are different (Table
5).

Water policy (2000/60/EC) Energy Policy (2009/28/EC

target groundwater  within aquifegrheat energy stored below the
groundwater body subsurface

objective achieving and maintaining gopohcrease the proportion of

(quality and quantity) statysRES/geothermal
(constant level, no intrusions, etc.)

framework national River Basin Managememational Renewable Energy Strategy
Plans (groundwater bodyand NREAP (programs of actions and
delineation and status assessmeirtcentives)

monitoring)
competence of| ministries of “environment” ministries of “energpéeconomics”
governmental
bodies
time frame 2009 2015- 2021 — 2010 —2020- 2030

Table 5: Comparison of European water management ahenergy policies

In addition, some mairegulatory gapsat national levels of legislations were identifiéoo
(Lapanje et al. 2011):

-geothermal resources are owned by the state, exoepustria where they belong to the
land-owner

- in all 4 countries the geothermal resource mamage has a dual character, shared by
ministries of “environment/rural development” deagli with abstraction of thermal
groundwater, and ministries of “energy /industrgofeomics” looking at geothermal energy
utilization without water production or dealing jwgith the heat extraction of thermal waters.
The most permissive regulatory framework existaustria, where even the energy content
of the thermal water is not acknowledged in theislagon, while the most integrated
approach exists in Slovakia by having a Geologiel
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-abstraction of thermal water is based everywherea avater license (water concession in
Slovenia), however geothermal concession for desgphgrmal (below -2500 m) exists only
in Hungary

-re-injection of the abstracted thermal water foergy use is compulsory in Slovakia,
Slovenia and Austria, however its ways are defimedhdividual water permits. Due to a
recent change (2013) in legislation in Hungary, tised water “can” be re-injected, also
defined in a case-by-case process. Temperaturectagmical thresholds for emitting used
thermal water into the surface are strictly reqedagverywhere.

-monitoring exists everywhere, however there isr@agvariety in the different national
systems, measured parameters and their frequegpgs tof organizations performing
observations and in reporting

-data confidentiality is a major restricting factor Austria, in the other countries various
governmental organizations are responsible forecbitlg data related to thermal water
production and geothermal energy utilization, hoavawniform national registers do not exits

-the system of licensing for exploration and explidiin of geothermal resources is not
efficiently regulated, i.e. complicated and timeasoming, thus it does not help to develop
the national geothermal sector

Despite of the favourable geological conditiondatreely a small number of geothermal
projects have been realized in the TRANSENERGY toes) due to the lack sufficient
financial incentives which are required for the accomplishment andiexeiment of
demanded profitability. The overview of financialpporting schemes (Nador et al. 2013)
showed thatdirect subsidies, funds and loanwith capital from World Bank, European
Investment Bank, international banks, sometimemfgiate budget are available to some
extent, mostly supporting drilling for exploratierells, establishment and running of district-
heating facilities.Tax incentivesare not available in TRANSENERGY countries, exdept
Slovakia, where electricity is subject to a constiomp tax except it is produced from
renewable energy. Geothermal energy in theory wbaltefit from this exemption, however
at the moment there is no geothermal-based elggtpmoduction in the country. Due to the
lack of geothermal-based power generation in thANBENRGY countries (except for
Austria) existing feed-in tariff/feed-in premium systems for RES are not relevant for
geothermal. Nevertheless the Hungarian and SlonaKREAP-s foresee geothermal-based
electricity by 2020 (Slovenia does not), so feedairiffs will become relevant in the future.
The current Austrian feed-in-tariff for geothermial too low to promote any further
investment.Off-take and support schemes for green-heae not available in any of the
TRANSENERGY countries; however the geothermal ctooals are mostly suitable for direct
heat utilizations (district heating)ndirect support schemesvere mostly realized through
different “renewable energy-related” operative permgs in Hungary, Slovakia and Slovenia
financed by the Structural and Cohesion Funds,gotie most efficient and major supporting
scheme for geothermal projects in these countridgsawate of co-financing up to 85% and a
total support for the geothermal sector in the eaof§200 million €. The beneficiaries were
typically SME-s, larger companies, non-profit orgations, private companies,
municipalities. Risk insurance as one of the most important supporting instrumfent
geothermal is not available in any of the TRANSENERcountries.
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4.9. Pilot areas

Within the “supra-regional” project area five crdswder pilot areas (Fig. 1) have been
selected for more detailed studies. Pilot areagegresentative ,hot spot” regions along the
borders (thermal karst of Komarno-Sturovo area KJ); Pannonian Central Depression of
the Danube Basin (A-SK-HU), Lutzmannsburg — Zsir@aa(A-HU), Vienna Basin (SK-A)
and Bad Radkersburg- Hodos$ area (A-SLO-HU). Thegmns were selected because of their
extrem sensitivity for any further intervention lgjfferent management policies in the
neighboring countries.

To be able to phrase tangible recommendations fosuatainable management of
transboundary hydrogeothermal resources of théseagseas, first the current utilizations of
thermal groundwaters in the araes are summarizéé. Aydrogeology and geothermal
conditions are introduced on the basis of couplesumdwater flow and heat transport
models, which were developed based on detailedy@iogical models, also taking into
consideration the experiences and results of th@aswegional models, which provided
boundary conditions for these more detailed moffetdéér-Szalkai et al. 2013apteady-state
modelsdescribed the regional thermal water flow systen®D, quantified the major thermal
water budgets, and provided heat base calculatfonsthe pilot regions. The results
characterized the present state of the geothernedarvoirs(groundwater heads, velocities
and major path lines, thermal and cold water bwgjgetater exchange at state borders,
subsurface temperature distributions, etc.). Inribet stepsimulations for different heat
and thermal water extraction scenari@nd effects of different possible utilization shenre
the future were examined at each pilot a&@enario modellingprovided information about
the possible limitations in thermal water utilithhe need of protection, and described the
geothermal exploitation capacity of the regionshvisiidications on priorities in thermal water
use (Rotar-Szalkai et al. 2013b). The results miswor the rate of renewing of geothermal (in
terms of water quantity, heat, hydraulic pressugs) and the required time period.

Furthermore, harmonizeassessment of geothermal resourcgas carried out at each pilot
area (Goetzl, 2013c). The well accepted categarfegeothermal plays, resources and
reserves (c.f. “CanGe&anadian Geothermal Code for Public Reporting”)envatdapted to
the TRANSENERGY area (Table 6, Fig. 16). Althoughdoes not include all levels of
resource assessment of CanGea, the chosen seleatiers all aspects of TRANSENERGY
goals.
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Potential

Heat in Place

Resource

Reserve

Definition used in
TRANSENERGY

Heat stored in a subsurface
volume. This term delimits the
theoretically available
geothermal potential, which
could only be utilized by
cooling down the entire rock
volume of the specific
Hydrogeothermal Play. In
practice it won't be possible to
extract the entire amount of
heat stored by technical
measures.

Inferred
Resources

Technically extractable amoun
of Heat in Place at a low level
of confidence. The assessmer
of Inferred Resources is mainl
based on modelling results an
simplified assumptions at a
regional scale.

O< =

Probable
Reserves*

Share of Inferred Resources,
which can be developed in an
economic way (e.g. considerin
maximum drilling depths or
maximum distances to areas (¢
settlement).

=-

Measured
Resources

Technically extractable amoun
of Heat in Place at a high leve
of confidence by relying on

direct measurements at wells.

Installed
Capacities

Already installed
hydrogeothermal power.

Table 6: Overview of the different levels of hydrogothermal assessment considered in TRANSENERGY.

Probable Reserves have been calculated in an expegntal way only for the Vienna Basin pilot area.

Subsurface Volume

Hydrogeothermal
Play

Inferred
Resources

Measured
Resources

Total amount

Hydrogeothermal Plays

Heat inPlace (GW)

Inferred Resources (GW)

1 d

M. R. (MW)

Level of precision

P. R. (MW)

P.R.: Probable Reserves
M.R.: Measured Resources

I.C.: Installed Capacities

Potential

Resources

Reserves I

Existing Utilization |

Figure 16. General scheme of the resource assesstrapplied in TRANSENERGY
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At TRANSENERGY projecthe assessment of geothermal potential has beerfopered for
relevant Hydrogeothermal Plays at the pilot areassuming an operational lifetime of
chosen technical utilizations (Table 7) as 50 yedrfll annual load. The main criteria for
the selection of Hydrogeothermal Plays were:

= Coverage of at least one aquifer
= Relevance for present or future hydrogeothermal use
=  Minimum average temperature level above 30°C

All calculations were based on the data acquiredl models developed during the project.
The assessment is limited to a regional scale (max resolution 1:100.000).

ID Title Required Reference Type of Constraints
minimum temperature  scheme
temperature (discharge,
re-injection)
°C °C - -

1 Balneology(energy 30 10 Single Well None
use of water for local
heating)

2 Heat Supply (district 40 25 Doublet (2 Maximum flow
heating as well as wells) rate 100 I/s or
individual heating) max. drawdown

of 100 meters

3 Electric Power 105 55 Doublet (2 Maximum flow
Generation (combined wells) rate 200 I/s or
with heat supply) max. drawdown

of 200 meters

Table 7: Overview of the utilization schemes selead for hydrogeothermal resource assessment

In the five pilot areas altogether nine Hydrogeothermaldyks were identifiedTable 8).
Three of them are located in Miocene and Pliocaasnbfillings (Vienna Basin and Danube
Basin). They are mainly intergranular aquifers hglag to a single stratigraphic horizon. The
remaining six Hydrogeothermal Plays are locatethatpre-Miocene basement of the basins
and are represented by fractured carbonate resgrwwhich comprise several different
tectonic and stratigraphic structures (Table 8).

The geometrical attributes of the investigated ldgaéothermal Plays have been derived from
the steady-state 3D geological modelling, whileg¢bBmated range of reservoir temperatures
came from the steady-state thermal models covethg pilot areas.The hydraulic
transmissivity controlling the maximum yield of andividual geothermal doublet was
calculated by combining the modelled thickness Blfydrogeothermal Play with an averaged
hydraulic conductivity, assuming isotropic and hg@oeous conditions at the Play. The rock
parameters such as Heat Capacity, Density and iBotusve been generalized based on
measurements done by, or available at the invogesmogical surveys. Due to the lack of
data, simple isotropic and homogeneous reservaidstb be assumed. Data characterizing
each studied Hydrogeothermal Play are presentiu atescription of the relevant pilot area.
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ID Name Pilot Area Description

VB1 Aderklaa Vienna Basin Conglomerates of the Miocene
Conglomerate basin fillings (Lower Badenian)

VB2 Deltafront Sediments Vienna Basin Sandstones and sands of the
(Eggenburgian - Miocene basin fillings

Ottnangian)

VB3 Tirolic Nappe System Vienna Basin Dolomites and limestones of the
Triassic basement of the Vienna
Basin (Norian - Anisian)

VB4 Juvavic Nappe Vienna Basin Dolomites and limestones of the
System Triassic basement of the Vienna
Basin (Ladinian - Anisian)

VB5 Central Alpine & Vienna Basin Dolomites and limestones of the
Tatric Carbonates Triassic basement of the Vienna
Basin (Ladinian - Anisian)

TWB1 Upper Triassic Komarno - Limestones and dolomites of the
carbonates Sturovo Area Upper Triassic basement
LZ1 Devonian dolomite Lutzmannsburg Limestones and dolomites of the
- Zsira Area Paleozoic basement
DB1 Upper Pannonian Danube Basin Interchange of clays, marls and
formations sands/sanstones of the Miocene
basin fillings
BRH1 Raba fault zone Bad Carbonates and metamorphic rocks
Radkersburg - of the Pre-Tertiary basement
HodoS Area (Triassic & Paleozoic)

Table 8: Overview on the Hydrogeothermal Plays set¢ed for the hydrogeothermal assessment

The assessment of geothermal potentials, resouwsoes reserves follows a workflow
developed in the frame of TRANSENERGY. The entingidgeothermal Play was covered
with a 1 km x 1 km raster putting on individual gfeermal doublet (1 production well + 1 re-
injection well) at each cell in order to consideilization schemes 2 (heat supply) and 3
(electric power generation) (Table 7). Considesngeme 1 (balneological use) only 1 single
well was put at each cell. The preparation of ingatta and details of calculation methods of
Heat in Place, Inferred- and Measured Resourceswals as Probable Reserves are
summarized in Goetzl (2013c). The calculated nusmbar each Hydrogeotheraml Play are
shownat the description of the relevant pilot area.

Finally a “benchmarking” evaluation (indicators of sustainable manageménthermal
groundwater) is provided for each pilot area (exckp the Vienna Basin, where no
hydrogeothermal utilization exists at present).sTiniethodology originally elaborated for the
better management of the region of Lake Léman wahdr modified and applied for the
TRANSENERGY pilot areas. As a transparent and divecset of indicators, it was
considered as the best methodology to assess oramddry (thermal) aquifers and
utilizations, which also makes possible to drawabasions for future management strategies
(see also in Chapter 3: Recommendations).

Association for the protection of Lake Léman (L@sstion pour la sauvegarde du Léman -
ASL) initiated a wide research in 2002 to achiend maintain a good water status of the Lac
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Léman river basin (Lachavanne, J-B., Juge, R., RO0% aim of the research was to offer a
tool to the region to evaluate and support decisi@king that would allow to manage the
water resources respecting the principles of suside development.

What has Lac Léman in common with transboundargntheaquifers in the W-ern part of the
Pannonian Basin? Lemano region is belonging to ¢aantries (France and Switzerland),
three regions and 600 communities. TRANSENERGY stbanndary thermal aquifers are
extending across state and other administrativedosr Although similar energy objectives
and environmental goals exist in TRANSENERGY coestrthese transboundary areas are
situated in rather different economic and socialiemments and also natural conditions.
Therefore it is very important to reveal the stramgl weak points of the actual management
practices and take resolved steps for their imprere.

Based on our studies of transboundary thermal expudind considering the “Lemano” idea
and methods, we identifietD crucial indicatorsthat should be observed to reveal the actual
status and use of these reservoirs, which alsolenab follow and compare the existing
management practices:

1) Monitoring status.

2) Best available technology.

3) Energy efficiency.

4) Utilization efficiency.

5) Bathing efficiency.

6) Re-injection rate.

7) Status of water balance assessment.

8) Over-abstraction.

9) Quality of discharged waste thermal water.
10)Public awareness.

All indicators are based on an objective calcutatimethod as described below. The results
are marked in five descriptive categories: very,baad, moderate, good and very good,
which allows a transparent comparison.

Data for evaluation of these indicators were partijected through the obligations from the
Water Framework Directive, the Directive on the rRabion of the Use of Energy from
Renewable Sources, national obligations relateddaitoring, and also following the EGEC
recommendations for geothermal resources manageient detailed data were not freely
accessible, especially for individual wells andrasbut were gained by field inspections and
interviews with the thermal water users in the feaoh TRANSENERGY.

Monitoring status

The first and most important key indicator is a oory, unified and integrated active
monitoring, carried out by water producers. Thiswdtl be implemented by the user and
should consist of continuous recording of groun@wdéevel or wellhead pressure, water
temperature, yield and chemical composition or cetidity (Axelsson and Gunnlaugsson
2000). Chemical sampling and interpretation of deershould follow the Groundwater
Daughter Directive (European Union 2006). Whereanjeetion takes place, the required
measurements should also be performed at theeetion well. Monitoring results should be
interpreted annually by users. These data shoulcob#ined with results derived from the
passive monitoring of deep geothermal aquifersoperéd by governmental organizations.
Only combined interpretation of the active and passnonitoring data would allow us to
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follow systematically the changes in aquifers, amake regional evaluations of the available
thermal water resources that is necessary forrigamw water permits.

Monitoring status Points
Sporadic observations 0
Active monitoring carried out by water producersn@nuous measurements pf
discharge (abstracted water), piezometric levelperature and regular

chemical water analysis of abstraction/operatiovell 5
Yearly report of active monitoring results subnittey concessionaire/licenser

and approved by granting authority 3
Passive monitoring in non-exploited observationlwégular measurements pf
piezometric level 1
Passive monitoring in non-exploited observationisvdlemporarily sampling

of groundwater for chemical / isotopic analysisdentify global changes 1

The requirements are interdependent! If active mooing exists (5 points), the points for
additional passive monitoring and submission ofréports have to be added and summed.

! - Zr=1 p:

MON ="~

Where:

Imon = monitoring indicator

P, = points of abstraction well i) at a site
Nt = total number of all abstraction wells

Results
Imon | Descriptive| Points [%]
>8 100
6-8 Good 75
4-6 Medium 50
2-4 Weak 25
<2 _ 0

Best available technology use

Encouragement of the use of best available techydIBAT) is proposed, as this will have a
direct impact on decreasing the need for additidhalmal water, thus increasing usage
efficiency, mitigating potential system failuress avell as diminishing environmental

pollutions. Application of cascade systems (uttima in series, where each sequential
utilization type uses the heat or the waste themdér from the preceding utilization type) is
recommended. Re-injection wells are not evaluagzd.h
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BAT use Respons{ Points
Well-maintained wellheads which are isolated aratqmted from Yes 0
unfavourable weather conditions and unauthorisesbps No 1
Materials installed in and above the well are if@rtaggressive Yes 0
water/gas mixtures and higher temperatures. Calcabng problems

Y o 2 No 1
are mitigated by injecting inhibitors
Installation avoids areas of gas or water leaksiacidde the Yes 0
placement of a water release valve before the degpanit at the NoO 1
wellhead.
Abstracted water is precisely and continuouslyolwlhg the water Yes 0
demand. If pumping is required computer-manageglgacy pumps NoO 1
are used
The thermal water is used based on the princiglascascade system, Yes 0
with both computerised and individual phases cdleticas much as NoO 1
possible.
Supporting technical, lithological, hydrogeologieald chemical Yes 0
documentation is well-kept and regularly updated. No 1
Specific yield of wells is not decreasing T\leos (1)

The requirements are independent.
(Be aware that BAT is applied if as little pointe @ollected as possible)

A =yl =Q;

S >3 )

Where:

Igat = indicator of BAT use

li = indicator | for the production well i)

Q = annual abstraction rate of the production weir’/a)

Ty Result
[points] | Descriptive| Points [%]
0 100
0-1 Good 75
1-2 Medium 50
2-3 Weak 25
>3 _ 0

Thermal efficiency

Though only a few users cool thermal water nedhéomean annual air temperature (12 °C),
this should be followed by others. Higher thernféitiency should lead to a reduction in the
total amount of abstracted thermal water, as welbaer thermal and chemical pollution of
surface streams into which waste water is emitfedindicate good thermal efficiency, a
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value of at least 70% use of available energy shbel reached. This would mean that if
wellhead thermal water temperature is 60 °C, wastger should have a maximum
temperature of 26.4 °C before being emitted to éheironment, while if wellhead water
temperature is 40 °C, emitted wastewater tempezraghould be below 20.4 °C. Thermal
efficiency should be increased step by step.

