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INTRODUCTION  

The uranium mining and milling complex at Ţirovski vrh, located 

45 km NW from Ljubljana, was in operation in the period 1985 – 1990 and 

produced about 452 tonnes of yellow cake. In parallel, over 0.6 million 

tonnes of technological tailings and 2.6 million tonnes of mine waste rock 

were generated and deposited on separate disposal sites in close vicinity of 

the mining site, with the total area of 10 hectares [1]. Both disposal sites are 

located on the slopes of the surrounding hills. The disposal sites were 

completely restored, mostly in the last decade. The processing plant, located 

in the Brebovščica valley, was decommissioned in the nineties. All 

provisional facilities were removed from the central site at Todraţ and 

transferred to the mine waste deposit. The restoration works were finished 

in 2010, twenty years after the cessation of uranium production. 

Radioactive discharges and radioactivity in the environment were 

monitored during operation of the uranium mine, continued during 

restoration phases and will be monitored a certain period afterwards. 

Uranium mining at Ţirovski vrh had quite an essential impact to the 

environment, either evaluated as contamination of environmental media or 

as in the term of effective dose to the individual of the reference group. At 

nuclear facilities in Slovenia, such as at nuclear power plant, research 

reactor or storage of radioactive waste, environmental radioactivity levels 

practically have not been detected or recorded by monitoring appliances 

(with rare exceptions). Levels of radioactivity in the U-mine environment 

have been high enough to be determined easily from the very beginning, 

practically in all parts of the local biosphere of the Ţirovski vrh site. 

The aim of this paper is to present the radioactive discharges and 

enhanced levels of radioactivity in the nearby environment, monitored 

during the operation period of the U-mine and after terminated restoration 
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works. The most significant decreases of radioactivity after the restoration 

of the site were identified. 

  

MATERIAL AND METHODS  

Uranium ore at Ţirovski vrh contained on average 0.8 – 0.9 g U3O8 

per tonne of ore, with decay products being in the radioactive equilibrium. 

The radionuclide levels of the thorium decay chain and 
40

K are similar as in 

the normal Earth crust. Uranium content in mine waste rock does not exceed 

0.04 g/tonne. Radionuclides in hydro-metalurgical tailings from the ore 

processing plant were far from radioactive equilibrium: 1 Bq/g of 
238

U, 

8.7 Bq/g of 
226

Ra, and 3.9 Bq/g of 
230

Th [2]. Radionuclides in a natural soil 

in the surroundings are the following: 0.060 Bq/g of 
238

U and 
226

Ra, 

0.055 Bq/g 
232

Th and 0.50 Bq/g of 
40

K.  

Radioactive discharges from the U-mine facilities have been 

periodically controlled. Radon released from the mine exhaust vents and 

from the areas with deposited materials was measured regularly. The 

radionuclides of U-Ra decay chain in waters, such as mine, seepage and 

surface run-off water were determined, as well as gamma radiation from the 

off-site and on-site disposal areas. 

Concentrations of radionuclides were determined in samples taken 

along atmospheric and water pathways. Control of atmospheric pathways 

covers monitoring of long-lived radionuclides, radon 
222

Rn and its short-

lived progeny at the near-ground atmosphere. Possible contamination of 

leafy vegetables from gardens and grass grown on and nearby disposal sites 

are also a part of the atmospheric transfer pathway. Monitoring programmes 

covering water pathway have comprised long-lived radionuclides (
238

U, 
226

Ra, 
210

Pb) in surface streams, sediments and water biota. Radionuclides in 

air and waters have been determined monthly, in other samples quarterly or 

seasonally. 

All radioactivity measured in the local environment has not to be 

attributed to uranium mining and milling. Only net values of radioactivity, 

i.e. with subtracted background levels, shall be estimated and evaluated as a 

mine contribution. Measurements of the natural radioactivity at the 

beginning or before the mine activities started had not been performed, so 

several locations for sampling, far from U-mine influence, were selected 

later as reference points. 

A comparison was made for the period before restoration and for the 

present time when restoration works were completed. Discharged 
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radioactivity to the environment and environmental concentrations of the 

leading radionuclides of uranium-radium decay chain were considered. 

 

RESULTS AND DISCUSSION 

 

Radioactive discharges  

The principal sources of radioactive atmospheric emissions (radon, 

radon progeny, aerosols with long-lived radionuclides) during the mine 

operation (1985 – 1990) were the exhaust vents of the mine. Sampling and 

measurement points of radioactive discharges are located in the nearby 

vicinity of the mine entrances and at both disposal sites. Emissions of 

radioactive particulates were not evaluated. In this period radon releases 

were estimated to around 22 TBq per year. In the period after the cessation 

of mining and milling activities radon releases were diminished to 12 TBq/y 

[1]. After 2005, the mine openings were closed air tightly and atmospheric 

radioactive discharges from the underground mine were terminated. Before 

restoration of all disposal sites with mine waste rocks (2006), the discharges 

from those areas (based on measurements of exhalation rates of radon) were 

estimated to nearly 7 TBq/y. The thick and complex cover over the disposal 

areas, constructed and tested in 2006 – 2009, reduced radon flux to the levels 

near natural background exhalation, i.e. to less than 0.1 Bq
 
m

2
/s. After final 

restoration of both disposal sites, Jazbec and Boršt (2009), radon releases to 

the atmosphere were reduced to only about 0.8 TBq per year (Table 1).  

