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APPENDIX 1 .  MANDAT FOR TEKNISK UTVALG  

 

12.12.07 

 

Mandat for teknisk utvalg  

 

Utredning av spesialbehandling av ustabilt brukt brensel  

- Lagring og deponering av metallisk uran og brensel med aluminiumskapsling 

 

Teknisk utvalg skal gi en faglig utredning av spesialbehandling av ustabilt brukt brensel, innenfor 

samfunnsmessige, samfunnsøkonomiske og miljømessig akseptable rammer. Teknisk utvalg skal 

legge vekt på løsninger som kan gjennomføres i Norge. Ved utredning av alternativer som 

innebærer utenlandske løsninger skal utvalget legge til grunn regjeringens målsetning om å få lagt 

ned anlegget ved Sellafield. Utvalget bør unnlate å utrede løsninger som åpenbart ikke vil kunne 

hente tilstrekkelig støtte i gjennomføringsfasen. Det er ønskelig at utvalget sammenligner 

kostnadene ved spesialbehandling av brukt brensel i Norge med kostnadene ved spesialbehandling 

av norsk brukt brensel i utlandet. 

 

1. Bakgrunnsinformasjon  

 Identifisere relevante problemstillinger mht. lagring og deponering, av metallisk uran 

og brensel med aluminiumskapsling. Det skal særlig rettes fokus på de nevnte 

materialers stabilitet ved lagring og deponering. Det bør gis en kort oppsummering av 

faktagrunnlaget fra fase 1-utvalgets rapport knyttet til metallisk uran og brensel med 

aluminiumskapsling. 

 

2. Problemstillinger knyttet til lagring og deponering av metallisk uran og brensel med 

aluminiumskapsling 

 Utvalget bør gi en grundig beskrivelse av egenskapene til metallisk uran, med særlig 

fokus på stabilitet og mulige endringer i egenskapene ved lagring og deponering. 

 

 Utvalget bør gi en grundig beskrivelse av egenskapene til aluminiumskapsling, med 

særlig fokus på stabilitet og mulige endringer i egenskapene ved lagring og 

deponering. 

 

3. Internasjonale anbefalinger og trender 

 Hvilke anbefalinger/retningslinjer gir IAEA mht. lagring og deponering av metallisk 

uran og brensel med aluminiumskapsling? 

 

 Hvilke nasjoner har erfaring med metallisk uran og hva er (planlagt) gjort relatert til 

lagring og eventuell deponering av metallisk uran?  

 

 Samme som i punktet over, men for brensel med aluminiumskapsling. 

 

4. Lagring og deponering av metallisk uran  

 Identifisere metoder for sikker lagring og deponering av metallisk uran og antyde 

kostnader og avfallsmengder forbundet med de identifiserte metodene. 

 

 Vurdere alternativer til lagring og deponering og antyde kostnader og avfallsmengder 

forbundet med alternative metoder. 

 

5. Lagring og deponering av brensel med aluminiumskapsling 



 

 Identifisere metoder for sikker lagring og deponering av brensel med 

aluminiumskapsling og antyde kostnader og avfallsmengder forbundet med de 

identifiserte metodene. 

 

 Vurdere alternativer til lagring og deponering antyde kostnader og avfallsmengder 

forbundet med alternative metoder. 

 

6. Status for metallisk uran og brensel med aluminiumskapsling. 

 Utvalget bør identifisere mulige returordninger for brukt brensel med utgangspunkt i 

opprinnelsesland for det metalliske uranet som er benyttet i de norske 

forsøksreaktorene.  

 

 Utvalget bør beskrive det metalliske uranets bestrålingshistorikk, med bakgrunn i 

informasjon fra IFE og Statens strålevern. 

 

 Utvalget bør beskrive bruk av aluminiumskapsling i forskningsreaktorene i Norge, 

med bakgrunn i informasjon fra IFE og Statens strålevern.  

 

 Utvalget bør lage en oversikt over enheter, vekt, volum lagret i Norge, med bakgrunn i 

fase 1-utvalgets rapport samt informasjon fra IFE og Statens strålevern. Herunder bør 

utvalget også estimere årlig tilvekst av brensel med aluminiumskapsling. 

    

7. Leveranse 

 Teknisk utvalg skal levere en rapport senest ett år etter at utvalget er blitt nedsatt. 

Rapporten skal være innspill og underlag for fase 2-utvalget. Det bør lages en norsk 

oversettelse av sammendraget til teknisk utvalgs rapport. 

