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ABSTRACT 

The paper presents an analysis focused on the possibility of using geothermal energy from the Rožná I Uranium 

Mine through mine water as a heat source. The Rožná I Uranium Mine makes part of the Rožná deposit, whose 

rock mass cannot be considered homogeneous in terms of geothermal energy utilization, but heterogeneous, where 

there are positive and negative influences, the so-called geo-factors of geothermal energy utilization. 

The possibility of geothermal energy exploitation was assessed based on available materials and background 

information. The main parameters are the thermal conductivity coefficients of the rock mass, the ground heat flux 

of the area, the geothermal degree or its inverse value, the geothermal gradient. The exploitability of the geothermal 

potential of the mine water was determined using several calculations. This availability was assessed both in terms 

of the maximum achievable thermal output in combination with a heat pump and the long-term sustainability 

of this output. 

Keywords: Geothermal energy; Heat pump; Mine water; Rožná. 

  

1 INTRODUCTION 

The current global trend is to reduce the use of traditional fossil fuels for electricity and heat generation and obtain 

this energy from other, more environmentally friendly sources. The European Green Deal [1] states that the switch 

to alternative sources is the starting point for pollution-free energy production. It makes geothermal energy 

utilization a viable alternative, both for industrial or non-industrial use. As for the industrial use, geothermal power 

plants are usually considered, for which the geological conditions in our territory are not suitable. In thermal energy 

production, applications for central heating of commercial or private buildings are considered on a smaller scale. 

So far, this application has been implemented in the Czech Republic only in several cases, e.g. in Děčín [2]. Non-

industrial use, i.e. installation of heat pumps in houses or non-commercial use in industrial premises, is, on the 

contrary, widely supported by the state and the European Union, and the number of such installations have been 

around 1,400 per year [3]. 

In the Czech Republic, mine water is used non-commercially at sites managed by the state enterprise DIAMO 

Stráž pod Ralskem, e.g. at the mine water treatment plant in Příbram (ČDV Příbram II), which treats up to 70 l.s-1 

of pumped mine water. The temperature of the pumped mine water is around 21–22 °C, which is heated to an 

output temperature of 55 °C thanks to the installation of three heat pumps. This heating system was commissioned 

in 2018 [4]. Another case is the Jeremenko Shaft complex in Ostrava, where mine water from the Ostrava-Karviná 
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Coal District has been used for heating since 2006. Mine water is pumped in the amount of 160–170 l.s-1 at 

a temperature of 26–29 °C [5].  

In 2007, an investment project was planned for the commercial use of mine water from the flooded Olší-Drahonín 

uranium deposit. The project envisaged the pumping of mine water through a pumping borehole and the return of 

this water to the underground through an injection well. This would be a closed system of mine water exploitation. 

The estimated amount of water pumped was projected at the level of 26 l.s-1 at a temperature of approximately 10–

12 °C. The intention was to heat 41 houses in Drahonín. However, the project has never been implemented [6, 7]. 

The paper aims to analyse the usability of the geothermal potential of the mine water of the Rožná I Uranium 

Mine, which is close to the Olší-Drahonín deposit. 

 

2 LOCALIZATION OF THE ROŽNÁ I MINE 

The Rožná uranium deposit is located in the central part of the Czech Republic on the edge of the Bohemian-

Moravian Highlands, approximately 60 km northwest of Brno (see Fig. 1). The GEAM Dolní Rožínka spin-off 

plant, which is part of the state enterprise DIAMO in Stráž pod Ralskem, carries out permitted mining activities in 

a mining area of 8.76 km2. From 27 October 1957 to 17 April 2017, the main activity was the underground mining 

of uranium ore and its subsequent processing into uranium concentrate – ammonium diuranate (NH4)2U2O7. Over 

its 60-year history, nearly 18 million tons of uranium ore containing approximately 20,000 tons of uranium metal 

were mined [8]. Currently, partial flooding of the mine has commenced and will be stopped below the 12 th level. 

