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ABSTRACT 

 

This review paper gives some general details and facts about the hydrogeological 

setting of Hungary and the Carphathian basin. This region can be considered to be a 

special groundwater “laboratory”, where many different interesting hydrogeological 

phenomena can be found close to each other. This rather complicated natural 

situation inside the Carpathian basin requires special solutions from the experts to 

achieve sustainable groundwater management practice concerning the EU Water 

Framework Directive and the Blueprint to Safeguard Europe’s Water Resources 

document. Groundwater resources play a major role in Hungary’s tap-water supply 

system. More than 95% of our drinking water is provided from groundwater 

sources, meanwhile Hungary is famous for its mineral-, cure-, and thermal water 

supplies. Hungary is located on the Danube watershed in the Carpathian basin, 

which is one of the most closed basins of the world.  

 

INTRODUCTION 

 

Groundwater resources play a major role in Hungary’s tap-water supply system. 

Hydrogeologists have high professional responsibility to safeguard our groundwater 

resources and manage their sustainable utilization in quantitative and qualitative 

terms. During the past years hydrogeologist experts had to face numerous global or 

local environmental and social threats, that have significant adverse effect on 

environmental elements especially on groundwater. Hydrogeologists of our day and 

the future have to provide new and effective answers to new type of technical 

problems using innovative solutions. When searching for these answers one can rely 

on those high quality technical papers published in the frame of the Strategic 

Programs of the Academy. In 2008 the Hungarian Academy of Science has 

accepted its eight strategic programs in the topics of special importance for 

Hungary. Hydrogeologist might have special role in three out of these already 

prepared papers: Water management of Hungary (Somlyódy, 2011); Environmental 

and climate security (Bozó, 2010) and the Utilization of renewable energy sources 

(Büki – Lovas, 2010). 

 

HYDROGEOLOGICAL CONDITIONS IN THE INNER CARPATHIAN 

BASIN 

 

Hungary is located on the Danube watershed in the Carpathian basin, which is one 

of the most closed basins of the world (Figure 1). The fact that our relatively small 
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country is neighboring with seven other countries creates special conditions in 

groundwater management by Hungary having the most transboundary aquifers in 

Europe. The watershed management plan of Hungary contains 185 groundwater 

bodies, out of which 40 are officially registered as transboundary aquifer, however 

the actual dependency is even higher. Approximately 50% of the groundwater 

bodies is divided by national border, thus external effects influence the quantity and 

quality of our groundwater resources. Hungarian groundwater bodies near the 

border lines have downstream characteristics being exposed to transboundary 

influences. Most of our neighbors are members of the European Union Austria 

(since 1995), Slovakia and Slovenia (since 2004) and Romania (since 2007). 

Technical collaboration is more fluent with these countries along common 

European values and the harmonized legal framework, than with the non-member 

Croatia, Serbia and Ukraine, although they have joined to the Danube program. The 

hydrogeological settings of Hungary on one hand are considered to be very good, 

however hydrogeologists can expect various geological, hydrogeological, 

meteorological and geothermal conditions in the Pannonian basin as detailed below. 

On rather large areas of our country within the same year one can observe flooding, 

inland water and drought all effecting also the groundwater resources, thus experts 

dealing with water resources must be prepared not just for the proper utilization 

practices of resources but also for protection against water related threats. 

 

 
 

Figure 1. 

Location of Hungary on the Danube watershed in the Carpathian basin (Source: 

VKKI) 

 

Hungary shows a rather diverse geological and hydrogeological scene, where 

almost every unique and interesting feature can be observed in close vicinity to each 

other. Beside the hydrogeological features of our karstic mountains (that have 

significant role in our water supply system) one can study the rather interesting 



water bearing parameters of fractured volcanic, plutonic and metamorphic rocks. 

