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Abstract  

Spent Nuclear Fuel (SNF) in Norway has arisen from irradiation of fuel in the JEEP I and JEEP II reactors 
at Kjeller, and in the Halden Boiling Water Reactor (HBWR) in Halden. In total there are some 16 tonnes 
of SNF, all of which is currently stored on-site, in either wet or dry storage facilities. The greater part of 
the SNF, 12 tonnes, consists of aluminium-clad fuel, of which 10 tonnes is metallic uranium fuel and the 
remainder oxide (UO2). Such fuel presents significant challenges with respect to long-term storage and 
disposal. 

Current policy is that existing spent fuel will, as far as possible considering its suitability for later direct 
disposal, be stored until final disposal is possible. 

Several committees have advised the Government of Norway on, among others, policy issues, storage 
methods and localisation of a storage facility. Both experts and stakeholders have participated in these 
committees. 

This paper presents an overview of the spent fuel in Norway and a description of current storage 
arrangements. The prospects for long-term storage are then described, including a summary of 
recommendations made to government, the reactions of various stakeholders to these recommendations, 
the current status, and the proposed next steps. 

A recommended policy is to construct a new storage facility for the fuel to be stored for a period of at least 
50 years. In the meantime a national final disposal facility should be constructed and taken into operation.  

It has been recommended that the aluminium-clad fuel be reprocessed in an overseas commercial facility to 
produce a stable waste form for storage and disposal. This recommendation is controversial, and a decision 
has not yet been taken on whether to pursue this option. An analysis of available storage concepts for the 
more modern fuel types resulted in the recommendation to use dual-purpose casks. In addition, it was 
recommended to construct a future storage facility in a rock hall instead of a free-standing building, and 
possible locations have been identified. 

A further recommendation was that a public organisation, independent of the producer of the spent fuel, be 
founded to manage the SNF and that this organization also should have the responsibility for managing 
radioactive waste in Norway. Funding and operation of this organisation should be based on the principle 
that the polluter pays. 



NEA/CSNI/R(2013)10 

150 
 

1. Inventory of spent fuel in Norway 

Spent nuclear fuel (SNF) in Norway today has arisen from three heavy water research reactors: JEEP I, 
which was operated at IFE’s Kjeller site from 1951 to 1967; JEEP II, also located at Kjeller, and in 
operation from 1966 to the present; and the Halden Boiling Water Reactor (HBWR) in Halden, which 
commenced operation in 1959 and is still in use. (Another reactor, NORA, was operated at Kjeller from 
1961 to 1968. The fuel, which was identical to that used in JEEP I, was returned to the USA, and thus is 
not discussed further in this paper.) 

Some spent fuel from JEEP I was used in a pilot reprocessing plant at the Kjeller site, which was in 
operation from 1961 to 1968, and later decommissioned. The second core loading of the HBWR was 
reprocessed in Belgium in 1969. The recovered uranium and plutonium was sold for civilian use, and the 
waste was disposed of in Belgium. With these exceptions, all Norwegian spent fuel is currently stored at 
Kjeller and in Halden. 

The JEEP I and the HBWR 1st charge fuels were metallic uranium clad in aluminium, while the JEEP II 
fuel is 3.5% enriched UO2 clad in aluminium. With the exception of the first charge fuel, the majority of 
the HBWR fuel is UO2 clad in Zircaloy, and is thus similar to commercial light water reactor fuel. 

The JEEP 1 fuel was, as mentioned above, all discharged by 1967, with typical burn-ups in the range from 
200 to 400 MWd/t U. 

On average, JEEP II fuel elements are irradiated for 10 years, to a burn-up of 15000 - 16000 MWd/t U. 
The JEEP II core contains about 220 kg of fuel, and approximately 45 kg per year is discharged. 

The HBWR first charge fuel was irradiated from 1959 to 1962, for 1000 hours at low temperature and 
power, and the average rod burn-up was approximately 12 MWd/t U. Currently, the majority of the HBWR 
fuel is discharged after reaching a burn-up of approximately 30-40000 MWd/t U. The core contains 
approximately 0.4 tonnes of uranium, and approximately 80 kg per year is discharged. 

There is in addition spent experimental fuel from the research program conducted in the HBWR. Although 
the amount is small, this fuel will present challenges in its future management as there are several types of 
fuel, with varying dimensions. This experimental fuel is not discussed further in this paper. 

