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ABSTRACT 

In 2009 Slovenia approved the site and concept of the future low and intermediate level 

waste (LILW) repository at the Vrbina in Krško municipality. The site is situated about 300 

meters east of the Krško nuclear power plant (NPP Krško) site. The development and 

approval of the disposal concept was a part of a combined siting approach. The approved 

disposal concept takes advantage of the combination of the site properties and radioactive 

waste inventory in Slovenia. Waste will be disposed in near surface silos, excavated from the 

surface. Good features of both surface and underground rad-waste repositories are joined in 

this concept and they are adapted to the site in a reasonable way.  

This paper provides a high level overview of the disposal concept, with emphasis on the 

robustness of the concept and its functioning in the long term closed phase. The passive 

disposal barriers used in the concept are then presented, and it is shown how their 

combination provides a multi-barrier system that assures the long term safety of the 

repository. The planned design also fulfils requirements for multiple safety functions and 

defence in depth. The planned design is anticipated to assure that the facility itself will 

produce negligible impacts on humans and the environment.  

1 INTRODUCTION 

In December 2009 Slovenia finished with the siting process for the LILW repository 

with the decree on national spatial plan for LILW repository at the Vrbina, Krško approved by 

the Government of the Republic of Slovenia (Official gazette of the RS, 2009, “Uredba o 
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državnem prostorskem načrtu za odlagališče nizko in srednje radioaktivnih odpadkov na 

lokaciji Vrbina v občini Krško”, EVA 2009-2511-0145). The disposal concept was developed 

and approved in a combined siting approach taking into account technical as well as social 

and environmental impact factors [14]. The siting process itself and strategy of waste 

management concept is not the subject of this paper and is taken as is in the following 

contribution, as the siting process itself was well described and published before. 

In 2014 the decision to continuation of the investment was approved by the Ministry for 

Infrastructure and Spatial Planning as the investor. The investor has contracted all necessary 

work to prepare the final repository design, and to obtain the construction license to the 

Slovenian rad-waste management organisation (ARAO) as the acting agent.  The main goals 

of the LILW repository project and the main repository features are presented in Figure 1. 

  

Figure 1: The LILW repository project – goals and features 

The three of the above presented features for the closed phase of the repository 

operation will be discussed in this paper (technical characteristics, environmental 

acceptability and safety) and described with the intention to present how these features are 

fulfilled. The overall LILW repository goals, functions and project description as whole 

(design, safety assessment …) in Slovenia are beyond the scope of this paper.  Extensive 

references and presentation of the above mentioned issues could be found in several papers 

and publicly available presentations, also on former NENE conferences [1], [2], [3], [4].  

 

The intention of the paper is not to present the complete safety analysis including all 

operational phases of the repository operation. Only the closure phase of the LILW repository 

is described and analyzed in the paper. The repository operation itself will be analyzed in all 

details during detailed design planning phase which will be initiated in 2015. The results of 

the detailed safety analyses of the operational period will be included in the safety reports, 

which are inherent part of the necessary documentation for the construction permit approval.  
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2 TECHNIAL CHARACTERISTICS OF THE VRBINA SITE AND DISPOSAL 

CONCEPT 

The Slovenian site for the LILW repository construction is called Vrbina - Krško and 

lies 300 m east of NPP Krško on the left bank and 700 m from the Sava River. This area is 

covered by a gravel layer of thickness on site of around 10 m. In this layer groundwater is 

found. The layer of groundwater is relatively thin - around 5 m on the site. Below this gravel 

layer are Miocene silt layers with hydraulic conductivity from 10-7 to 10-9 m/s; their thickness 

is a couple of hundred meters. These low permeability layers represent the host formation for 

the repository. Groundwater velocities within these layers are on the order of millimetres per 

year – that means that there is almost no movement. However, given the long periods of time 

that are evaluated in safety assessments for radioactive waste disposal facilities, consideration 

is given in the safety assessment not just to advection (potential contamination movement 

because of the groundwater velocity) but also to diffusion (potential contamination movement 

because of the difference in the concentration). In the upper gravel layer the velocity of the 

groundwater is much higher and can reach tens of kilometres per year. Because the thickness 

of this layer is rather small, around 5 m, the yield of the aquifer is not enough to establish a 

major drinking water well or a well for irrigation. 