The Great Hungarian Plain, which attracts international attention and the Little 

Hungarian Plain geographical units provide several problems to be solved by 

hydrogeologist experts. Among others, the reason of the unique natural variations is 

due to the relative thinness of the Earth’ crust under the Pannonian basin and due to 

the even recently observed tectonic compression causing increasing pore pressure of 

deeper reservoirs and fluid containing strata of the basin. To interpret the 

reconstructed subsurface flow pattern of the Great Plain we must divide the role of 

two driving energy sources. A gravity-driven flow system is found in the shallow 

depth and underneath a pressurized flow system controlled by the tectonic 

compression. The anticlines of the preneogene basin are the source areas of these 

highly pressurized regions. The pressure conditions are driven by sedimentation, 

raising fluid temperature and tectonic compression. The contact zone of the two 

mentioned flow systems is very complex, and its depth is still unknown at certain 

points of the Great Plain. The geological matrix of the Great Plain consists of a 

complex, at some points 7000 m thick neogene overburden above the pre-neogen 

basin bottom. The porous structures in Hungary contain approximately 5000 km
3
 of 

water at a given time. This volume is the so called static groundwater resource. 

Dynamic groundwater resources play more important role in sustainable 

groundwater utilization; its estimated volume is approximately 2-3 km
3
/year. 

 

GROUNDWATER FOR WATER SUPPLY 

 

Groundwater resources took over the leading role in drinking water supply all over 

the world in front of surface water (Szűcs et al., 2006). Its share in Europe has 

reached 74%, while in Hungary drinking water supply is provided from 

groundwater at the rate of 95%. Although the total nominal capacity of drinking 

water supply systems in Hungary is approximately 4,5 million m
3 

per day, the total 

annual production volume is only around 700 million m
3
. Beyond the threats caused 

by changing natural conditions there are unfortunate anthropogenic impacts on the 

groundwater resources such as contamination of environmental elements or our 

human impacts on climate change. The practical groundwater classification in 

Hungary defines the following groundwater categories: river bank filtered water 

resources that are closely related to gravel terraces of rivers are also classified as 

groundwater in the Hungarian nomenclature. These resources – providing almost 

40% of the domestic water supply – prove the interconnection of surface waters and 

groundwater bodies. The protection of these water sources is crucial for almost the 

total 2 million inhabitants of Budapest is supplied through river bank filtered 

sources. Besides the riverbank filtered sources mainly on the flat areas of the 

country deeper groundwater bodies provide the key resources for water supply. In 

the vicinity of the Trans-Danubian Mountains and the Bükk mountains the 

vulnerable karst water has a remarkable share in water supply systems. 

Unfortunately, our shallow groundwater aquifers are contaminated to such a level 

that they cannot be utilized in drinking water supply systems. In the frame of the 

drinking water quality improving program we must apply such hydrogeological and 

water management solutions that do not depend significantly on expensive water 



treatment technologies. It is a common interest that the technical expectations 

regarding water supply network should increase significantly in the future, by this 

serving the further improvement of drinking water service quality and reliability, 

and the renewal of the aging infrastructure of water works and distribution. As far 

as the perspective water resources considered our country is in a rather good 

condition. Our country has approximately 1 million m
3
/day total capacity 

perspective water resources, delineated mostly along the Danube and Tisza rivers’ 

gravel terrace. 

 

UTILIZATION OF MINERAL WATERS, CURE WATERS AND 

THERMAL WATERS 

 

Hungary’s mineral-, cure-, and thermal water resources are outstanding even in a 

global context, which has remarkable potential even on macroeconomic scale. This 

natural resource can provide for several settlements and regions further progress and 

labor market development. Cure water is a mineral water that has a medicinal effect 

due to its dissolved gas or mineral content. The health impact is proved for specific 

health infirmities by strict medical professional protocols. According to the registry 

of the National Directorate of Health Resorts and Spas, Hungary has 195 registered 

mineral waters and 220 accredited cure water sources. Even the Healing Hungary 

and Health Industry Program of the New Széchenyi Plan includes the effective and 

diverse utilization of Hungary’s especially rich thermal-, mineral- and cure water 

resources and its geothermal capabilities. In the last 20 years the mineral water 

consumption increased significantly not just in Hungary but worldwide. The 

domestic mineral water consumption in 2011 and 2012 was around 115 

liter/capita/year (Figure 2.).  
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Figure 2. 

