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1. INTRODUCTION  

The steadily increasing number of thermal baths in our country based on the thermal water resources 

may be beneficial regarding tourism, however, induce several unsolved problems. The excessive 

exploitation is depleting our underwater resources, the water let off pollutes our natural waters, unused 

energy from runoffs go wasted. Notions on geothermic energy and its main carrier, thermal water have 

often little to do with reality. Thermal water resources are not infinite treasure, nonetheless, used 

bathing water of spas is not wastewater for the drain either.  

In my PhD thesis the geothermic characteristics of the country, the main features of underwater, various 

utilisation and placement modes of thermal water are demonstrated. The number of sources recorded in 

the country, yielding water of temperatures higher than 30 °C was 1429 in the year 2004. Owing to the 

complexity of use and limitations to the size of dissertation I can only provide a comprehensive 

overview.  

 

 

 

 

 

 

 

Fig 1. Main areas of thermal water utilisation in Hungary (HÁRS, 2005) 

Complex, multi-step utilisation of thermal water and thermal energy goes beyond the concrete primary 

modes of use. Besides the listed modes in the thesis I also paid attention to energetic considerations. 

According to the EU Directive 2001/77/EC the share of electric energy generated by means of 

renewable resources has to be increased in every Member State (to 3.6% in Hungary). Certainly I also 

included among the targets to review the relevant international literature and experience.  

My main objective was to map out, prove and quantitatively demonstrate the environmental effects of 

waters reaching the surface. Salt content and carbon-cycle were decisive parameters and served as a basis 

for my environmental impact analysis. I will present the Fuzzy Logic method selected for the analysis and 

the results of its application. The data evaluated on the basis of the constructed model produce results 

that lay the foundation for a more realistic view of the country’s thermal water resources. This will be 

confirmed by the economic analysis at the end of the chapters also following up on the steps of 

exploitation, utilisation and placement.  
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The extra chapter on legal issues form an integral part of the research work. I will touch upon the national 

and EU regulation systems and their legal background. The collection of legislative acts and provisions 

serves as an important basis for a better understanding of this topic.  

2. MATERIALS AND METHODS 

2.1. Quantitative changes in the salt content of utilised thermal waters 

Waters cooled down after use mostly get into the public drainage system, drains for inland water and 

maybe into lakes, reservoirs. For most thermal waters the total salt content, sodium equivalent 

percentage exceeds the discharge limit – above which financial penalty is due - to surface waters and 

the public drainage system. The selected area for samples is Zalakaros, around which several sources 

can be found on the surface. Most of these are collected by the Kiskomáromi channel and lead to 

Kis-Balaton. The runoff water of the spa at Zalakaros also flows into this main channel through the 

ditch named “Zalakaros torrens”. Taking into account the water exploitation data and following 

upon the forming of salt concentration the impact on the environment is obvious, part of which 

affect the Kis-Balaton and the Upper-Balaton National Park area by means of the water movements 

through the ground water. Calculating with the estimate it means 1300-1500 kg total salt content per 

1 km2. By making a comparison with data from foreign and national professional literature it can be 

assumed that this salt content does not indicate salinity on the area only a tendency of salinification. 

Using the available literature [BÜTTL, 2003] I was seeking mathematical relation between the salt 

content of the discharged water and the distance. On this basis I established the concept of isolation 

distance.  

2.2. The role of thermal waters in the carbon cycle 

Most thermal waters in Hungary are sodium-hydrocarbonate and sodium-carbonate type, in certain 

cases with high carbon-dioxide (CO2) content. The presence of carbonic acid has a toxic effect in 

water, and on the other hand – especially in higher concentrations – may influence the pH value and 

have an indirect effect on the formation of  H2S, NHO2 and free ammonia (NH3). One of the aims 

of my analysis was to look at the typical indicators in the discharged samples of some of Hungary’s 

thermal sources as well as natural waters used for agricultural purposes. I evaluated the 

characteristics of the samples from nine thermal waters and two natural waters in function of their 

carbon content (C/CO2) and chemical (pH) reaction.  

