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Incentives to Strengthen International Co-operation in R&D for Advanced Nuclear 
Power Technology 

Abstract 

There remains a considerable development potential in nuclear reactor techr ̂ logy to pioduce 

designs which are easier to license, are more economic or meet particular needs in different 

countries. There are on record clear international statements of support and intent for 

continued R&D on advanced reactors. In contrast, many European countries are experiencing 

a marked decline in development investment resulting in a large reduction in qualified nuclear 

manpower and R&D facilities. 

The paper is concerned with the technology for the advanced reactors which will be needed in 

the n?xt century and it looks beyond the current succesful evolutionary development of large 

LWRs. Establishing the technology for these designs will require R&D on a scale which will 

exceed the depleted capabilities of single organisations or even countries. Hence international 

collaboration is necessary on a larger scale than previously. There is a very clear role for 

international organisations such as IAEA, OECD-NEA and the European Community to 

initiate appropriate areas of work and to encourage member countries to participate financially 

and technically. R&D organisations, vendors and utilities should be involved with appropriate 

government departments. 

The work should be limited to the R&D needed to develop technology : reactor design itself is 

best left to vendor organisations who will also have to organise their own international 

-̂-collaboration. 

The paper identifies the main areas which need strong international collaboration : 

i - development of innovative safety features/ 

- improvement of fuel characteristics and efficiency,-

- dose reduction techniques, 

- use of technology developed for other purposes/ 

- common assessments of design proposals. / ^ ftP ,/ --fi^'J 

The paper urges the establishment of greater international collaborative R&D on advanced 

reactors to maintain options and to help overcome the barriers to the greater use of nuclear 

power in the future. 
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1. Introduction 

1.1. This paper is concerned with the need for international co-operation in R&D for advanced 

reactors R&D is needed to maintain options for the future deployment of nuclear power to 

counteract the current background of declining R&D capability in Europe. 

1.2. The ideas expressed here reflect the current situation in Europe. Several factors currently 

contribute to a reduction in investment in nuclear power development. One factor results from 

public concern about the safety of nuclear power. Another is a move away from public, i.e. 

government support, for the realisation of development projects which are now perceived as 

being a matter for the nuclear industry to fund. 

There has been a very significant reduction in R&D budgets, facilities and staff over the past 

few years, and this trend is continuing. In contrast, it is believed by many governments, and by 

the nuclear industry, that there is a very important long term potential for nuclear power to 

contribute to future energy needs to a greater extent than now. If this potential is to be 

realized, R&D is needed on a scale that exceeds the capability of private industry and possibly 

of the national capability of any one country. Due to its long term nature, public financing of 

this R&D is necessary and it needs to be done on a multinational basis. A further factor is that 

without a strong development programme, there will be a shortage of young qualified nuclear 

engineers, and concern about this is being expressed in many countries. 

1.3. There are already several reactor designs in operation which both meet internationally 

accepted safety standards and the economic criteria of their operators. In discussing advanced 

reactors this paper is concerned with R&D aimed at the long term development of improved 

reactors for later industrial realisation on a timescale welt into the next century. It is not 

concerned with short term improvements to existing reactor designs; uYs is a task for vendors, 

although it is recognized that there will be interactions between the long- and short-term 

programmes, with benefits both ways. In considering the longer term, the factors which will 

influence the development of new systems will be different from those of today; e.g. 
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-the world will have even greater energy demands, inspite of energy conservation, 

leading to greater pressure for nuclear power, 

-growth rates of energy demand in developing countries will continue to be high, 
-the resources of fossil fuel world-wide will be further depleted and there are likely to 
be increased incentives to reduce CO2 emission, 

-qualified sites for nuclear power stations will be increasingly difficult to find and many 

may be located in more populated areas leading to designs which must be less 

restrictive on siting. 

These circumstances make it necessary to continue to develop energy generating technologies 

with minimal societal risk and environmental impact and with a further objective of improved 

acceptability. 

2. Context and scope of the paper 

2.1. This paper distinguishes the short-term from the long-term. Short term R&D is defined as 

the development needed to service existing reactor designs. Such work is driven primarily by 

commercial considerations including those arising from pressure by regulators. In this catagory 

one could put the current work on developing PRA methods and implementing the lessons 

learnt from application of PRA. Also in the short-term are the work on the design of core 

catcher concepts in the wider context of severe accident research, and the continuing effort on 

validation of best estimate thermo-hydraulic calculation methodology. Long term R&D is 

concerned with the development of new systems and with the materials, techniques and 

calculation methods needed to support these systems. It is needed to keep alive the possibility 

of new reactor systems to meet developing market needs. 