Thermal efficiency1{ ;) is the ratio between used and available anniatldr@ergy:

TE-

,7 i = Eused i : Eavailable i (1)’
Used annual heat enerdy {eqi) EQ. 2:

kJ
Eusedi :Vaa [M-].S@ (Twellhead _Toutlet) @),

Vaa - average annual quantity of abstracted thermal water

(Twelihead— Toutle) - temperature difference between abstraction (welllh and outlet
(discharge).

Available annual heat energis(aiianei) EQ. 3:

kJ
E = Vaa [(A18— (Twellhead - Tlocation) @)

available i kg K

(Twellhead— Tiocation) - temperature difference between abstraction (wallh and yearly
average air temperature of the location, e.g. 12° C

If the volumes of abstracted and waste water asdme (Va= Vww) then the thermal
efficiency is calculated by Eq. 4:

T T,

,7 i = wellhead ' outlet (4),

T, llhead T,

wel location

whereTyeinead@Nd Toutiet COrrespond to the aforementioned parameters.

If the abstracted thermal water is partly reinjdctben thermal efficiency is
calculated by Eq. 5:

,7 = Vaa (Twellhead - Toutlet) (5)
Vaa (Twellhead - Toutlet) + wa (Toutlet - Tlocation)

If all abstracted thermal water is re-injected themthermal efficiency = 1 is 100 %.

_ Zi=a i # 0

E= 0

Where:

TE = indicator of thermal efficiency on the respeetuser site

n i = thermal efficiency for abstraction point i)

Q = annual abstraction rate of abstraction poi(iniya)
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Result
TE [%] | Descriptive | Points [%]
> 70 100
60 - 70 Good 75
40-60| Medium 50
30 - 40 Weak 25
<30 _ 0

Utilization efficiency

Utilization efficiency is the ratio between the eage annual water abstraction and the
maximum quantity that could be produced, i.e. tigladr proportion of the available resource
is utilized, better the utilization efficiency is.

Installed capacity is a technical parameter andesgmts the maximum possible abstraction
rate of a well and it is normally designed for phegential peak water demand. Nevertheless,
the potential peak water demand often forms thasbaf the licensed maximum water
guantity defined in water permits.

Within this research we collected information basgeelds and conditions stated in water
permit and took these values as the potential maxirabstraction yields. We did not take
into account the naturally discharged thermal veatgom springs), which are utilised by the
ecosystems.

gl Z;n:;Qa:

E =—=2_-="_
. Zf‘:,Qcap;

« 100 [9%]

Where:

Fu = utilization efficiency indicator [%]

Q. = average annual abstraction of a production iygth®/s]

Qcap i = installed capacity of a production well (potahpeak water demardmaximum
potential abstraction quantity defined in watempieri) [m%/s]
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[%] Descriptive | Points [%]
> 30 100
25-30 Good 75
20 - 25| Medium 50
15 - 20 Weak 25
<15 _ 0




Bathing efficiency

The indicator of bathing efficiency can be calcethon the basis of reported water use, i.e.
the volume of pure thermal water used to fill swimgnpools. A value of 10 fhper bather
per day is considered as a reference value, abdwehwpool water does not need to be
disinfected.

Further development of this indicator is plannedprder to be able to include not just the
amount of used water, but also its medical effect.

Re-injection rate

Where a closed thermal water exploitation systeosed, all water (not considering technical
barriers, i.e. re-injection into clastic aquifexsgn be returned into the aquifer - although
probably more than one re-injection well will beyueed. In open systems only non-treated
and not polluted thermal water can be returned tinéoaquifer and as a consequence of less
water amount, fewer re-injection wells might be essary. Re-injection wells represent a
large investment cost, which — without suitablafioial support — are not feasible for most of
the users. Even though re-injection is a legal irequent for energy use of thermal water, it
currently takes place at a few sites (see also €hdys.).

Within this survey we checked only whether re-iti@t is applied or not. In the future it will
be necessary to differentiate between re-injecima the aquifer from where the water is
being abstracted, and re-injection into other aqsif This latter case is mostly applied in
practice, which is against the guidelines of thetdé/&ramework Directive. This question is
especially important when a groundwater with higgamic and/or trace element content is
reinjected into a shallower aquifer with a comgietéfferent chemical composition.

The re-injection indicator expresses the ratio ketwthe reiinjected and abstracted annual
volume of thermal water used for energy utilizatpurposes.

Rlq = indicator of ratio between reinjected and abséannual volume of thermal water for
for heat abstraction [%)]

Qabs= abstracted volume of thermal water for energization [m*/a]

Qreinj = reinjected volume of thermal water for energliaation [m%a]

. Result
Rlg (9] Descriptive | Points [%]
Rl > 60 100
40 <Rlq <60 | Good 75
20 <Rl <40| Medium 50
0<Rlp <20 |  Weak 25
Moo SN o |
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Status of water balance assessment

This indicator describes the depth knowledge wiscavailable on the quantity status of the
aquifer, and the reliability of data on which thessessments are based on. The need for re-
injection is partly depending on the natural regeasf the thermal aquifers. Estimation of the
latter is heavily depending on the quality and kmlity of regional hydrogeological data.
More accurate estimates can be obtained when anaafpassive monitoring programme is
implemented by the competent authorities, whichukhde combined and interpreted with
data from users’ active monitoring (see also indicad Monoitoring status).

Annual data for water balance assessments andneddiydrogeological evaluations should
be analysed every 3-6 years, since in this petedquantity and quality of aquifer trends
become more evident (Goldbrunner et al. 2007). [Untiegional numerical model of the
appropriate aquifer is established, this monitorsoheme and analysis should represent a
sufficient tool for granting new licences and swigng existing ones.

This indicator should be developed in the followsugcessive cumulative levels:

Status of water balance assessment Points
Not assessed 0
Critical level point is defined (not based upon sweaments

on the location but from other available data At@mns) 0.25
Critical level point is defined (based upon averggrly

minimum level value from previous years on the tmcg 0.5

Critical level point is defined.

Renewable and available volume of water is assessed
Critical point of abstraction is defined. Studynsde on the
base of old / regional data and knowledge 0(75
Renewable and available volume of water is assessed
Critical point of abstraction and critical levelipbare both
defined.

Study is made and updated on the basis of actual
measurements. 1

One well can have maximum one point, only one staté has to be selected and valued as a
point for the indicator calculation.

oints
Ibe = 2 « 100 [%]
E:o:

Where:

lwba = indicator of water balance assessment status

points = sum of points regarding the status watdarice assessment
Eiwt = total number of abstraction wells on the basirel (all users)
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| wha Results
[%] Descriptive | Points [%]
> 95 100
75 - 95 Good 75
50-75| Medium 50
25 -50 Weak 25
EFl = B

Over-abstraction (status of the aquifer based enntipact of the thermal water abstractions)

This indicator — in strong connection with re-irfjea rate and water balance assessment —
provides information on the quantity status of do@ifer.

Status of the aquifer based on the impact oatistractions Respons{ Points
Significant decreasing of piezometric level is shmaythat new Yes 1
equilibrium could not be reached No 0
Decreasing water quality or temperature causethdabstraction T\I%S g
Decreasing of groundwater availability (lower yigbdimp lowering) T\leos g
o Yes 1
Impact on dependent ecosystems is significant NO 0
. , Yes 1
Strata subsidence caused by the abstraction N 0
Iog = L= li Qi
IXEN
Where:

Ioe = indicator of over-abstraction status on the eetipe site
li = sum points for source i
Q = annual abstraction rate of source t/ah

Toe Result
[points] | Descriptive| Points [%]
0 100
0-1 Good 75
1-2 Medium 50
2-3 Weak 25
> 3 _ 0

Quality of discharged waste thermal water

All countries have legislation in which the monitgy procedures and standards for the
emitted waste (thermal) water are regulated, caomugr direct emissions into the
environment, or indirect through the sewage pundyiplants. With this parameter we
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intended to investigate how many of these sampletly) actually do fulfil the legislative
standards for waste water emissions and therefmmeotl cause microbiological, chemical or
thermal pollution of surface waters and other emvinent.

Because this type of information on waste water was collected during the survey of
current utilizations, we could not test the apgitigy of this indicator in practice.

SMP posiciv
o positive
Iqualy,, = T Smpeg +100 [%]

Where:

lqual_disc= indicator - share of positive samples which nteetrequirements for emitted waste
water quality [%]

Smpositive = total number of positive samples per year

Smpo: = total number of samples per year

. i E?:l !Qualdlm «Q;
Iqualdlsc =i 27:;1 Q;
Where:

lqualy, = indicator of suitability of discharged water [%0]
Q = annual discharge of waste thermal water of soufer/a)

%]

IQualfdisc Result
[%] Descriptive | Points [%]
> 95 100
90 - 95 Good 75
80-90| Medium 50
70 - 80 Weak 25
<70 _ 0

Public awareness - accessibility of reliable infation

For this indicator we inspected companies’ websiied media material, where we searched
for (even very short) descriptions of geothermadrgwy, or information on thermal water use.
We inspected whether these materials containednation (in the national language mostly)
on monitoring, cascade use, efficiency, geotheenalgy, thermal water, pollution, chemical
analysis of thermal water, waste water managemeijection, water level decline, aquifer,
etc.

Information about Points
Monitoring 1
BAT use 1
Quantitative status (overexploitation) 3
Qualitative status of waste water 3
Energy efficiency 2
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Where:

linf = iInformation indicator

P, = number of points of abstraction site i
Niot = total number of abstraction sites

Results
lint Descriptive | Points [%]
>8 100
6-8 Good 75
4-6 Medium 50
2-4 Weak 25
<2 _ 0

We did not incorporate into the benchmarking ev#bua the naturally discharging thermal
waters (from springs) which are utilised by thesystems.

4.9.1. Komarno-Sturovo (Komarom-Parkany) Pilot Area
4.9.1.1. Introduction

The Komarno-Stirovo (Koméarom-Parkany) pilot areaitsated in the NE-ern part of the
Transdanubian Range in Hungary and its basinalipa&tovakia (Fig. 17). The 84 % of the
total area (4447 kf belongs to Hungary, 16 % to Slovakia. Altogetheound 530 000
inhabitans live in the area, mainly in smaller tewand villages. More than 190 000 people
live in 7 larger towns in Hungary and Slovakia.

The land use is dominated by agriculture, whilehe economical structure tourism is also
important. The main tourist areas are Tata, Esaterdatince and Stdrovo. In the 1900's the
coal mining (Tatabanya, Dorog, Many, Dorog, FR&idy Bakonyszentlaszlo) played an
important role in the industry of the Hungariantperthe area.

Groundwater bodies of the area are divided by natiboundaries and karstic aquifers were
delineated by the International Commission for Bmetection of the Danube River (ICPDR)

as aggregated groundwater bodies. Our hydrogea@lognxaluation also focused on these
karstic reservoirs, however some of intergranuauifars were also taken into account during
evaluation.
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Figure 17: Geographical setting of the Komarom - Strovo pilot area and the main settlements

4.9.1.2. Geology, hydrogeology and geothermal ctods

The Komarno —Starovo pilot area belongs to the Kmmlock (in Slovakia we consider in
this evaluation Komarno high block) comprising dsided N-ern blocks of the Gerecse and
Pilis Mts. (Hungary). The surface of the pre-Tegtibasement extends towards the north
from a depth of approximately 100 m near the Dantb@s deep as 3000 m near the
Hurbanovo fault. The pre-Tertiary basement of tleeniérno block consists largely of Triassie
dolomites and limestones up to 1000 m in thickn€kese are underlain by very thick Lower
Triassic shales.

The main and most important aquifers (as well afrdyeothermal reservoirs) are the Upper
Triassic platform limestones and dolomites (Dadhstémestone and Main Dolomite) which
are known from an area of about 1050°kiuring the geological evolution of the area, a
long-lasting subaerial exposure period causedamgtkarstification of the upper part of the
more than 1500 meters thick Triassic carbonateesempuafter the Mesozoic, which thus got a
higher permeability. These well karstified condustisd fractures along the main tectonic
elements determine the groundwater (karst-watew. fl

The outcropping Upper Triassic rocks (North-Bakovigrtes, Gerecse, Pilis mountains) form

the main recharge areas, from where the preciditgteundwater flows towards the deeper
regions to northwest and west in the buries kansieks. From the NW-ern edge of the

aquifer the groundwater turns towards north-nott-aad in the Slovakian parts towards east
(Fig. 18).
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Figure 18: Sketch of the groundwater flow directiors, main utilizations in the last 75 years and thaikewarm springs
in the pilot area

The geothermal activity of the Komarno block hagrbé&nown for a long time because
lukewarm springs discharge at the margins of thstkamountain blocks at Stirovo and
Patince with temperatures of 39 and 26°C respdygtivEhermal springs have been also
known on the Hungarian side of the pilot area ewlized in historical times, practically
opposite to the above mentioned ones, at Esztegguhat Dunaalmas with temperatures of
26-27°C and 23-24°C. The investigated geologicalcttire has a fast water circulation which
causes a significant negative geothermal anomayriuch colder groundwater temperatures
than it would be expected at certain depths): 222 600-800 m bsl, 24.5-26.5°C at 1100-
1300 m bsl, and around 40°C at 3000 m bsl. The Komblock contains Ca-Mg-HCCand
Na-Ca-HCQ-CI chemical types of thermal water.

The marginal (W, NW, N) and deeper part (<-1600st) af the Upper Triassic carbonate
aquifer is characterized by higher temperatureshvforms part of the deep karstwater flow
system: these thermal (40-60 °C) karst water astratied by deep wells in the NW and N-
ern part of the area (near Babolna, Acs, Komaroram#&mo), which makes heating
utilizations in the agriculture and/or domestictse@ossible. However this represents only a
smaller proportion of the stored groundwater coragdo the lukewarm springs. In the NW-
ern part characterized by higher temperatures, arfgw wells exist and the deepest part of
the aquifer is not properly known. However, in fhaure this area is potential for geothermal
doublet(s) and/or cascade use targeting the Uppessic aquifer (Fig. 19).
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Figure 19: Distribution of the potential Upper Triassic hydrogeothermal reservoir (T>30°C) and its rechege area

The general characteristics and estimated geothepogntial of the Upper Triassic
hydrogeothermal reservoir in the Komarno-Sturoviotparea are shown in Table 9. The
description and methods of geothermal potentiabssseent are summarized in at the

beginning of Chapter 4.9.

Table 9: Characteristics and estimated geothermal gential of the Upper Triassic hydrogeothermal reserwir in the

General attributes Gross volume (m 164
Aquifer volume (k) 2
Average thickness (m) 200
Estimated reservoir Min 20
temperature (°C) Max 152
Average 86
Estimated transmissivity | Min n.a.
10° ( né/s) Max n.a.
Estimated 3.2
Rock parameters Bulk Heat Capacity (Jff)3 914
Bulk Density (kg/m3) 2650
Porosity (%) 3
Heat In Place (MW, Balneology (single well) 235
Heat Supply (doublet) 15731
Electricity (doublet) 3896
Inferred Resources Balneology (single well) 51
(MWg) Heat Supply (doublet) 5327
Electricity (doublet) 1319
Measured Resources Balneology (single well) 0.2
(MWy) Heat Supply (doublet) 17.2
Electricity (doublet) 0
Installed Capacities Balneology (single well) 12.8
(MW ) Heat Supply (doublet) 2.5
Electricity (doublet) 0

Komarno-Sturovo pilot area

43




4.9.1.3.Current utilization of thermal waters

The main users are the baths in both countriehenNE-ern part of the area (Esztergom,
Starovo) (Table 10). In Patince and Dunaalmaés dlicstl) balneological and drinking water
utilizations exist. Near Komarom and Komarno balogizal and agricultural utilizations
take place. Most of the users abstract the lukewarthmermal water of the Triassic karstic
aquifer, but some Miocene and Cretaceous localf@gunear Komarom and Komarno are
also exploited.

Actual
. Number , production*
Site of wells Aquifer Usage (myear)
(2009)
; Lower Pannonian agriculture
Acs (HU) 1 Upper Miocene? drinking water 77916
Almasneszmély Upper Triassic drinki_ng water,
3 ! agriculture, 223 580
(HU) Lower Jurassic
balneology
Upper-Lower
Babolna (HU) 3 Pannonian, Uppel balneology, out O.f
o agriculture operation
Triassic
Bakonyszombathely Lower Jurassic, :
(HU) 1 Upper Triassic agriculture 388
Upper Pannonian drinking water,
Dunaalmas (HU) 2 PP . agriculture, 1050
Jurassic
balneology
Esztergom (HU) 6 Upper Triassic balneolvc\)/g%/érdnnklng 1776 309
Komérom (HU) 2 Upper Eocene balneology 548 623
Pannonhalma (HU) 2 Upper Pannonian No data
Szomaod (HU) 1 Upper Triassic agriculture 1825
Szomor (HU) 1 Upper Triassic agriculture 13 589
Upper Triassic, | balneology, drinking
Tata (HU) 9 Middle Cretaceous  water, industrial 63 343
Visegrad (HU) 1 Upper Triassic balneology 142 112
Komérno (SK) 1 Lower Pannonian balneology 10 274
Nova Straz 1 Upper Pannonian agriculture out O.f
operation
Patince (SK) 2 Upper Triassic balneology, induktria 202 570
Starovo (SK) 3 Upper Triassic balneology 440 059
(Zsl?gl a ha Ostrove 2 Upper Pannonian agriculture 105 290

*Allowed amount for production in the water permgsmuch higher in several cases than the
actual annual production

Table 10: Current users of thermal water
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4.9.1.4. Existing and potential future conflicts

Due to the intensive water abstraction during tdrgterm coal mining in the Transdanubian
Range, the whole cold- and thermal karst systemaffasted by a regional depression which
caused the drying out of most of the lukewarm giwirAfter the mining was terminated, the
water level has been rising since the beginninghef1990's. In this dynamically changing
system it is hard to estimate the actual drop nstkaater level, but in the S and SW-ern part
of the area it is about 30 m, which decreases tsvtire north. Along the Danube between
Komarom-Komarno and Esztergom-Sturovo the actuap dn the karst water level is about
10 m. The still existing abstractions for drinkingter supply in the area are much smaller
than the mining abstractions in the past, so prgbtiey will not risk the yield of the
recovering main lukewarm springs.

Although the rising karstwater level definitely hpsesitive effects on the revitalizing of
lukewarm springs and groundwater dependent ecasgstethe area of Tata, it also results in
seepages on the surface and thus risks the exmiirfigce installations (buildings, garages,
etc.). Therefore sufficient solutions have to labelated to utilize and/or drain the (surplus)
seepage waters. Furthermore in this area thereasngetition between the water demand of
balneological utilizations, drinking water abstrans and the water demand of the
groundwater dependent ecosystems, the latter hdwgig priority in the Water Framewok
Directive. Therefore the ranking of different neeslsd an integrated assessment of their
impacts is vital important.

