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Abstract. In 2006 the National Parliament of Republic of Slovenia adopted the Resolution on the National Programme on Radioactive Waste and Spent Nuclear Fuel Management for the period 2006–2015, which was published in Official Gazette RS No. 15/06. The Resolution is an extensive and detailed document setting goals and tasks in the field of radioactive waste and spent nuclear fuel management. The present paper identifies all the waste generators in Slovenia and presents the main features of the resolution – timelines and financing for activities related to radioactive waste and spent nuclear fuel management for all radiation and nuclear facilities. Basic scenario for preparation of the long-term national programme of radioactive waste and spent nuclear fuel management foresees the construction of repositories for low and intermediate level radioactive waste and spent nuclear fuel, respectively. The resolution foresees the construction of repository for LILW with half capacity to satisfy the needs of Slovenian part of LILW generated through operation and decommissioning of Krško NPP and for disposal of all other Slovenian waste generators. In parallel the programme enables technical foundations and construction of the repository with full capacity of all waste from Krško NPP, if appropriate agreement with Republic of Croatia about joint solution of this problem is formed. 
1. Introduction

The Republic of Slovenia has a small nuclear programme; an operating nuclear power plant, a research reactor with a hot cell and a storage for radioactive waste from small producers. In addition, there is also a uranium mine and mill in the decommissioning stage at Žirovski vrh. The geographical locations of the nuclear and radiation facilities are given in Figure 1. The Republic of Slovenia has no facility for final disposal of radioactive waste or spent nuclear fuel.

In Slovenia high level radioactive waste (HLW) represents the spent nuclear fuel (SNF) at the Krško NPP and the research reactor TRIGA. The greatest amount (over 95%) of low and intermediate level radioactive waste (LILW) is generated due to the operation of the Krško NPP. The rest is produced in medicine, industry and research activities. Along with spent sealed radioactive sources, these institutional wastes are stored in the Central Interim Storage Facility for radioactive waste at Brinje (CISF).
1.1. Nuclear power plant

The Krško Nuclear Power Plant (Krško NPP) is a Westinghouse two-loop Pressurised Water Reactor with power of 700 MWe. It is designed to operate until the end of 2023. The Krško NPP was built as a joint project of the electrical utilities of the Republic of Slovenia and those of the neighbouring Croatia. The plant is owned by state-owned Slovenian and Croatian electrical power companies, GEN Energija Llc. and Hrvatska Elektroprivreda d.d., respectively. It is operated by the public enterprise Krško NPP Llc.
The Krško NPP is the major producer of radioactive waste in the Republic of Slovenia. As part of the technological process of electricity production, all operational radioactive waste is stored within the plant area in the solid LILW storage facility (Figure 2), while the spent nuclear fuel is stored in borated water in the spent fuel pool (Figure 3). 
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Figure 1: Radioactive waste generators in Slovenia
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Figure 2: Cumulative volume of low and intermediate level waste in the storage at the Krško NPP, which the main generator of LILW in Slovenia. In the chart methods of volume reductions applied are also denoted. [1]
1.2. Research reactor

The Reactor Infrastructure Centre is a part of the Jožef Stefan Institute (JSI) and is located in Brinje in the vicinity of Ljubljana. Its main purpose is operation of the TRIGA Mark II research reactor for the needs of JSI and other research groups. The reactor – a General Atomic open-pool type research reactor with the thermal power of 250 kW – was an IAEA project initially licensed in 1966 and re-licensed for steady state and pulse operation after renovation and reconstruction in 1991. The facility is used in research projects, for education and formerly for production of isotopes for medicine and industry. The research reactor is operated by the Jožef Stefan Institute, a public research institution that is financed within the national budget through the Ministry for Higher Education, Science and Technology.
Fuel elements are kept in the reactor building of the IJS Reactor Infrastructure Centre. In addition to spent fuel, the reactor produces a minor amount of solid LILW that is transferred to central storage facility (§1.3).
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Figure 3: Number of spent fuel elements replaced during regular outages and accumulation in the pool at the Krško NPP. [1]
1.3. RAW storage facility

The Central Interim Storage Facility for radioactive waste in Brinje (CISF) is intended for storage of low and intermediate level radioactive waste arising from medical, industrial and research applications. The construction of the facility started in 1984 and it was put into operation in 1986. In 1999, the responsibility for managing and operation of the interim storage was transferred from the JSI to the Agency for Radioactive Waste Management (ARAO).
CISF is currently accepting institutional waste, where the accumulation of waste from 1990 is shown in Figure 4.
1.4. Uranium mine