 

8. Oppsummering 

Utvalget skal: 

 Sammenfatte kostnader for de ulike behandlingsalternativene. 

 

 Sammenfatte hvilke krav de anbefalte behandlingsalternativene stiller til 

mellomlageret og framtidig deponi. 

 

 Anbefale behandlingsalternativer av ustabilt brukt brensel.  

 

 



 

APPENDIX 2 .  MANDATE OF THE TECHNICAL 

COMMITTEE 

 

Mandate for Technical Committee 

 

Specification of treatment of unstable spent fuel – storage and disposal of metallic uranium and 

fuel with aluminium cladding 

 

The Technical Committee shall produce an informed evaluation of possible treatments of unstable 

spent fuel, within acceptable societal, economical and environmental boundaries. The committee shall 

concentrate on processes that can be performed in Norway. If specifying processes that would be 

conducted in foreign countries, the committee shall be mindful of the Norwegian Government’s aim 

that the Sellafield complex be shut down. The committee should avoid proposing solutions that will 

obviously not obtain necessary and sufficient support. It is desirable that the committee compares the 

costs of treatment of spent fuel in Norway with those for treatment of Norwegian fuel in foreign 

countries. 

 

1. Background information 

 

 Identify possible methods of storage and disposal of metallic uranium and fuel with 

aluminium cladding. Particular attention should be given to the materials’ stability under 

storage and disposal. A short summary should be given of the factual basis from the Phase 1 

committee’s report on metallic uranium and fuel with aluminium cladding. 

 

2. Issues related to storage and disposal of metallic uranium and fuel with aluminium 

cladding 

 

 The committee should produce a thorough description of the properties of metallic uranium, 

focussing on its stability and possible changes under storage and disposal. 

 

 The committee should produce a thorough description of the properties of aluminium 

cladding, focussing on its stability and possible changes under storage and disposal. 

 

3. International recommendations and trends 

 

 What recommendations and/or guidelines are issued by the IAEA with regard to storage and 

disposal of metallic uranium and fuel with aluminium cladding? 

 

 Which countries have experience with metallic uranium, and what plans have been made, or 

actions taken, related to storage and disposal of metallic uranium?  

 

 The same as for the above point, but for fuel with aluminium cladding? 

 

4. Storage and disposal of metallic uranium 

 

 Identify methods for secure storage and disposal of metallic uranium, and estimate costs and 

waste volumes associated with the different methods. 

 

 Evaluate alternative methods for storage and disposal, and estimate costs and waste volumes 

associated with the different methods. 

 



 

 

5. Storage and disposal of fuel with aluminium cladding 

 

 Identify methods for secure storage and disposal of fuel with aluminium cladding, and 

estimate costs and waste volumes associated with the different methods. 

 

 Evaluate alternative methods for storage and disposal, and estimate costs and waste volumes 

associated with the different methods. 

 

6. Status of metallic uranium and fuel with aluminium cladding 

 

 The committee should identify possible arrangements for return to the country of origin of 

spent fuel that has been irradiated in Norwegian research reactors. 

 

 The committee should describe the irradiation history of metallic uranium fuel in Norwegian 

research reactors, from information to be supplied by IFE and the Norwegian Radiation 

Protection Authority (Statens strålevern). 

 

 The committee should summarise the use of aluminium cladding in Norwegian research 

reactors, from information to be supplied by IFE and the Norwegian Radiation Protection 

Authority. 

 

 The committee should produce a summary of the number of fuel rods, mass, and volume 

stored in Norway, from information from the Phase 1 report and from information to be 

supplied by IFE and the Norwegian Radiation Protection Authority. This summary should 

include an estimation of the annual increase in the amount of fuel with aluminium cladding. 

 

7. Delivery 

 

 The committee shall deliver a report at the latest one year after the appointment of the 

committee. This report will be the basis for the work of the Phase 2 committee. The summary 

of the report should be translated into Norwegian. 

 

8. Summary 

 

The technical committee shall: 

 

 Summarise costs for the alternative treatment methods. 

 

 Summarise the requirements of the alternative treatment methods with regard to intermediate 

storage and final disposal. 

 

 Recommend treatment methods for unstable spent fuel. 