Current utilizations have two major environmentahpacts: thermal pollution and
overproduction. In the area of the natural discear(rata, Esztergom (HU), Patince (SK))
the thermal pollution of the surface waters is miali and nature has been adapted to
lukewarm karst waters.

4.9.1.5. Towards a sustainable management

Steady state modellingGaspar and Téth 2013a) focusing on the karstfaiqun the NE-ern
part of the Transdanubian regional karst flow systenfirmed the close connection between
the water and heat flow, where water flow affetis heat (convective) transport in the area.
In the karstified dolomites and limestones the watn flow deep down from the surface
without any barriers: the recharged precipitatiools down the system even at big depths.
Due to the intensive flow system, this cooling effean be observed also far from the
recharge areas and elevated temperatures (80-)0faAChe observed only at the N-ern and
partly in the NW-ern, deep buried part of the Uppeassic aquifers (Fig. 20).
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Figure 20: Modelled temperature distribution on thetop of pre-Tertiary basement

Scenario modelling(Gaspar and Téth 2013b) helped to quantify theneotion between the
cold karst water abstractions and the responskeofukewarm part of the karst flow system
during and after the bauxite and coal mining. Sdenmodelling of the intensive water
production (Scenariol: Mine water abstraction witle yield in the late 1980’s) showed
regional depression in the whole region: the lard&#s70 m drawdowns existed in the area of
the water abstractions in the SE-ern part of thet girea (near Tatabanya). The depression
was observed also in the Slovakian part of the pilea, especially around Komarno, where it
could be as much as 30 m (Fig. 21). The most advansl best seen effect of the intense
water abstractions was the disappearance of tkesviarkn springs in the Tata area.

From the end of the 1980’s/the beginning of theQl®®he mine closures started in the Dorog
and Tatabanya region and the karst system startslbwly regenerate (Scenario 2: Reduced
water abstraction with the yield in the early 2G)0As a result the depression in the area of
Tatabanya decreased from the former 60-70 m toG36+4however the relatively increasing
water level was still not high enough that the regsi at Tata would work again.
Transboundary effects were still demonstrated,oalgh to a less extent, in the area of
Koméarom-Komarno the water level was “only” 20-29awer than in the natural state.

The scenario of the drinking water abstractionsrafie mine closures (Scenario 3) with main
production sites near Tatabanya and Esztergom shdoweer depressuration in the karst
system (20-30 m water level drop in the local emvinents, 10-20 m depression in the whole
region). Nevertheless, the relatively increasingewdevel was demonstrated to be high
enough that the springs in Dunaalmas and Tata eegtd and started to work again. Yet,
transboundary effects of drinking water abstradia@ould be still proven: in the area of
Komarom-Komarno app. 15-20 m lower water levelseastrowed than at the natural state.

In summary: the scenarios studying the effectsasfous karst water abstractions (mining
and/or drinking water-related) clearly quantifidte tthresholds at which lukewarm springs
disappear/start to operate. These scenario mosidiserovide good limit value estimates of
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(thermal) karst water abstractions without re-itiggt in the future at which environmental
targets (groundwater dependent ecosystems) ataneatened.
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Figure 21: Modelled depressions in the Mezozoic kat aquifer (Scenario 1: Mine water abstraction withthe yield in
the late 1980'’s) (green crosses — geothermal utdizons, red crosses — lukewarm springs)

Scenario modelling (Gaspar and Téth 2013b) alsoodstnated the potentials and possible
transboundary effects of deep geothermal utilizetiom the area of Komarom-Komarno and
raised awareness on the importance of re-injeclibie. evaluated hydrogeological structure
(Mesozoic carbonates of the Komarno block basemesdrvoir) is not part of the regional
flow system, but it is hydrauliccaly connected toTio investigate the possible impacts of a
future geothermal utilization close to the natiobatder, 6 different utilization scenarios were
studied with and without re-injection well(s) in eror both countries assuming infinite
operation time (Fig. 22). The importance of thenjection was confirmed by the simulations:
the utilizations without re-injection had considgdetransboundary impacts: the simulated
depressions on the hydraulic potential were 6 fmlaround the pumping wells. When re-
injection took place, the modelled depressurataias were reduced to 1.5 - 2.5 m around the
abstraction wells, whereas a pressure increase@rie re-injection wells was in the same
range. In these scenarios (with re-injection) tperation of the geothermal system had no
transboundary impacts. The scale and spatial erfaht impacts — in the case of theoretical
doublets existing in both countries — were depemdimthe location of the injection wells.
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Figure 22: Theoretical well doublets in the area o0Komarom — Komarno (red crosses — theoretical wells)

A detailed study on the joint (SK-HU) exploitatiaf transboundary geothermal energy
resources in the Komarno block was performed bystavat al. (2013b) too, which also

confirmed the suitability of this geological struct for energetic utilization. The scenario

analysed common use of geothermal energy righteatstate border by two geothermal
doublets, organized in a tight 2 by 2 diagonalteluassuming re-injection at a temperature of
15°C. The two doublets were designed in a way ithagach country there is one separate
system (Fig. 23). The main goal of this study, penfed by transient coupled flow and heat
simulations, was to test the proposed wells condijon and estimate operating life-time of

the system by prediction of thermal breakthrough.

The results of this modelling showed that whilengsihe projected system, the cooled water
does not reach the production well from the ingttarea. This result is identical for all
simulated amount of pumped and injected water. ilijeeted water will begin impacting the
temperature of the production well after more th@f years of use.
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Figure23: Model area and allocation concept of thdoublet cluster

4.9.1.6. Benchmark evaluation

The assessment of the management sustainabilitgsed on an overview of 34 geothermal
wells, 8 on the Slovakian side and 26 on Hungaside. For the purpose of assessment the
reported values for utilization on the Slovak smiEre from 2009, and for the Hungarian side
from 2011 in this study. The results are summarinetable 11 and Fig. 24.
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No| Benchmarking parameter Hungary Slovakia
Value | Points | Evaluation| Value | Points| Evaluation
1| Monitoring status 5.87 50 Medium 4.0 50 Medium
2| Best available technology | 0.94 | 25 Weak 1 50 Medium
3| Thermal efficiency 18%
109*
4| Utilization efficiency %
5| Bathing efficiency 100%
6 | Re-injection rate 0%
Status of water balance 0%
0
7| assessment
8| Overabstraction 0.02
9 Quiality of discharged waste no information
thermal water
10| Public awareness 0

*— The water permit was modified at one of the wetl 2012, while the survey was carried
out based on the average annual abstracted walethanlicenced amount valid for 2011.

Table 11. Calculated values of benchmarking indicatrs for the Mesozoic carbonate thermal aquifer oftie
Komarno-Sturovo pilot area.

Bad Weak  Medium Good  V.good

Monitoring stats {5

[T —

Best available technology

ot I HU
Reinjection rate ———

I HU
Water balance assessment status e

St — —

Quality of discharged w.w. 2

: E—
Publlc awareness _ SK

Figure 24: Overview of thermal groundwater managemet sustainability for the Mesozoic carbonate
thermal aquifer of the Komarno-Sturovo pilot area, based on ten benchmarking parameters.

The benchmarking comparison shows that the genemahgement of the geothermal aquifer
has to be improved in both countries. The resultsthe main priorities for improvement are:
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1)

2)

3)

4)

5)

6)

The monitoring evaluation of benchmarking is basety on active wells and

shows a medium category in both countreis. It isedaon reported abstraction
(yield and temperature) on an annual basis withthpmeported values in both
countries. Independent (passive) monitoring (thhoongnitoring wells constructed
exclusively for this purpose) is unsatisfactorypexsally in Slovakia and should be
established by the relevant authorities/ministri€sntinuous karst water level
monitoring wells, as part of the “areal monitoringin be found only in Hungary
at Tata and Esztergom.

Thermal efficiency shows very bad status in Hungdwyt this is due to the
methodology applied, which was developed for higij@undwater temperatures,
therefore this indicator does not reflect corretily thermal efficiency of a well at
low wellhead temperatures (which is characterifticthe evaluated Hungarian
wells).

Bathing efficiency is very good in both countriggflecting its long-lasting
traditions. However it focused only on the amounthe water that is available for
recreation and does not reflect its effect on heaéffects as stated in literature
(and in Slovakia Act 538/2005).

No re-injection wells have been drilled or commos&d, shown by the very bad
re-injection indicator. Nevertheless the aquifaes @ot over-exploited yet, shown
by the good indicators of over abstraction. Reoharfggeothermal water has been
evaluated in a number of studies in Slovakia, shglyhe regional conditions for
thermal water circulation and water regime alonghwealculations of water
sources and reserves. Studies on drinking wateegiron area have been carried
out on the Hungarian side. Unfortunately they |gekiodic updates based on
monitored data in the geothermal aquifer. Thesereftected in the bad to weak
indicator of water balance assessment status. Hawtbe water levels are rising
on both sides of the pilot area and the previodsyysprings re-appered again due
to the abondoning of the mining activities in tlegion. In this sense the prognose
for the future is that the water balance is expmkdte improve. Joint studies
performed by the national geological institutesrysys) and monitoring of the
whole geothermal reservoir is advised.

There was no information collected on the qualitydischarged thermal waste
water within this research, and therefore we weo¢ able to evaluate this
parameter.

Information about the reported yield (geothermatewaonsumption), chemical
composition and temperature of geothermal wat@argly available on websites,
but mainly in institutions responsible for dataragge. Data on monitoring, BAT,
guantity status of the aquifers, quality of wastatev or energy efficiency of
thermal water exploitation are not yet availablegameral public and sometimes
they are possibly not even monitored.
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4.9.2. Lutzmannsburg-Zsira Pilot Area
4.9.2.1. Introduction

The Lutzmannsburg-Zsira pilot area is situatedhe transboundary zone of Austria and
Hungary. The Sopron-Odenburger Mountains, Rosal@umhins, Bucklige Welt and the
Ko6szeg-Rehnitz Mountains mountains surround the Qitlerpdorf Basin representing the
western part of the pilot area, which is gradubdlyering eastward into the southern part of
the Little Hungarian Plain (Kisalféld). The elewatiof the mountains varies between 400-900
m and on the lowland area the lowest point is 11&sn

This rural area holds mainly villages and smaliesitwith 60 000 inhabitants. Balneology
and balneologic tourism are important parts ofrégional economy. There are famous spas
operating both sides of the national border, sscBavar, Bik and Lutzmannsburg (Figs 25,
26). In addition to the well-known spas, there seeeral smaller users, like hotels, or baths in
the region and further demands for new balneolbgitbzations exist. Due to the favourable
geothermal conditions the energy utilization of theomal resources — which does currently
not exist yet — is a potential for the area. Logadlspecially in the smaller cities the energy
demand can meet the untapped resources.
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Figure 25: Thermal wells at the Lutzmannsburg-Zsirapilot area
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Figure 26: Thermal spa at Bukfirdé

4.9.2.2. Geology, hydrogeology and geothermal ctods

The Lutzmannsburg — Zsira pilot area has no natgeallogical borders. The basement
consists mainly of metamorphosed crystalline rookghe Austroalpine and the Penninic
units outcropping in the western margin of the afdeese units form different nappe systems
thrusted on each other. In addition to the metamorgrystallines, the Devonian Blk

Dolomite Formation is an important unit of the baset, as it stores most of the thermal
water in the region. The basement is covered wiglodeéne sediments which deposited in
morphological depressions on the tectonically pre@a surface of the basement. The
basement is locally overlain by older Miocene sathestone or calcareous sand layers
which form potential hydrogeothremal reservoirse Thpper Miocene-Pliocene (Pannonian)
porous sediment series has growing thickness towe®&. The maximum thickness is 2000
m at the eastern part of the region. The sedimgstascession is built up of varying layers of
sand, silt and clay (Fig. 27).
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Figure 27: Geological block diagram of the Lutzmansburg-Zsira pilot area

The main recharge of thermal groundwater is froectipitation in the high elevated mountain
regions, mainly situated in Austria. Part of theltrated precipitation is flowing towards the
deeper layers and feeds the regional flow systé&mnkigher depths the groundwater warms
up, and changes its chemical character due to wat&rinteractions. In some places where
the basement is hydraulically connected to the ywrNeogene basin fill sediments, the
basement aquifers may pass water to the overlyiteggranular aquifers, otherwise the two
flow system are separated. The direction of growtdwflow in the intergranular Pannonian
aquifers is from west towards the northeast, east southeast, following a semi-radial
pattern. The main groundwater discharge areasrgrigad alluvial valleys especially the
Marcal river) are out of the studied area. In ratagonditions several wetlands, especially the
Hansag had an important role in groundwater digghar

The chemical composition of the groundwater varfesm mostly CaMgHC® and
NaCaHCQ type waters stored in the Upper Miocene aquifexsNaCl type waters
characteristic to Lower Miocene aquifers. NaCl aaCaHCQ, NaHCQ chemical type
waters characterize the Devonian aquifers, depgrwhrtheir position within the reservoir.

The subsurface temperature is increasing eastwarallgl with the increasing basement
depth. It starts to decrease at the SE-ern mafdireaarea, where the basement is rising again
towards the outcropping Transdanubian Range. Tlghekt temperature occurs in the
Szombathely-Sarvar zone, where the temperatureeobdasement varies between 80-110 °C
at a depth of 2500 m bsl. The deepest temperataesunmements were done in the crystalline
basement at Egyhazasradoc (Rad-1) at a depth dfi3#09, where the temperature reached
115.8 °C. The R&d-2 borehole discovered 112°C §028 depth.

Three different types of transboundary geothermsénvoirs have been identified in the pilot
area: Upper Pannonian porous reservoirs, Miocemeuporeservoirs locally with double
porosity, and basement fractured carbonate ressr{@ilk Dolomite).

The Upper Pannonian porous reservoirs are compuos@ty of sandstones characterized by
intergranular permeability and confined groundwdgeels. This type of reservoir has good
hydraulic connection both in vertical and horizéndiirection which ensures continuous
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recharge and low total dissolved content (below020@/l) of the stored thermal water. It is
used in BUk, Sarvar and Szeleste. The maximum texfye reached is 53.5°C at the region
of Sarvar. Upper Pannonian reservoirs are alsoritapbas cold drinking water supply.

Older Miocene geothermal reservoirs may be compos$adiastic sediments (conglomerate,
sand, sandstone), with often direct hydraulic cotioe to the basement reservoirs. The
Lutzmannsburg spa uses this type of aquifer atdéygh 450-900 m. The other type of
Miocene thermal water aquifers with double porosarg the Badenian and Sarmathian
shallow-marine clastic carbonates with a few temmetres thickness.

Fractured-karstified basement reservoirs, whichewerthe focus of studies in this pilot area
are represented by the Buk Dolomite, situated iaetseparated blocks on the area at more
than 1000 m depth. These blocks have different duldr connections with their
surroundings, which results in different hydrocheshicharacters. The block at the Buk
region has restricted recharge, with lower (4000604 mg/l) total dissolved content. The
other two blocks near Sarvar form closed structusgthout any significant recharge,
therefore characterized by high total dissolvedeain The high permeability originates from
multiple tectonic stresses, the reactivation oficttiral elements, and possible karstification
during subaerial exposure periods during the gecébgvolution of the area.

The general characteristics and estimated geoth@uotential of the Devonian Bk Dolomite
hydrogeothermal reservoir in the Lutzmannsburg waZgilot area are shown in Table 12.
The description and methods of geothermal potertssessment are summarized at the
beginning of Chapter 4.9.

General attributes Gross volume &m 120
Aquifer volume (kn) 6
Average thickness (m) 600
Estimated reservoir Min 60
temperature (°C) Max 110
Average 80
Estimated transmissivity | Min n.a.
103 ( nfls) Max n.a.
Estimated 0.48
Rock parameters Bulk Heat Capacity (Jfa)3 n.a.
Bulk Density (kg/m?3) n.a.
Porosity (%) 3
Heat In Place (MW, Balneology (single well) 412
Heat Supply (doublet) 7014
Electricity (doublet) 3603
Inferred Resources Balneology (single well) 22
(MWy) Heat Supply (doublet) 1809
Electricity (doublet) 919
Measured Resources Balneology (single well) 22
(MWy) Heat Supply (doublet) 434
Electricity (doublet) 39
Installed Capacities Balneology (single well) 4
(MWy) Heat Supply (doublet) 0
Electricity (doublet) 0

Table 12: Characteristics and estimated geothermal potentiabf the Devonian hydrogeothermal reservoir
in the Lutzmannsburg — Zsira pilot area
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4.9.2.3.Current utilization of thermal waters

Extensive groundwater abstractions have been egigti the region for several decades. The
majority (53%) of groundwater extractions happemsnf the Upper Pannonian aquifer, 9%
from the Quaternay aquifers, while 3.5% is abst@dctrom the Sarmathian (Miocene)

reservoirs. Production from the Devonian basemeuifers is 1.5% of the total rates.

Thermal waters are used exclusively for balneoklgiqurposes. Famous spas
(Lutzmannsburg — Austria), Bik and Séarvar (Hungamg situated within a relatively short
distance from each other. The main reservoir of Bipa is the Devonian Dolomite (but
Upper Pannonian aquifer layers are also used fteget695 n¥d). There are some Upper
Pannonian thermal water utilization in the pilata@at Szeleste (273%d), Szombathely and
Sarvar (500 rfid) (Table 13).

Depth Formation Water Water use

[m] temp.

Monitoring

[°C]

Lutzmannsburg Th-1

Lutzmannsburg Th-2

Buk K-4

Buk K-10

Buk K-16

Buk K-19

Bk K-22

Buk K-38

Szeleste K-7

Szeleste K-5

Szombathely B-108

Szombathely B-46/A

96

81
1282

1100

782

630

718

900

80

125

63

70

Karpatian Sand

Karpatian Sand

Bik Dolomite
Formation

Biik Dolomite
Formation
Ujfalu
Sandstone
Formation

Somlé and
Tihany
Formation
Ujfalu
Sandstone
Formation

Somlé and
Tihany
Formation

OUjfalu
Sandstone
Formation

8Ujfalu
Sandstone
Formation

Bomld and
Tihany
Formation

0Somlé and
Tihany
Formation

56

32,

58

58

42

39

38.5

44.5

36

49.5

34.2

37

balneology

balneology

balneology

balneology

balneology

balneology

balneology

balneology

balneology

balneology

balneology

balneology

half year

half year

yearly

yearly

yearly

no monitoring

yearly

yearly

yearly

yearly




Depth Formation Water use Monitoring
[m]

Sarvar B-35 1298Zagyva 44 balneology yearly
Formation

Séarvar B-44 1300Ujfalu 48 balneology no monitoring
Sandstone
Formation

Séarvar B-7 998,5Ujfalu 44 belneology yearly
Sandstone
Formation

Séarvar K-53 1050Ujfalu 46 balneology yearly
Sandstone
Formation

Table 13: Current users of thermal water

4.9.2.4. Existing and potential future conflicts

The effects of thermal water withdrawals on hydialeads have been observed in both
countries, furthermore observed alterations in gdoater chemistry also suggested man-
induced changes in the thermal water flow systd@ime effects of groundwater extraction, the
relation and possible interactions between theetldentified reservoirs (Upper Pannonian,
Miocene, and basement reservoirs) as well as ttiearge and thermal conditions of these
reservoirs however were not clear and requirechéurclarification, which were the main
addressed questions at this pilot area.