In total Norway has some 16 tonnes of spent fuel, of which six tonnes are stored at Kjeller and 10 tonnes in 
Halden. There is approximately 12 tonnes of aluminium-clad fuel, of which 10 tonnes is metallic uranium 
fuel and the remainder oxide (UO2). Details are given in Table 1. 

2. Organisation and responsibilities 

All four research reactors in Norway together with the associated spent fuel storage facilities have been 
operated by Institutt for energiteknikk (Institute for Energy Technology, IFE), which has been an 
independent foundation since 1980. Previously, from its establishment in 1948, the organisation was state-
owned and operated as Institutt for atomenergi (Institute for Atomic Energy, IFA).  

Current policy is that existing spent fuel will, as far as possible considering its suitability for later direct 
disposal, be stored until final disposal is possible17. However, while there is capacity in the current storage 
facilities for spent fuel arisings for several years into the future, there is recognition that the current storage 
                                                      
17  Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management, National 

Report from Norway, fourth review meeting, 14–23 May 2012, Norwegian Radiological Protection Authority Report 
StrålevernRapport § 2011:8, http://www.nrpa.no/dav/8c934d921b.pdf. 
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arrangements are not appropriate for long-term intermediate storage and that they do not constitute an 
endpoint for the fuel, and thus that other facilities and/or routines will be required. 

Table 1. Inventory of SNF in Norway  

 JEEP I JEEP II 
HBWR 1st 

charge HBWR 

Fuel material Metallic U UO2 Metallic U UO2 

Cladding Al Al Al Zircaloy 

Enrichment, 
wt% 

Natural 3.5 Natural 6 

Discharge 
burnup, 
MWd/t U 

1 - 1000 15 000 12 40 000 

Irradiation 
period 

1951 - 
1967 

1966 - 
present 

1959 - 
1962 

1962 - 
present 

Total mass U, 
tonnes 

3.1 2.0 6.7 3.5 

New arisings, 
kg/year 

0 45 0 80 

Current 
storage 

Dry, IFE 
Kjeller 

Dry, IFE 
Kjeller 

Dry, IFE 
Halden 

Wet, IFE 
Halden 

 
State funding for the Norwegian research reactors is managed through the Ministry of Trade and Industry 
(Nærings- og handelsdepartementet). Thus, it is also this organisation that has taken the lead in the 
definition of arrangements for the long-term management (i.e. intermediate storage and final disposal) of 
spent fuel in Norway. The Ministry has appointed committees comprised of various stakeholders and 
technical experts to provide independent advice and make recommendations. A broad cross section of 
stakeholders is included in the committees, including local government, community representatives, Non-
Government Organisations, experts in geology, safety analyses and SNF management, and the Directorate 
of Public Construction and Property (Statsbygg). These recommendations, if accepted, will then form the 
basis of government policy. At present, however, the organisational and financial arrangements for long-
term spent fuel management have not been defined. 

3. Current spent fuel storage arrangements 

The aluminium-clad spent fuel from the three reactors is currently stored in separate dry storage facilities. 

After discharge, JEEP I fuel was initially stored in aluminium baskets in a wet storage facility for periods 
up to 10 years. Transfer of the fuel to the JEEP I dry storage facility started in 1961, and the final transfer 
took place in 2000. All fuel elements were inspected and repacked into tight stainless steel baskets in 1982. 
The JEEP I dry storage facility consists of top and bottom concrete slabs, with the top one at ground level 
and the bottom approximately 3 m underground. There are 97 vertical holes in each block, and in each hole 
is positioned a 2.7 m long stainless steel pipe (to hold the aluminium baskets), which is fixed into the 20-
cm thick slab. The top of each tube is covered with a metal cap and an expansion gasket. The space around 
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the tubes between the two slabs is filled mainly by sand. The storage block is covered by a free-standing 
building. 

Spent fuel from JEEP II is stored in water-filled wells (with a purification system) for six to 12 months. 
The fuel elements are then packed into tight stainless steel cans before transfer to the dry storage facility. 
This consists of a concrete block with its top at ground level, located beneath a building specifically 
designed for loading and unloading of transports of radioactive material. The concrete block drains through 
a pipe to a delay tank. The block houses 84 vertical steel tubes, of depth 3 to 3.5 m. After insertion of the 
stainless steel cans, the tubes are sealed with lead plugs.  

