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ABSTRACT 

The production of the uranium mine Žirovski Vrh ceased in 1990. The main remaining 
problem of the remadiation are mine and mill tailings. The uranium mine Žirovski Vrh has 
one mill tailings site Boršt and one waste pile Jazbec. According to the Act on protection 
against ionising radiation and nuclear safety which was adopted by the Parliament in 2002, 
they are classified as radiation facilities. Slovenian Nuclear Safety Administration (SNSA) is 
authorised for issuing a mandatory consent to mining work.  

The SNSA prepared the initial proposal of content of the safety report for the mine 
waste pile Jazbec. In 2005, according to the detailed content of this document, the public 
company Žirovski Vrh Ltd prepared the safety report which was examined by an authorised 
expert for radiation and nuclear safety.  

After a careful revision of the safety evaluation report, the consensus for mining work 
shall be issued by the SNSA. After finishing the mining works the SNSA shall also issue a 
licence for the closure of waste pile Jazbec.  

The main goal of this article is to present the Slovenian regulations which cover also 
mining work in the field of close-out of the uranium ore mine.  

 

1 INTRODUCTION 

The Žirovski Vrh Uranium Mine was in operation from 1984 to 1990. Its lifetime 
production was 610,000 tons of ore corresponding to 452.5 tons (U3O8 equivalent) of yellow 
cake. Both the mine and the mill are undergoing decommissioning and remediation of waste 
piles. It is worth to mention that the Žirovski Vrh Uranium Mine is unique in Slovenia; 
therefore our work is unique. 

The Žirovski Vrh Uranium Mine terminated its regular operations in 1990. This was 
influenced by economic reasons, since the yellow cake production was no longer competitive.  

In 1992 the Republic of Slovenia, as the owner of the Žirovski Vrh Uranium Mine, 
established a public company called Žirovski Vrh Mine Ltd to perform the permanent closure 
of the mine (Act on Permanent Closeout of Uranium Ore Exploitation and Prevention of 
Mining Consequences in the Žirovski Vrh Uranium Mine (Official Gazette, RS, No. 36/92)).  
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At that time we had uranium mine, where uranium ore was exploited underground from 
an ore-bearing body approximately 2000 m long, 180 m deep and 100 m wide. Technical 
uranium concentrate was extracted from ore in the processing plant. At the Jazbec mine waste 
pile were disposed mine waste with low uranium content, uranium ore with low uranium 
content and red mud from raffinate neutralisation. At mill tailings site Boršt was disposed 
hidrometallurgical waste which is fine grained material with grain diameter under 0.6 mm and 
moisture about 15-20%. 

According to the Act on protection against ionising radiation and nuclear safety, which 
was adopted by the Parliament in 2002, they are classified as radiation facilities. The SNSA is 
authorised for issuing a mandatory consent/approval to mining work.  

The SNSA prepared the proposal of the content of the safety report for the mine waste 
pile Jazbec. In 2005, according to the detailed content of this document, the public company 
Žirovski Vrh d.o.o. prepared the safety report which was examined by an authorised expert 
for radiation and nuclear safety.  

After revision of the safety evaluation report, the approval for mining work shall be 
issued by the SNSA. After finishing the mining work the SNSA shall also issue a licence for 
the closure of waste pile Jazbec.  

2 WASTE DISPOSAL SITES 

There are two permanent waste disposal sites: the Jazbec mine waste pile and the Boršt 
mill tailings site. 