Beyond the analysis of carbon content and pH I also surveyed potential connections between other 

features of the water samples. The analysis of pH value and pH value stability of thermal waters 

deserve attention also because of the relatively low permissible concentration of material in 
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molecularly dissolved state (carbon-dioxide, ammonia, nitruous acid, sulphur-hydrogen) closely 

related to the change of pH value. Besides a sodium-ion dominance – accompanied by at the same 

time a really low concentration of calcium and magnesium ions – extremely high pH values may 

develop (might as well be at 12,3), which increases the proportion of toxic free ammonia in the total 

ammonia.  

2.3. An assessment model for environmental impact 

The environmental impact of discharged thermal water is an unambiguous fact, its magnitude, 

however, is quite hard to measure. The utilisation and placement modes presented in detail in the 

dissertation determine the problem to be solved, that is to find a value of proportion which 

expresses the magnitude of the above process. Runoff waters flowing to surface reservoirs have 

significant environmental impact: heat contamination, rise of mineral and salt concentration, change 

of flora/fauna composition, and eventually the physical properties of the soil. Unfortunately, it is 

extremely hard to find an indicator that expresses all at the same time. My system is based on the 

Fuzzy Logic [ZADEH, 1965], which enables to handle indicators not equivalent to one another or 

situations with missing data. FOGARASSY [2000] already drew up a model using this method to 

determine or mark out cropping plots and areas taking various agro-ecological characteristics into 

account.  

 
Fig. 2. Sketch of the identification of Fuzzy masses 

When analising the medium and macro regions of the country (any)one of the five different 

environmental factors (physical type of soil, pH of the soil, the temperature of the thermal water, 

salt content of the thermal water, environmental value) – as a limiting condition to the model - may 

be indicated with a logical limit value besides the optimal value.  

I used geographical (map) database [MTA TAKI 2001, SZIE KGI 2001] as the source of optimal 

and logical limit values. I provided limit values and optimums for each medium and macro region in 

the function of the factors that I had selected. The values are to be interpreted by means of the 

tables annexed (M1) to the dissertation. Potential ranges of the Fuzzy masses of the individual 

factors are included in the last column of the table, the last row of which is the average of the 
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resulting values. The listed territorial values were determined also for every macro region of the 

country.  

2.4. Economic factors of the presence and utilisation of thermal water 

Economy is a decisive factor at utilising thermal waters for energetical purposes. The economic 

approaches are fundamentally influenced by conditions of environmental protection namely the 

need for feeding back which inreases both the costs of investment and that of the operation. 

Appoximately 40 000 km2 area is suitable for the profitable production of geothermal energy in 

Hungary. Our geothermal energy supply deemed as favourable is estimated to amount to 56x1021 J 

[IEA, 1996] in the upper 3000m layer of the Earth soil. This can be regarded as theoretical supply in 

this layer. According to informing surveys the thermal water mass is 2,5x1015 kg, the heat content 

amounts to 0,57x1021 J, and its temperature changes between 30 and 130 °C. This can be deemed as 

technical supply, which is one percent of the theoretical one [TÓTH-BULLA, 1999]. Hungary’s 

estimated water stock is ~500 000 million m3. The annual output of water of all the thermal sources 

is ~500 million m3. This output is certainly not exploited, the estimated annual thermal water output 

is ~200 million m3. Average thermal water output has been in the magnitude of  340,000 m3 /day in 

the last few years. 

The cost of geothermal energy production is influenced by the following factors:  

� the geothermic gradient, the depth, the hardness of the rock, 
� the costs of energy production, which depends on the properties of the reseroir: 

pressure, temperature, salt concentration, concentration of non-condenable gases, 
� investment costs of the power plant, 
� costs of operation and maintenance. 