The unflooded mine areas will be maintained and used for research purposes for the next approximately 10 to 15 

years.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Location of the Rožná I Mine in the Czech Republic [9] 
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3 MATERIALS AND METHODS 

The geothermal properties of the Rožná deposit have been documented in a number of studies. The largest research 

of this type was carried out in the years 1975–1976. These results provided most of the input parameters for the 

realized analysis of the geothermal potential of mine waters. The others parameters were supplemented by 

operational data. The mine water inflow method determined the power of the geothermal source, and the 

volumetric method determined its energy supply. 

 

4 GEOTHERMAL CHARACTERISTICS 

It is well known that the temperature increases along with the depth below the Earth’s surface. The most well-

known temperature rise parameter in the Earth’s crust is the so-called geothermal degree, which indicates the 

number of metres over which a temperature difference of 1 °C occurs, or its inverse, the geothermal gradient. 

When investigating the relationship of the temperature field to the crustal structure, the geothermal gradient 

parameter is replaced by the product of the temperature gradient with the thermal conductivity coefficient of the 

rocks. The reason is that the temperature gradient changes abruptly when different rocks come into contact with 

each other depending on their thermal conductivity [10]. The heat flux value indicates the amount of heat that 

passes through a unit area on the Earth’s surface per unit of time, thus characterizing the Earth’s heat economy at 

the point of measurement. The heat flux depends mainly on the radioactivity of the rocks. If the radioactivity of 

the rocks underlying the study area is known, the heat flux as a function of depth can be estimated. In addition, if 

the thermal conductivity coefficient of the rocks is known, the increase in the temperature with depth can be 

calculated [10]. 

In the Earth’s crust, the temperature rises quite rapidly, reaching several hundred to a thousand degrees below the 

continents at the crust-shell interface at a depth of about 35 km. The main source of terrestrial heat is the heat 

released by the spontaneous decay of radioactive elements (U, Th, K40) dispersed in rocks [9]. Among the other 

sources, which are also applied in the Earth’s heat balance, is the so-called initial heat of the Earth. The Earth’s 

initial heat is the heat that the Earth now radiates only passively. It includes the energy of solar radiation striking 

the Earth’s surface, the heat released when the lower layers are compressed by the weight of the overlying strata, 

the energy released by gravitational differentiation, the energy of absorbed seismic waves, various physico-

chemical exothermic reactions, the energy of crystallization and polymorphic changes, etc. 

 

4.1 Regional geological influences affecting the geothermal character of the area 

The Rožná deposit cannot be considered homogeneous in terms of geothermal energy exploitation. It is 

a heterogeneous rock mass with both positive and negative influences that can be characterized as geo-factors 

affecting the generation and transmission of geothermal energy.  

Positive geo-factors: 

• the presence of tectonic structures, especially faults, of a deeper extent that represent priority sections of 

the flow of terrestrial heat from depth, 

• the varied diversity of the Moldanubian bedrock, 

• the presence of granites, especially fine-grained facies, generally characterized by increased radioactivity 

(concentration of U = 0.0010–0.0012 %), 

• the presence of vein igneous rocks that are known to have higher radioactivity, 

• fossil geothermal activity, represented by hydrothermal ore veins or other ore bodies formed from ore-

bearing geothermal fluids, 

• the presence of metamorphites, in the bedrock of which there are granite outcrops at shallower depths of 

up to 1–3 km, the upper parts of which are usually associated with the occurrence of ore deposits. 
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Negative geo-factors: 

• a region of greater crustal thickness and greater distance from the interface between the crust and the 

upper mantle, the so-called Mohorovich discontinuities (MOHO interface), 

• locations on slopes and upper parts of elevations in the Moldanubian bedrock, 

• the presence of metamorphites (gneisses, mica schists and amphiboles) with insulating properties that 

have not been significantly disrupted by discontinuities, deeper fault zones, or unfavourable foliation 

inclinations, 

• the presence of gneisses, characterized by low radioactivity.  

In general, the natural conditions of the Rožná deposit can be characterized as an area with valley reliefs in granites 

or metamorphites, in which granites, a rock mass with fossil hydrothermal systems associated with hydrothermal 

ore deposits, are exposed. The area is characterized by extensive fault structures [11]. Elevated radioactivity in 

granites, vein structures or other rocks can be characterized throughout the area. 