Consumption of mineral water per capita in Hungary (source: Hungarian 

Association and Product Union of Mineral Waters) 



 

The remarkable government financed developments that took place during the last 

decade have high important in the domestic health tourism. More than one hundred 

thermal spa development projects were subsidized. According to the registry of the 

National Directorate of Health Resorts and Spas, Hungary has approximately 1200 

thermal wells, 70 medical spas, 5 medical caves, 5 locally extracted mud sources, 1 

mofetta and 13 health resorts can be found. In international context, Hungary is 

considered to be in the top 5 countries in terms of thermal water resources. Our cure 

water resources have a unique value in global scale, considering the variety of 

medical effects. In the future hydrogeology must play major role to increase the use 

of geothermal energy sources. The thermal waters with temperature above 30 C 

have significant role in dredging and utilization the heat and energy. The excellent 

geothermal potential of our country and the Carpathian basin, its hydrogeothermal 

systems and thermal water utilization options were introduced in numerous 

remarkable studies published during the past years (Mádlné Szőnyi, 2006; Szanyi  

Kovács, 2010; Székely, 2010). In Hungary, under the surface the average 

geothermal heat flux is approximately 90 mW/m
2
, while the geothermal gradient 

ranges between 30–50 °C/km. Knowing these data one can determine the 

theoretically available total dynamic heat reserve, which exceeds geothermal 8000 

MW. In spite of this the present day actual utilization of geothermal energy is very 

low. The very heterogeneous geological and hydrogeological situations provide a 

good basis to extend the scope of various types of geothermal energy utilization 

methods (Bobok  Tóth, 2010). The waters of medium enthalpy systems 

(temperature range 30-100°C) are utilized mainly in cascade-type municipal heating 

systems, municipal and industrial hot water supplies, in wellness and cure spas and 

in agricultural facilities (glass houses, plastic tunnels, stables, and dryers). In case of 

the most favorable locations at the Southern part of the Great Plain, from geological 

point of view practically every settlement could install medium enthalpy heat 

utilization units. It is also clear that the production rate of our thermal water 

resources at several locations is above the sustainable production volumes. At these 

sites we can register continuously decreasing water heads. Thus, in case of the 

energy utilization purpose thermal water discharges it is very important and legally 

binding to set up reinjection systems, which might cause conflicts of interest in 

areas, especially where the lack of injection (former practice) resulted significant 

financial benefits. Greater thermal water users (e.g. municipal public works) the 

financial benefit remains even if the injection system is installed. The protection of 

our groundwater systems however must have higher priority than that of the local 

financial interests. From water management perspective it is not tolerable however, 

that out of the appr. 50 million m
3
/year energy driven thermal water production, 

only approximately 1 million m
3
 is reinjected to the underground formations. In the 

past the cooled waters with often very high salt content have caused severe 

environmental load and left our country through our major rivers. The ultimate 

purpose of the high enthalpy system installations (water temperature is above 100 

°C) is electricity generation, or the joint utilization of 6-8 unit heat waste generated 

during 1 unit electricity production. Although there are numerous locations in the 

country (e.g. Fábiánsebestyén, Makói-trough, Békési-depletion, Derecskei-trough), 



where the available groundwater temperatures are available for energy protection 

with the temperatures of 180–200 °C, but such investments were not yet 

implemented in the Carpathian basin.  