The issue of the application of thermal energy is a rather complex one: technical, economic and 

environmental, with a pretty high realisation cost. Greater use of thermal waters are feasible where 

technical parameters of heat production are favourable and the drawbacks because of environmental 

characteristics are not to be counter-balanced through the use of costly solutions. Geothermal 

energy and the heat-carrying medium has no fixed price, therefore it is very important, when 

deciding on economy, to analyse the composition of all the potential investment and operation 

costs, as well as look at the annual costs. It is yet to be noted that the authorities cannot issue 

licences of thermal water production and use infinitely if water is pumped without feeding back.   

Both the results of ecological calculations of mine and the determination of costs to eliminate or to 

decrease the environmental impact support the issues above.  
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3. RESULTS 

3.1. The decrease of salt content, the isolation distance 

During the evaluation of the primary database the decrease of salt concentration was determined by 

a mathematical equation. The depletion function is exponential its equation is Y=1779,6e-0,2071x, the 

salt concentration curve shows close interpolation with an R2 value of 0,8852. 

Fig. 3. Thermal water salt concentration discharge  [HÁRS, 2006] 

The calculable decrease of salt concentration – in the function of the distance – may create the 

condition to alleviate the environmental impact by an indirect method. Thermal water discharge 

after its use is a mode of pollution of natural waters that has earned little attention yet and has not 

been analysed properly. The protection of environment, most of all natural waters, as well as that of 

potable water supply could be ensured by the isolation distance tailored to the given point, which 

distance could be determined on the basis of the salt concentration of the water used and discharged 

as well as the distance necessary for the decrease of the salt content.  

3.2. Carbon content relations of thermal water 

During the elaboration of the primary database the analysed factors were evaluated with a 

mathematical method. It could be established that C/CO2 content of the waters are consequent, 

but are only loosely related to their pH. On the basis of my analysis I could not find a positive 

measurable relation to the quantities of carbon, nitrogen, and sulphur compounds.  
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Fig. 4. Connection between the pH value of runoff water and its dissolved carbon content [HÁRS, 2005] 

 

3.3. The magnitude of environmental impact 

On the territory of the Dunántúli- and Észak-magyarországi-középhegység (Trans Danubian and 

North Hungarian mountains) the exploration and exploitation of thermal waters show a low 

percentage (approx. 20-30 %), therefore the impact on the environment affect smaller areas.  

Contrary to this I maintain that there are localised spots that are endangered (e.g. Egerszalók) also 

on the territories of mountains of medium height. According to the division of the country applied 

the Tiszai Alföld (Tisza Great Plain) and the Dunai Alföld (Duna Great Plain) are the largest 

geographical units and the ratio of their territory suitable for the exploration of thermal water is 

quite high (80-90 %). The diverse utilisation of thermal water is the most common here which is 

supported by the geological characteristics of the region. The geothermic gradient is higher in the 

Alföld (Great Plain) than the national average while it is lower than that in mountainous regions.  

These areas are most endangered environmentally on the basis of the proportions.  
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Table 1. The thermal water effect (ha) indicated by macro regions  
 

Macro region Area (ha) 
Thermal 

water 
exploration 
area  (%) 

Thermal water 

effect (ha) 

I. Dunai Alföld 1 979 891 83 1 643 309 

II. Tiszai Alföld 3 143 709 92 2 892 212 

III. Kisalföld 534 527 90 481 074 

IV. Nyugat-magyarországi-peremvidék 727 921 60 436 752 

V. Dunántúli-dombság 1 185 023 55 651 763 

VI. Dunántúli-középhegység 648 637 25 162 159 

VII. Észak-magyarországi-középhegység 1 082 932 28 303 221 

 

To sum up it can be stated that a significant proportion of Hungary’s territory is affected by the 

environmental impact owing to the use of thermal water, which are mainly supported by parameters 

of soil and environmental sensitivity among the parameters that I examined. The determination of 

environmental impact due to the utilisation may provide the background for the establishment of 

economical, environmentally friendly placement system(s).  