2.2. There are marked differences in both the development status and the political climate in 

different regions of the world. On the Pacific Rim, for instance, there are major programmes 

for advanced reactor development with significant government funding. In the USA, the 

Advanced Light Water Reactor programme is clearly in the commercial sector with competing 

designs but with strong financial assistance from government. In Russia there are many 

advanced reactor designs without a clearly identified market. In Western Europe the most 

significant development is in evolutionary LWRs which are all on commercial offer. There is 

also reduced work on the innovative PIUS concept as well as for the High Temperature Gas-

cooled Reactor (MHTGR), and there is support work for the US ALWR projects. From a 

European viewpoint a need for greater support for long term R&D is seen as important if the 

vitality of the industry is to be sustained. This paper discusses the need and content of long 

term R&D in a European context. 

2.3. There is scope for development work on all parts of the fuel cycle but this paper restricts 

itself to issues of reactor development only. 
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3. Incentives and benefits 

3.1. There are strong incentives for an enhanced international co-operation in R&D : 

- Public concern about the safety of presently available nuclear technology has retarded the 

extension of nuclear energy utilisation in many parts of the world including many European 

countnes. 

- There is a general consensus in the nuclear community that there is still a significant 

development potential in nuclear technology particularly in reactor safety features ( mâ y of 

the new proposed advanced reactors introduce simplifications and a reduction of up to 50% 

in the number of components in the nuclear island ). 

- The realisation of this potential will require considerable effort which will exceed national or 

private industrial capabilities or for which public support is justified on the grounds of 

ensuring long term supply of electricity in an acceptable manner and at an acceptable cost. 

- There is a high level of competence in nuclear technology which can be quantified as more 

than 110000 qualified scientists and engineers in OECD countries. 

- There are already some basically independent small scale national activities directed towards 

the development of innovative nuclear technology. In these activities designs beyond near 

term commercial application are being explored. 

3.2. The distribution of personnel in the main nuclear sectors such as R&D, front-end and 

back-end fuel cycle, design, manufacturing and construction, regulation and education, is 

highly dependent on the nuclear characteristics of each country. The existence of uranium 

mines, the number of nuclear plants in operation, the existence of reprocessing facilities, the 

engagement in developing new reactor types are the main factors influencing personnel 

distribution. In the field of R&D and with reference to OECD countries having nuclear power 

plants, the qualified manpower is about 17000 people with a govemr ent expenditure near US 

$ 5000 million in 1989 (figures extrapolated from the recently published OECD-report 

"Qualified Manpower for the Nuclear Industry. An Assessment of demand and supply", 1993). 

In a NEA-communiqué on the study results it is stated : 

"Shortage of highly specialized personnel could give rise to serious problems in countries 

which are keen to keep the technological potential for the operation, maintenance and 

construction for nuclear power plant and related fuel cycle facilities. Although the supply and 

demand of qualified manpower is reasonably balanced at present, the retirement of skilled and 

experienced scientists and engineers coupled with the declining numbers of nuclear science and 

engineering students is causing concern in a number of OECD countries. There will be a 

demand for expert manpower in OECD countries for many decades, whatever scenario for 

nuclear power is adopted by each country." 
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Experience in the past in all countries has proved that there is no better way to provide 

qualified personnel than engagement in pertinent R&D-activities for some years after 

completion of technical or university education. But a clear tendency of diminishing budgets 

and qualified people is being observed at present in R&D activities and this is clearly in 

contrast with the future demand for qualified manpower that is stable. Well-known European 

R&D organisations which in the past have contributed significantly to the deployment of 

nuclear energy in their countries (e.g. UKAEA, the German nuclear research centres, ENEA or 

the Joint Research Centres of the OECD and others) have reduced drastically their nuclear 

R&D activities and the number of applicants for the study of nuclear technology has 

dramatically declined in European universities. This situation endangers not only the long term 

R&D for future nuclear technologies but also R&D activities for near term application. 

3.3 Considerable benefits can be expected from extended international co-operation: 

- Cost saving by international co-operation is the most important issue. Closer co-operation 

and task sharing can certainly help to use the available resources more effectively 

- Common R&D activities can significantly contribute to establishing and to presenting 

common views on the assessment of nuclear safety or the qualification of new or innovative 

technical solutions. Common safety research is a highly suitable tool for providing a 

homogeneous basis for common understanding of new safety concepts including the 

relevant phenomenology. 

- New inherent or built in design safety features, new structures and materials have to be 

qualified to meet licensing requirements and to demonstrate that the functions are 

maintained during lifetime. 

- In order to reduce any conceivable risk and to achieve the highest possible reliability, all 

relevant expertise, scientific knowledge, relevant test facilities and manpower should be 

utilised for specific technical questions by co-operative efforts. 

- International co-operation will facilitate the integration of the nuclear R&D programmes of 

Eastern Europe, mainly the CIS member States, to maintain their capabilities which are 

urgently needed for the development of an improved new generation of reactors, and to 

achieve a common understanding of acceptable safety goals. 

- International co-operation may also give additional motivation for young scientists and 

engineers to engage themselves in nuclear technology, and to imrove the prospects of an 
appealing career. 

3.4. These benefits and also the demand for a stronger concentration of R&D - resources by 

increased international co-operative activities have been recognized, acknowledged and 

confirmed by statements of key political bodies and nuclear representatives not only in Europe 

but worldwide. 

