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ABSTRACT 

The EU project CATT – Co-operation and technology transfer on long-term radioactive 
waste management for Member States with small nuclear programmes investigated the 
feasibility of countries with small nuclear programmes implementing long-term radioactive 
waste management solutions within their national borders, through collaboration on 
technology transfer with those countries with advanced disposal concepts.  The main project 
objective was to analyse the existing capabilities of technology owning Member States and 
the corresponding requirements of potential technology acquiring Member States and, based 
on the findings, to develop a number of possible collaboration models and scenarios that 
could be used in a technology transfer scheme.  

The project CATT was performed as a specific support action under the EU sixth 
framework programme and it brought together waste management organisations from six EU 
Member States: UK, Bulgaria, Germany, Lithuania, Slovenia and Sweden. In addition, the EC 
Joint Research Centre from the Netherlands also participated as a full partner. The paper 
summarises the analyses performed and the results obtained within the project. 

1 INTRODUCTION 

Although no disposal facility for spent fuel (SF) or high level waste (HLW) has so far 
been constructed, the disposal concepts in countries with larger nuclear programmes are well 
developed and cover a variety of geological media like clay, salt formations and crystalline 
rock. The disposal technology, including the packaging technology and encapsulation plant as 
well as the equipment for carrying out the disposal operations, is often developed to the 
prototype phase and is more or less ready to be manufactured and deployed. 

On the other hand, countries with small nuclear programmes face many difficulties in 
developing their own long-term spent fuel and high level waste solutions. These include 
issues such as insufficient financial and technical resources, and the lack of suitably qualified 
human resources. Moreover, the small amounts of waste involved in such programmes result 



701.2 

in a disproportionately large cost of disposal per unit volume, which further discourages 
attempts to find a suitable disposal solution.  

Countries with small nuclear programmes are applying different policies and strategies 
to tackle these difficulties: from delaying final decisions on disposal to opting for shared 
facilities. The idea of a shared repository, providing a disposal solution for several countries, 
has been investigated within another EU project SAPIERR 1 and is now further developed 
under the project SAPIERR 2. The EU project CATT – Co-operation and technology transfer 
on long-term radioactive waste management for Member States with small nuclear 
programmes – addresses the problem from another perspective. It investigates the feasibility 
of countries with small nuclear programmes implementing long-term radioactive waste 
management solutions within their national borders, through collaboration on technology 
transfer with those countries with advanced disposal concepts and well developed technology.   

The CATT project focuses on spent nuclear fuel and vitrified high level waste from 
power reactors, as it was estimated that the need for technology transfer for storage and 
disposal of spent fuel from research reactors or for conditioning and disposal of low and 
intermediate level waste (LILW) is low. After initial consideration in early stages of the 
project these types of waste were excluded from further investigations and elaborations. 

The scope of the CATT project is also limited only to those aspects of SF and HLW 
management where the need and eventually the potential market for the technology transfer is 
recognized. The storage of SF and HLW was therefore excluded from the consideration as 
this technology is already widely spread and practised. The project concentrated on the 
technology transfer for the long-term storage, encapsulation and the disposal of spent nuclear 
fuel and vitrified HLW from power reactors, exploring the viability of implementing the 
technology transfer arrangements between technology owning (TO) Member States (MS) and 
technology acquiring (TA) Member States. 

2 COMPILING AND ANALYSING THE INFORMATION  

The project gathered and compiled information on the existing capabilities of 
technology owning Member States and the corresponding needs and requirements of potential 
technology acquiring Member States. Among the participating countries both groups were 
represented: potential TO Member States and potential TA Member States. Additionally the 
capabilities and needs of other non-participating EU Member States that use nuclear power 
were also included in the investigation and analysis: Belgium, Czech Republic, France, 
Hungary, Netherlands, Romania, Slovakia and Spain.  