3.4. Economic factors of the presence and utilisation of thermal water   

The cost of bringing to the surface of geothermal energy i.e. the heat energy unit is lower than that 

of any other energy source. Geothermal energy could be really competitive if the cost of drilling 

were born by the state. The cost of drilling a pumping unit would be superior to the purchase price 

of a furnace with the same heat capacity while the running cost of a furnace is much higher than that 

of the heat provision service from thermal water. In the Hungarian agriculture full heat exploitation 

and placement of runoff waters from thermal waters is not worked out everywhere at the moment.    

As a result of my research work I can state that there is hardly any available quantifiable information 

on the current situation on running a thermal water pump for the lack of comprehensive surveys as 

well as collected and evaluated data.  

I got the following economic figures on the basis of the results of a 1997 survey: presuming 25 % 

loan with no interest and 30 % non-repayable state subsidy, a pair of pumps for a depth of 2000 m 

for pumping and feeding back, at 80°C mouth temperature and utilisation temperature of 40°C, - 

may already be profitable (return on investment exceeds 17%), if the water-output amounts to 90 

m3/hour (techn. 2). In the next figure the costs for three different water output values (60 m3/h, 90 

m3/h, 120 m3/h) are analysed. For thermal water explorations more favourable that technology 2 

(techn. 3: 120 m3/h) return on investment amounted to 49%. It is even more economical if only the 
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feedback pump has to be installed beside the existing thermal water pump (techn. 4: 60 m3/h, techn. 

5: 90 m3/h, techn. 6: 120 m3/h). 

Cost distribution 
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      Fig. 5. Costs of investment, operation and (additional) environmental protection 

The technical and investment costs of the establishment of the isolation distance in this dissertation 

are estimated at 1,2-2,3 billion HUF at 2006 figures, which considerably increase the costs of 

elimination of the environmental impact in the case of territories with thermal waters. It is not yet 

common practice in our country to include with proper emphasis the economic aspects of draining 

off/placement of thermal waters in the right section of the investment plan. The establishment of 

technical objects (eg the construction of a channel, reservoir) may entail a cost of 130-240 M 

HUF/km.  

Cases that are difficult to evaluate from an economic point of view like ecological damage, damage 

to biodiversity the problems of wet habitats also deserve attention.   

NEW SCIENTIFIC RESULTS 

• Using the database on thermal water output I measured the decrease of the salt 

concentration of thermal water in function of the distance from the exit point. I drew up 

the mathematical function of the decrease of concentration, and I verified the connection on 

the basis of a model from professional literature (Boulos et al., 2004).  

• I analysed the connection between the C/CO2 content of waters as well as pH, the presence 

of nitrogen (N/NH3) and sulphur (S/H2S). Of the analysed parameters I proved that it was 

only between carbon/carbon-dioxide content and the pH value where there was a consequent 

but loose connection. Ammonia and sulphur-hidrogen content had no connection with the 

carbon content of waters.  
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• Creation of the isolation distance concept. Using the available measured data I proved that 

in the case of utilised thermal waters channeled into surface reservoirs – and in the function of 

the salt content of discharged water - there has to be a protection zone so that the runoff 

water may be used freely. It should not cause considerable, or else, potentially irreversible 

water quality or ecological change in natural flowing waters.  

• I carried out a connection-analysis between thermal water parameters (temperature, salt 

content), soil parameters (physical soil type, pH) and environmental sensitivity of Hungary’s 

potential thermal water source areas (on the basis of VITUKI 1993, az MTA TAKI GIS 2001, 

és a GATE KGI 2001 maps).  I established that there is a connection between the analysed 

factors, however, this connection shows marked variations by macro region and by parameter. 