The 1st charge HBWR fuel was placed in wet storage for approximately three years. In 1962, the rods were 
dried and loaded into aluminium storage capsules. Inspection showed that all the fuel rods were intact. 
These capsules were loaded into the dry storage facility, which consists of a concrete shell with 2 m thick 
walls, with a 1 m thick front shield of reinforced concrete. There are 202 holes in the front, in which 7 m 
long steel tubes are fitted horizontally. The aluminium storage capsules are placed in the steel tubes. A 
metal frame to support the tubes is fitted inside the concrete shell. The steel tubes are cooled by natural 
circulation of air. This facility, together with wet storage ponds, is positioned inside a building fitted with a 
ventilation system. 

The Zircaloy-clad UO2 fuel from the HBWR is stored in one of two wet storage facilities at the reactor site, 
each of which consists of steel-lined pits. A forced-circulation water loop maintains the required 
temperature, and includes a purification system to maintain water quality. 

4. Process to date 

In 2001, the “Bergan-committee” submitted its recommendations for an overall policy on spent fuel 
management. The two main recommendations were that the decision on a final disposal method should be 
delayed while awaiting technical developments in other countries, and that immediate work should be 
started on an intermediate storage facility, in which the SNF should be stored for 50 – 100 years pending 
the construction of a final disposal facility18. The reprocessing option was not considered because it was 
“not in accordance with the official Norwegian positions”. Export of spent fuel for storage abroad was not 
recommended, mainly due to ethical considerations and due to a presumed low public acceptability. 

In 2004, the “Foshaug-committee” was established to make recommendations on possible intermediate 
storage methods and to identify critical points with regard to choice of technical solution and location19. As 
options for intermediate storage, further investigation was recommended into dry storage in a concrete 
structure or transportable storage containers. It was suggested that a future committee should choose the 
final technical solution and location of the storage facility. The need for a technical review of safe storage 
of metallic uranium fuel and fuel with Al cladding was identified because of the reactivity of metallic 
uranium and because there existed no current international method suitable for storage of metallic fuel. 
Again, the use of reprocessing as an option for the metallic uranium/aluminium-clad fuel was not 
investigated in depth. 

                                                      
18  Bergan et al, Vurdering av strategier for sluttlagring av høyaktivt reaktorbrensel, Norges offentlige utredninger 2001: 30. 

(Investigation of strategies for final disposal of high active reactor fuel, in Norwegian.). 
http://www.regjeringen.no/Rpub/NOU/20012001/030/PDFA/NOU200120010030000DDDPDFA.pdf 

19  Foshaug, E. et al, Etablering av nytt mellomlager for høyaktivt avfall, 2004. (Establishment of a new interim storage facility 
for high active waste, in Norwegian.) http://www.regjeringen.no/upload/kilde/nhd/rap/2004/0028/ddd/pdfv/220783-
mellomlagerrapportjuli04.pdf 
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The most recent recommendations, made by the “Stranden-committee” in 2011, build on these earlier ones. 
This committee, comprised of a wide range of stakeholders and technical experts, was given the mandate 
to find the most suitable technical solution and localisation for intermediate storage for spent nuclear fuel 
and long-lived waste20. (One of the authors of this paper (EL) was the committee’s Technical Secretary.) 
The following options were to be investigated and assessed against each other: 

1. Modification of existing facilities in Halden and/or at Kjeller. 

2. A new storage facility in Halden and/or at Kjeller. 

3. A new storage facility for spent fuel and long-lived intermediate level waste.  

The committee was also to assess the competence required for long term storage, how to maintain this 
competence, and decommissioning requirements. 

Since approximately three-quarters of the spent fuel consists of metallic uranium fuel and/or fuel with Al 
cladding, and with the recognition that this fuel presents significant challenges because of its chemical 
reactivity and physical instability, a “Technical Committee” (comprising solely of technical experts) was 
appointed to recommend methods to condition such fuels to render them eligible for interim storage and 
final disposal21. One of the authors of this paper (PB) was chairman of this committee, and the other 
members were from IFE, Studsvik Nuclear AB (Sweden) and the International Atomic Energy Agency 
(IAEA). 

Following the issue of the recommendations of these two committees, the Ministry of Trade and Industry 
arranged for a wide-ranging public consultation. The public in general were invited to give comments on 
the recommendations, while many organisations were specifically requested to do so. These organisations 
included relevant government ministries and directorates; local government in the communities which host 
the research reactors and current storage facilities, and which were identified as possible hosts for a new 
interim storage facility; the Norwegian Radiological Protection Authority (Statens Strålevern); IFE and 
other research establishments; and self-identified environmental groups, including Friends of the Earth 
Norway (Norges Naturvernforbund) and Greenpeace22. In the following, the main recommendations of 
these two most recent committees are summarised together with the main reactions to them given by 
various stakeholders. 