For each country a national report was prepared, comprising: background information 
on past and present nuclear power production and future prospects, an overview of national 
radioactive waste and SF disposal programme, regulatory and organisational framework, 
national disposal concept, siting and exploration methodology, encapsulation and 
conditioning concepts and practices and general conditions important for possible technology 
transfer. Additionally the funding mechanisms which could possibly be used as a source to 
finance a collaborative approach to disposal were also investigated. 

In the next step all national inputs were thoroughly analysed and evaluated on strategic 
options for collaboration and technology transfer.  The results were summarized in an interim 
report, covering the: 

- technological requirements of the TAs, 
- technological capabilities of the TOs to match the requirements of TAs, 
- human resource requirements of TAs and availability of training in TOs, 
- legal and commercial analysis, and 
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- scenario studies including feasibility of siting facilities and cost analysis of 
implementing technology transfer in Member States. 

Based on the results, the project then developed a number of possible collaboration 
models and scenarios that could be used in a technology transfer scheme.  

 
2.1 Technical needs and requirements of the technology acquiring MS 

Technical needs and/or requirements of potential TA countries are very difficult to 
specify. The analysis showed that the potential TA Member States have a wide range of 
nuclear facilities and loosely defined disposal strategies. All of them have developed plans for 
interim storage of SF, while the disposal policies and plans are less clear. Most of them apply 
the dual track strategy and keep open different options. Among the countries that were 
analysed within the project only two have already taken the clear decision for a national 
disposal solution. Some countries have already selected the preferred host rock(s) for the 
disposal while the disposal concepts still need to be developed in most of them. Wherever it 
already exists, it is based on foreign concepts from more advanced nuclear programmes (e.g. 
the Swedish KBS-3 concept) and applied mainly for initial cost assessment, as can be seen 
from the Table 1. 

Table 1: Disposal strategies and concepts in potential TA Member States. 

 
Country Disposal strategy Prospective host 

rock 
Disposal concept 

Bulgaria - Disposal of wastes in the 
country of reprocessing 

- Disposal of returned SF, 
HLW (and ILW-LL) inside 
the country 

- Disposal of SF and waste in 
an international repository 

Pure clayey marl 
 
Granite 

Not developed 

Czech Republic - Direct geological disposal in 
the country 

Granite Swedish KBS3 with 
still canisters 

Hungary - Direct geological disposal in 
the country, or 

- Potential sending back to 
Russia 

Boda claystone Under development 

Lithuania - Direct geological disposal in 
the country, or 

- Disposal in an international 
repository 

Granite 
 
Triassic clay 

Swedish KBS3 or 
NAGRA concept in 
clay 

Romania - Direct geological disposal in 
the country 

Rock salt 
 
Sedimentary basin 

Not developed 

Slovak Republic - Direct geological disposal in 
the country, or 

- Export for reprocessing or 
disposal without sending 
back the reprocessing waste. 

Crystalline rock 
 
Sedimentary rock 

Not developed 

Slovenia - Direct geological disposal in 
territory of Slovenia or 
Croatia 

- Disposal in a regional 
repository 

Magmatic or 
metamorphic rock 
 
Clay 

Swedish KBS3 
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2.2 Technological capabilities of the technology owning MS 

On the other hand there are several countries which have made significant progress in 
developing disposal technologies. Disposal concepts developed by the TOs cover a variety of 
geological media including clay, salt formations and crystalline rocks. The Swedish disposal 
concept is developed for crystalline bedrock, the Belgian disposal concept for the plastic 
Boom clay, the German geological repository for SF is planned in salt dome, while France 
has developed outline disposal concepts for the Oxfordian-Calluvian clay formation and for 
granite, and is now focusing on the former.  

 

 
 
Figure 1: Swedish KBS-3 disposal concept. 
 
The repository designs depend on the geological environment. The construction of 

tunnels and galleries in clay will require rock support, while in hard rock support is not 
needed. The concepts also differ in the design of the access shafts and tunnels and the 
dimensions of galleries and tunnels. All concepts are based on a multi-barrier approach. 
Depending on the national waste inventories, the repositories are being developed to 
accommodate SF and long-lived ILW (Sweden) or HLW, SF and long-lived LILW (Belgium, 
Germany, France). 