 

FUTURE CHALLENGES OF HYDROGEOLOGISTS IN THE 

CARPATHIAN BASIN 

 

There are numerous unsolved challenges waiting for the hydrogeologists not just in 

the Carpathian basin, but all over the (Galloway, 2010). Due to the newness of a 

significant share of the groundwater related problems, there is a need for new types 

of educational programs and technical competences for the future hydrogeologist 

generations. Due to the above mentioned transboundary feature of the groundwater 

resources the domestic hydrogeologists must more intensively collaborate with the 

hydrogeologists from the neighboring countries. A part of future tasks is related to 

the implementation of goal system of the domestic watershed management plan 

based on the Water Framework directive. Even in the case of our groundwater 

systems we must reach the good quality and quantity status by 2015 and the 

following time period. Currently 60% of our groundwater bodies meet the 

qualifications of good status. The strengthening of the ecological aspects requires 

new type of technical thinking from our hydrogeologists. The collaboration in the 

EU Danube region strategy can be the forum of international collaboration even in 

the field of groundwater resources. Climate change of our days causes more 

extreme weather phenomena, which strongly impacts the natural water cycle. These 

effects naturally influence the quality and quantity aspects of natural discharge, 

especially in the synclinal type areas. Due to the increasing demand for safe 

drinking water, it has a high priority that technical experts have proper knowledge 

about the possible near future changes in the water resources. The expected climate 

change generated impact in case of our domestic and foreign watersheds, one can 

expect the decrease of surface runoff, the infiltration driven discharge and as a 

result we can expect the decrease of the dischargeable (usable) groundwater 

resources. It is not satisfactory anymore for hydrogeologists to deal with 

groundwater only. Due the water cycle everything is interrelated.  Due to the 

observed natural changes and anthropogenic intervention the groundwater systems 

evolve into new equilibrium status. Dealing with water resources in such dynamic 

systems requires interdisciplinary and holistic approach, which accommodates the 

discussion about technical, scientific, economic, legal and social impacts on water 

resource management of the Carpathian basin. Understanding the theory of 

subsurface flow systems and the description of depth material and heat transport 

requires greater share of contribution by hydrogeochemistry and the detailed 

analysis of environmental isotopes. During the education of future hydrogeologists 

environmental chemistry must be more emphasized. 

 

SUMMARY 

 

Our groundwater resources - playing important role in drinking water supply are 

important natural values and worthwhile for long term protection. Mineral-, cure-, 



and thermal water resources are also remarkable, and their utilization in a wider 

scope is macroeconomic interest. The joint marketing effort of our mineral waters 

and cure waters in the scope of the Carpathian basin can significantly improve our 

present European market position and the utilization options. One must be aware of 

the fact that our groundwater sources are finite, in fact at some parts of the Great 

Plain the utilization is already close to 100%. In the future it shall be more 

important that the hydrogeologists could forecast more precisely and more reliably 

the local or regional usable water resources. The reinjection of energy purpose 

thermal water can guarantee the sustainable hydraulic and quality status of the 

deeper aquifer systems that contain mineral and cure waters. Although according to 

the prognosed climate change scenarios, we can anticipate a small decrease of 

groundwater resources, however the sustainable and safe water supply can be 

granted in Hungary for future generations by the operation of regional water supply 

networks, the application of government supported National Water Management 

Strategy. This is guaranteed by those facts too, that beyond our existing water 

resources, we have considerable access resources, such as perspective water 

resources. For the long term drinking water supply, groundwater is preferred due 

the better predictability and more constant water quality parameter. Also due to the 

better protection against surface contamination sources. Today political, 

professional and scientific circles generally agree that Hungary’s groundwater 

resources have strategic importance. Highly educated hydrogeologists shall be 

much more needed in the future in Hungary and in the Carpathian basin. Numerous 

traditional and modern tasks are awaiting for the future groundwater specialist 

generations. Due to the interdisciplinary of the tasks, it is important that our 

education programs would integrate international trends (Voss, 2005) and the 

special hydrological and hydrogeological features of the Carpathian basin. 
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