 

APPENDIX 3 .  CORRESPONDENCE WITH THE UNITED 

STATES DEPARTMENT OF ENERGY 

 



 

 



 

 



 

APPENDIX 4 .  MINUTES  OF MEETING HELD WITH 

AREVA NC 

 

Technical Committee   

Secretariat  
 

 

Minutes from Meeting between AREVA NC and the Technical Committee on Storage 

and disposal of Metallic Uranium Fuel and Al-clad Fuels  
 

 

Date: July 7, 2009 

 

At present: Philippe Auziere, Recycling Business Unit New Projects - Senior General  

                    Manager 

 

                    Peter Bennett, Chairman, Technical Committee on Storage and Disposal of 

                    Metallic Uranium Fuel and Al-clad Fuels 

 

                    Per Ivar Wethe, Secretary, Technical Committee on Storage and Disposal of 

                    Metallic Uranium Fuel and Al-clad Fuels 

 

 

Purpose of the Meeting: 

 

Discuss the possibilities for reprocessing spent research reactor fuel –metallic natural uranium Al-clad 

fuel and JEEP II fuel (about 13 tons HM). 

Background information on the Technical Committee and the types of fuels in question is given in the 

Appendix. 

 

Outcome of the Meeting 

 

 There were no obvious reasons why the fuels can not be reprocessed by AREVA NC. 

 There are many technical details to be clarified. The most important are the supplier, 

manufacturing route and chemical composition of the fuel. If this information is not available 

then IFE must conduct dissolution trials of the metallic fuels in cooperation with CEA and 

AREVA NC. Visual inspection is required to confirm status of the used fuels. 

 A political agreement between the French and Norwegian government will be required 

 Transport would be arranged by AREVA NC through a subcontractor. This would most likely 

be by boat transport. 

 

 

Separated Products 

 

 The recommended option of AREVA NC is to incorporate the separated plutonium into MOX 

fuel for commercial power nuclear reactors. This plutonium will be under full 

IAEA/EURATOM safeguards. However, if required, arrangements can be made for return of 

plutonium to Norway. 

 According to French law, the high level waste must be returned to Norway. The waste will be 

vitrified and returned in universal French containers. 

 The separated uranium will be transferred to the ownership of AREVA NC. 



 

 

 

Outline Schedule 

 

 Contract signed (Jo): 2012 – 2015 

 Shipment of spent fuel (J1): Jo + (3 - 6) years 

 Interim storage (J2): J1 + ( 3 - 6 years) 

 Chemical processing (J3): J2 + (3 - 6 years) 

 Return of first batch of high level waste from around at the latest 2030. 

 

 

Miscellaneous 

 

 It is much easier to manage non-degraded fuel than fuel that has corroded. In the case that the 

used fuels are degraded, the safety analysis has to take into account the risk of the activity 

leakage and fissile material dissemination. 

 The Technical Committee informed AREVA NC of its January 15, 2010 deadline. This was 

noted by AREVA NC however it may not be possible to obtain the required approval by this 

deadline. 

 The Technical Committee agreed with the suggestion from AREVA NC that, to show the 

serious interest of the Norwegian side, the Technical Committee will strongly recommend to 

relevant Norwegian Ministries that a visit is arranged to AREVA NC fuel processing facilities 

in La Hague, France. 

 

 

Next Steps 
 

 M. Auziere will present our request to AREVA NC senior management to obtain a go/no go 

decision to continue negotiations. 

 If a positive decision is taken by AREVA NC, the next steps will be specified by AREVA NC 

with CEA and the Technical Committee. 

 

 

Appendix 

 

OUTLINE INFORMATION TO ACCOMPANY THE NORWEGIAN REQUEST FOR 

DISCUSSIONS WITH AREVA CONCERNING THE POSSIBILITIES OF CHEMICAL 

PROCESSING OF SPENT RESEARCH REACTOR FUEL IN FRANCE 

 

 

Prepared by: Peter Bennett, Chairman, Technical Committee on Storage and Disposal of 

Metallic Uranium Fuel and Al-clad Fuels; 

 

Per Ivar Wethe, Secretary, Technical Committee on Storage and Disposal of 

Metallic Uranium Fuel and Al-clad Fuels 

 

 



 

BACKGROUND 

 

Two committees have been established to make recommendations for the interim storage and final 

disposal of spent fuel from three research reactors that have been operated in Norway, at the Kjeller 

and Halden sites: 

 JEEP I, Kjeller, 1951 – 1967. 

 JEEP II, Kjeller, 1966 – present. 

 Halden Boiling Water Reactor (HBWR), Halden, 1959 – present. 

All existing spent nuclear fuel (SNF) is currently stored at the two sites. Of this fuel, several tons 

consist of (i) metallic uranium fuel clad in aluminium and (ii) UO2 fuel clad in aluminium. Since both 

metallic uranium and aluminium may react with water, forming unstable reaction products (for 

example uranium hydride) and hydrogen gas, these fuels should be stabilised before they can be stored 

and placed in a final repository. 