4.9.2.5. Towards a sustainable management

The coupled groundwater flow and heat transpmbetady statemodel provided three-
dimensional information on hydraulic head and terapee distributions as well as on
groundwater fluxes (Kovacs and Rotar-Szalkai, 2D18&odel simulations indicated that
regional groundwater table drawdown varies betwkd® metres in response to production
from all aquifers. The depressurisation of the ldemgene aquifers generally varies between
2-12 metres. The largest pressure drop exists drtenBuk boreholes.

The modelled temperature distribution indicatettelivertical variations of temperature within
the Upper Pannonian sediments, and gradually iscrg@aemperatures within older sediments
and the fractured basement (Fig. 28).

Figure 28: Simulated NW-SE temperature profile
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In scenario modelling(Kovacs and Rotar-Szalkai 2013b) the LutzmannsBisiga local
system was studied in details, which comprisesdh@wing components (Fig. 29):

* Two extraction wells at Buk: Bik K-4 and Buk K-1Bstéract groundwater from the
Devonian Bilk dolomite at a total rate of 150C/dmy. Production of thermal
groundwater started in 1962 at a rate of 260day and gradually increased over the
following years to the current extraction rate. Temperature of the outflowing water
is 58 °C.

 Two production boreholes at Lutzmannsburg: Thermaland Thermal -2 started
operation in 1994 at an abstraction rate of 43@ay. These wells are screened within
the Karpatian sediments, and are operated altéynate

e An observation borehole at Zsira: Zst-1 is screenddin the Karpatian sediments,
and is located in between the Zsira and the Lutnsiaurg abstraction wells, thus
providing information on the combined effects of4k productions.

Karpathian Devonian Badenian

Figure 29: Local hydrostratigraphy of the Lutzmannsburg-Zsira local system (NW-SE cross section)

Since the beginning of groundwater abstractiormatabove locations, the following changes
were observed:

* A gradual increase in the concentration of mainewabmponents including Na, K,
HCGO;, Cl and SQin Buk K-4 and K-10;

* A gradual pressure drop up to 15 metres in ZsitalZs

It was suspected, that the pressure drop obsenvgdtil was caused by the depressurisation
of the Buk thermal water production boreholes drat the increasing salinity was the result
of saline water leakage from underlying or overyneservoirs. However the exact source of
saline groundwater has not been identified befdhe. detailed analysis of the modelled flow
vectors indicated the reversal of natural flow dii@ns at the Bik and Lutzmannsburg
boreholes. While the natural recharge of the BulobBite is through the overlying Karpatian
sediments from the west, the depressurisationapeoduction casuses the reversal of natural
flow. As a consequence, groundwater leaks intoDbgonian reservoir not only from the
Karpatian but also from the overlying Badenian seits located in the west and from the
low-permeability basement rocks underlying the Bddlomite (Fig. 30). The analysis of
water chemistry of the main reservoirs around thik Bolomite block indicated that
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Badenian reservoirs contain high-salinity waterscwhmight alter groundwater composition
of the Buk Dolomite through mixing processes.

i %Ee'éxa;qefm_m@den an

I

—— X
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|| | | Leakage from
i j'» == Ba‘se;ﬂent =

Figure 30: Groundwater leakage in response to prodttion from the Bik Dolomite block

In order to separate the hydraulic influence offedént water extractions and to determine the
sources of depressurisation observed in the Zstal bore, a production state model was
applied. By w»switching off« user groups, certaireas, different scenarios could be
investigated and the hydraulic impact of abstracti@lls could be evaluated. The simulated
scenarios included the following:

No groundwater extractions at Buk;

No groundwater extractions at Lutzmannsburg;

No groundwater extractions at Buk or Lutzmannsburg;

No groundwater extractions in the Upper Pannongaurifer;

No groundwater extractions in the Hungarian pathefpilot area;
No groundwater extractions in the Austrian parthef pilot area;

ouhkwnNE

The simulated drawdown rates are shown in Table 14.

Simulated depressurisation (m)
Borehole current . . . . .
. Scenario 1| Scenario?2 Scenarig3 Scenarjo4 Soehari Scenario 6
production
Zsira Zst-1 15.3 10.6 14.1 9.6 9.7 5.1 11.2
"‘f}f}[’fb 323 30.7 11.4 10.1 215 25.7 273
Buk K-4 59.9 9.4 59.0 9.1 51.5 3.1 56.8
Bk K-10 49.8 9.3 49.3 8.9 41.8 3.0 471

Table 14: Simulated depressurisations according tdifferent scanarios
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The conclusions of the different drawdown scenaai@sthe following:

» Both the Buk and Lutzmannsburg productions conteltha the drawdown observed in
Zst-1,

* The Upper Pannonian abstractions also contributbealepressurisation observed in
Zst-1. When the Bik and Lutzmannsburg boreholeswariehed off, an approximate
10 m depressurisation remains in the border zogee dihis suggests, that the

* Lower Pannonian aquitard is not an effective hyticaharrier in the long term;

* The contribution of the Upper Pannonian and Quatgrrproductions located in
Hungary is comparable to that of the Bik and Lutanshurg abstractions. Both
production groups contribute to the depressurisatlong the border zone equally;

* Both Austrian and Hungarian productions contribiotéhe depressurisation in Zst-1;
the contribution of the Hungarian wells is slightdyger.

The above observations clearly indicate that a barsed cross-boundary groundwater
management is essential for the successful optilmsaf groundwater and thermal water
utilisation and is only possible on the base abiatjevaluation / numerical modelling of the
system.

In order to investigate the potential consequenddbe future stress on the geothermal and
groundwater systems of the pilot area, a twofoldraase in production rates has been
simulated(Scenario 7) This included the increase of existing produdidno additional
production boreholes were introduced) and the strari of equilibrium potentials. The
results clearly indicated that the increase of potion rates would put a significant stress on
the groundwater system: the water table drawdownldvbe as much as 26-28 metres,
compared to the 10-12 metres at current produdtieels (with having a value of 16 metres
in the border zone).

In order to investigate the effects of re-injectminthermal water, a hypothetical geothermal
doublet has been simulated, t#cenario 8)in the eastern Devonian dolomite block. This
reservoir is similar to the dolomite reservoir eifgd by the Bluk abstraction boreholes, but is
hydraulically independent and thus not affectedaltyficial activities. Similarly to the Bk
production wells, 1500 fYday abstraction rate has been applied, and the semount was
assumed to be reinjected in a borehole locatedappately 500 metres apart.

According to the simulation results, the re-injentiborehole had a thermal influence in a
circle of 4 km radius around the well. The coolieffect did not extend far beyond the
boundaries of the eastern dolomite block (Fig. Fhe steady-state drawdown rates around
the virtual borehole doublet showed that the abstm borehole had a steady state
depressurisation of up to 60 metres without reetipe, while if re-injection is applied, it
dropped to 13 metres. At the same time, a pressarease of 7 m developed around the re-
injection borehole (Fig. 32).
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Figure 31: Steady-state temperature drop around thee-injection borehole of a virtual borehole doublé
installed in the Eastern Biik Dolomite block (blue @t refers to re-injection, red dot to productions vell).
Simulated extraction rate is 1500 riday, re-injection temperature is 20 °C. Red dot teards the NW
represents existing Buk production well at the W-en dolomite block. Red lines show the areal distribtion
of the Bk Dolomite (W-ern and E-ern blocks)

Figure 32: Steady-state drawdown rates around a viual bore doublet installed in the Eastern Biik
dolomite block with (left) and without (right) re-i njection. Simulated extraction rate is 1500 riiday, re-
injection temperature is 20 C. Red dot towards th&W represents existing Buk production well at the W
ern dolomite block. Red lines show the areal distbiution of the Bilkk Dolomite (W-ern and E-ern blocks)
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4.9.2.6. Benchmark evaluation

The benchmarking survey was carried out based aovarview of 12 active and 3 inactive
geothermal wells on the Hungarian, and 2 activdsae the Austrian side of the pilot area.
Summaries of the indicator values are shown indabland Fig. 33.

No | Benchmarking parameter Hungary Austria
Value | Points | Evaluation | Value | Points | Evaluation
1| Monitoring status 579 | 50 Medium 7 75 Good
2|Best available technology| 1.97 | 50 Medium 1 75 Good
3| Thermal efficiency 58% | 50 Medium * *x *
4|Utilization efficiency 95% >30%
5|Bathing efficiency 100% 0.32
6|Re-injection rate 0% 0%
7| Status of water balance 53% | 50 Medium | >95%
assessment
8| Overabstraction 0.46 75 Good 0
" waste thermal water noinformation | g5
10(Public awareness 0 _ 4 50 Medium

** |n Austria no temperature of effluent water is &alale, therefore thermal efficiency could
not be calculated

Table 15: Calculated values of benchmarking indicatrs for the interconnected Upper Miocene (Upper
Pannonian), Lower Miocene and Devonian aquifers ahe Lutzmannsburg-Zsira pilot area
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Bad Weak  Medium  Good  V.good
Monitoring status Ei_l HU

S AT
: ——
Best available technology I — {1 i AT
— 1y
Thermal efficiency e
[ s HU
e al =&
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Reinjection rate n
— T
|
Water balance assessment status I — - — I
. —
Over-abstraction | e
. . 2 HU
Quality of discharged w.w. —
Public awareness 2— g AT

Figure 33: Overview of thermal groundwater managemat sustainability for the the interconnected Upper
Miocene (Upper Pannonian), Lower Miocene and Devoan aquifers of the Lutzmannsburg-Zsira pilot
area, based on ten benchmarking parameters.

The benchmarking comparison shows that the gemamlagement of the investigated
transboundary geothermal reservoirs must be impraveboth countries, but especially on
the Hungarian side. The results of the benchmar&amgbe summarized as follows:

1) The monitoring indicator for the active thermal eratwells is medium on the
Hungarian side, while better value is reportedtfa@ Austrian side. In all cases there
are annually reported monthly abstraction valueswéier there is one monitoring
well on the Hungarian side of the pilot area (Zdiyavhich is screened in the Lower
Miocene Lajta limestone Formation providing contioe piezometric level
measurements.

2) As some of the Western Pannonian basin's most fartimrmal spas and heath care
centres are located in this region, many commedgaklopments have been made in
the last couple of years, which is reflected in @ise of the best available technology
(medium to good indicator values), even if furtimprovements can still be made.

3) The extracted thermal water is used for differamppses within the spas, but cascade
use of thermal water is not applied in Hungary sTiype of utilization would improve
the indicator of thermal efficiency, especially e Hungarian side. In Austria no
temperature of effluent water is available, themefthermal efficiency could not be
calculated

4) Utilization and bathing efficiencies are very gdadboth sides of the pilot area. The
utilization efficiency is almost 100% on the Hunigar side, which also reflects the
boom in thermal spa and thermal health care dewsops in Hungary.

5) No re-injection wells have been drilled or comnossd.

6) Recharge of geothermal water has been evaluatedAfstria. Water balance
calculations and the amounts of maximum abstracatiere calculated for both major
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(BUk, Sarvér) thermal spas on the Hungarian sia#uding the the maximum allowed
extraction amounts in case of further commerciakttgoments.

7) The indicators of overabstraction show good to \gagd status, but the changes with
time in the chemical composition of the wells inkBihay indicate the first signs of
overabstraction of this reservoir, especially thev@nian aquifer. No data on
overabstraction are reported on the Austrian side.

8) There is no information on the quality of dischalghermal waste water on the
Hungarian side. The reported values show very gpaality for the Austrian waste
waters, which means no improvement is needed svéspect in Austria.

9) Data on monitoring, BAT, quantity status of the ié&ns, quality of waste water or
energy efficiency of thermal water exploitation a available to the general public
in Hungary, while information on BAT and quality wiaste water can be accessed in
Austria through the "Wasserbuch™ which is publigabailable. Information on the
temperature and chemical composition of thermalewand their health benefits is
available for the public on the Hungarian publidosi¢es.

4.9.3.Danube Basin Pilot Area
4.9.3.1. Introduction

The Danube Basin pilot area is situated in Slovakiangary and partly in Austria, covering

around 12,170 kf(Fig. 34). The Danube Basin is geographically espnted by the Danube

Lowland in Slovakia (about 51%) and by the Littlartgarian Plain in Hungary (about 40%),

while a small part (cca 9%) lies within Austria. @ west it is bordered by the Eastern Alps,
Leitha Mts. and Male Karpaty Mts. On the north besin has finger like extensions which
penetrate among the mountains of Male Karpaty, Bsda Inovec and Tribec. On the

northeast it is bounded by the Middle Slovakian Wéoanics and the Burda volcanics, on the
southeast by the emerging units of the TransdanuRenge.

The Danube Basin pilot area has a moderate populatiensity, about 50-300
inhabitants/kr, however there are some major cities (Bratislawvaava, Komarno, Nové

Zamky, Dunajska Streda in Slovakia; &y Mosonmagyarovar, Komarom, Kapuvar in
Hungary). Although there are some industrial zomesind Bratislava, Komarom-Komarno
and Gyr, the majority of the area is characterized byga Ishare of agriculture activities.

Similarly to the Komarno-Sturovo pilot areas (wiklnich it is slightly overlapping), major
porous groundwater bodies, also storing thermakmwate divided by national boundaries.
The upper cold zones are in the focus of the latewnal Commission for the Protection of
the Danube River (ICPDR).
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Figure 34: Delineation of the Danube Basin pilot aga with the production wells.

4.9.3.2. Geology, hydrogeology and geothermal ctods

The pilot area is a large and very deep Tertiarsirhacomposed of several depocenters
(depressions) of various geological ages, surraubgenountains. The central part of the basin
is the Gabcikovo depression, which is more tharD850deep. The pre-Tertiary basement is
built up of crystalline and mainly Upper Palaecozaied Mesozoic (dominantly Triassic —
Jurassic) sedimentary rocks belonging to varioadigtaphic units. The crystalline basement is
characterized by fissure-type permeability, howediee to the great depth has no significant
influence on the groundwater flow system. Improvedraulic conductivity may exist only
along major tectonic lines. Some smaller blockscafbonate aquifers are known in the
basement, the most important is the Levice blockhatNE-ern part of the Danube Basin,
composed of Triassic dolomite. This aquifer (togethith the overlying basal Badenian clastic
sediments) stores thermal water of 69-80 °C, witig/L TDS.

At the base of the Tertiary basin fill sequence é8gah and Sarmatian clays, siltstones,
sandstones and conglomerates and some limestenfsiad. These older Miocene aquifers are
connected to the basement reservoirs, especialbasement highs, and form separate systems.
They contain fossil waters with high salini§uch a special basement aquifer composed of basal
Badenian clastics (conglomerates, sandstone) isdfon the Dubnic depression at a depth
between 1000-2000 meters underlain by crystalloinests and granitoids of the Veporicum. It
represents a closed reservoir, with temperatub2af5 °C, and mineralization ranging from 10
to 30 g/l.

The majority of the Tertiary basin fill is howewapresented by a several thousand meter thick
Upper Miocene — Pliocene (Pannonian) sedimentargession which consists of deposits of a
gradually filling up huge lake basin (Lake Pannortp which large delta systems supplied
sediments from the uplifting marginal mountainsp@land Carpathians) (Fig. 35). The main
intergranular reservoir of the Danube Basin pil@aais represented by the Upper Pannonian
sediments deposited in a dish-like shape depreskicated between Bratislava and
Koméarno/Komarom. This thermal water aquifer is bup of alternations of clays and sandy
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clays with sands and sandstones of different rabibsntergranular permeability and is
characterized by confined groundwater lewelsch are recharged through interlayer leakage
from higher horizons. The topmost boundary of thidrogeothermal reservoir is at a depth of
1000 m, while the bottom is represented by a rethtiimpermeable aquiclude (clay), which
deepens from its periphery to the centre of thenbasd reaches its maximum at a depth of
3400 m in the central part of the depression. itaims thermal waters of 42-92 °C
temperature, which are mainly stored in sands molstanes aquifers. The chemical type of
the waters is Na-Cl, Na-HGELCI, Na-HCQ, Na-Ca-HCQ, Ca-Mg-HCQ. The Upper
Pannoninan sediments are covered by Quaternanalfldeposits — up to a thickness of 600
m in the Gabcikovo depression — and loess in the hi

Regarding the geothermal conditions, the higheat flew densities have been recorded in
the central part of the depression (q > 85-90 m¥/iwhich do not correspond to measured
lower temperatures (T < 45°C), or thermal gradieWWéereas heat flow decreases towards
the margins of the Danube Basin, temperature iseear his irregularity is caused by a cold
water body up to 700 m thick (groundwater storethanthick alluvium of the Danube river),
forming the uppermost hydrogeological unit in tleatcal part of the depression.

Figure 35: 3D geological model of the Danube Baspilot area.