The Žirovski vrh Uranium Mine was in operation in the period 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 of 1,548,000 tons of mine waste and red mud and 593,000 tons of mill tailings [2].
1.5. Medicine

Larger clinical centres – university clinical centre Ljubljana (Oncological Institute, Nuclear medicine clinic), general hospitals in Maribor and Celje – use open sources in medical treatment. Typically they generate small amount of waste, which is kept for decay until reaching the clearance limits.
[image: image4.emf]Waste accepted to CISF

111

125

133135

142

145150150

165

240

253254254

256256

297

303

58

75

98

130

165

234

328

337

343

346

346346

375

247

326

197

285

50

63

79

85

90

97

109

116

139

175

175174

174

170

179

171

188

0

300

600

900

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Year

Number of sources/wastes

special waste

spent sealed sources

standard drums


Figure 4: Accumulation of radioactive waste accepted to the Central Interim Storage Facility at Brinje. Different types of waste as standard drums, spent sealed sources and special waste are denoted respectively. [3]
2. Background

To manage radioactive waste and spent nuclear fuel in a safe manner Slovenia has adopted and enforced legislation that arranges the area of radiation and nuclear safety. Namely, the Act on Protection against Ionizing Radiation and Nuclear Safety [4] and its subsidiary Regulation on radioactive waste and spent fuel management [5] that among others concord with international standards, such as basic safety standards [6] and fundamental principles of radioactive waste management [7].

For sustainable safety of radioactive waste and spent nuclear fuel Slovenia has adopted the Resolution on the National Programme on Radioactive Waste and Spent Nuclear Fuel Management (the radioactive waste resolution) [8], which represents the national strategy from 2006 till 2015 in detail, while afterwards it denotes only the main milestones.
2.1. National Strategy for RAW and SNF management

In October 2005 the Government of the Republic of Slovenia approved the proposal of the radioactive waste resolution, which was sent for ratification to National Assembly of Republic of Slovenia. The resolution was ratified and published in Official Gazette RS in February 2006. The radioactive waste resolution is extensive and detailed document setting goals and tasks in the field of radioactive waste and spent nuclear fuel management.
The frames for the radioactive waste resolution were taken from relevant strategic documents and reference documents of wider scope in this field (environmental, economic, etc.): the Programme of Decommissioning the Nuclear Power Plant Krško and the Radioactive Waste and Spent Fuel Management [9], the Strategy of Spent Fuel Management [10], the Resolution on the National Energy Programme [11], and the Resolution on National Environmental Action Plan 2005-2012 [12].

3. Main features of the radioactive waste resolution
Tasks needed to assure permanent and safe solutions for management of radioactive waste and SNF are addressed in the radioactive waste resolution, regardless the fact whether Slovenia will remain a nuclear country or not after operation time of Krško NPP will end in 2023.

The resolution presents a detailed study on the amount and types of radioactive waste produced in Slovenia, on storage capacities, and on expected future quantities, with emphasis on the minimization of radioactive waste production. It considers all producers of LILW and spent fuel: nuclear power plant, research reactor, small producers in the industry, medicine and research, uranium mine in decommissioning, storage facilities and naturally occurring radioactive material (NORM) with a considerable radiation.

The necessary financial, technical and human resources are evaluated and the requirements to fulfil the resolution are described. The main focus of the Resolution is dedicated to low and intermediate level waste management coming from Krško NPP, to decommissioning of Krško NPP and to disposal of SNF from Krško NPP. The core activities of the radioactive waste management in this period comprise of siting and construction of the LILW repository, the final closure and decommissioning of the uranium mine, and providing the complete public service to the producers of institutional waste.

The radioactive waste resolution foresees the construction of repository for LILW with half capacity to satisfy the needs of Slovenian part of LILW generated through operation and decommissioning of Krško NPP and for disposal of all other Slovenian waste generators. In parallel the programme enables technical foundations and construction of the repository with full capacity of all waste from Krško NPP, if appropriate agreement with Republic of Croatia about joint solution of this problem is formed in accordance with the Interstate Agreement on Krško NPP [13]. In the Agreement the following policy is adopted:
· The contracting parties shall in equal shares assure funds for the preparation of the decommissioning programme and its execution and the funds for the preparation of the programme for the disposal of radioactive waste and spent fuel. If the contracting parties agree on a joint solution for the disposal of radioactive waste and spent fuel they shall finance it in equal shares or they shall finance their shares of activities.

· The Republic of Slovenia and the Republic of Croatia shall jointly prepare and approve a new plan for decommissioning of the Krško NPP and disposal of LILW and high level waste.