 

A summary of the metallic uranium fuel and aluminium-clad fuel is appended. 

 

In January 2009, the so-called Phase-2 committee was established by Royal decree with the mandate 

to find the most suitable technical solution and localisation for intermediate storage for spent nuclear 

fuel and long-lived waste. The committee should evaluate different solutions and their associated 

costs, and then recommend one of the options. An important point, of crucial importance for the 

current discussions, is that, if possible, the need to repack the fuel before final disposal should be 

avoided. 

 

The committee will base its work on the work of previous committees and on the report of the 

Technical Committee (see next paragraph). 

 

Co-incident with the formation of the Phase 2 Committee, the Technical Committee on Storage and 

Disposal of Metallic Uranium Fuel and Al-clad Fuels was formed. This committee has the mandate to 

recommend treatment options for metallic uranium fuel and aluminium-clad fuel to render them stable 

for long term storage and disposal.  

 

The chairman of this committee is Peter Bennett, from Institutt for energiteknikk (Institute for Energy 

Technology, IFE), Norway. Other members are from IFE, the International Atomic Energy Agency 

(IAEA) and Studsvik Nuclear AB, Sweden. On behalf of the Norwegian Ministry of Trade and 

Industry, IFE is operating the secretariat for all administrative and financial aspects of the work of the 

Technical and Phase-2 committees.  

 

The recommendations of this technical committee will be delivered to the Phase 2 committee, which 

will recommend the technical option and location of an interim storage facility. However, since it is 

preferred that no further treatment of the waste is required when transferring it from interim storage to 

final disposal, in practice this means that the fuel should be stabilised in such a way that it is 

acceptable for final disposal. 

 

 



 

SPECIFICATION OF SPENT NUCLEAR FUEL FROM NORWEGIAN RESEARCH 

REACTORS:  METALLIC URANIUM FUEL AND ALUMINIUM-CLAD FUEL 

 

1.  HBWR FUEL 

 

Fuel material Metallic uranium 

Fuel rod diameter, cm 2.54 

Fuel length, cm 237.5 

Number of fuel rods 308 

Initial enrichment Natural uranium 

Burn-up, MWd/t U 12 

Total mass U, tons 6.7 

Cladding material Aluminium 

Irradiation period 1000 hours    (1959 – 1962) 

Storage 
Horizontal dry storage, inside stainless steel 

capsules at IFE, Halden site 

 

2.1  JEEP I FUEL 

 

Fuel type Metallic uranium 

Fuel rod diameter, cm 2.54 cm 

Fuel length, cm 190 cm (active fuel stack) 

Number of fuel rods 460  

Initial enrichment Natural uranium 

Burn-up, MWd/t U 1 – 1000 (mostly 200 – 400) 

Total mass U, tons 3.1 

Cladding material Aluminium 

Irradiation period 1951 - 1967 

Storage 
Vertical dry storage, inside stainless steel 

capsules at IFE, Kjeller site 

 

2.2  JEEP I FUEL – SEED Fuel 

 

Fuel material UO2 

Fuel rod diameter, cm 1.27 cm 

Fuel length, cm 96.5 cm (active fuel stack) 

Number of fuel rods 60 

Initial enrichment, % U-235 1.7% enriched UO2 

Burn-up, MWd/t U 570 -1000 

Total mass U, kg Approx 75 

Cladding material Aluminium 

Irradiation period 1951 – 1967 

Storage Dry storage at IFE, Kjeller site 

 



 

2.3  JEEP I FUEL – VOID elements 

 

Fuel material Metallic Uranium 

Fuel rod diameter, cm 2.54 

Fuel length, cm 190 cm 

Number of fuel rods 7 

Initial enrichment, % U-235 Natural 

Burn-up, MWd/t U unknown 

Total mass U, kg 37 

Cladding material Aluminium 

Irradiation period 1951 - 1967 

Storage Dry storage at IFE, Kjeller site 

 

 

3.  JEEP II FUEL   

 

Fuel material UO2 

Fuel rod diameter, cm 1,28 cm 

Fuel length, cm 90 

Number of fuel rods 1050 

Initial enrichment, % U-235 3.5 

Burn-up, MWd/t U 200-450 

Total mass U, tons Approx 1.0 

Cladding material Aluminium 

Irradiation period 1966 to present 

Storage Dry storage at IFE, Kjeller site 