The main identified hydrogeothermal reservoir whids in the focus of investigations in the
Danube Basin pilot area is the Upper Miocene-PhecéUpper Pannonian) intergranular
geothermal aquifer. Its general characteristics estinmated geothermal potential are shown
in Table 16. The description and methods of geathkpotential assessment are summarized
at the beginning of Chapter 4.9.
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General attributes Gross volume m 9127
Aquifer volume (kr) 1278
Average thickness (m) 985
Estimated reservoir Min 10
temperature (°C) Max 136
Average 46
Estimated transmissivity | Min 0.072
103 ( nf/s) Max 1.544
Estimated 0.423
Rock parameters Bulk Heat Capacity (Jf)3 n.a.
Bulk Density (kg/m?3) n.a.
Porosity (%) 14
Heat In Place (MW, Balneology (single well) 34325
Heat Supply (doublet) 176868
Electricity (doublet) 0
Inferred Resources Balneology (single well) 1075
(MWy) Heat Supply (doublet) 6205
Electricity (doublet) 0
Measured Resources Balneology (single well) 24
(MW¢,) Heat Supply (doublet) 137
Electricity (doublet) 0
Installed Capacities Balneology (single well) 36.7
(MWy) Heat Supply (doublet) 23.9
Electricity (doublet) 0

Table 16: Characteristics and estimated geothermaldotential of the Upper Miocene hydrogeothermal
reservoir in the Danube Basin pilot area

4.9.3.3. Current utilizations of thermal waters

There is a widespread utilization of thermal wdtem the Upper Miocene-Pliocene (Upper
Pannonian) intergranular aquifers throughout theletpilot area both on the Slovak and
Hungarian sides. The major sectors are direct lggaenhouse and soil heating as well as
individual space heating and heating of sanitarjerga however this dominates the Slovak
side of the pilot area (Fig. 36). Balneological iseidespread on both sides (Fig. 37). There
is only one utilization with smaller amount of eajpéd thermal water in Frauenkirchen at
the Austrian part. Wells are pumped, but many @nthhave natural outflow, showing
different reservoir conditions. The average yielditilized thermal water on the Hungarian
side of the Danube Basin pilot area is 51 34%ear, while on the Slovak side it is 87 631
m?/year. Although major deteriorations in the quatifyd quantity status of the thermal water
aquifers have not been identified yet, the extensitilization already caused some
temperature and pressure drops in some parts. ®tretlarge size of the pilot area (more
than 12 000 ki), detailed studies of existing utilizations anditteffects were restricted to 2
main transboundary regions: Mosonmagyarovar-Ligit&in (Area 1) and Gy-Velky
Meder (Area 2), where temperature and hydraulicdbeare prone to decrease due to
extensive production, furthermore transboundarw ftd thermal groundwaters is significant
(Tables 17, 18).
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Figure 37: Utilization of thermal water for balneology in the Danube Basin pilot area

68



Depth Formation Water Water utilization [m */year] Water use Monitoring

temp.
[T] 2007 2008 2009

FGC-1 2500 | Ivanka 54| 89310 | 84990 |180813| bathing and no
formation swimming monitoring
(including
balneology)
Moson-magyarévar B-123 | 2000 | Ujfalu 75395 295 | 395 280 | 320 105 industrial continuous
Sandstone water data
Formation
Moson-magyarévar K-136 | 2000 | Ujfalu 78| 215 827 | 249 978 | 200 020 annual data
Sandstone
Formation
Mosonmagyarévar K136. |1994.9 | Zagyva 60 0 0 0| bathing and no
Formation swimming monitoring
(including
balneology)
Lipot K-10 1806 | Somlé and 61| 85387 | 99377 | 158103 annual data
Tihany
Formation
Mériakalnok K-32 1182.6 | Upper 50.1 0 0 0| bathing and no
Pannonian swimming monitoring
sand (including
balneology)
Lipét K-7 2206.5 | Ujfalu 64| 47071| 30145| 39340 annual data
Sandstone
Formation

Table 17: Overview of thermal groundwater utilization in Area 1 (Mosonmagyardvar-Lipot-Samorin)

Depth Formation Water utilization [m */year] Water use Monitoring
2007 2008 2009
Gydr B-12/A 367.8 | Zagyva 22 8281 3500 3500 | bathing and swimming no
Formation (including balneology) | monitoring
Gyor K-139 466 | Somlé and 24 507 874 6 980 6 635 monthly
Tihany Formation data
Gyor B-181 398.5 | Soml6 and 23.2 471 951 407 920 273 032 | bathing and swimming monthly
Tihany Formation (including balneology) data
Gydr B-60 1998 | Ujfalu Sandstone 66 160 594 21 630 186 788 annual data
Formation
Gydr K-80/A 0 | Somlé and 29 14 423 22 735 2 356 | bathing and swimming monthly
Tihany Formation (including balneology) data
Gydr B-87/a 360 | Somlé and 21 17 833 0 23 489 | bathing and swimming monthly
Tihany Formation (including balneology) data
CR-1 2513 | Beladice 80.5 86 600 85 000 838 000 | bathing and swimming no
formation (including balneology) | monitoring
VCR-16 1800 | Beladice 62 0 0 0 | bathing and swimming no data
formation (including balneology)
Cc1 2502 | Beladice 69 0 170 820 145 498 | bathing and swimming no
formation (including balneology) | monitoring
c-2 1503 | Beladice 53 410 057 363 067 354 151 | bathing and swimming no
formation (including balneology) | monitoring
Abda K-12 1850 | Ujfalu Sandstone 65 110 000 110 000 30381 monthly
Formation data
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Depth Formation Water Water utilization [m Water use Monitoring

temp.

(<] 2007 2008
Gyo6r B-148 2034 | Ujfalu Sandstone 68 242 768 23 338 253 748 monthly
Formation data
Gyor B-81 2004 | Ujfalu Sandstone 69 92 725 20 341 175 886 | bathing and swimming monthly
Formation (including balneology) data
Gy6r K-109 551 | Somlé and 27 0 0 0 | bathing and swimming no
Tihany Formation (including balneology) | monitoring

Table 18: Overview of thermal groundwater utilization in Area 2 (Gyér- Velky Meder)

4.9.3.4. Existing and potential future conflits

Although no utilization conflicts exist yet on tHezge area, the current utilization magnitudes
and forecasted growing demand for future geothelmathllations and balneological sites
may threat the currently good status of the hydstdgermal reservoirs. Modeled groundwater
temperatures and pressures forecast that thesengtara may significantly drop due to
excessive production, especially after long-terpl@sation.

The majority of production (even for direct headkds place from the Upper Miocene-
Pliocene intergranular aquifers without re-injentiorherefore steady state and scenario
models were focusing on the quantification of limélues of sustainable thermal water
production and also whether re-injection is feasibko the intergranular aquifers (based on
today technology) and its conditions. Partial redtion to basement aquifer happens only at
Podhéjska (Slovakia). At the other utilization si{enostly discharging the Upper Miocene-
Pliocene intergranular aquifers) most of the wilizyeothermal water is discharged to surface
streams after their direct heat use. Although thaye acceptable values (temperature and
TDS limits) for the environment, this is not sus&ble on long terms. Some installations
include heat pumps for better thermal efficienayuse of methane (if present in water after
the gas separation, e.g. Zlatna na Ostrove, welDAIB) and thus mitigating thermal
pollution of the streams, or production of greerd®gases.

4.9.3.5. Towards a sustainable management

Steady state modeléSvasta et al 2013a) quantified the hydraulic haad temperature
distributions (Fig. 38) in the main aquifers on #mire pilot area at pre-utilizing “natural”
state, and at a situation assuming theoreticatitefpumping at all existing operating thermal
wells maintaining present state production levEle comparison of these two model results
allowed drawing conclusions on the future evolutddrihe pressure and thermal fields in the
area, and identifying potential adverse impactscofrent utilization of thermal water
resources in certain sensitive regions. Resultsvetiahat continuing pumping of thermal
water is causing a decrease in hydraulic pressutesame temperature drops in the targeted
aquifers as well as in the adjacent aquitards, kiew@resent productions do not initiate
significant changes. The results also confirmedstgrificant cooling effect of the infiltrating
cold (10 °C) groundwater through the thick (up @B 7m) Quaternary alluvial sediments of
the Danube with high permeability which propagatesn to a depth of 3 km.
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Figure 38: Groundwater temperature at the base oftte main thermal reservoir — Upper Pannonian
sediments (depth contours, m a.s.l.).

Steady state models also visualized groundwater fitajectories with travel times of active
thermal wells (Fig. 39). The results draw attentiart only to transboundary effects, but to
the interactions of closely spaced wells in areésintense utilization. Water budgets
calculations confirmed a significant amount of grdwater flow across national borders (Fig.
40). The columns show that mainly the Hungariarispai the Upper Pannonian aquifer pass
thermal groundwater to the Slovak and Austriangpart
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Figure 40: Transboundary flow within Upper Pannonian sediments between Hungary, Slovakia and
Austria quantified for two model scenarios
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To be able to assess the impacts of future additigeothermal installations on thermal and
pressure conditions in the Upper Pannonian intardaa aquifer, irscenario modelg¢Svasta

et al. 2013b) 21 new geothermal doublets were glaaadomly within the pilot area away
from existing geothermal installations. Pumping aednjection wells were separated by a
distance of 2 km (Fig. 41). Different parameterd aoundary conditions are summarized in
Svasta et al. (2013 b). The scenario with re-igectvas compared with the hypothetical
situation, when only abstraction happens at théss svithout re-injection (Fig. 42). The
differences in the modelled thermal field clearhow a more extended cooling in broader
vicinity of the production wells without re-injeoti comparing to the doublet scenario. The
results therefore revealed a significant effectegsnof the thermal energy harvesting with re-
injection and also showed that in some areas anpatefor additional installations still
remains.

K

Figure 41: Modification of the thermal field at the top of the Upper Pannonian geothermal reservoir
caused by 21 hypothetical geothermal doublets (trigles: red - pumping, blue — re-injection wells). Brple
squares are showing the locations of existing utiied geothermal wells.
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Figure 42: Modification of the thermal field at the top of the Upper Pannonian geothermal reservoir
caused by pumping wells (symbols).

The two scenarios differ more significantly whewogndwater pressures are compared. As in
the doublets scenario the extracted water is retuinto the same aquifer and the negative
pressure changes are compensated by the incregrsingdwater head near the re-injection
wells, the dropping hydraulic heads are limitedyotd the relatively close vicinity of the
wells (Fig. 43). In the case of production withoetinjection, the pressure drop affects large
parts of the aquifer, with magnitudes increasingaas the basin center, also displaying
significant transboundary effects (Fig 44). In lrgreas the groundwater head would drop
over more than 100 meters, which would significaafifect technical limits of pumping, not
only at new wells, but also at existing ones.
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Figure 44: Hydraulic heads field in the Upper Pannaian geothermal aquifer, production/pumping wells
scenario.

4.9.3.6. Benchmark evaluation

For benchmarking several evaluation criteria weteup to characterize the geothermal water
that is part of the regional flow, which is in thdpper Pannonian aquifer and is of
transboundary interest. Geothermal water that tspaot of the regional flow (with high
content of TDS, Na-Cl chemical type of water), @l in the marginal zones of the Danube
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Basin were not evaluated in this study. The assessns based on an overview of 31
geothermal wells, 18 on Slovakian side and 13 omgdduan side. For assessment the
reported values were from 2009 on Slovak side, feord 2011 on the Hungarian side. The
summaries of the indicator values are shown indabland Fig 45.

, Hungary Slovakia

No.| Benchmarking parameter Value | Points| Evaluation | Value | Points| Evaluation
1| Monitoring status 4.67 | 50 Medium | 4.44 | 50 Medium
2|Best available technology | 1.64 | 50 Medium | 0.78 | 25 Weak
3| Thermal efficiency 53% | 50 Medium | 58% | 50 Medium
4| Utilization efficiency 61%
5| Bathing efficiency 100%
6 | Re-injection rate 0%

Status of water balance 0% o505 | 25 Weak

/| assessment
8| Overabstraction 0.37 0.14| 75 Good
9 %lé?rl:]tglc\)/:‘lgtlg::harged waste no information no information

10| Public awareness 0

Table 19: Calculated values of benchmarking indicairs for the Upper Pannonian thermal aquifer of the
Danube Basin pilot area.

Bad Weak Medium  Good V.good

o T — { HU
Monitoring status | (5K

Best available technology %m_l N

Utilisation efficiency =_ g ?IE
Bathing efficiency E“— g s
Reinjection rate ?,f
Water balance assessment status %‘ p.
Over-abstraction E :_g ;{;
Quality of discharged w.w. | ?

, [
Public awareness ———

Figure 45: Overview of thermal groundwater managemast sustainability for the Upper Pannonian
thermal aquifer of the Danube Basin pilot area, basd on ten benchmarking parameters.
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The benchmarking comparison clearly shows thag#dreeral management of the investigated
geothermal aquifer has to be improved in both coemtThe results and the main priorities

are:
1)

2)

3)

4)

5)

6)

7)

8)

9)

The monitoring indicator for the active wells is aiem. This assessment is based on
compulsory reported abstraction (yield and tempeedtby the thermal water users on
an annual basis with monthly reported values it lmoiuntries. Independent (passive)
monitoring (through monitoring wells constructeckesively for this purpose) of the
geothermal aquifer is not established in any ofcithéntries.

The exploitation of thermal water is not always eounsing the best available
technology. Wellheads are sometimes poorly maiathand installation may have gas
or water leaks in the system. Pumps with frequenogvertersare sometimes
installed, while cascade usage of thermal wateoisapplied in Hungary.

The main reason for medium thermal efficiency i ldck of use of cascade systems
(absence of heat pumps in technology). We anteiat these problems are mainly
due to the lack of appropriate financial suppod artentives. Thermal efficiency has
to be improved in both countries, while utilizati@amd bathing efficiency do not
require special improvement.

Bathing efficiency is focused only on the amounttlod water that is available for
recreation and does not reflect its healing effaststated in literature (and in Slovakia
Act 538/2005).

No re-injection wells have been drilled or comnos&d. Apart from a test of the re-
injection rate in the intergranular environmentwell VHP-12-R in Horna Poton
(Slovakia), no additional steps have been madéim field. The test, which was
carried out in the middle 80’s revealed very cokgikd conditions for re-injection
into such a geological environment, based on tlelable technology at that time.
Nowadays well VHP-12-R is used as production well.

Recharge of geothermal water has been evaluatachimber of studies in Slovakia,
evaluating the regional conditions for geothermatew circulation and water regime
along with calculations of water sources and reservhey lack periodic updates
based on monitored data in the geothermal agdifes.water balance calculations are
not representative in the Hungarian side of thet gitea. The amount of abstraction is
defined for most of the wells and is stated in pssion for abstraction.

The indicators of overabstraction highlight thegisti deterioration in the quantity
status of the studied geothermal aquifer, althoiigivas not reported explicitely
before.

There was no information collected on the qualitgischarged thermal waste water
within this research, and therefore we were nat &blevaluate this parameter.
Information about the reported vyield (thermal wateonsumption), chemical
composition and temperature of thermal water ishpavailable on WEB sites, but
mainly in institutions responsible for data storaData on monitoring, BAT, quantity
status of the aquifers, quality of waste water ergy efficiency of thermal water
exploitation are not available to general publid @ometimes they are possibly not
even monitored.
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4.9.4. Bad Radkersburg - Hodos Pilot Area
4.9.4.1. Introduction

The Bad Radkersburg — HodoS pilot area is situatedg the national borders of Austria,
Slovenia and Hungary. The SW-ern border is definethe water divided between Drava and
Pesnica Rivers. Towards the NE the pilot are passexss Mura River, Gao hills to the
Hungarian national territory. The NW and SE bordars set along geological structures,
South Burgenland Swell and Murska Sobota extensliock respectively. It covers an area of
2078 knf, of which 40% belongs to Slovenia, 32% to Ausémal 28% to Hungary (Fig. 46).
Around 110 000 inhabitants live on this area. Thyggbst settlement is Szentgotthard (HU)
with more than 8000 inhabitants, followed by Jesderf (AT), Gornja Radgona, Lenart and
Radenci (Sl). Land use is predominantly agriculiusat machine industry and tourism are
also important.
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Figure 46: Geographical settings of the Bad Radkebirg-Hodos pilot area with the location of utilizaion sites
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4.9.4.2. Geology, hydrogeology and geothermal ctods

The pre-Neogene basement composed of Mesozoic raeboand Paleozoic fissured
metamorphic rocks are situated in the narrow arep d@adgona — Vas tectonic half-graben
developed along the Raba fault system in SWS — HiXgttion. These fractured basement
aquifers were in the focus of research, which aranged inbetween 2 important hydraulic
barriers: the South Burgenland Swell on the nonith the Murska Sobota High. The thermal
water flow direction in this tectonically contrallenarrow and elongated aquifer is from SW
to NE. The flow velocity is higher in the Raba fazbne, where the hydraulic conductivity is
higher. The top of the basement reservoir is at 290.s.l. in the SW (545 m below the
ground), and it deepens to over 5000 m b.s.l. (585below the ground) in the NE. The
depth of the bottom of the reservoir is not known.

The basement is overlain by Tertiary clastic sedisi@hich form less important aquifers on
this area. The Upper Miocene Mura/Ujfalu interglanaquifer is exploited in the Mura-Zala
Basin near Szentgotthard (HU), while the Middle béine sandstone aquifers in Bad
Radkersburg, Radenci and near Loipersdorf in tigget basin.
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Temperature at depth of 1000 m varies between 888&3iC, with the highest values at
Benedikt and the Murska Sobota high. Temperatur@5@0 m are between 94 and 118°C,
with higher values towards NE, while 170 to 240%€ ealculated at 5000 m. Due to higher
thermal conductivity in the basement rocks, the pdig of the area (where the thickness of
the Neogene layers is bigger) is characterizediglgeln temperature in the basement (Fig.
47). Based on measured heat anomalies at Benéalild, convection cells are supposed to
exist at this site.

Figure 47: Depth and temperature at the top of thgore-Neogene basement aquifer

The general characteristics and estimated geothgrotantial of the pre-Neogene basement
hydrogeothermal reservoir in the Bad RadkersbukgpdoS pilot area are summarized in
Table 20. The description and methods of geothepoi@ntial assessment are reviewed at the
beginning of in Chapter 4.9.

General attributes Gross volume (m 1779
Aquifer volume (k) 356
Average thickness (m) 3100
Estimated reservoir Min 45
temperature (°C) Max 243
Average 148
Estimated transmissivity | Min 0.755
103 (nf/s) Max 4.70
Estimated 3.12
Rock parameters Bulk Heat Capacity (Jf{f)3 1000
Bulk Density (kg/m3) 2850
Porosity (%) 0.2
Heat In Place (MW, Balneology (single well) 29945
Heat Supply (doublet) 374354
Electricity (doublet) 250455
Inferred Resources Balneology (single well) 846
(MW ) Heat Supply (doublet) 122253
Electricity (doublet) 81791
Measured Resources Balneology (single well) n.a.
(MW ) Heat Supply (doublet) n.a.
Electricity (doublet) 0
Installed Capacities Balneology (single well) 10
(MW ) Heat Supply (doublet) 0
Electricity (doublet) 0

Table 20: Characteristics and estimated geothermalgiential of the pre-Neogene basement hydrogeotherina
reservoir in the Bad Radkersburg - Hodos pilot area
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4.9.4.3. Current utilization of thermal waters

The Upper Miocene Mura/Ujfalu intergranular aquifer exploited for balneological and
agricultural use by 2 wells in Szentgotthard (HUhe water from the Middle Miocene
sandstone aquifer in used for balneology, and medwy one well in Loipersdorf, and in
Bad Radkersburg (AT) and also in Radenci (Sl). Bxation of thermomineral water from
the pre-Neogene basement aquifer occurs in thesloamdary zone between Austria and
Slovenia. Two wells in Bad Radkersburg (AT) producéor balneology with an outflow
temperature of 78 °C and 22.2 I/s yield, while wedl in Benedikt (SI) for district heating (72

°C, 5 I/s). A research borehole in Korovci (Slsdehan 5 km away from Bad Radkersburg
(AT), tapped the same aquifer in 2008 (80 °C, 2, But its development is currently at a
standstill, however its utilization caused conceomsthe Austrian side due to a potential

impact on existing wells in Bad Radkesburg (Talle 2

. . Thermal water Actua_l Water permit
Geothermal site Aquifer production 3
use 3 (m*/year)
(m°/year)
Bathing and No
Szentgotthard (HU) Upper Miocene balneology, 60 000 , .
L information
drinking water
Radenci (SI) Middle 8000 31 500
Loipersdorf (AT) Miocene Bathing and No information 157 680
Bad Radkersburg (AT balneology No information 73 000
Bad Radkersburg (AT) Pre-Neogene No information 700 000
Benedikt (S1) basement District heating 65 000 315 360*
Korovci (SI) No use 0 158 000*

* This is only an informative amount, as the apgliicns are not yet granted

Table 21: Current users of thermal water

4.9.4.4. Existing and potential future conflicts

Drinking water resources do not compete with thénwweter exploitation in this area, as in
many other cases, the latter is too mineralizetbeoused for drinking. The pre-Neogene
basement aquifer is currently underdeveloped somdg three wells produce thermal water
(Table 21). The produced water temperature is aBOUT, which is applicable for direct heat
use and balneology but not for geothermal eletgrmioduction.