 

 

Figure 2: Simple geology of the site and closed silo 

 

Siting the facility in the vicinity of NPP Krško is an advantage from the transport point 

of view (transport of the waste from power plant to repository). 
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The Vrbina site has two noteworthy properties that have a significant influence on the 

disposal concept. The first one is that the site can be flooded. From the mathematical and 

physical models [5], [6] and from flooding events in the past we can see that the site in its 

undisturbed conditions would be under water when Sava reaches flow rates more than 4000 

m3/s. However, currently the site is already protected against floods by flood protection dikes 

around NPP Krško. The dams around NPP Krško were raised up to higher levels in recent 

years to protect the power plant against the probable maximum flood (PMF). With this 

measure in place the repository site is also protected against PMF. Since the operational life 

time of the power plant is shorter than the operational lifetime of the repository, all the 

important repository facilities will be constructed on the plateau, which will be high enough 

to protect the repository against floods during operations. After closure of the repository, 

protection against flooding will not be needed. However, there is not yet a decision accepted 

if this plateau will be removed after the closure of the repository. 

The second noteworthy property that influences the disposal concept is that the site lies 

in the area with a somewhat higher probability of earthquakes [7] compared to either northern 

or southern parts of Slovenia. Consideration of the likelihood of earthquakes led to the 

selection of the silo concept.  The silo will be designed to withstand earthquakes with 

prescribed deign-basis magnitude during the operation and after closure. This magnitude will 

be decided on the basis of past earthquakes and good international practice with such facilities 

around the world. Additional input to the design is expected to come from the Soil Structure 

Interaction study. It is important to note that consideration is given in the safety assessment to 

the potential for cracking of the silo after closure, even though the design is intended to 

preclude such cracking from occurring. In such an event, the multi barrier system of the 

repository ensures that the environmental impact of the repository remains below the 

prescribed limit [8]. 

The disposal structure proposed in the design is an underground disposal silo that will 

be excavated from the surface to the depth 55 m bellow ground surface (bgs). The vault floor 

and walls, referred to as the secondary liner, are to be 1.0 m thick reinforced concrete. Final 

waste package units – concrete containers will be disposed in layers to a depth of around 15 m 

bgs. The empty space in between the containers and silo walls will be sealed. Containers will 

be covered with a concrete slab and separated from the upper – gravel layers with a 5 m thick 

clay layer. The upper part of the excavation will be buried with gravel or clay – this decision 

will be made in the final design.  

The LILW repositories with the very similar safety concept (also wet conditions below 

ground water levels) can be found in Japan (Rokkassho) [9], Sweden [10] and Finland [11], 

but in general all the repositories around the world have the multi barriers system concept 

with the different combination of the engineering and natural barriers. Slovenian repository 

concept follows all this good international practice. 
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3 INVENTORY 

Next table contains first 5 radionuclides with the largest total activity present in the 

waste streams (complete waste inventory produced on Slovenian territory) to be disposed of 

at the LILW repository, the whole table contains almost 50 radionuclides [12]. 

Nuclide 
Half Life            

(y) 

Krsko 
NPP Op.  
Waste 

for 2043 
Decom.               

(Bq) 

Krsko 
NPP 

Decom.  
Waste, 
2043 
(Bq) 

JSI 
(Triga) 
Decom.  
Waste              
(Bq) 

CIS 
Forecast, 

2050              
(Bq) 

Reposito
ry Op. 
Waste 
(Bq) 

Reposito
ry 

Decom. 
Waste         
(Bq) 

Total                   
(Bq) 

Fe-55 2.70E+00 1.88E+12 1.10E+17 6.25E+11 4.10E+09 1.96E+07 5.30E+10 1.10E+17 

Co-60 5.30E+00 3.74E+12 9.00E+16 4.36E+12 4.48E+12 3.83E+07 3.10E+10 9.00E+16 

Ni-63 9.60E+01 1.19E+14 3.00E+16 9.71E+10 6.41E+09 1.07E+09 2.60E+10 3.01E+16 

Mn-54 <1  1.30E+15    1.60E+09 1.30E+15 

H-3 1.20E+01 9.86E+08 1.23E+15  5.41E+11 9.45E+03  1.23E+15 

         