Final restoration of the underground mine did not reduce the 

discharges of uranium and radium via mine water. The discharges via 

percolation and run-off waters were significantly reduced after the 

construction of a final cover on both disposal sites, preventing the 

atmospheric and rear waters to penetrate into the body of the tailings.  After 

operational period (1991) the annual discharge rates of radionuclides with 

mine water were 1.6 GBq 
238

U and 43 MBq 
226

Ra. These figures changed 

two decades later to 1.8 GBq
238

U and 32 MBq
226

Ra. With percolation water 

from both disposal sites about 1.4 GBq 
238

U per year and 31 MBq 
226

Ra per 

year were discharged. When restoration of the mine site was finalized in 

2009, the annual discharged activities were lowered to 0.7 GBq 
238

U and 

16 MBq 
226

Ra respectively [1]. 

External radiation on the bare surface of disposal site was 3 – 4 μSv/h 

on tailings and up to 0.5 μSv/h on waste rock pile [4]. The enhanced dose 

rate levels could be measured to the distances of some tens of metre. The 

thick complex cover was made of inert materials and reduced external 
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radiation down to the levels of 0.10 – 0.15 μSv/h. These values are below 

the authorised level for external dose rate of 0.2 μSv/h. 

 

Table 1. Radioactive discharges from the U-mining and milling complex at 

Ţirovski vrh during operation (1985 – 1990), before (1991 – 2005) and after 

final restoration (2009) [1]. 

 

Radioactive discharges after restoration of the site were significantly 

reduced. In spite of that, the most of radionuclide concentrations in the 

environment are still enhanced if compared to the reference background 

levels. It will be still needed some years that former mine spaces and both 

finalised disposal sites will stabilize.  

 

Radioactivity in the environment 

Sampling and measurement points were distributed along the valleys 

of local streams (Brebovščica, Todraščica) and the river of Poljanska Sora. 

The most distant location is 4 km downstream the mining site. To monitor 

enhanced concentrations caused by liquid and atmospheric discharges from 

the mine here is still possible [3]. The typical averages of environmental 

radioactivity in certain media are shown in Table 2, for the main periods of 

the U-mine history. Concentrations in the environment during operation 

were compared with concentrations recorded at the end of restoration and 

also compared to natural background.  

Air particulates in the mine environment originated from the transport 

of uranium ore and waste rock or crushing and processing uranium ore. 

Concentrations of long-lived radionuclides (
238

U, 
226

Ra, 
210

Pb) in air 

particulates were reduced after the cessation of mining and milling activities 

for an order of magnitude, i.e. from some tens μBq/m
3
 to some μBq/m

3
 (to 

natural levels). After the re-arrangement of mine facilities and restoration of 

Released radionuclide 

Annual activity 

during 

operation 

before 

restoration 

after 

restoration 

Total atmospheric 

releases    
222

Rn 22 TBq  12 TBq 0.8 TBq 

Total liquid releases 

238
U 4.6 GBq  3.0 GBq 2.5 GBq 

226
Ra 217 MBq  74 MBq 48 MBq 
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the disposal sites, the mine contribution of air particulates could be related 

only to the re-suspension from the ground [6]. 

Radon and its decay products deriving from the U-mine delivered (and 

still deliver) the main part of the effective dose to the local population (70 – 

80 %). About 330 people live in four settlements in the valley of 

Brebovščica stream. Most of radon comes from the Jazbec waste pile and 

from a ruined karstic terrain with the areas formerly shaped accordingly to 

the needs of mining and processing facilities. Radon emission points that 

were located at higher elevations (ventilations shafts, former disposal sites) 

had no impact to radon levels down in the valleys. Radon discharges to the 

environment decreased significantly after the closure of mine exhaust vents 

and after covering the disposal sites with clayey barrier and a cover of 

natural inert material of thickness of 2 metres. Enhancement of radon 

concentrations in the main valley during operation was estimated to 7 – 

9 Bq/m
3
 and decreased after restoration to only about 3 – 4 Bq/m

3
 [3,4]. The 

latter levels are hardly to establish since they are of the same order of 

magnitude as long term averages of natural levels of radon. A background 

value for radon concentrations in the area is around (25 ± 5) Bq/m
3
. The 

outdoor radon level in Slovenia was estimated to about 10 – 15 Bq/m
3
 [7]. 

During the mine operation, the radon contribution could be ascertained and 

monitored at the distances of some kilometres, while after restoration of the 

site the enhanced radon concentrations could be confirmed at maximum up 

to 2 km from the site (Dolenja Dobrava). 