 

4.2 Temperature characteristics of the area 

The coefficient of thermal conductivity of rocks characterizes the material’s ability to conduct heat, and its 

determination is essential for determining the magnitude of heat flow. The thermal conductivity coefficient of 

rocks is measured in the laboratory from samples of characteristic rocks taken from boreholes in the area of interest 

[10]. In 1975, research was carried out on the thermo-physical parameters of rocks at selected sites of the 

Czechoslovak uranium industry [12]. Research on the thermal conductivity of the rocks of the Rožná deposit 

revealed that the thermal conductivity of rocks is conditioned by the geological structure of the deposit, where the 

effect of environmental anisotropy is strongly manifested. In fine-grained paragneiss, the thermal conductivity is 

significantly higher than in gabrodiorites. The research was complemented by Čermák in 1977, who verified the 

presented thermal conductivities of rocks in the laboratory [11] (see Table 1). 

 

Table 1. Thermal conductivity values of rocks [11] 

Depth [m above sea level] Rock Thermal conductivity [W.m-1.K-1] 

-350 migmatitised gneiss 2.13 

-534 to -558 amphibolite 1.43–1.70 

-610 to -820 paragneiss 1.51–2.48 

-943 chloritized paragneiss 2.36 

 

The average thermal conductivity depends on the rock type and ranges from 1.5 to 2.7 W.m-1.K-1, exceptionally 

up to 3.2 W.m-1.K-1 [13]. 

The geothermal grade at the Rožná deposit was determined by an average value of 55 m depth at 1 °C. The bedrock 

was measured in the research [12] on freshly mined faces of the R II Mine at three vertical levels (see Table 2). 

 

Table 2. Measured heat of rocks [12] 

Level Index of the working Rock temperature [°C] Depth [m] 

9 23-90 13.9 350 

13 Z1-XIII 17.0 576 

18 PS4-183 21.6 818 

 

From the measured values, the average geothermal gradient was calculated according to relation (1) Ggr = 

0.0179 °C.m-1. The geothermal degree corresponding to the calculated geothermal gradient was determined 

according to relation (2) Gdg = 55.86 m.°C-1. The average annual surface temperature in the Dolní Rožínka area of 

7.2 °C was considered for the calculation. 
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𝐺𝑔𝑟 =
𝑡𝑟−𝑡𝑎

𝐻
    [°𝐶. 𝑚−1]        (1) 

𝐺𝑑𝑔 =
𝐻

𝑡𝑟−𝑡𝑎
    [𝑚. °𝐶−1]        (2) 

where: 

H ... the depth of the measurement site from the surface (m), 

tr ... rock temperature (°C), 

ta ... average annual surface temperature (°C). 

The vein structure of the Rožná deposit is situated in metamorphosed rocks where the geothermal gradient is very 

low, and thus the heat flow is very limited. Deep disjunctive structures play an important role in the area of interest 

for the geothermal regime and are considered in various models of the block structure of the Bohemian Massif 

[14]. These may partly represent bands of discontinuities with an increased transmissivity of groundwater as heat 

carriers and thus fulfil the function of ground heat inputs, or conversely zones of reduced temperature with the 

function of thermal insulators. Equally important in this context are the surrounding basin areas with fills of Permo-

Carboniferous deposits as part of the platform cover. Based on the broader geological and tectonic model, the 

following structures in particular encroach on the area under consideration [11]: 

• Iron Mountain Fault Zone – is the primary tectonic line of the Sudeten NW-SE direction, 

• Boskovice Furrow – represents a trench structure with synclinal deposition of layers in the NNE-SSW 

direction, formed by a continuous and lithologically varied fill of clastic Limnic Permo-Carboniferous 

sediments with an estimated thickness of up to 3,000 m, 

• Blansko Graben – is a graben in the NNE-SSW direction, formed by Cenomanian and Lower Turonian 

sediments in the thickness of several tens to a hundred metres, 

• Blanice Forrow – represents a trench structure in the NNE direction, formed by a disconnected fill of 

Permo-Carboniferous clastic sediments up to 1,000 m thick, 

• Pribyslavice Deep Fault – is a mylonite zone in the NS direction dividing the Moldanubic area into two 

gravimetrically distinct sectors of the Earth’s crust, 

• Carpathian Foreland – is similar in importance to the aforementioned basin structures, reaching a depth 

of up to 1,200 m. 