There is a contest between an existing thermal nwager of the pre-Neogene basement
aquifer in Bad Radkersburg (AT) and a developdfanovci (S1). Waste thermal water of the
spa is treated at a sewage purifying plant in Badkersburg (AT) before it is released to the
Mura River. The potential Slovenian user at Korgyeins to reinject part of the water which
will be used for heating, but the other part usedalneology will have to be treated to
prevent pollution of the transboundary stream¢mdca. The monitoring data on Austrian
wells are not available, and therefore the assassafampact of Korovci is uncertain. The
Mura Commission has discussed the Bad Radkersbargvii conflict, but very poor data
exchange exists among the two countries.

The main utilization in the area takes place in &kkt (Sl). There is no re-injection, the
water is cooled but chemically untreated befoflows to Drvanja stream.
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Zones of thermal water concessions are proposdfidioedikt and Korovci sites (Sl), but they
have not been granted yet. No protection zonesoatkned in Austria. The identified
hydrogeothermal aquifer is currently used modeyatatilizations for balneological and
energy purposes don’t show interferences or regjigcae changes in the quality or quantity
of the used thermal waters yet. However, the Masoaod Palaeozoic fractured aquifer in
pre-Neogene basement represents a transnationabdyyémic system, so any national
interventions have to be handled considering issiixde transboundary effects.

4.9.4.5. Towards a sustainable management

Elaboratedsteady state modgFuks et al. 2013a) is the first numerical repnémsgon of
geothermal conditions in the pilot area which s biasis for future efficient management and
sustainable utilisation. Due to the lack of datd anarce information, it is based on many
assumptions. It indicated the highest temperaturébe NE part of the pilot area (Fig. 47)
and possibility of convective heat transfer in Benedikt area. Due to geological settings and
the model results it is possible that local coneectells also developed elsewhere.

Thescenario modelgFuks et al. 2013b) addressed questions on thadtef thermal water
production in Korovci on the Bad Radkersburg wellsvo types of scenarios including
existing exploitation in Benedikt and Bad Radkergbwere tested; thermal water production
in Korovci with and without re-injection. All prodtion scenarios were simulated for 50-
years period.

According to these scenarios, hydraulic influereeeq supposing different rates of hydraulic
conductivity, aquifer thickness and specific steraglues in the different scenarios) of a
production well in Korovci has a negligible effem the Bad Radkersburg site. Abstraction
(20 I/s) without re-injection causes a 14-15 m cataed drawdown at the production site, but
does not have a transboundary influence (Fig. 48) results pointed out that the
interference between Korovci (SI) and Bad RadkexglfAT) sites can be expected only if
there are preferential flow paths along well perphedaults (shown by scenarios where
hydraulic conductivity in the Raba fault zone was ® a higher value) (Fig. 49). In this
scenario the computed drawdown is lower than aptbduction well (11m), but the effects
extend further away from the production borehole-Kgn and reach the Bad Radkensburg
area. Consequently, the planned exploitation ofeattgermal doublet in Korovci can be
realized, but joint transboundary monitoring hasréomanaged in both countries to identify
and mitigate potential undesirable effects of énkanced exploitation.
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Figure 48: Computed drawdown after 50 years of prodction in Korovci (without re-injection).
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Figure 49: Computed drawdown after 50 years of prodction in Korovci (without re-injection) assuming
higher hydraulic conductivity. The drawdown in the production borehole Kor-1ga is decreases, however
the depression reaches Bad Radkersburg.
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Model results also showed that when re-injectionKatovci is assumed (Kor-2g) in a
distance of 700 m from the production well (Korelgthe cooling effects reach the
production borehole in roughly 500 years. Howewbe temperature decrease after 1000
years of simulation is still very low and does moiceed 1 °C (the temperature of the
reinjected water was set at 35 °C) (Fig. 50).

Scenario 2 - temperature decrease after
1000 years of reinjection in Kor-2g
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Figure 50: Modelled temperature decrease and exteraf the thermal plume after 1000 years of re-injedéon in
Korovci.

4.9.4.6. Benchmark evaluation

The assessment of the management sustainabiligsisd on a review of one active and one
inactive geothermal well on the Slovenian side andwo active wells on the Austrian side.
Summaries of the indicator values are shown in @&2 and Fig. 51. No wells exploit this
aquifer in Hungary.
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No.| Benchmarking parameter Slovenia - . Austria - .
Value | Points | Evaluation | Value | Points | Evaluation
1 | Monitoring status 0.0 7.0 |75 Good
2 | Best available technology [2.0 |50 Medium |1.0 |75 Good
3 | Thermal efficiency |45% | 50 Medium | * * *
4 | Utilization efficiency 21% |50 |Medium [>30%
5 | Bathing efficiency Not used for bathing 100%
6 | Re-injection rate 0% 0%
7 Status of water balanceo% 75- 75 Good
assessment 95%
8 | Overabstraction 0.0 0.0
Quality of discharged waste no information >95
9 |thermal water
10 | Public awareness 1.0 4.0 |50 Medium

*In Austria no temperature of the effluent wateniailable, therefor thermal efficiency could
not be calculated

Table 22: Calculated values of benchmarking indicatrs for the pre-Neogene carbonate and metamorphic
geothermal aquifer of the Bad Radkersburg-Hodo$ pdt area in Slovenia and Austria.

Bad Weak Medium  Good  V.good
o 10 | |
Monitoring status | — S
. SLO
Best available teChnOlOgy = i AT
. [ ————————————
Thermal efficiency -
| no data AT
— (510
Utilisation efficien cy | —
: 3 " not used for bathing SLO
= ——
Reinjection rate E i%ro
510
Water balance assessment status — T
o — B
e e
. * | ? SLO
Quality of discharged w.v. | e
I— 5.0

P lic awaren s | fwr

Figure 51: Overview of thermal groundwater managemet sustainability for the pre-Neogene geothermal
aquifer of the Bad Radkersburg-HodoS$ pilot area inSlovenia and Austria, based on ten benchmarking
parameters.
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The benchmarking comparison shows that manageniaht geothermal aquifer has to be
improved in both countries, especially on the Stoae side. The main priorities are the
following:

1) Monitoring of existing users is not operationaSlovenia, while data are confidential
in Austria, however reported as good. No bilatemahitoring or reporting procedures
have been implemented. In bilateral SI-AT Mura cassmon on water management
this issue has been raised for several years,duabnclusions have been done, but a
common surveillance of the pumping test was peréorm Korovci in 2009.

2) Thermal efficiency is poor in Slovenia due to highste water temperature and lack
of end users in Benedikt. In Austria, the wateussd only for bathing and balneology
despite having a temperature of almost 80°C. Intraysno temperature of the
effluent water was available and therefore themffatiency could not be calculated.

3) Very good utilization efficiency in Austria indiczd that the capacity of the wells is
well used, while in Slovenia this parameter is cEtlidue to one inactive well, which
represents half of all the wells included in invgetion. The included Slovenian
geothermal wells do not have granted concessiomitgeret, and therefore we used
the assumed amounts which may be demanded for.

4) The water balance assessment and evaluation ofrthendwater recharge is not
applied in Slovenia, while in Austria the critidalvel points are defined and used in
the annual evaluation of the exploitation and managnt of the resource.

5) The quality of the discharged thermal water is tady controlled as demanded by
legislation in general in Slovenia, however dataeneot collected within this research
and therefore this indicator was not evaluatediustria, the used water is treated in a
water treatment plant and therefore regularly ciietd.

6) Information about exploitation of the resourcescisrently only partly available in
professional papers. Data on monitoring, BAT, dyaind quantity status of the
aquifers are available (but not easily accessibléhe general public in Austria, while
no data on these indicators are published in Slaven

4.9.5. Vienna Basin Pilot Area
4.9.5.1. Introduction

Located at the NE-ern part of the TRANSENEGY regtbhe Vienna Basin pilot area is

shared by Austria and Slovakia offering home forerthan 2 million habitants (Fig. 52). It is

a region with different socio-economic situatio@ the one hand, there is the still growing
urban agglomeration zone between the capital citfegienna and Bratislava — a region of
growing economic importance, the so called “Cergr&zgion”. On the other hand the vast
majority of the region is dominated by rural zorsg®wing comprising villages and small
cities.

Irrespective of the different socio-economic framekvthe Vienna Basin has an increasing
demand for energy: housing and industrial fac8it the urban agglomeration zones as well
as agricultural utilizations at the rural zoneseThcreasing environmental concerns as well
as the increasing price of fossil energy puts rexidey low-emission as well as local energy
sources — such like geothermal energy in focusegional development plans. Despite the
favorable conditions, utilization of hydrogeothetmasources is absent in the Vienna basin,
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so the aim of the work related to this pilot are&ray among others, to draw attention to these
possibilities.

At the same time the N-ern part of the Vienna basine of the most important hydrocarbon
exploitation areas in Central Europe, thereforeigeal site to study links and potential
conflicts between the multi-purpose utilizationtlodé same reservoirs.

The Vienna Basin pilot area covers the centralldBekrn parts of the Vienna Basin, but does
not comprise its S-ern regions. Crystalline outsrapamely the Leithagebirge in Austria and
the Little Carpathian Mountains in Slovakia defthe E-ern border of the model, the W-ern
border is defined by the boundary between the Rlydone and the Upper Austroalpine
Bajuvaric nappe system. The S-ern boundary is ndaokehe Leopoldsdorf fault system. The
maximum extension of the model area is about 15@x7 faterally.

General Overview

=
2 --,'f.q"r

Vienna g

0
Kilometers

Figure 52: Geographical overview on the Vienna Bas pilot area

4.9.5.2. Geology, hydrogeology and geothermal ctods

The Vienna Basin has an extremely complex geolbdiggdup, especially in its pre-Tertiray
basement, where different geological units aretbvested on each other. These units are the

following:
I.  Crystalline basement; including Bohemian Massivatri€ and Lower Alpine Units
(aquiclude)
ii.  Flysch units (aquiclude)
iii.  Mesozoic Carbonates: Mesozoic cover of the CeAlhe and Tatric units (aquifer)

Ilv.  Calcareous Alpine (Upper Alpine) Units (aquiferhid can be further subdivided on
the basis of 3D interpolation of the material pmipes into the following nappe
systems: Bajuvaric-, Tirolic-, Juvavic- nappe systeas well as Gosau Units and the
Greywacke Zone.
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The pre-Tertiary basement can be as deep as 1@/lkieh is overlain by Neogene sediments
(both aquicludes and aquitards).

Fig. 53 summarizes the hydrogeological conditioihthe Vienna Basin pilot area. The major

part of the pilot area is dominated by trapped ifosater, which has no connection to the

surface and therefore shows high contents of disdaiaterials. In contrast there are several
zones of actively circulating thermal water systégsts called hydrodynamic systems), which

are connected to the surface and get recharged dbgonc waters (grey colored areas),

however most of them are out of the delineatedt pitea of TRANSENERGY (The reason

for this is that the other pilot areas were focgsim hydrogeothermal systems with active
groundwater flow). These systems produce locallyfioed temperature anomalies, where
thermal water is discharging to the surface. Mdshese hydrodynamic systems show low
contents of minerals and are therefore suited &mdwlogical purposes. Medical as well as
recreational treatment of thermal water has a toagjtion in the Vienna Basin, especially in

its southern part (which was not part of this pdata and studies).

It is assumed, that the Central Alpine & Tatric I@arates hydrogeothermal structure is
representing a trans-boundary thermal water systaming recharged from the eastward
(Slovakia). Evidence is given in deep wells andrbgdrbon drillings showing clear aberrant
geothermal conditions (see also cross sectiongati).
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General Hydrogeological Concept
Legend !

Pilot Area A Balneological Use of thermal water

‘ Hydrodynamic System :: Flow path of cold / heated water

Norie Nt
/ Northern Alpine Front

-Central Alpine
/.-" & Tatric Front

#

e A
™ System 1

Total Yield: 165 /s
Max. observed Temp: 80°C
Total Use (Nr. Wells): 14

System 4

Total Yield: 77 I/s
Max. observed Temp: >100°C
Total Use (Nr. Wells): 0

System 3

Total Yield: 60 1/s
Max. observed Temp: 50°C
Total Use (Nr. Wells): 5

Location of cross-section

System 2 B Soomits bvers dtempersirnt iers foan -bbing0 Q) *asmengt

Total Yield: 170 I/s }_ O e i D e

Max. observed Temp: 30°C B AL v gt g B 4| =

Total Use (Nr. Wells): 13 L I [ R L L
20 10 0 20 Km

Figure 53: Hydrogeological overview on the Vienna &sin pilot area.

In total 6 different hydrogeothermal structuresays)) have been identified, of which 5 are
located trans- or near-boundary (Fig. 54, Table 2B general characteristics and estimated
geothermal potential of these structures are sumathin Table 24A-E. The description and
methods of geothermal potential assessment areiloed@t the beginning of Chapter 4.9.
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Vienna Basin pilot area

Legend
Reservoir in sedimentary basin layers
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Figure 54: Overview on the identified hydrogeothemal reservoirs at the Vienna Basin pilot area.

Tirolic Nappes

Description

Fractured reservoir at the basewie
the Vienna Basin. Connate waters
showing locally overpressured
conditions at high salinities.

Average depth
interval
(top, base: m.b.s]

645 - 3394

Existing utilization

1b

luvavic Nappes

Fractured reservoir at the bastof
the Vienna Basin. Connate waters
showing locally overpressured
conditions at high salinities.

1730 - 3260

No

Deltafront
Sediments

Porous reservoir at sedimentary

fillings. Connate waters at hydrostatic

pressure. At marginal basin areas
(SK) recharge possible.

1021 - 1187

No

Aderklaa
Conglomerate

Double porosity reservoir at
sedimentary fillings. Locally
depressured conditions due intense

hydrocarbon exploitation in the past,

This reservoir is locally used for
injection of formation water by the
hydrocarbon industry

1972 - 2132

Yes (hydrocarbon
industry)

Central Alpine &
Tatric
Carbonates

Fractured reservoirs at basement of
the Vienna Basin. Active recharge 3
well as trans-boundary hydrodynam

%)

ic

circulation systems existing.

2145 - 4489

Yes (balneology)

Table 23: Summary of selected characteristics of éhidentified hydrogeothermal structures
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General attributes Gross volume m 4495
Aquifer volume (kr) 265
Average thickness (m) 2239
Estimated reservoir Min 8
temperature (°C) Max 239
Average 118
Estimated transmissivity | Min 0.00
103 ( nf/s) Max 3.426
Estimated 1.159
Rock parameters Bulk Heat Capacity (Jf)3 1126
Bulk Density (kg/m?3) 2681
Porosity (%) 5.9
Heat In Place (MW, Balneology (single well) 52998
Heat Supply (doublet) 858027
Electricity (doublet) 587344
Inferred Resources Balneology (single well) 459
(MWy,) Heat Supply (doublet) 66624
Electricity (doublet) 46242
Measured Resources Balneology (single well) 36
(MWy) Heat Supply (doublet) 1007
Electricity (doublet) 349
Installed Capacities Balneology (single well) 0
(MW¢,) Heat Supply (doublet) 0
Electricity (doublet) 0

Table 24A: Characteristics and estimated geothermgdotential of the Tirolic Nappes hydrogeothermal
reservoir in the Vienna Basin pilot area

General attributes Gross volume &m 900
Aquifer volume (kn) 31
Average thickness (m) 1937
Estimated reservoir Min 58
temperature (°C) Max 193
Average 129
Estimated transmissivity | Min 0.003
10° ( n's) Max 2.416
Estimated 1.01
Rock parameters Bulk Heat Capacity (Jfa)3 1028
Bulk Density (kg/m?3) 2735
Porosity (%) 3.4
Heat In Place (MW, Balneology (single well) 6533
Heat Supply (doublet) 194102
Electricity (doublet) 122013
Inferred Resources Balneology (single well) 72
(MWy) Heat Supply (doublet) 15567
Electricity (doublet) 10945
Measured Resources Balneology (single well) 10
(MWy) Heat Supply (doublet) 461
Electricity (doublet) 102
Installed Capacities Balneology (single well) 0
(MWy) Heat Supply (doublet) 0
Electricity (doublet) 0

Table 24B: Characteristics and estimated geothermalotential of the Juvaic Nappes hydrogeothermal
reservoir in the Vienna Basin pilot area
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General attributes Gross volume Bm 124
Aquifer volume (kn) 21
Average thickness (m) 182
Estimated reservoir Min 10
temperature (°C) Max 155
Average 58
Estimated transmissivity | Min 0.02
103 (n/s) Max 1.305
Estimated 0.356
Rock parameters Bulk Heat Capacity (Jfa)3 1154
Bulk Density (kg/m?3) 2370
Porosity (%) 17.2
Heat In Place (MW, Balneology (single well) 1153
Heat Supply (doublet) 7422
Electricity (doublet) 1289
Inferred Resources Balneology (single well) 199
(MWy) Heat Supply (doublet) 4455
Electricity (doublet) 835
Measured Resources Balneology (single well) 1
(MWy) Heat Supply (doublet) 28
Electricity (doublet) 0
Installed Capacities Balneology (single well) 0
(MWy) Heat Supply (doublet) 0
Electricity (doublet) 0

Table 24C: Characteristics and estimated geothermalotential of the Deltafront sediments

hydrogeothermal reservoir in the Vienna Basin pilotarea

General attributes Gross volume &m 249
Aquifer volume (k) 37
Average thickness (m) 199
Estimated reservoir Min 26
temperature (°C) Max 114
Average 80
Estimated transmissivity | Min 0.002
103 (n/s) Max 1.219
Estimated 0.325
Rock parameters Bulk Heat Capacity (Jf€)3 1380
Bulk Density (kg/m?3) 2273
Porosity (%) 15
Heat In Place (MW, Balneology (single well) 5449
Heat Supply (doublet) 28794
Electricity 8doublet) 454
Inferred Resources Balneology (single well) 636
(MWy) Heat Supply (doublet) 14285
Electricity (doublet) 229
Measured Resources Balneology (single well) 7
(MWy) Heat Supply (doublet) 114
Electricity (doublet) 0
Installed Capacities Balneology (single well) 0
(MWy) Heat Supply (doublet) 0
Electricity (doublet) 0

Table 24D: Characteristics and estimated geothermalotential of the Aderklaa Conglomerate

hydrogeothermal reservoir in the Vienna Basin pilotarea
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General attributes Gross volume m 3220
Aquifer volume (kr) 103
Average thickness (m) 1930
Estimated reservoir Min 9
temperature (°C) Max 282
Average 134
Estimated transmissivity | Min 0.274
103 ( nfls) Max 3.328
Estimated 1.006
Rock parameters Bulk Heat Capacity (Jfa)3 897
Bulk Density (kg/m?3) 2860
Porosity (%) 3.2
Heat In Place (MW, Balneology (single well) 12628
Heat Supply (doublet) 557686
Electricity (doublet) 380336
Inferred Resources Balneology (single well) 264
(MWy,) Heat Supply (doublet) 60547
Electricity (doublet) 41756
Measured Resources Balneology (single well) 5.4
(MW¢,) Heat Supply (doublet) 20
Electricity (doublet) 0
Installed Capacities Balneology (single well) 4.9
(MW¢,) Heat Supply (doublet) 0
Electricity (doublet) 0

Table 24E: Characteristics and estimated geothermalotential of the Central Alpine and Tatric
carbonates hydrogeothermal reservoir in the Vienndasin pilot area

4.9.5.3. Current utilizations of thermal waters

Currently the use of natural thermal water doesptent an important role in the Vienna Basin
except for traditional balneological use in its r8-gart (Baden, Bad Voeslau and Bad
Fischau), which is not part of the studied pilaaar

On the TRANSENERGY pilot area hydrogeothermal zailion is limited to the Central
Alpine & Tatric Carbonate reservoirs [hydrogeothalmstructure nr. 4] at the E-ern margin
with moderate thermal water temperatures and yieMdsthree locations a total yield of
around 60 I/s is partly used for balneological msgs in Austria (Table 25).