 
2.1 Features of the Jazbec Mine Waste Pile  

 

 
 

Figure 1: The Jazbec Mine Waste Pile 
 
This storage site is located in Jazbec (Figure 1), the side valley of the Brebovščica 

creek. The site is located on Triassic, Groeden and Permian-carbonaceous base and passed by 
a subvertical fault, the Hotavlje fault. The Jazbec mine waste pile area covers 51,000 m2. At 
the Jazbec mine waste pile, there are 1,828,000 tons of mine waste with an average 
concentration of 53 g U3O8/t and 48,000 tons of red mud from raffinate neutralisation with the 
specific activity 65 kBq of Th-230/kg. The mine waste material is a very water-permeable 
material, that consists of a quartz conglomerate, sandstone and aleurit. The red mud is a less-
permeable material consisting of an aleurite clay fraction which was not deposited as 
homogeneous layer but between each small volume units of red mud are also permeable layer 
of mine waste material. The Jazbec mine waste pile was placed into a wet surrounding. 
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Because of the location of the waste pile in a rather wet valley and the wet meteorological 
conditions an effective and robust water management is essential. The proposed solution of 
diverting the surface waters by channels combined with a reduction of water catchment area 
in the upstream hinterland will contribute to the improvement of the long term stability.  

 
2.1.1 Objectives of the Mine Waste Remediation 

Objectives of the mine waste remediation are: limitation of the radon exhalation; 
limitation of the leaching of contaminants and erosion protection of the mine waste; limitation 
of the effect of surface and ground water from hinterland on the mine waste (erosion, wetting 
of waste); geomechanical stability of mine waste pile erosion resistance by reshaping of mine 
waste pile; prevention of erosion and excessive wetting of the cover by means of a drainage 
system and prevention of excessive dusting. 

 
2.1.2 Remedial Action 

Through remedial action the deposited mining debris and the Jazbec mine waste pile 
will be isolated from rainfall waters with a multilayer cover to prevent/reduce contaminants 
dissolution and radon exhalation. To divert background and underground water into the 
culvert the polyethylene, steel and concrete pipelines have been installed. The underground 
culvert will be repaired to assure long-term stability so the intake of the surface hinterland 
water into the culvert will be prevented. All other mine waste, contaminated soil and ruins 
from mine objects shall be removed and disposed off to this site.  

 
2.1.3 Institutional monitoring 

Institutional monitoring on:  
• seepage water,  
• ground water level,  
• air,  
• object surface and  
• stability control  
are foreseen to be carried out. 
 
2.2 Features of the Boršt Mill Tailings Site  

 
 

Figure 2: the Boršt Mill Tailings Site 
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The Boršt mill tailings disposal site is situated on a hillside, 535 m to 570 m above sea 
level. During the short operational life of the tailing disposal ca. 610,000 tons of mill tailings 
and 73,000 tons of mine waste were deposited there. In 2004, another 38,000 tons of mine 
waste was transported to the Boršt. The surface of Boršt is 41,000 m2. Practically all tailings 
materials are sands and slimes under 28 mesh (0.5 mm). Average activity of radium-226 is 
8,600 Bq/kg. The radon exhalation rate is 1 - 5 Bq/m2s.  

Nearly whole area of the mill taillings site faces a geomechanical stability problem due 
to possible landslide of the base of the tailings. Slopes and plateau were temporary covered by 
soil, and grass was seeded to protect the surface against rainfall erosion.  

At this area a critical situation resulted from sliding of earth beneath the deposited mill 
taillings. Hard rain in November 1990 caused an earth slide. Some 7.4 millions tons of 
material became unstable and started sliding at a rate of about 0.5 – 1 mm/day. As a basic 
preventive measure for long-term stabilisation of the earth slide a drainage tunnel in the 
grounding of the tailings and drainage boreholes fan in its cross beam part was constructed. 
For the SNSA it is very important that such events should be analysed very precisely. 

Untill now several alternatives for mill tailings were analyzed. Three main possible 
options were established: 

 Option A: Mill tailings stays on the Boršt location. The site must be improved as 
much it is possible with all remediation and environmental protection measures. 

 Option B: Mill tailings and contaminated subsoil would be removed with transport 
to underground openings of the abandoned mine. 

 Option C: Mill tailings and contaminated subsoil would be removed with transport 
onto the mine waste disposal site Jazbec. 