· The Croatian party shall, according to the Agreement, establish its own fund for the management and collection of financial resources for its share of decommissioning and radioactive waste disposal costs.
3.1. Timelines

The Programme defines the deadline for site selection of LILW repository as 2008, while the repository shall have the license for operation until 2013. Repository must operate at least until 2038 when the main phase of Krško NPP decommissioning will be finished. 

The chosen scenario for decommissioning of Krško NPP foresees a dry storage of SNF. The storage is to be constructed between 2024 and 2037 and to operate until 2070, when SNF will be disposed in the final repository or permanently exported in another country.

Because disposal of HLW and SNF from a single nuclear power plant in its own repository is, based on the preliminary analysis, an irrational solution, searching for international cooperation is a logical option. If no joint solution will be found, then construction of our own repository will be necessary. The Programme foresees the beginning of operation of final repository for HLW and spent nuclear fuel in 2065. The locations suitable for site investigations must be selected until 2035, while the locations which are appropriate and publicly acceptable for construction must be chosen until 2055.
The timeline for decommissioning of the Krško NPP and disposal of radioactive waste and spent nuclear fuel is shown in Figure 5, while the decommissioning of other facilities in Slovenia is shown in Figure 6.
Nuclear power plant
Designed life time of Krško NPP ends in 2023, but it can be extended for up to 20 years, which is possible only after extensive technical examinations and safety analysis. The possibility for life time extension of Krško NPP shall be addressed and the decision taken until 2012.

With the assumption that Krško NPP will cease to operate in 2023, its decommissioning will start before the end of operation in the years 2021-2023 with a preparation of projects and required documentation. Most of the components dismantled will be disposed of in LILW repository that will operate during the decommissioning process; control rods and reactor vessel that are contaminated with long-lived radionuclides will be disposed together with SNF. SNF will be transferred into cooling pool and 2030 moved into a dry storage.
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Figure 5: Timeline for decommissioning of Krško NPP and radioactive waste and spent nuclear fuel management in Slovenia. The current assumption scenario is that the NPP shall cease to operate after its designed life-time.

Research reactor

The Programme also defines that the operator of TRIGA research reactor shall bring the decision about the expected operation time of the reactor until 2007, taking into account the fact that Slovenia has an offer for shipping spent nuclear fuel from research reactor to the USA until May 2019. In this case reactor must stop operating until 2016. If the operator decides to extend the operational time beyond 2016, it shall propose the solution for HLW and SNF management shall prepare the decommissioning programme.

RAW storage facility

Central Interim Storage Facility for radioactive waste in Brinje (CISF) shall operate at least until the beginning of the operation of LILW repository. Inventory from CISF will be partly disposed in LILW repository and partly in an infrastructure centre next to the repository. CISF will then be decontaminated and used for other purposes or decommissioned.

Radioactive waste arising from various nuclear facilities as well as that from use of radioactive sources in industry and research shall be managed as until present. When appropriate final repository will be in operation, the waste will be permanently disposed.

Uranium mine

The Programme also includes the works for remediation of consequences of mining at the Žirovski Vrh uranium mine. Remediation of the Žirovski Vrh uranium mine will be finished when the shafts will be closed, processing facilities decommissioned, and Jazbec and Boršt waste piles closed. Most of the land will be returned to unlimited use, with limitations foreseen only for waste piles of mine and hydrometallurgical tailings. Works will be finished in 2009, thereafter the public enterprise Žirovski Vrh Mine will be abolished and institutional control over facilities with limited use shall be carried out by ARAO.
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Figure 6: Timeline for decommissioning and remediation of other radiation and nuclear facilities in Slovenia – research reactor, central interim storage facility and uranium mine, respectively.
Medicine

Hospital centre Ljubljana uses open sources in medical treatment. Hence, collecting tanks for faeces contaminated with radionuclides shall be constructed until 2007.

To age solid waste contaminated with short-lived radionuclides special pantries for decay-keeping shall be arranged in the hospitals.
3.2. Financing

The radioactive waste resolution evaluates the implementation of proposed measures in terms of financing resources and the field of activities, respectively. Evaluations are based on preliminary studies of competent organizations, sound internal screening or estimations by international professionals. The cost evaluations for the period of 2005-2008 and 2009-2014 are more detailed and rough, respectively.
Management of radioactive waste and spent nuclear fuel is financed either from the state budget, the decommissioning fund
 or through funds of PHARE EU programmes and IAEA technical cooperation. The Krško NPP is entirely financed from selling of electricity and management of waste is part of the normal operation; hence its costs are not described here. The Table 1 presents an overview of the total cost for period of 2006-2015 provisioned in the waste resolution partitioned according to the type of activity and the source of financing. Seven tasks are listed according to the resolution.
Table 1: Total costs provisioned in the radioactive waste resolution for the period of 2006-2015. The costs are partitioned according to the type of activity and source of financing. [8]
	Activity
	Description
	Costs (M€)