Location Water extract Total Yield Outflow temperature Use
Leithaprodersdorf 1 trapped spring <51/s ~20°C Need
Mannersdorf 1 trapped spring <51/s ~25°C Balneickg

Use
Bad Deutsch 3 wells ~50 I/s 20°C - 27°C Balneological
Altenburg Use

Table 25: Summary of existing hydrogeothermal utilzation in the Vienna Basin pilot area.

Energy use of the existing thermal water in thetreérand NE-ern part of the Vienna Basin
has not been implemented yet, although there aat gesources estimated. The first large
scale geothermal heat-supply facility, which shob&e been in Vienna (project Wien —
Aspern with a planned installed capacity of 40 M#hd temperature level around 140 °C)
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unfortunately failed in 2012 due to an unsuccesgfilling. The planned wells should have
reached final depth of 3500 to 5000 meters and ym@dvater from a dolomite reservoir
belonging to the Eastern Alps with a productionifjection rate of 100 I/s.

4.9.5.4. Existing and potential future conflicts

As hydrogeothermal utilization practically does mdtist at the moment, no conflicts are
known.

The subsurface of the Vienna Basin has been extdpsused for the production of
hydrocarbons since decades. Most of the abovedlisteictures have been exploited for
hydrocarbons in the past. Above all the so calletrklaa Conglomerate structure [3] is
locally showing depressurized conditions due torbgdrbon exploitation and is furthermore
used for re-injection of waste formation waterghuy hydrocarbon industry.

However, as the production of crude oil continugusécreases since the past 40 years it
offers future possibilities for hydrogeothermaliaétion in the Vienna Basin by:

» Using the knowledge and data gained by the hydbecamdustry for the assessment
of geothermal reservoirs

» Using abandoned or non-profitable oil wells fory@togeothermal re-use

» Combined use of hydrocarbon infrastructure for bgdrbon and heat recovery (e.g.
implementation of heat exchangers in pooling stafio

In contrast increasing future geothermal use mag affer challenges and risks of conflicts
due to:

o Competitive subsurface use between hydrocarbonuptimth and geothermal heat
recovery

o Over-exploitation due to intense use especiallyear border regions due to a lacking
trans-boundary management of natural thermal water.

Concerning the transboundary exploitation of hydrbons in the pilot area a bilateral
Commission was founded in the late 1960s betweeecl@rslovakia (now Slovakia and
Czech Republic) and Austria aiming bilateral rejpgrt of HC production. Although
exclusively coordinating hydrocarbon exploitatidhis commission and its procedures may
have an impact on a future monitoring and reportandhydrogeothermal use in the pilot area,
because most of the identified geothermal struste@ncide with regions of hydrocarbon
exploitation. Furthermore the existing reportingpgedures are adapted for deep buried
reservoirs, therefore also suitable for the ideedihydrogeothermal structures.

In the Vienna Basin pilot area neither bilaterattogeothermal monitoring, nor reporting
procedures have been implemented yet, due to tbe dha currently low number of
utilizations, although the cross-border flow hasrbproved in this case, too.

4.9.5.5. Towards a sustainable management

The steady state moddlGoetzl et al. 2013a) was focusing on the regi@talle thermal

modelling of the entire pilot area to deliver ddtat the estimation of hydrogeothermal
resources (Table 24A-E). In total 775 DST tempeeatalues from 235 wells were used for
validation of the modelled subsurface temperat(ffeg 55). This evaluation showed that the
applied simple 3D conductive thermal model was alolefit the observed subsurface
temperatures in satisfying way although also denaotiisg that thermal convection does not
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play an important role in this area. It also proveat high temperatures (above 120-140 °C)
are present at several parts of the pilot area.

Temperature Distribution at the base of Neogene Sediments [°C]
: A 176.15

160
140
120
100

80

20
V¥ 19.542

Figure 55: TéMperature distribution at the base othe Neogene sediments [°C].

Scenario modeling(Gotzl et al. 2013b) was focusing on the detaséady of a Triassic
(Wetterstein) Dolomite geothermal reservoir wittive Juvaic Nappe (1b) hydrogeothermal
structure, which has been figured out to be thetmposmising transboundary geothermal
reservoir within the pilot area (Fig. 56). Due ke thigh salinity of the fluids of this aquifer,
the trapped thermal water is not suitable for ballogical purposes. Hence, the only possible
utilisation can be a pure energy usage, realizea bipublet installation with complete re-
injection of the thermally deployed brine. As thigdrogeothermal Play has not been used for
geothermal use yet, the scenario modelling wassioguon its possible future near-boundary
utilization studying the effects of various douldetangements, also considering the influence
of highly conductive (fault) zones and overlyinggas sediments.

The area of interest has a lateral extension otitabhd km x 3 km, striking approximately
along a SE-NW direction (Fig. 56). The river Mamnd the Austro-Slovakian border crosses
the body right in the middle in N-S direction. GmetAustrian side of the reservoir, three
abandoned hydrocarbon wells (SCH-T1, SCH-1 and BGoadld possibly be used (re-entry)
for geothermal usage and supply the Gansernddragshof area (approx. 20.000 inhabitants)
with energy (heat and electric power). On the St@mside we considered the Zohor — Lab —
Zahorské Ves triangle containing about 10.000 iithats as a plausible area for geothermal
heat demand.

The modelling investigated different arrangemeriithe doublets assuming a minimum yield
of 100 I/s, a production temperature of at leadd i® 120 ° C in the fractured dolomite
reservoir at a depth of 3-4 km. At each modelling of two doublets - one on the Austrian
and one on the Slovakian side of the reservoirrevgemulated taking into consideration the
influence of a fault zone and overlying porous segtits (Table 26).
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Location of the
Wetterstein ' \

Dolomite structure

Location and strike orientation of high
permeable faultzones

3200 Estimated size of population of villages and small cities

Figure 56: Outline of the scenario model ,SchoenfdtLab“. The red dots show possible well locations,

Scenario Involved Doublets Description
Austria: Sch2 (P) — BG4 (I) High influence of fault zone:
Slovakia: SK1 (P) — SK2 (I) At the Austrian doublet the injection well is located at

the fault zone, which may lead to a fast propagation of
the cold water plume. In contrast it also may reduce
the technical effort of the water injection.

At the Slovakian side both wells are influenced by a
high permeable fault zone, which may strongly
enhance both hydraulic and thermal short-cuts.

Austria: Sch2 (P) — Sch (I) Moderate influence of fault zone:

Slovakia: SK2 (P) — SK3 (I) Both wells of the Austrian doublet are located at
tectonically undisturbed positions of the reservoir,
which may on one hand lead to enhanced hydraulic
resistivity at the wells but on the other hand inhibits
thermal short-cuts.

At the Slovakian doublet the production well is located
within a high permeable fault zone. As the injection
well is located at an assumed tectonically undisturbed
position of the reservoir, the thermal breakthrough
may be inhibited on the one hand, but the effort in
order to inject the used water may be raised on the

other hand.
Austria: SchT1 (P) — Sch 2(I) Influence of high permeable porous layer:
Slovakia: SK2 (P) — SK3 (I) Existence of a highly conductive layer at the lowermost

50 meters of the Neogene sedimentary deposits upon
the reservoir, which may lead to thermal shortcuts.
Additionally, the well screens on the Austrian side are
set directly underneath the brecciated high
permeability layer to demonstrate a quick thermal
breakthrough.

Table 26: Overview on the investigated scenarios {Production well, I: Injection well)
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Fig. 57 shows the results of the coupled thermlaydraulic scenario modelling in terms of
the predicted water temperature at the producti@iiswof the Austrian as well as the
Slovakian doublet for an overall time period of J@&ars.

Scenario 1 Scenario 2

Temperature | €]

—SCHT] =——5K-1 —SCH-2 -5K-2
100 100
10 0 30 a0 50 60 70 80 %0 100 0 10 20 30 40 50 60 0 80 a0 100
production time [years] production time [years]

Temperature [* €]

—SCH-T] -2

o 10 20 30 40 50 60 70 80 90 100
production time [years]

Figure 57: Time series showing the predicted tempature at the production wells of the Austrian and
Slovakian doublets.

Scenario 1 (high permeable fault zone) is showiggificant changes due to convective heat
transport within the assumed high permeable fauies. The temperature at the production
well of the Austrian side is continuously risingrihg the production period of 100 years,

which is related to hot thermal water from the dgparts of the reservoir, which has been
replaced by sinking injected cold water. In cortiréise thermal evolution of the production

well at the Slovakian doublet is smoothly fallinigea an operational period of approximately
25 years due to enhanced interflow during the faaftes, where both wells are located.

Scenario 2 (low influence of fault zone) is leadiogstable temperature conditions at both
production wells.

Scenario 3 is investigating the influence of a higtonductive porous sedimentary layer on
the top of the fractured basement. The wells of Austrian doublet have been set in
tectonically undisturbed locations within the Wedtein Dolomite structure. Therefore the
resulting flow paths are forced to pass the ovedgytonductive porous layer. In contrast to
the situation at the Austrian doublet, the prodarctivell of the Slovakian well has been set on
a highly conductive fault zone. The modelling réswhowed a strong interference between
the injection and the production well of the Aumtridoublet. After a time period of

approximately 10 years a massive temperature a@e(lin°C) was observed at the production
well as the cold water plume is preferentially pagshe highly porous sedimentary layer at
the top of the reservoir. In contrast, the produrctwell of the Slovakian doublet does not
show any interference, although the injected colatew plume also passes the highly
conductive sedimentary layer above the reservdiis Ts due to the fact, that the water
pathways associated to the production well are epabty located within the highly
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conductive fault zone. This in turn reduces thesguee gradient within the overlying, highly
conductive porous layer and inhibits the propagatibthe cold plume.

To evaluate the thermal anomaly caused by geothenxpéoitation, Fig. 58 shows the lateral
extent of the thermal plumes of the different sceisa This can be used to estimate the
maximum number of possible doublets.

Temnperature distribution after 100 years, scenario 3

=

Temperature distribution after 100 years, scenario 2

S

Temperature distribution after 100 years, superposition of all scenarios
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Figure 58: Temperature distribution at the depths ¢ maximal plume at the re-injections. The overlain
diagrams show the temperature evolution of the prodced water.

4.9.5.6. Benchmark evaluation

As no hydrogeothermal utilization exists at thenvia Basin, benchmark evaluation was not
performed for this pilot are.
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4.10. SWOT Analysis

Based on the extensive state-of-the-art assesswierdifferent aspects of the entire
TRANSENERGY area, as well as the 5 cross-bordest @teas, a SWOT analysis was
prepared (Table 27) that provided the basis toupegoals and tangible recommendations

which are summarized in the following chapters.

Strengths

favourable geothermal conditions of the
study area

well identified stakeholder group with
identified needs

appropriate tools developed (geoscientific
models) to answer stakeholders’ questions
qualified project consortium

compulsory WFD and RES framework for
each country (e.g. monitoring, reporting)
well established methodology and
functioning assessment and reporting of
environmental measures of groundwater
bodies (in the frame of the national River
Basin Management Plans — Water
Framework Directive) (including monitoring
at national levels)

delineated hydrogeothermal reservoirs in the

entire TRANSENERGY area with
characterization and potentials for different
types of use

geothermal potential assessment of 9
selected hydrogeothermal plays at 5 pilot
area based on a method developed in
TRANSENERGY (compliant to CanGea
reporting methods)

benchmark assessment of 5 pilot areas — new

methodology developed in TRANSENERG]Y
(10 indicators of sustainable management pf

thermal groundwaters and geothermal energy

resources)

tangible recommendations for integrated
thermal groundwater monitoring at 5 pilot
areas

Weaknesses

heavily exploited areas with signs of
overexploitation

low share of energy use

low share of re-injection

thermal / chemical pollution of surface
waters by emitted and untreated thermal
water, little information on the quality of
discharged thermal water,

practical lack of cascade systems

low thermal efficiency

poor BAT indicators (technical installations
at the well and pipeline system)

different concepts for the delineation of
(thermal) groundwater bodies in the partne
countries that impede direct comparison of|
aquifers in the transboundary zones
classification and terminology of monitoring
sub-systems are different and confusing in
partner countries

passive monitoring of thermal water aquife
is insufficient

compulsory reporting related to NREAP-s
are too general for regional / sectorial
assessments of geothermal energy use
inhomogenous datasets and databases im
harmonized cross-border evaluations

data confidentiality policy of Austria

=

S

pede

Opportunities

future delineation of joint thermal
groundwater bodies to be incorporated in
international water policies (UNECE, etc.)

maintenance / updating, further developmegnt

and adjustments (more user friendly) of the
established joint, multi-lingual borehole
database and users’ database and its publ
part s at the project website

improve all benchmark indicators

outline protection zones for existing energy
utilizations

carry on and expand well-established
cooperation of partner geological surveys
rising karst water level in the Komarno-

(@]

Sturovo pilot area enhances the rehabilitation

of the groundwater-dependent ecosystems

Threats

unharmonized management strategies at
national levels

controverting interest and framework of
water management and energy policies at
international and national levels(protection
vs. use of resources)

dual character of regulation (production with

and without thermal water abstarction)
shared by ministries of ,environment” and
~energy/economics”

complicated and time-consuming licensing
procedures

lack of sufficient financial incentives

low rate of public awareness (information
available on monitoring, cascade use,

efficiency, geothermal energy, thermal wat
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» potential for transboundary energy utilization pollution, waste water management, re-
with doublets in the Komarno block injection, water level decline, geothermal
(Komarno-Sturovo pilot area) aquifers, etc.)
* potential for energy utilization with doublets * surface seepages due to rising karst water
in the E-ern block of the Biik Dolomite level in the Komarno-Sturovo pilot area
(Lutzmannsburg-Zsira pilot area) threatens new surface installations (buildings,
« potential for transboundary energy utilizatign garages) o
with doublets in the Danube Basin pilot arda ~ *  competing water demands of drinking water,
(additional installations in the basin) balenology and GW-dependent ecosystems in
« establish of cascade system at Korovci (Bad the Komarno-Sturovo pilot area _
Radkensburh-Hodos pilot area) as no majgr ~ *  €xcessive _ut|I|zat|on causes changgs in water
transboundary effect was verified by chemistry in the Lutzmannsburg-Zsira pilot
modelling area
« use of the knowledge, abandoned » competitive subsurface use between
hydrocarbon wells and infrastructure for hydrocarbon production and geothermal heat
geothermal development in the Vienna Basin recovery in the Vienna Basin
* potential for transboundary energy utilization
with doublets in the Triassic dolomite of the
Juvaic Nappe System in the Vienna Basin

Table 27: SWOT analysis

5. VISION

The envisioned cut-off date of the desired circamees is set up 922, as this matches the
time-frames of the National Renewable Energy Actitlans (2020) and the cycles of the
national River Basin Management Plans (2021).

The ultimategeneral goalis to fulfil Water Framework and RES Directive iglations and
proceed ahead. This includes the official deliratiof joint transboundary thermal
groundwater bodies (based on joint delineation epts), as major planning / administrative
units for which environmental objectives and measuas well as concrete management
strategies including joint monitoring systems aheaged in the W-ern part of the Pannonian
Basin based on TRANSENERGY results. The Bilateraté&¥ Commissions play an active
role to achieve this goal..

Parallel with this, all four countries reach th&REAP target numbers (Fig. 59) with
maximum possible proportional contribution from tHERANSENERGY cross-border
reservoirs.
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Figure 59: NREAP targets of TRANSENERGY countries
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The envisioned amount of abstracted thermal watghé region will be approximately 70
million m*/year. This estimation is based on the alreadytgdirequested amount and an
additional 15% increase. A major shift in the shafautilisation is expected: only a small
increase in the balneological use andignificant growth in the direct-heat applications
especially inheating of greenhousefDanube basin, major agricultural area in Hungarg
Slovakia), and indistrict heating (areas where good geothermal potential matches hea
demand of larger towns (e.g. Dunajska Streda, Ntkaréky, Vienna, Zalaegerszeg). Due to
reservoir properties only 1 or 2 small size (1-3 MWbmbined heat and power plants are
foreseen in the region, targeting basement resstvespecially in SW-Hungary and in the
Vienna basin.

The increased rate of energy utilization is achievas much as possible with increasing
thermal efficiency, utilization efficiency and reajection, application of best available
technologies (including cascade systems) and nat imcreasing the amount of abstracted
thermal water.

To achive these golas the following tasks haveettubilled:

To increase thermal efficiencyusers cool down the thermal water as much as lgessi
preferably near to the mean annual air temperdfil#€C). This is done in a way that at least
70% of available thermal energy is used. Highernia efficiency thus leads to a reduction
in the total amount of abstracted thermal waterwali as lower thermal and chemical
pollution of the surface streams into which wasétewris emitted.

To increase utilization efficiencythe available resources are utilized as much asilple, at
least at a rate of 30%.

The increased energy application is not sustainablessre-injection is establishedA full
re-injection is feasible and required into the fuaed-karstified basement reservoirs, whereas
at least a 60% rate of re-injection is needed pumus sandstone reservoirs (into the same
layer from where production happens) which is thgissoned future situation. For other
emitted waters, the waste water treatment is eshedal.