5. Summary of main recommendations and reactions 

Recommendation 1: metallic uranium fuel / fuel with aluminium cladding should be reprocessed 

Although the amount of SNF in Norway (16 tonnes) is very small in comparison with countries with 
commercial nuclear energy generation, the majority of the fuel presents significant challenges because of 
its chemical reactivity and physical instability and is therefore unsuitable in its current form for storage and 

                                                      
20 Stranden, E. et al, Mellomlagerløsning for brukt reaktorbrensel og langlivet mellomaktivt avfall, Norges offentlige utredninger 

2011: 2. (Interim storage solution for spent nuclear fuel and long-lived medium active waste, in Norwegian.) 
http://www.regjeringen.no/upload/NHD/Vedlegg/Rapporter2011/NOU2011_2.pdf 

21 Bennett, P.J. et al, Recommendations for the conditioning of spent metallic uranium fuel and aluminium clad fuel for interim 
storage and disposal, Technical Committee on Storage and Disposal of Metallic Uranium Fuel and Al-clad Fuels, 2010. 
http://www.regjeringen.no/upload/NHD/Vedlegg/rapporter_2010/tekniskutvalgsrapport2010.pdf 

22 The comments received by the Ministry of Trade and Industry are available (in Norwegian) at 
http://www.regjeringen.no/nb/dep/nhd/dok/horinger/horingsdokumenter/2011/utredning-om-mellomlagerlosning-for-
bruk/horingsuttalelser1.html?id=655024 
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deposition. It was therefore recommended that the fuel should be stabilised before being transferred to an 
interim storage facility and subsequently to a final repository. This stabilisation should be done 
immediately: long term storage with postponed decision on final treatment (often called “wait and see”) is 
unethical as it places a burden on future generations. The only proven and available stabilisation process is 
reprocessing. Further, it is neither cost-effective nor environmentally sound to construct a domestic 
reprocessing facility for the small amount of SNF, and thus a contract is required with a commercial 
supplier. In practice, there are two options: AREVA’s Cap La Hague facility in France, and the Mayak 
facility in the Russian Federation (the Technical Committee was not authorised by the terms of its mandate 
to consider UK facilities at Sellafield as an option). 

The majority of those who responded had no comments on the proposal to reprocess. However, some 
environmental groups, including Friends of the Earth Norway and Greenpeace, oppose reprocessing under 
all circumstances and have demanded that this recommendation be rejected. Others, including the 
Norwegian Radiological Protection Authority, are of the opinion that it needs to be shown that there are no 
other options to reprocessing. However, no other realistic technical solution apart from “wait and see” has 
been proposed by these stakeholders as an alternative.  

Recommendation 2: storage in dual purpose casks 

Dual purpose storage and transport casks were identified as the most suitable storage concept. The main 
reason behind this recommendation was that the fuel would be ready for transport to a repository at the end 
of the intermediate storage period. It was also considered an advantage that the casks are autonym and 
therefore not dependent on external systems or structures to maintain safety, security and radiation 
protection. This would give a large degree of flexibility if it was found necessary to move the storage to 
another site in the future. There is wide experience in the use of such casks, both for in- and out-doors 
storage. They are suitable for storage both of spent fuel assemblies (the current HBWR fuel – UO2 in 
Zircaloy cladding – does not require reprocessing) and the products of reprocessing, including uranium 
product, PuO2 and vitrified high level waste. 

Recommendation 3: storage in a mountain tunnel 

Building a storage facility inside a mountain tunnel would give several advantages compared with an 
outside building, although both alternatives were considered acceptable solutions. A tunnel facility would 
give a high level of protection against external impacts, stable storage conditions, low energy costs and low 
maintenance costs. Investment costs for a tunnel facility were considered to be comparable to a 
standardized industrial building and at least a factor three lower than the costs of a building designed to 
withstand a high level of external impact. 

Recommendation 4: one, central storage facility 

Because the quantity of spent fuel is very limited, a new facility should be made to store both spent fuel 
and long lived radioactive waste (of which Norway has a minor quantity consisting of non-irradiated 
uranium, used long lived radioactive sources), as well as the products arising from the proposed 
reprocessing of metallic uranium / Al-clad fuel. 

Recommendation 5: siting 

The primary recommendation was to establish the new intermediate storage facility on the site of the 
Halden reactor. Alternative locations were a site approximately 1 km outside the HBWR reactor site, a site 
10 km from the JEEP II reactor site and a site 60 km from both sites. 
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All sites were selected based on a geology and topology suitable for a mountain tunnel. Additional criteria 
were road standard, availability of infrastructure and potential conflict with other interests. All the 
proposed sites were considered to have a low value for alternative applications, including as recreation 
areas. 