In the each of the options all waste sites and mine are decommissioned. All three 
variants have some serious drawbacks that are the consequence of geological conditions in the 
are:  

 Option A is problematical due to the great landsliding potential.  
 In the option B the breakdown of roof in the mine could occur and as the 

consequence leaching of the tailings material would be present. 
 In the option C the main disadvantage is great recharge and as a consequence of this 

great erosion potential of the site. 
 
According to the performed studies the option A was chosen. The public company 

Žirovski Vrh d.o.o. decided to check if it is possible to make out constructions of complex 
covering layers according to the valid project requirements. 

Therefore at the end of the year 2002 they started to construct the of complex covering 
layers according to the project requirements (testing field). Due to bad weather conditions 
they found out that constructions of complex covering layers according to the project 
requirements are almost not possible. Thus, they decided to work out on simpler covering 
layers. 

Later it was shown that the remediation of the Boršt mill tailings disposal site 
according to the proposed project from the year 2000 was not possible. In the year 2003 a 
special expert council was designated which had a task to suggest expert fundamentals for the 
supplementation of the remediation project of the Boršt mill tailings disposal site. Expert 
council prepared and implemented additional research studies. According to the implemented 
research it prepared the complete technical solutions of the remediation of tailings site. These 
solutions were also presented to the professional public in May 2004.  
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The following main measures were proposed [4]: 

• Implementation of the safety – supporting dam – rock scarp at the bottom of the northern 
and western slope. In the area of the western slope the existing road can be used as 
foundation. 

• Implementation of the central drainage curtain in the tailings in the area of the wettest 
zone that is approximately in the centerline of an old brook bed to lower the groundwater 
in the tailings.  

• Implementation of the drainage curtain wall in the hinterland of the tailings to prevent 
hinterland water inflow.  

• Reinforcement of the material in the tailings in the area of the northern slopes and 
supplement of the northern slopes with stone material with shaping of new surface to 
slope of fifteen degrees.  

• Remediation of the existing drainage system in the tunnel (wells). Arrangement of the 
contact among wells and surface of the terrain.  

• Implementation of the watertight cover. 

• Surface drainage of the area of the impact. 

• Monitoring of the effects. 

• Implementation of additional drainage tunnel.  

 
2.2.1 Objectives of the Mill Tailings Remediation 

Objectives of the mill tailings remediation are: provision of permanent landslide 
stability by drainage channel, drainage screen and cover construction; provision of the tailings 
stability and enhancement of erosion resistance by reshaping of the tailings pile; prevention of 
the radon exhalation, the leakage of hazardous contaminants into water streams and erosion of 
tailings by covering; protection of the tailings pile from the surface and ground water from the 
hinterland (erosion, increased infiltration through the cover and the tailings); prevention of the 
cover and the tailings from the erosion by construction of a drainage system; prevention of 
excessive dusting. 

 
2.2.2 Remedial Action 

 
Technical measures should be provided for: geomechanical stability of the landslide 

area and the slopes of mill tailings, protection of the mill tailings against background eaters, 
preventing the dissolution of the undesired soluble components into the underground waters 
and into surface waters, covering the mill tailings with natural materials in order to prevent 
excessive radon exhalation, recultivation of the surface to prevent erosion caused by rainfall 
waters. The multilayer cover will be composed of drainage layer (mine waste, crushed stone), 
compacted clay (sealing layer), local material (protecting layer) and humus with grass.  

 
2.2.3 Institutional monitoring 

Institutional monitoring on:  
• seepage water,  
• ground water level,  
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• air,  
• object surface and  
• stability control  
 
are foreseen to be carried out. 

 

3 LEGISLATION AND REQUIREMENTS 

Radiation protection legislation as applied to nuclear and radiation facilities is regulated 
by the 2002 Act and new subsidiary regulations and decrees, published in 2003 and 2004 
which are based on EU Directives such as 96/29/Euratom.  