For repository concepts in clay, it is envisaged that encapsulated wastes and SF will be 
emplaced horizontally (Belgium, France).  For disposal in salt dome formations (Germany) or 
granite (Sweden and France), emplacement may be horizontal or vertical. Some concepts 
assume retrievability (France, Belgium), others rely on non-retrievability (Germany) or 
confine retrievability to a relatively early phase (Sweden). 

The level of development varies – some are ready for implementation, others are still at 
an early phase, but none has actually been implemented. Recognising that all these concepts 
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have been tailored to national needs and specific geological conditions, they are not entirely 
generic. Transfer of these concepts to other, similar geological environments and other wastes 
will require further investigation and/or development. Successful transfer of the Swedish 
KBS-3 disposal concept and adjustment to specific Finnish needs and conditions prove that 
such operations are feasible. 

Similar observations can be made for disposal technologies. Equipment for carrying 
out the disposal operations is developed in parallel and in close correlation with the repository 
design. Each disposal concept requires specially developed disposal equipment so that 
modifications of the repository design will also require modifications of disposal equipment. 
This will not facilitate the technology transfer. At this stage it is not clear what adaptations of 
equipment would be required. From the perspective of technology transfer it would be 
convenient if the disposal equipment were to be decoupled from the repository concept and 
designed more universally.  

 

 
 
Figure 2: Full-scale demonstration of Pollux-8 emplacement device.  The Pollux cask 

and the emplacement device were developed as part of the German disposal concept. 
 
Packaging technology for disposal of spent fuel and high level waste is still in the 

development phase. Different canisters/containers/flasks are designed for different types of 
waste (for SF from PWR and BWR, vitrified HLW, MOX fuel and long-lived LILW) and for 
different geological environments. Some of them exist as prototypes, but none is already 
manufactured and deployed. The first SF pilot conditioning plant was constructed at Gorleben 
in Germany. The plant has been tested and the licence has been granted, but the plant 
operation is awaiting for the repository construction.  In Sweden the canister factory and 
encapsulation plant is planned to be put in operation in 2017.  In a similar way to disposal 
equipment, technology for the conditioning and encapsulation of SF and HLW has been 
developed exclusively to meet national disposal concepts and tested under conditions 
appropriate for the envisaged host geology. The compatibility of different canisters/containers 
with other geological environments has not been extensively investigated, which may be an 
obstacle to transfer of technology. 

For small nuclear programmes with limited SF or HLW inventories, transfer of 
technology for canister manufacturing and for encapsulation may not be the optimal option. 
Packaging services may be economically more attractive. 
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50 mm copper 

Estimated weight (kg): 
Copper canister            7 400 
Cast iron insert           13 600 
Fuel elements (BWR)  3 600 
Total                        24 600 

 

Figure 3: Prototype copper canister developed for the Swedish KBS-3 disposal concept. 

 

 
 
Figure 4: Equipment for welding the copper canisters, developed as part of the KBS-3 

disposal concept. 
 
Siting and exploration methodology has been well developed by several MS. Site 

exploration programmes, some of which derive from oil exploration techniques, exist for 
different geological environments: e.g. clay and salt formations, crystalline bedrock etc. 
Consequently, the available technology for site exploration is extensive and there is little 
doubt that it could be easily applied to other geological contexts.  

Storage and long-term storage: Different types of storage facilities have also been 
developed and are being operated. These include stores intended to operate for more than 100 
years. 
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2.3 Human resource management 

Any potential transfer of technology will place demands also on human resource 
management on both sides: on the technology owner and on the technology acquirer. The 
transfer of technology must be supported also by the transfer of information and knowledge  
from owners to acquirers. This raises the question of whether the TO organisations would 
have skilled staff available to provide the necessary training and consultations. Compatible 
scheduling of disposal activities in the TA and TO countries and coordinated activities to 
develop staff expertise will be necessary.  