Nevertheless the need for re-injection is evaluatedhe basis of regional numerical models
performed by independent governmental organizat{ergs geological surveys) to reveal its

necessity in comparison with the local/regional eggtological conditions. On those araes
where the natural recharge of the targeted ressri®sufficient and scenario models do not
predict exhaustion of the aquifer, re-injection MA¥ skipped. However on araes where
numerical models predict the decline of the quardiatus of the reservoirs new permissions
are not licensed without re-injections systems tHredalready existing sites are obliged to
establish re-injection wells step by step (withrappiate financial support). The investigation

of re-injection technologies (into intergranularveonment) is supported through non-

refundable funds.

Best available technologies are applied widespread. wells are equipped with well-
maintained wellheads, which are isolated and ptetefrom unfavourable weather conditions
and unauthorised persons. Materials installed ohayove the wells are inert for aggressive
water/gas mixtures and higher temperatures. Whexeessary, scaling problems are
effectively mitigated. Installations avoid areasgas or water leaks. Abstracted water is
precisely and continuously following the water dechalhe exploitation system from well to
emitted waste water area is based on the princgflemscade use, with both computerised
and individual phases controlled as much as passibl

Irrespect of depth of screened intervalSpeotection zone”is outlined (3D equivalent of a
mining plot), from where the user can exclusivelysteact thermal groundwater. The
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maximum allowed values of temperature and pressiidp (depending on reservoir

characteristics) are determined case-by-case bplediheat and transport models. These
models are prepared by indepenedent governmergahiaations (e.g. geological surveys)
and are updated regularly (e.g. 5 years).

The geothermal aquifersare envisioned to be igood quality and quanity statyd.e. not
overexploited. This means that there is no sigaificdecrease in the regional piezometric
level, the water quality and/or temperature doeschange due to abstraction, groundwater
dependent ecosystems are sustained and theres@lrsmbsidence caused by abstraction. To
be able to reach this tleeitical level points and the critical points of alractionare defined,
and the renewable and available volumes of wateaasessed by regional numerical models
which are calibrated by data of passive monitorvells. The critical level of point at the
abstraction site is max 100 m below the naturabwigvel of the pre-exploitation state, while
at passive monitoring wells (observing more distpatts of the reservoir) max 30 m.
Nevertheless in regions of intensive exploitatidime critical points of abstraction (the
maximum amount of abstractable amount of thermalumgdwater) is defined based on
numerical models

Before issuing a new water license, the grantinaity has all relevant information to be
able to decide whether the new production wouldthaat the already existing productions
(interactions are avoided), does not lead to aresstge water use or does not threat the
environmental objectives.

To continuously follow the statues of the geothdrmquifers both active and passive
monitorings are established. In the active monitoring, executgdthe user, the wells’
discharge piezometric level and temperature are continuooshasured and complemented
by regular water analyses. The licence holder stshaniyearly report, which is approved by
the granting authority. A complementary passive mooimg in non-exploited observation
wells is performed by governmental bodies, wheeeptiezometric level is regularly measured
and there is an occasional sampling for chemidabtbpe analyses to be able to identify
changes at a regional scale.

Regardingdata policythere are up-dated and reliable national databhseit the annual
production (and re-injection) of the exploited tnat water. Registers are maintained by the
water management authorities and energy authofieggster of productions related only to
energy appilications) and are cross-checked, hamadnand compatible. Furthermore all
important technical and non-technical data which @ecessary for the evaluation of status
assessment and monitoring of transboundary hydtbgeoal reservoirs are regularly
maintained and they are public and freely accessiblational databases are INSPIRE
compliant.

There is a regular data exchange between neiglgoountries.

The databases established in the frame of TRANSEB¥ERre sustained and regularly
updated.

Sufficient financial support schemegtax incentives, off-take of green-heat, feedanft,
risk insurance) are established to support viabtglgermal projects. Regarding the geological
conditions of the investigated regions, especai#dilg support of green-heat, and the
establishment of risk-insurance systems are impbrta

The regulatory framework (including licensing procedures) is simplified andore
transparent. There are no discriminations towanyssactor (e.g more favorable waste water
threshold values for balneological use, higher tiaraof energy users, etc.). Preferably one
single Renewable Energy Act (with special provisifor geothermal) exists.
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Integrated management policyr at least coordinated actions between the enwiental and
energy sectors both at international (EU) and natiolevels, are established for the
sustainable management of hydrogeothermal resaurces

Public awareness is increasgthere is freely accessible and regularly updatéatimation at
least about the quantity status of the geothermaifer, the quality status of waste water,
energy efficiency, BAT use and monitoring for egeothermal site.

6. RECOMMENDATIONS

As the previous chapters confirmed, sustainable management of hydrogeothermal resources is
a complex task with many unsolved technical and non-technical problems. Despite serious
efforts, TRANSENERGY does not provide any quick solution, however basedolisac
approachit provides a comprehensive framework for the understanding of the transboundary
geothermal energy resources at the W-ern part of the Pannonian Basin for the first time.
Based on the carefully elaborated and scientifically established working methods and the
achieved results, TRANSENERGY providesgaod examplehow to achiveharmonized
management and sustainable utilization of hydrogeothermal systemther regionsin

Europe sharing trans-boundary resources.

The recommended approach is based oMG®ELING-MONITORING-MANAGEMENT
(3M) principle.

As it was shown by many examples in Chapter 1, most of the management-related questions
can be answered bgeoscientific models performed by the experts ahdependent
governmental organizations. The basis of this is a common understanding and uniform
databases that provide input data for joint assessments. Therefore it is recommended:

To strenghten cooperation among national geological surveys and reinforce the maintenance
of national geoscientific (including hydrogeological and geothermal) databases and modeling
among their tasks.

Geological, hydrogeological and geothermal models should be basedaromonized
databases containing reliable data. Various national datasets managedifigyent
organizations (e.g. water production data by licensing authorities, geoscientific data by
geological surveys, high resolution reservoir data by project developers) shaonlddgrated

with transparent regulations on their use including data confidentiality. As many valuable data
concerning the same reservoirs are produced in the hydrocarbon indusstypnger
cooperation between the geothermal and hydrocarbon seigaequired. This includes data
transfer as well as joint interpretations. Nevertheless for the assessment of transboundary
geothermal resources, cross-border harmonization would not require the creation of a single
uniform transnational database (in a way duplication of national databases in different
formats), but makingational database$NSPIRE compliant,which thus makes possible to

keep national characters and structures, and provide their access via standardized metadata
catalogues.

In terms ofmodelling, thefollowing workflow (successfully tested by TRANSENERGY) is
recommended:

» establishment of conceptual models (general understanding of the targeted system)

» determination of the most important hydrostratigraphic units

» establishment of geological model (3D distribution of the hydrostratographic units, e.g.
by delineating their bounding surfaces, complemented by the most important tectonic
lines)
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e« numerical heat and flow model (calibrated). Stesidye models provide history
matching, i.e. show how the resources have beet ssdar (recommended versions:
pre-exploited natural state and production statdhfe first decade of the 21th century),
while scenario models forecast how the system vapond to future utilization.
Recommended scenarios:

» SC_1: exploitation of existing utilization sitestkvielevated production rates (3 or

5-times higher)

» SC_2: exploitation with elevated production rat@f 5-times higher) including
future possible sites (considering demands of neat markets, district heating
systems, agricultural use, etc.)

SC_3: exploitation at present sites, with max.vadld drawdown of 100 m (critical

level)

SC_4: exploitation at present and foreseen fututes swith max. allowed

drawdown of 100 m (critical level)

SC_5: exploitation at present sites with elevateodpction rates (3 or 5-times

higher) at existing utilizations with re-injection

SC_6: exploitation with elevated production rat@¢of 5-times higher) including

future possible sites with re-injection

Y VWV VYV V¥V

Results obtained from the performed simulationghef regional numerical flow and heat
transfer models should enable accurate estimatfoavailable thermal water reserves in
individual aquifers, which will furthermore represean expert basis for the redistribution of
water licences. As such, the model should be coatisly re-evaluated with new data (on
production, monitoring, etc) in order to follow tharrent status of the geothermal aquifers.

The establishedransboundary monitoring systenshould sufficiently cover all aspects of
monitoring activity, i.e. regularly repeated mea&suents covering quantitative and qualitative
features, appropriate network infrastructure, dgiality, data management and reporting.
Monitoring should not focus only on utilizationest(active monitoring performed by users in
the production wells), but at the entire geotherrs@ucture itself through independent
monitoring wells (passive monitoring) controlled ingependent authority.

Frequency of measurements should be:

» Sufficient to reveal significant oscillation of pameter values and to statistically
assess the standard deviation and error

» Sufficient to reveal any significant trend

» Sufficient to forecast any eventual need to implehaglditional measures on time for
safe operation and not to increase costs.

Different intensity of thermal water exploitatioequires different levels of monitoring.
TRANSENERGY recommends usittigree levels of monitoringbaseline monitoring, active
monitoring and passive monitoring (Table 28).
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Level of Utilization Monitoring Parameters to be measured ¢

recommended frequency

1 —No utilization baseline monitoring: summarize | reservoir characteristics
the initial / steady state hydraulic, (temperature, pressure, hydraulic
thermal and hydrochemical gradient, thermal rock parameters,
conditions hydraulic rock parameters

Existing exploration data (e.g. CHhydrochemistry  (main ions,
industry) salinity, isotopes)

recharge, discharge

2 — Moderate utilization, no active monitoring: production qualitative: electric conductivity (1
interference or regional scale data hr), basic hydrochemical analyse$
changes (1 yr), comprehensive

qualitative and quantitative
performed byusers,competent
public agencies qualitative:flow rate (1 hr), water
level/operational pressure (1 hr),
flow temperature (1 hr), total
abstraction (1 day), closing
pressure / static water level after
shutdown of well (3 months)

hydrochemical analyses (5 yr),

3 — Intense utilization, active monitoring passive monitoring:
interferences and regional scale

changes evident passive monitoring:observation | qualitative: electric conductivity (6

wells distant from production wells hr), basic hydrochemical analyses
— regional effects of thermal (1 yr), comprehensive
water abstraction hydrochemical analyses (5 yr)

data acquisition and maintenance qualitative:temperature (6 hr),
by public authorities, agencies static pressure / water level (6 hr)

Table 28: Monitoring concept on different levels

At intensive utilization (like in the case of TRAEBNERGY area) the monitoring system
relying only on users’/concessionaires’ measuremesmtd reports (active monitoring)
wouldn’t be enough. For this reason, some obsenvatells for passive monitoring should be
selected that would serve to control the regioratiewlevel and water flow directions and the
trends. This advanced network would also includepdinermal wells sufficiently far away

from actual abstraction sites to monitor the backgd and boundary conditions of the
regional thermal water system. This kind of momitgr wells would be of extremely

importance for transboundary management, espedialliyge observation wells would be

designed and/or equipped and maintained in thearatipn of the neighbouring countries,
using best practices examples and the most advaeodthology. Observation wells for

passive monitoring have to be financed by publithauties. Synergies for cost reduction
may be given at abandoned hydrocarbon wells aneprmspective exploration drillings.

Annual regional monitoring data should be analyseery 3-5 years, since in this period the
guantity and quality of the aquifer trends shoutddme more evident. Monitoring programs
than may be revised, which may apply for monitorfiregjuency of different parameters also.

For the five studied pilot araes of TRANSENERGYeg tiollowing monitoring systems are
recommended:
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Komarno-Sturovo Pilot Area

Several springs and existing, but currently notrageg thermal wells (especially in Slovakia)
are recommended to be part of a future joint moimigosystem (Fig. 60). These are the Mala-
sping in Esztergom, where there is possibility @kecontinuous measurements of discharge,
temperature and conductivity in the tunnel, as wadl Lilla- and Csokonai-springs in
Dunaalmas, and Fényes-spring in Tata, which nedmktequipped with measuring objects.
Sarisap spring is involved in the recent monitorimgeasurements are required to be
continued in the future, too.

Further monitoring wells are proposed to be coméiguat Babolna (Hungary), where K-52
and K-53 wells are out of order and at FGK-1, MP&T-11, GTM-1, VZ0O-14 and VSE

wells in Slovakia, where existing and currently-nperating wells should be equipped with
pressure/head transducers, temperature and edéaoieductivity probes. Monitoring should
be performed on daily basis. In addition active itwying is expected in the operating
thermal wells.
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Figure 60: Proposed monitoring points (highlighted)or the Komarom-Starovo pilot area

Lutzmannsburg-Zsira Pilot Area

The present measurements of active monitoring mmeistontinued. Additional measurements
are required to get information about the of DeaaonDolomite basement reservoir. The
monitoring well Csepreg K-15 was originally deepérne more than 1000 meters reaching
the basement. Recently the well is only 300 m dé&bp.well is proposed to be reconstructed
to be able to measure the karstwater head agamwet of the two Lutzmansburg thermal
wells is alternately operating, while the othersist to standby. It is proposed to make
continuous groundwater head measurements withldgtger in the well which is currently
out of order (Fig. 61).
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Figure 61: Proposed monitoring points in Lutzmannshirg-Zsira pilot area

Danube Basin Pilot Area

According to the pre-defined main criteria to seleas for a joint transboundary monitoring
(Rotar-Szalkai et al. 20136)0 monitoring areas have been selected, baseleoresults of
steady state models of the entire Danube Basih @iéa:

« Area 1 Mosonmagyardvar — Lip6t — Samorin,
* Area 2 Gyr — Ve’ky Meder,
Area 1

In this area, the Upper Pannonian intergranulantaéwater aquifer is extending over a large
region on both sides of the river Danube at defsttra 1000 to 2500 m. Thermal waters are
utilized by a number wells, almost solely for retrenal purposes (Table 17). Although no
pressure or temperature changes had been obsdriied rmer monitoring well BL-1 at
Bohdov, it cannot be excluded that as utilization cwundis, adverse effects may emerge. As
the coupled hydrogeological and geothermal modélswed (Chapter 4.9.3.5.), future
decrease of temperature as well as pressure iwitiraty of the pumping wells may be
expected. The proposed monitoring boreholes arersion Fig. 62.
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Figure 62: Proposed monitoring Area 1 Mosonmagyardar — Lipét — Samorin (310 knf), with thermal
wells. Proposed monitoring boreholes are highligkd.

At least two new monitoring wells between Mosonnmgyar and Samorin are
recommended to be established and use existingritlymon operated wells KG1, BL-1
and FGGa-1 too. Continuous monitoring of groundwateads and temperatures are
recommended in Lipét K-7 or K-10 when they are @ubrder.

Area 2

Thermal groundwater of the Upper Pannonian intengea aquifer between Gy and Véky
Meder is harvested for bathing at many sites (Tal8¢ The considerable amount of
abstracted water (>200 00C per year) may cause deterioration of water quatjtyantity
and temperature, which raises the importance ofhcemgroundwater management based on
reliable monitoring data.

Existing, but currently unused wells VZO-14 andR:16 can be easily converted into
monitoring boreholes. Area close to river Danubecavered by deep hydrogeological
boreholes, is of major importance for setting upthar two monitoring boreholes (Fig. 63).
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Figure 63: Proposed monitoring Area 2 Gyr — Velky Meder (315 knt), with thermal wells. Proposed
monitoring boreholes are highlighted

Bad Radkensburg-Hodos Pilot Area

Due to the great depth of the aquifer, it is nobwamient to establish a new monitoring
network system, especially in HU part, where thiekitess to the aquifer exceeds 4000 m.
The proposed monitoring should be supplementedumying active monitoring of three
production wells (Be-2, Rad-2 and Rad-3) and passienitoring of one inactive production
well in Korovci (S1) (Kor-1g) and one observation well in &govci (SI) (Pé-1) (Fig. 64).
There are no applicable wells in Hungary. The hearest existing wells (NK-2 and K-2) are
not a part of the Bad Radkersburg — Hodos geotHeamqmafer, therefore they are not suitable
as observation wells for this geothermal aquifer.
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Figure 64: Proposed joint Bad Radkersburg - Hodo$ mnitoring network

Vienna Basin Pilot Area

The identified hydrogeothermal structures (Chagté5.2.) [1] to [3] are currently still at
baseline monitoring level as no hydrogeothermallization is currently installed.
Hydrogeothermal play [4] can be classified at [&€Moderate utilization, no interference or
regional scale changes). At Bad Deutsch Altenbung minor utilizations for balneological
purposes are installed and neither interferencegawional scale changes of the quality or
qguantity of the used thermal waters have been vbdeHowever, as the Central Alpine &
Tatric Carbonate hydrogeothermal play [4] is asslinte represent a trans-national
hydrodynamic system, a bilateral active monitoriagussing on the existing utilizations is
needed, but not implemented yet.

Recommendations for a sustainable management based benchmarking evaluation

The results of the benchmarking clearly reflect ldrgg tradition of using thermal water for
balneological purposes, and show very good utibrmag¢fficiency in the whole W-ern part of
the Pannonian Basin. In contrast to these pogiéisalts the indicators on the re-injection rate
and public awareness show that significant actesesneeded in all four countries to improve
the management of the geothermal resources. Watlexlception of Austria, the monitoring
indicator for the active thermal water wells is mtypsnedium or bad, which means it is
essential to develop monitoring systems for ther@mpate observation of the thermal
aquifers. The information on the quality of emiti®dste water was not collected within this
research and therefore this parameter could neg¢llzbly evaluated. The indicator values of
the best available technology vary between bad gowll categories and the good values
might only be due to a lack of reliable informatidius this is also a field for improvent. The
thermal aquifers are not yet over-abstracted, bet,gjood” results can potentially act as an
early warning indicator giving the first signalsasterioration in status, shown by decrease of
piezometric levels or change in groundwater qually evaluation of the thermal efficiency
indicator shows a bad or very bad status in gensoahe annual heat energy of existing wells
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used should be increased rather than just expyon@w wells. In case of low (less than about
35°C) wellhead temperatures the thermal efficiemdicator does not correctly reflect the
efficiency of the well. The status of water balamssessment is also mostly bad or weak in
Hungary, Slovenia and Slovakia, so there is muctiaton defining critical level points and
critical limits of abstraction in all four countagespecially in those cases where the wells are
located close to the national borders. The bathiagameter is planned to include
measurements of the effects on healing processéwifuture. Despite the few currently
exisiting re-injection wells , we believe that digethe positive effects on aquifer hydraulic
conditions and mitigation of environmental pollutjore-injection into the same aquifer
should be required for all users utilising non-teglathermal water for the purpose of use of
geothermal energy. Limited time of derogation apgrapriate financial support should be
given to current users for the implementation awh re-injection wells, while new users
should establish the necessary doublet systemébstarting production. Location and design
of re-injection wells should be based on numerisahulation of aquifer capacities,
appropriate technical design of re-injection we#ad cost-benefit analyses, but poor
economic conditions should not be used as an exXousgemption.

In some cases (eg. existing ,inactive” wells witbspive outflowing thermal waters but
without licence) could not be incorporated in tlwtual benchmarking evaluation. However,
since they are important in the geothermal resonrasagement, they should also be taken
into consideration when the developments of exgséibstraction or new licences for thermal
water exploitation are requested.
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