• I carried out methodological analysis for the area based application of multi-factoral systems 

with discreet variable. During this I adapted and applied the Fuzzy Logic method used 

previously also for the determination of ecological limits. The methodological result of my 

work is confirming that the decision-making model is applicable for environmental impacts. 

• I determined on the basis of my surveys the potential magnitude of environmental impact of 

thermal waters for the macro regions of Hungary in function of the main soil characteristics 

and environmental sensitivity.  I defined the areas (ha) of Hungarian macro regions classified 

by AGROTOPO potentially endangered by thermal waters.  

• I carried out an analysis of profitability to see the additional environmental costs of three 

different kind of thermal water utilisation and to unveil their consequences not measurable in 

economic terms. I established that the technical costs of environmental protection in the case 

of discharge after thermal water utilisation form an important part of the profitability analysis; 

costs rise by 24-65%.  

• As a result of methodology an annotated legal collection was compiled.  

4. CONCLUSIONS, RECOMMENDATIONS 

The former reason for the need to apply renewable energy sources was to economize on existing fossil 

energy resources. In my opinion there is an even more important argument in this issue that is the 

protection of our environment.  

The main reasons for the future use of renewable energy sources – among others of geothermal energy 

– are as follow:  
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1) An ever wider range of utilisation of renewable energy sources in respect of the protection of the 

atmosphere. The production of renewable energy carriers from agriculture plays a special role, as the 

environmental characteristics of the atmosphere can be safeguarded – or even improved to some extent 

- because of the closed CO2 cycle during their production and utilisation. By using the energy source 

that I described similar results can be obtained with minimal CO2 emission.  

2) Profitable operation. The construction of a geothermal power plant entails significant risk 

without expertise in geology, hydrology and aquatic chemistry. The capital needed is rather high 

because of the price of modern equipment and procedures, although these pieces of underground 

equipment – for power plants, other techniques, technology – provide the calculable part of the 

system. However, owing to the complicated geological circumstances and the fact that the more 

frequently used sandstone reservoirs are more difficult to handle, the underground component can 

only be planned with a considerable margin of error. To reduce operation risks a research and 

development programme could be launched to further explore sandstone reservoirs, with special 

regard of re-pressing thermal water and the establishment/transformation of a pump able to do that 

job. Concrete steps could be taken after the collection and analysis of the numerous existing 

experience.  

3) Biological purification of spa water has to be implemented to preserve karstic/dolomitic water 

in order that used water be repressable without endangering underground water and geological 

layers. The elaboration of this method, its accompanying control tasks and the elaboration and 

introduction of water chemistry analysis are very urgent due to the proliferation of users like thermal 

baths. 

4) The application of a method when several pumps have one repressing unit, since agricultural 

users pump thermal water only in a certain part of the year. A represser may operate continuously 

from a lake reservoir. Conveying to barren or to empty carbohydrogen wells maybe profitable within 

a circle of approximately 5 km in radius, since only the proper transformation of the well is to be 

done instead of a deep borehole.  

5) The establishment and operation of thermal water systems is regulated by an adequate number of 

provisions, however, we are often faced with deficiencies of the regulatory system and late reactions 

to the current situation. To advance on this I have the following recommendation:  

� simplification of the authorisation procedure, 
� prosecution of investment without permission, 
� establishment of a subsidy system, 
� supporting of a monitoring system, 
� establishment of a national thermal water database regarding soil. 
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There were initiatives to create an economic, regulatory environment to foster the wide-range 

use of thermal-pumps. The utilisation of geothermal energy should not only be included among 

renewable energy sources as geothermal energy production, whereby more kinds of support could 

be realised.  

The analysis carried out and the consequences contribute to the undestanding of a very complex topic, the 

more efficient and environmentally friendly utilisation of thermal water, which is important for the 

progress of Hungary. All these suggest that the results presented make it necessary to do further research, 

to have an approach from several angles, to take over and analyse international findings.  
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