Without exception, local government in the communities identified as possible hosts have rejected the 
recommendation. Those not currently hosting nuclear facilities are against the establishment of such 
facilities in their communities. Perhaps more surprisingly, the communities that currently host the research 
reactors and associated storage facilities also rejected the building of a new storage facility on the current 
sites even though there is nearly 60 years’ experience of spent fuel storage and that the primary advantage 
of a new facility based on a cask concept would be improvement of barriers compared to the existing 
facilities and that it would be well protected against extreme external impact. 

Recommendation 6: administrative arrangements 

The organisational and financial framework for an interim storage facility should be defined as soon as 
possible by the government, including definition of the financial responsibility for legacy and future waste 
arising. A public sector organisation, independent of the producer of the spent fuel, should be founded to 
manage the SNF, and this organization also should have the responsibility for managing radioactive waste 
in Norway. Funding and operation of this organisation should be based on the principle that the polluter 
pays. 

IFE, as the operator of the research reactors, had no objection to these principles, but is of the opinion that 
costs for management of legacy fuel should be borne by the state since the then governments made the 
decisions to build, commission and operate the research reactors. Furthermore, IFE, as a non-profit 
organisation, cannot meet the costs of legacy fuel management. 

5. Recent developments 

On March 15, 2013, the Ministry of Trade and Industry issued a call for tender for a “choice of concept 
study” on a new intermediate storage facility for spent nuclear fuel and radioactive waste. This is a direct 
result of the Stranden Committee’s identification of the need for thorough mapping of the geological, 
topographical and environmental conditions at any proposed storage site. 

All government projects with a budget of over 750 million must be evaluated in line with quality assurance 
requirements for major public investment projects. The call for tender has been advertised nationally and 
internationally to ensure the necessary nuclear expertise is obtained. The ministry estimated that the work 
would require nine months to complete. 

6. Summary 

Spent Nuclear Fuel (SNF) in Norway has arisen from irradiation of fuel in the NORA, JEEP I and JEEP II 
reactors at Kjeller, and in the Halden Boiling Water Reactor (HBWR) in Halden. In total there are some 16 
tonnes of SNF, all of which is currently stored on-site, in either wet or dry storage facilities. The greater 
part of the SNF, 12 tonnes, consists of aluminium-clad fuel, of which 10 tonnes is metallic uranium fuel 
and the remainder oxide (UO2). Such fuel presents significant challenges with respect to long-term storage 
and disposal. 

Current policy is that existing spent fuel will, as far as possible considering its suitability for later direct 
disposal, be stored until final disposal is possible. Several committees have advised the Government of 
Norway on, among others, policy issues, storage methods and localisation of a storage facility. Both 
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experts and stake holders have participated in these committees. Three major recommendations have been 
made recently: 

1. Legacy fuel with aluminium cladding, which accounts for approximately 75 per cent of SNF in 
Norway, should be reprocessed in order to produce a stable waste form suitable for long term 
interim storage and final disposal. Since the amount of SNF requiring stabilisation is small (12 
tonnes), it is neither cost effective nor environmentally sound to construct and operate a domestic 
facility, and thus overseas commercial services should be used. 

2. A new facility should be constructed for interim storage of spent fuel and the products of 
reprocessing of legacy fuels. This facility should be based on the principle of dual purpose 
transport and storage casks. The preferred location of this facility is the site of the Halden 
Reactor, while alternative sites have been identified close to IFE’s Kjeller site, which hosts the 
JEEP II reactor, and in between the Halden and Kjeller sites. 

3. A public sector organisation, independent of the producer of the spent fuel, should be founded to 
manage the SNF, and this organization also should have the responsibility for managing 
radioactive waste in Norway. Funding and operation of this organisation should be based on the 
principle that the polluter pays. 

A wide-ranging public consultation exercise has been held. The recommendation to reprocess is 
controversial, and self-identified environmental organisations have been voracious in opposing it. While 
the principle of a new interim storage facility is accepted (also by the environmental organisations), local 
government in each of the communities identified as possible hosts has rejected the recommendation for 
the location of the facility. 

At the time of writing of this paper, little progress has been made on these questions of reprocessing and 
the location of an interim storage facility. However, a call for tender has been issued for choice of concept 
study on a new intermediate storage facility for spent nuclear fuel and radioactive waste. 
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