 

4.3 Earth’s heat flow 

The values of the terrestrial heat flow are relatively low in the study area. However, the wider area of the Rožná 

deposit has only a very limited number of in situ measurements [15]. Heat flow values on the continents range 

from 30–120 mW.m-2, with an average temperature of about 60 ± 10 mW.m-2. A close correlation between heat 

flow values and tectonic structure is evident. Lower heat flow is observed on old continental shields, while high 

heat flow is observed in areas of recent volcanic activity. Favourable heat flow values are observed in areas of 

smaller crustal thickness, areas with significant recent movements, and volcanic activity and post-volcanic 

manifestations. Suitable geothermal areas are associated with anomalous gravity fields, elevations in zones of 

increased electrical conductivity of rocks and sections of reduced seismic velocity in the upper mantle.  

𝑞 = −𝜆 ∙ 𝐺𝑔𝑟     [𝑊. 𝑚−2]        (3) 

According to the available data of the average geothermal gradient Ggr = 0.0179 °C.km-1, average thermal 

conductivity λ = 1.5-2.7 W.m-1.°C-1, the ground heat flow of the area of interest q = 27-48 mW.m-2 can be 

determined by substituting into relation (3). Thus, according to the extrapolation of values, the area of the Rožná 

deposit falls into the area with a lower heat flow of 20-40 mW.m-2, exceptionally up to 50 mW.m-2 (see Fig. 2) 

[16, 17]. 
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Figure 2. Heat flow at a depth of 500 m below the surface [17] 

 

4.4 Radioactivity of rocks 

Geothermal energy represents the thermal energy of the Earth’s body, the origin of which is currently explained 

by, among other things, the energy released during the transformation of radionuclides [18]. The main source of 

the Earth’s heat is the heat released by the spontaneous decay of radioactive elements (isotopes U235, U238, Th232, 

K40) dispersed in rocks [10]. A correlation between the total gamma activity and the heat production of rocks has 

been demonstrated. Within each geological structure, the linear relationship (4) applies to measurements of heat 

flow and radioactivity in rocks [19]: 

𝑄 = 𝑞0 + 𝑏𝐴   [𝑊. 𝑚−2]        (4) 

where: 

A ... heat production in unit volume, determined from radioactive isotopes U, Th, K (µW.m-3),  

q0 ... dimension of heat flow, experimentally determined constant (W.m-2), 

b ... length dimension, experimentally determined constant (m). 

Syenites, granodiorites and igneous rocks have high heat production A (µW.m-3) (5.9–2.7), while granites, 

pegmatites, haplites, migmatites and orthogneisses have lower values (2.5–1.4) [15]. 

 

4.5 Water as a thermal conductor 

Heat transfer through groundwater is an irremovable obstacle to successful geothermal measurements in 

sedimentary basins. Because groundwater flow depends on rock permeability, disturbing hydrogeologic factors 

need not usually be considered when making measurements in igneous, metamorphosed, or even sufficiently 

consolidated sedimentary rocks whose permeability is low [10]. 

Water has some physical properties that are important for geothermal processes. The specific heat capacity of 

water is 4.187 kJ.kg.-1.°C-1, but the reported thermal conductivity λ = 0.6 W.m-1.K-1 is very low [11].  
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5 EXPLOITATION OF GEOTHERMAL POTENTIAL FROM THE ROŽNÁ I 

MINE 

Several calculations were performed to verify the usability of the geothermal potential of the decontaminated 

water. 