 
2.4 Legal and commercial aspects 

Legal and commercial aspects regarding technology transfer have also been considered. 
For this purpose the regulatory regimes for the transboundary shipments of radioactive 
materials, the intellectual property implications of the TA exploiting the intellectual property 
of the TO and the nuclear third party liability aspects have been investigated.  

 Neither the regulatory regime for the transboundary shipments of radioactive 
materials and wastes nor the nuclear third party liability aspects seem to represent any major 
obstacle to technology transfer activities. More attention should be paid to the aspect of 
intellectual property. Although in SF and radioactive waste management the sharing of 
information is a widely practised attitude, and waste management companies regularly 
publish their achievements and R&D results, in some cases information may be protected 
either through copyrights, patents or restricted circulation of reports. The sharing and 
transferring of intellectual property on a commercial basis has not, so far, been widely 
practised. However, with progress in implementing disposal, it may be expected that the need 
for transfer of technology and know-how will increase and, with it, the commercial aspects of 
exploitation of the intellectual property in the field will develop.  

 
2.5 Scenarios 

Based on these findings, a number of possible scenarios for technology transfer have 
been created and considered. After screening of these initial options and thorough discussion 
at the workshop some of the initial scenarios were dropped off as not very likely and some 
new ones were entered on to the list as more promising. Finally the following scenarios for 
technology transfer were selected for further analysis and for the development of 
collaboration models: 

1. creation of a national repository in TA country using technology transfer adapted for 
the purpose; 

2. creation, using technology transfer, of an encapsulation plant in the TA Member 
State;  

3. export for encapsulation then re-import, divided into two sub-options: 
- encapsulation in a regional facility in a TA or TO Member State; 
- export for reprocessing followed by encapsulation at a reprocessing plant; 

4. long-term storage in the TA Member State using technology transfer; 

3 COLLABORATION MODELS 

When developing the collaboration models for the technology transfer, possible 
obstacles to collaboration presented by various technical, legal, human resources, financial 
and societal issues were studied and analysed. A number of important findings and 
conclusions emerged for each scenario.  
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3.1 National repository 

The study indicates that, based on technology transfer, it may indeed be feasible to 
implement the national repository even in countries with small programmes. This conclusion 
is based on the following findings: 

- There are mature disposal concepts and associated site exploration technologies 
available in TOs for a variety of host rocks 

- It should be possible to adapt TO concepts to the specific conditions at an R&D 
cost which is a fraction of the R&D costs incurred by the TO 

- Technology transfer should significantly reduce the time and the project risks 
associated with implementation of a repository 

- There is probably a potential for optimisation and simplification of the concepts 
developed by TOs.   

- Public acceptance and licensing should be facilitated by having “a worked 
example” in place in the TO to be viewed, or in an advanced stage of development 
in the TO. 

The factor thought to be critical, i.e. the costs, may in fact not at all be “prohibitively 
high” since most of the TA countries have SF volumes which are comparable to those of the 
Finnish and Swedish programmes. The TA countries should be able to benefit financially 
from much lower pre-construction costs (R&D, siting, design). There will be a cost for 
technology transfer but it will most likely be small compared to the saving in R&D costs. 

The cost may remain critical in countries with very small quantities of SF, like in 
Slovenia or Bulgaria. The unit cost of disposal in Slovenia (620 tHM) and Bulgaria (360 m³ 
of HLW) could be 3-4 times higher than in Sweden and Finland though the total cost of 
disposal would, of course, be less. Unless substantial new-build is planned in these countries 
it will be natural for these countries to look also for other disposal options.  
 
3.2 National Encapsulation Plant 

Encapsulation is typically part of a comprehensive concept for disposing the SF or 
HLW in a set of engineered and natural barriers. A national encapsulation plant may be co-
located with a national repository or not.  

A relatively small programme may reduce capital and operating costs by scaling down 
the size and the throughput of the encapsulation plant (EP). A small programme will also have 
a smaller number of fuel variants and this too will produce cost savings by reducing the 
complexity of the plant.  