A significant reduction of radioactive liquid discharges diminished 

also radioactivity of surface waters and sediments in both recipient streams 

Brebovščica and Todraščica. Concentrations of 
238

U and 
226

Ra are still 

higher as in natural waters while the values of other radionuclides of U-Ra 

decay chain are low (see Table 2). Radioactivity of mine water remains 

nearly the same as before the mine restoration [1]. Concentrations of 

radionuclides in local streams depend on annual and seasonal amount of 

precipitation, their form and intensity. Local people do not use water from 

streams for drinking, land watering and for cattle. Radioactivity of stream 

sediments was firstly reduced when the water cleaning device was put into 

operation in 1987 (100 tonnes of fine particles per months precipitated from 

mine water). Restoration of disposal sites limited a water transport of solid 

particles from those areas, what resulted in a relatively low content of 

radioactivity in sediments. Water biota (fish) has very low contents of 
226

Ra 

and 
210

Pb, rather comparable to those from uncontaminated surface waters.  

 



 

429 

 

Table 2. Environmental concentrations in the surroundings of the U-mine 

site at Ţirovski vrh during operation (1985 – 1990) and at the end of 

restoration (2005 – 2010) 

*  Brebovščica and Todraščica stream  

** the valley of Sora or the stream of Sora, as appropriate 

 
Dispersion of radioactive aerosols to the agricultural areas in the 

surroundings was limited due to partly wooded local regions. Any 
significant contamination of leafy vegetables, wild berries, milk and eggs 
was rarely found even in the operational period of the U-mine. Before 
restoration, only grass grown directly on the disposal areas steadily showed 
higher contents of 

226
Ra and 

210
Pb, but it was forbidden to use hay from 

those areas as feeding stuffs. Only during the operational period of the U-
mine, bioindicators (lichens) gave an indication of higher air activity in the 
local area as elsewhere.  

External radiation at the Ţirovski vrh site depends on geological 
composition of the ground and natural radioactivity of these materials. As a 
cover layer for both disposal sites local material was used, but for radon 
barrier a clayey material was transported from a more distant location. The 
radiation fields in the vicinity of the sites were reduced to the natural levels 
of external radiation.  

Sample and 

radionuclide 

Concentrations 

during operation end of restoration 
at reference 

points** 

Air 

particulates 

238
U   0.03-0.12 mBq/m

3
 0.005-0.020 mBq/m

3
 0.005 mBq/m

3
 

226
Ra 0.01-0.08 mBq/m

3
 0.005-0.020 mBq/m

3
 0.005 mBq/m

3
 

210
Pb 0.5-1.3 mBq/m

3
 0.5-1.0 mBq/m

3
 0.5 mBq/m

3
 

Radon  
222

Rn 10-40 Bq/m
3
 10-30 Bq/m

3
 10-25 Bq/m

3
 

222
Rn contribution

 
7-9 Bq/m

3
 3-4 Bq/m

3
  –  

Rn-progeny, 

EEC 
222

Rn 
5-25 Bq/m

3
 5-15 Bq/m

3
 5-15 Bq/m

3
 

Surface 

water* 

238
U 120-370 Bq/m

3
 60-130  Bq/m

3
 5  Bq/m

3
  

226
Ra 12-30 Bq/m

3
 3-7 Bq/m

3
 3-5 Bq/m

3
  

210
Pb 2-10 Bq/m

3
 2-10 Bq/m

3
 2 Bq/m

3
 

Sediments* 

238
U 180-420 Bq/kg 50-60 Bq/kg 50 Bq/kg 

226
Ra 250-600 Bq/kg 80-90 Bq/kg 50-60 Bq/kg 

210
Pb 250-600 Bq/kg 50-120 Bq/kg 50-60 Bq/kg 
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CONCLUSION  

The results of environmental radioactivity monitoring showed that 

radioactivity steadily decreased according to the different phases of the mine 

decommission. After restoration, radioactivity levels on the site and in close 

vicinity are approaching to the background levels, except for radon in air 

and for waters. Consequently, radiation exposure to the reference groups of 

the population decreased from 0.3 – 0.4 mSv per year during operation to 

about 0.1 mSv per year after finalized restoration works [3]. This figure is 

much lower than the authorised limit of 0.3 mSv per year, set by the 

Slovenian competent authority. 

Still enhanced levels of radioactivity were found in surface waters and 

sediments, in radon concentrations in the very vicinity of disposal sites.  

Radon exhalation rate and external radiation from the disposal sites do not 

differ from the natural level; their enhancement could be expected only in 

case of destruction of protective covering layer. 

In future, the impact of the restored areas will exist further and will 

depend mainly on quality of implemented technical measures, regular 

monitoring and regular maintenance of disposal sites. On the other side, it 

will depend also on meteorological and climate conditions. In some years, 

the regular monitoring will pass on a long term institutional supervision. 
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