 

5.1 Calculation for the developed mining area only  

The geothermal energy of mine water also depends on the position of the mine in the regional groundwater cycle 

and the area's geothermal activity [20]. The amount of usable geothermal energy, or usable power, is strongly 

influenced by mine water runoff and the power output can be determined by the following equation (5): 

𝑃𝑡 = 𝑄 ∙ 𝑐 ∙ 𝜌 ∙ (𝑇2 − 𝑇1)    [𝑊]       (5) 

where: 

Q ... is the amount of mine water pumped (m3.s-1), 

c ... is the specific heat of mine water, assumption c = 4.187 kJ.kg-1.°C-1, 

ρ ... is the density of mine water, assumption ρ = 1,000 kg.m-3, 

T1 ... is the mine water temperature at the outlet of the heat exchanger (°C), 

T2 ... is the mine water temperature at the inlet to the heat exchanger (°C). 

On average, Q = 50 l.s-1 is extracted from developed mining areas [11]. The temperature of the decontaminated 

water used is 16 °C. With an assumed heat exchange of 4 °C and an assumed distribution loss of 5 °C, a power 

output of 837.4 kW can be calculated. 

 

5.2 Calculation for excavated spaces 

Assuming that the excavated spaces are flooded, the thermal stratification of the ground heat into the so-called 

underground reservoir will occur. Assuming that some of the pits are lined with PE pipes before the mine is 

abandoned, it would be possible to pump water to the heat pumps as required. It would also be possible to pump 

water from different depths and return it to other pits.  

The conventional method of estimating geothermal energy stored in flooded areas of a mine is based on the 

volumetric method [21]. The thermal energy available in the mine water depends on the volume of stored mine 

water and the temperature difference between the inlet and outlet of the heat pump. The volume of mine water 

stored in the flooded areas of the Rožná deposit was determined to be 12.106 m3 [9]. The energy storage associated 

with mine water is, therefore, given by the following equation (6): 

𝐸𝑠 = 𝜂 ∙ 𝑐 ∙ 𝜌 ∙ 𝑉 ∙ (𝑇2 − 𝑇1)    [𝐺𝐽]       (6) 

where: 

η … conversion constant, assumption η = 2,7.10-4 kWh.kJ-1, 

c ... is the specific heat of mine water, assumption c = 4.187 kJ.kg-1.K-1, 

ρ ... is the density of mine water, assumption ρ = 1 000 kg.m-3, 

V ... volume of mine water in flooded mine spaces (m3), 

T1 ... is the mine water temperature at the outlet of the heat exchanger (°C), 

T2 ... is the mine water temperature at the inlet to the heat exchanger (°C). 

Assuming that the temperature of the mine water drops by 4 °C as it passes through the exchanger [22, 23], and 

this temperature gradient is sustained at these temperatures, a recoverable amount of 200,544 GJ of geothermal 

energy can be calculated in the flooded mine spaces of the Rožná deposit. 
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6 CONCLUSION 

In line with the global trend to reduce the use of traditional fossil fuels for electricity and thermal energy generation, 

the use of mine water or mine sites is very efficient. Based on the calculations of the usability of the geothermal 

potential of mine water from the Rožná I mine, this resource can be defined as a resource suitable for utilization 

by heat pumps. The northern part of the village of Dolní Rožínka, where the central district heating from the central 

gas boiler house is currently in place, could be used to take the heat produced. Heat consumption by end-users is 

on average 4,500 GJ per year [24] and up to 6,000 GJ at peak times. According to the gas boiler house statistics, 

no more than 1 MWt of instantaneous heat output has ever been needed. By installing heat pumps with the 

coefficient of performance of 4, a maximum capacity of more than 1 MWt can be expected. In the case of 

continuous operation and pumping in amount of 50 l.s-1, a production of 32,987 GJ of heat per year can be achieved, 

which exceeds the heat consumption of the northern part of Dolní Rožínka several times. A sufficient reserve of 

geothermal energy from the mining areas can be counted on for the long-term life of the source, which is at the 

level of 200,544 GJ. This reserve allows for the use of this source for 44 years with the current demand of 4,500 

GJ. Before the realization of the project, it is necessary to resolve the specifics of the flooded mine, i.e. mine water 

management after the termination of uranium mining. It is also necessary to deal with the problems caused by the 

presence of contaminants (U, Ra, Fe, Mn) in mine water. In case of suitable business and investment conditions, 

a feasibility study would be necessary to verify the efficiency of a possible installation. 
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