Technology transfer could be implemented in many ways. By developing a 
collaboration between the TA and the TO, one would expect to reasonably reduce both costs 
and project risks. The creation of a National EP would not require the import or export of 
radioactive materials. Consequently, no laws would need to be changed in this respect. The 
national EP will require no co-ordination with other countries of schedules, licensing 
processes, commercial arrangements etc as in the case of a regional service. The National EP 
appears to be a straight-forward solution except, as with repositories, for the countries with 
very small quantities of SF/HLW. 

 
3.3 Regional/Multinational Encapsulation Plant 

The construction of a shared EP may possibly offer economy of scale and for some 
countries it may be easier to transport SF abroad for encapsulation than licensing an EP in 
their own country. It is possible, however, that there will not be any such advantage since the 
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facility will have to be capable of handling different types of fuel and producing a range of 
designs of disposal canister in order to cope with the different fuel types, host rocks and 
disposal concepts. The shared EP also offers a great challenge to reliably plan and co-ordinate 
licensing, construction and operation of the plant relative to the needs for encapsulation and 
disposal in each member country, considering especially the uncertainty in decision-making. 
This is typically not straight-forward even when only one country is involved. Another 
drawback of the shared option is that it would be difficult to develop it by means of a pilot 
project. All or most of the members need to be on board in order to implement the solution.  

 
3.4 Encapsulation at a Reprocessing Plant 

An EP located at a reprocessing plant would avoid some of the problems associated 
with a shared EP. The international reprocessing services today are offered on a commercial 
basis by France, the Russian Federation and the UK. Reprocessing plants are used to 
accepting spent fuel from a variety of sources but they do not incorporate encapsulation for 
disposal. However, the standardised geometry of the vitrified waste package would allow a 
similarly standardised encapsulation process. On the other hand, devising a disposal container 
that meets the needs of both the reprocessing country and its clients in several countries 
would be a considerable challenge, both technically and politically.  

 
3.5 Long-term Storage 

Long-term storage (for a hundred years or more) may be attractive from a technical and 
economic point of view as an option to manage the SF until a repository becomes available. 
However, the experience with the long-term storage technology is limited. The Netherlands is 
the only country which has constructed a long-term storage facility, known as HABOG. This, 
however, is not a generic design. For application in TAs, transfer of the technology will 
therefore require further development and/or adaptation.  

Long-term storage ca, beside financial and technical advantages, provide additional 
flexibility of the long-term WM strategy and increase the possibility for optimization of the 
WM system, but for countries which have already constructed either dry or wet storages with 
a designed lifetime of 30-40 years this option is less attractive.  It is more likely that in case of 
a need for prolonged storage period these countries will investigate the possibility of lifetime 
extension of existing storage facilities. It must also be remembered, however, that long-term 
storage does not solve the same problem as does a repository.  

4 CONCLUSIONS 

The purpose of the CATT project was to investigate the feasibility of Member States 
with small or less developed nuclear programmes implementing deep disposal of radioactive 
waste within their national borders, through collaboration on technology transfer with those 
Member States with advanced disposal concepts. The investigation and analysis show that 
none of the “available solutions” for long-term waste management could be transferred 
unchanged from a TO to a TA country. The most obvious reasons for this are that the fuel 
designs and the host geologies are likely to be different. Other, less obvious, reasons are 
modifications brought about by the desire to reduce costs, by siting constraints (e.g. a 
prescribed footprint), by different source materials and others. Nonetheless, the designs 
represent a clear basis for the five fundamental components that a disposal strategy could 
employ: storage, reprocessing, long-term storage, encapsulation and disposal. These 
components could be supplied through technology transfer from one or more of the TO 
countries, and they could be deployed in various combinations to achieve the desired result. 
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The implementation of a CATT-type technology transfer would totally depend on the 
details of the case e.g. the identities of the TA and TO countries, the adopted concept, the 
legal and commercial arrangements, all of which should be specified as case-dependent.  
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