 
The mining work connected to the remediation of the repository of mining and hydro-

metallurgical tailings are also covered with the 2002 Act (Article 75). It is stated in the Act: 
Prior to obtaining a licence to carry out mining work with a view to extracting or ceasing to 
extract nuclear mineral raw materials and the related construction or carrying out of 
construction work, an investor must obtain approval from the ministry competent for the 
environment for the construction or closure of a repository of mining or hydro-metallurgical 
tailings, appearing during the processing of nuclear mineral raw materials. 

 
Actually, it is a more-steps procedure. In the first step the investor must acquire the 

approval for mining work. The application for the approval of mining work shall include: the 
documentation defined in the regulations on mining; a safety analysis report, from which it is 
clear that in the planning of the mining work, the regulations from the field of radiation safety 
and the conditions on radiation safety contained in the environmental protection approval 
have been adhered to and an opinion from an approved expert for radiation and nuclear safety. 
After getting approval for the mining work they can obtain a licence to carry out mining 
work. 

 
In the second step, according to the Article 79 of the 2002 Act, the investor or operator, 

who intends to close a repository of mining or hydro-metallurgical tailings, appearing in the 
extraction of nuclear mineral raw materials, must obtain a licence from the ministry, 
competent for the environment.  

 

In case of the closure of a repository (close of a repository of mining or hydro-
metallurgical tailings, appearing in the extraction of nuclear mineral raw materials), the 
licence mentioned above shall be the condition for obtaining the final decision on the 
cessation of rights and obligations pursuant to the regulations on mining. 

 

In the safety analysis report on the repository facilities relating to the time period 
following the closure thereof all the possible risks due to radioactive waste shall be assessed, 
as well as the exposure of the population after the closure and the exposure of the workers 
working at the repository during the maintenance thereof and the long-term supervision of the 
repository facility after the closure. 

The plan of long-term supervision of the repository facilities must include the 
followings: 
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 the extent and content of the operational monitoring of radioactivity at the repository, the 
monitoring of natural phenomena affecting the long-term stability of the repository, and 
the functioning of individual parts of the repository, 

 the criteria on the basis of which decisions on carrying out maintenance work at the 
repository shall be made dependent on the results of the operational monitoring referred to 
in the previous indent and on inspection control. 

The long-term supervision and maintenance of the repositories of mining and hydro-
metallurgical tailings appearing in the extraction of nuclear mineral raw materials shall be 
performed by the public state services. 

The mandatory public state services mentioned above shall be carried out by the public 
commercial institution for radioactive waste. After performing the close-out of the Jazbec 
mine waste pile and the Boršt mill tailings site the public company Žirovski Vrh d.o.o. will be 
liquidated; supervision on disposal sites will be taken over by Agency for Radwaste. 

 

4 SAFETY ANALYSIS REPORT 

Safety analysis report (SAR) is an important part of the application for the approval of 
the mining work. General requirements for the content of the SAR are given in the Article 71 
of the 2002 Act. In the case of Mine Waste Pile Jazbec at Žirovski Vrh Mine, the SNSA 
determines a detailed content of the SAR. It follows:  
• the Standard Review Plan for the Review of a Reclamation Plan for Mill Tailings Sites 

under Title II of the Uranium Mill Tailings Radiation Control Act [1] and Safety Reports 
Series,  

• Monitoring, and Surveillance of Residues from the Mining and Milling of Uranium and 
Thorium [2]. 

The SAR has following chapters: 
 
 

No. Chapter items 
1. Introduction  Purpose and Need for the Proposed Action; 

 Proposed Action; 
 Regulatory Requirements. 

2. Description of Alternatives   No-Action Alternatives;  
 Proposed Action;  
 Reasonable Alternatives;  
 Eliminated Alternatives and  
 Comparison of the Predicted Environmental 

Impacts. 
 

3. Disposal Site Features  Site Location;  
 Land Use;  
 Transportation;  
 Geology and Seismology;  
 Geo-Technical Stability;  
 Design of Disposal Cell Cover Engineering 

Design;  
 Construction Considerations and  
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 Disposal Cell Hydraulic Conductivity. 
4. Water Sources  Surface Water Hydrology and Erosion 

Protection;  
 Protecting Water Sources. 