	Public service ARAO
	Transaction of public service for radioactive waste from small holders
	8,21b, 0,87o

	LILW at Krško NPP
	Management of operational waste is included in the operation of  NPP
	electricity selling

	Uranium mine
	Closure and remediation works, long-term control and maintenance
	32,55b

	LILW repository 
	Construction of surface repository
	4,4b, 55,17f

	
	Construction of underground repository
	4,4b, 93,87f

	SNF management
	No specific plans yet. 
Design and development costs, formation of international links
	national repository
	0,4b, 1,08f

	
	
	regional repository
	0,4b, 1,46f

	Decommissioning
	Production of TRIGA research reactor decommissioning plan
	0,04b

	
	Revision of Krško NPP decommissioning plan
	5,9f

	National programme
	Preparation of operational programmes and new revision of the National programme
	5,92b

	
	total:
	116,4(S)
155,1(U)

	source of financing:  b – state budget, f – decommissioning fund, o – other
alternatives: (S) – surface, (U) – underground

	


One of most important tasks for the period of the radioactive waste resolution is the construction of LILW repository. As it has not yet been decided, two alternatives are considered – surface or underground disposal, hence the costs are presented for both options separately. Construction of the repository is in majority financed from the decommissioning fund. For spent nuclear fuel management Slovenia will pursue dual track, working towards its own national repository and in parallel supporting a multinational/regional repository. Larger costs are assigned also to the remediation and closure of uranium mine, which are financed from the state budget. Figure 7 shows a distribution of total costs for the period 2006-2015 according to their purpose (both alternatives of surface and underground LILW repository depicted separately), where the costs for similar activities from Table 1 were grouped.
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Figure 7: Distribution of total costs for the period 2006-2015 according to their purpose provisioned in the radioactive waste resolution. At the top (a) and at the bottom (b) the costs are presented for surface and underground repository option, respectively. [8]
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Figure 8: Annual costs provisioned in the radioactive waste resolution (except operational cost for management of waste at Krško NPP). Denoted are both options, either construction of surface or underground LILW repository. Major costs are also provisioned for remediation of Žirovski vrh uranium mine. [8]
The time dependency of costs for radioactive waste and spent nuclear fuel management is shown in Figure 8. Annual costs are presented for two LILW alternatives, where in the figure costs for most expensive tasks are additionally depicted. Two major peaks can be noticed, the closure of uranium mine and construction of LILW repository (either alternative).

4. Operational programmes

On the basis of the radioactive waste resolution the ARAO has in 2006 prepared detailed Operational Programmes of the National Programme on Radioactive Waste and Spent Nuclear Fuel Management that cover the entire field of RAW and SNF management for a period from 2006 to including 2009.

The operational programmes deal with transaction of public service of management of RAW from small generators, management of RAW in medicine, management of LILW in Krško NPP, site selection of LILW repository, closure of Žirovski vrh uranium mine, management of SNF and HLW, revision of the Decommissioning programme for Krško NPP and disposal of LILW and SNF, preparation of decommissioning programme for TRIGA research rector and preparation of new operational programmes.

For each specific programme its goals are presented with a short explanation at regard of present state and future plans, provisions to achieve goals with their deadlines and evaluated annual costs and sources of financing. Additionally the holder of specific measures, supporting measures and criteria to achieve the goals are defined. In the composition of the operational programmes all holders of specific programmes took part.
5. Conclusions

The radioactive waste resolution is an important national strategic document providing the main policy for environmentally safe and publicly acceptable management of radioactive materials. With this document Slovenia implements the European directives and integrates the nuclear and radiation safety within environmental protection framework. The most important short term tasks are the siting and construction of the LILW repository and the closure of uranium mine.
The resolution represents the national strategy from 2006 till 2015 in detail, while afterwards it denotes only the main milestones. The total costs (2006-2015) for radioactive waste and spent nuclear fuel management (Krško NPP exclusive) amount to 116,4 or 155,1 million euro in case of surface or underground LILW repository alternative, respectively. The major share of costs is thus allocated to the siting and construction of LILW repository and the closure of uranium mine.
The radioactive waste resolution adopted by the parliament in 2006 provides a solid backbone for planning the technical and financial measures in radioactive waste and spent nuclear fuel management.
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