Totals 1.62E+14 2.33E+17 5.13E+12 8.83E+12 1.30E+09 1.14E+11 2.33E+17 

Table 1: radionuclides with the largest total activity present in the waste streams 

 

4 ENVIRONMENTAL ACCEPTABILITY AND SAFETY 

According to Slovenian legislation an Environmental Impact Assessment report and 

Safety Case (Safety report) will be prepared for the LILW repository. In these documents, 

details will be presented how both requirements are met and assessed.  

The main principles on protection of humans and environment from the disposed LILW 

in repository are: 

- to establish the containment for the LILW and to isolate the LILW from 

environment, 

- to establish a multi barrier system around the waste (In recent  IAEA publications, 

the concept of a multi barrier system is described using the term multiple safety 

function [13]), and 

- barriers should be robust and provide the passive safety. 

 

These main principles are interlinked. Containment and isolation from the environment will 

be established by multiple passive barriers, taken together with the natural isolation properties 

of the geological setting of the site. 

Waste will be properly conditioned to meet the Waste Acceptance Criteria (WAC) for 

disposal. Examples of criteria established in the WAC include disposal in a solid state, 

limitations of free liquids, and no allowable flammable material. The WAC will be developed 

in conjunction with the Safety Case. This represents the first engineering barrier. The properly 

conditioned waste will be inserted in concrete containers and sealed, concrete containers will 

be disposed in the silo and the empty space around the containers will be sealed. All these 
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engineered structures – waste, container, sealing material, and silo represent the artificial 

barriers that have a function to contain the radionuclides and protect the environment. Their 

functions are redundant, independent, and sequential, which means that if one barrier fails 

there are still other barriers that adopt its function. Each of these barriers also has multiple 

functions supporting the safety case. For instance, the concrete container has the function to 

contain the radionuclides inside the container because of its low permeability , but if this 

function fails (through degradation of concrete, earthquake, or some other unanticipated 

mechanism), the concrete still retains a safety function in its sorption of important 

radionuclides. All above described barriers are designed in robust way (usage of conventional 

concrete… and in such a way that there is no need of active components to accomplish their 

safety function. That is, they provide passive safety. 

In addition to these artificial barriers, the disposal concept includes the use of semi natural 

barriers – the clay layer and the natural barriers that are represented by the geology of the site. 

The main safety function of these barriers is to contain and delay the spreading of the 

potential contamination from the repository to the environment, thus providing protection to 

humans and the environment. 

The safety of the repository is demonstrated through the safety analysis process that is called 

the preparation of the Safety Case. An important part of the Safety Case is the safety 

assessment and associated calculations. The main goal of the safety assessment is to assess 

the impact of the repository on the environment and representative of human being.  

The Safety Case for the repository is under preparation. In 2012 an iteration of the safety 

assessment was finished. A revision of the safety assessment is in progress and will be 

published in the near future. Results from the assessment show the impact of the planned 

repository  to be below the constraints prescribed by Slovenian regulations and supported by 

good international practice. 

5 CONCLUSIONS 

Since 2009 Slovenia has had an approved site and concept for a LILW repository. The 

site and concept were approved by national and local authorities. In 2014, the decision to start 

with the investment was approved by the Ministry for Infrastructure and Spatial Planning.  

This approval was the initiating event to start further detailed planning and work on 

final design of the repository. Basis for detailed planning and preparation of the required 

documentation (design, final environmental impact assessment, final safety assessment) are 

good results of the safety analyses for the closed repository presented in this paper. Good 

results of the safety functions of the closed repository are present a starting point and positive 

sign for detailed planning of construction and operation of the repository. ARAO as the agent 

of the investor will prepare and send to the investor for the approval detailed schedule of the 

foreseen planning, construction and operation.  

 The results of the safety analysis for the completely filled and closed repository give us 

high confidence that the impact of the repository on the environment is negligible and that the 

combination of the site and the concept is well chosen. 
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