5. Radiation Protection  Measures for Radon and Gamma 
Attenuation; 

  Cover Radioactivity Content;  
 Decommissioning Plan for Land and 

structures;  
 Radiation Safety Controls and Monitoring. 

6. Ecology  
7. Meteorology, Climatology and 

Air Quality 
 

8. Noise  
9. Historic and Cultural 

Resources 
 

10. Visual/Scenic Resources  
11. Socio – Economic Situation  
12. Waste Management  
13. Environmental Impacts  Land use Impacts;  

 Transportation Impacts;  
 Geology and Soil Impacts;  
 Water Resources Impacts;  
 Ecological Resources Impacts;  
 Air Quality Impacts;  
 Historic and Cultural Resources Impacts; 
 Visual/Scenic Resources Impacts;  
 Socio-Economic Impacts;  
 Public and Occupational Health Impacts; 
  Accidental Impacts. 

14. Monitoring and Long Term 
Surveillance Plan 

 Types of Monitoring;  
 Monitored Media;  
 Long Term Surveillance Plan;  
 Institutional Control. 

15. Cost Benefit Analysis  
16. Quality Assurance Program  

 
 

4.1 Expert Evaluation of Safety Analysis Report 

Up to now one of two mentioned locations went through a regulatory procedure. 
According to the detailed content, the public company Žirovski Vrh d.o.o. prepared the SAR 
for Jazbec.  The authorised expert for radiation and nuclear safety ENCONET Consulting 
from Austria was chosen for evaluation of the SAR. The evaluation focused on the used 
approach, methodology and conclusions.  

The independent evaluation report [3] was prepared according to the content prescribed 
by SNSA. The report should answer the question about completeness of the SAR and 
performed analyses about quality of methodology, assumptions, input data and final 
conclusions.  

Proceedings of the International Conference “Nuclear Energy for New Europe 2005” 



127.9 

The evaluation concluded that the SAR is prepared in accordance with prescribed rules 
and that all requirements of radiation safety important for environmental protection are 
fulfilled. The evaluation was done to address fulfilment with wider international (EU) 
requirements and criteria. The methodology used, assumptions, input data, and correctness of 
final conclusions is acceptable. 

5 ISSUING APPROVAL FOR MINING WORK 

In January 2005, the Žirovski Vrh Mine d.o.o. asked the SNSA for issuing an approval 
for close-out mining work at the Jazbec mine waste pile. The following documents were 
enclosed to the application: 
- The implementation project (‘‘The Mining Project Final Remediation of the Mine Waste 

Pile Jazbec’’) which was developed by Project Nova Gorica and IRGO Mining Institute. 
- A Safety Analysis Report. 
- An independent evaluation report. 

After the revision of the application some deficiencies were found. According to the 
remarks of the SNSA, the SAR was supplemented. It was established that the requirements 
for the radiation safety important for environmental protection are fulfilled and the SNSA 
issued an approval for mining work. Further steps are described in chapter legislation and 
requirements. 

6 CONCLUSIONS 

The SAR for the remediation of Jazbec mine waste pile at Žirovski Vrh Mine was the 
first safety report related to the mine which was prepared in Slovenia. During the evaluation 
process it was established that the SAR had been prepared in accordance with prescribed 
rules. In addition, the international guidelines were used in this process [2]. After the careful 
evaluation of the safety issues based on the predefined SAR content, the approval for mining 
work was issued. 

The main goal of the SNSA in such cases are: the doses to the environment should be 
the below prescribed limits (the environmental radioactive pollution is limited and the 
resulting dose to members of the public do not exceed the authorised limit of 0.3 mSv/a) and 
consequences of special events which could arise (e. g. earthquake, flood, landslide) should 
not decrease the long-term stability of the disposal system. 
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