Here only a few European voices will be quoted, as examples : 
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-The Scientific and Technical Committee of the CEC : 

'For longer term application, several European organizations already co-operate on radically 

new designs for small and medium size nuclear power plants, with emphasis on passive 

safety features. This should be encouraged to ensure the Community ... considers the 

potential for such plants... All these initiatives imply a heavy commitment in technology 

development, research and system/component testing '[STC(92)-D 159] 

-The Council of the European Community : 

'Basic research in the field of nuclear fission safety and radiation protection must be 

encouraged throughout the community.'[91 626/Euratom] 

-The Council of the European Community (Resolution) : 

The Council reaffirms the importance of technological progress in relation to the safety of 

nuclear installations ...Thus it underlines the primary importance of nuclear safety research 

and technological innovation and the need to continue and increase action undertaken 

within the community, including the study of future generations of reactors.'[92/C172/02]. 

-European Parliament Committee on Energy, Research and Technology : 

"Further research into nuclear safety must be promoted, with a view to obtaining new 

technical solutions, improving existing solutions and making them more reliable, and gaining 

insight into the phenomena that occur in accident situations. 

We cannot accept a fall in investment in research and technological development concerning 

safety. TPE 143.102]. 

-Economical and Social Committee of the European Community : 

The economic and ecological potential of nuclear energy is considerable. The potential 

should not be jeopardized by clinging to monostroctures (e.g. identical reactor types) or by 

hampering new developments for existing or new nuclear systems .'[CES 644/87]. 

However, we have to be aware that these recommendations have not yet been realised in 
practice. Development is rather going the opposite way. Similar observations can be made in 

other non-European countries. 

4. Experience 

4.1. It is important to ask whether international collaboration in R&D on advanced reactors 
can be expected to be successful. To answer this question it is possible to look at experience in 
related areas. 

There are many examples of successful international co-operation in nuclear technology R&D. 
Co-operation has been realised on a world-wide scale under the auspices of the IAEA, through 
the OECD-NEA, within the European Community and in multinational arrangements. 
Only a few examples of such beneficial co-operative efforts can be mentioned here. 



6 

4.2. Under the auspices of the IAEA one of the largest international collaborations on R&D is 

conducted in the framework of the International Thermonuclear Experimental Reactor (ITER) 

project. This has brought together four major parties, who have previously worked separately, 

to conduct the Engineering Design activities (EDA) of ITER in preparation for construction. 

The necessary manpower for the ITER project and the associated costs are so large that only 

an international collaboration makes it possible to execute the programme. The IAEA initiative 

has resulted in bringing together all the expertise necessary for this project. 

This approach could serve also for other nuclear problems of worldwide concern like actinide 

transmutation. The applicability of this model for advanced fission reactors is certainly limited 

but could be used at a lower level of cost and involvement. 

Another tool for successful international co-operation is the IAEA Coordinated Research 

Programmes (CRP) dedicated to specific technical questions. Topics like intercomparison of 

seismic analysis codes, comparison of decay heat removal systems, acoustic signal processing 

for the detection of sodium boiling or sodium-water reaction, validation of codes for coated 

particle fuel behaviour or validation of safety related physics calculations for low-enriched gas-

cooled reactors are typical examples. 

4.3. The Nuclear Energy Agency of the Organization for Economic Co-operation and 

Development (OECD-NEA) established in 1958 aims at co-operation among the governments 

of its participating countries in furthering the development of nuclear power as a safe, 

environmentally acceptable and economic energy source by, amongst other activities, setting 

up international R&D programmes and joint undertakings. 

One of the earliest safety oriented joint projects of the OECD-NEA is the Halden Reactor 

Project, which was originally designed to investigate the performance of fuel rods in the 20 

MW Halden reactor. It was later extended to experiments which range from long term testing 

of experimental fuel elements to computer based systems for reactor control and supervision. 

For example, the Halden Project has established a man-machine systems laboratory, in which a 

team of specialists, including psychologists and computer experts develop and evaluate 

techniques for displaying information to help the operator make decisions under abnormal 

conditions. 

Another early programme of the OECD-NEA was the construction and operation of the gas-

cooled, high temperature Dragon reactor at Winfrith in the United Kingdom. It was terminated 

in 1976 after 17 years of international co-opcraiive programmes due to disagreement on the 

commercial viability of this reactor type. Nevertheless this project can be considered as very 

successful since it involved almost all European countries and led to a wide-spread distribution 

of HTR-technology with after-effects which are still felt. 

Practical experience from these projects has laid the foundation for the role of NEA in 

launching and managing a wide range of international co-operative programmes. 
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4.4. In the R&D-framework programme of the Commission of the European Communities 

(CEC), the actions on nuclear safety are concentrated on the confinement of radioactivity 

under severe accident conditions. The main objectives of the actions are to reach a better 

common understanding of the relevant problems and to come to conclusions on the best 

approach to cope with them. To achieve the objectives, the participating organisations 

contribute under multipartner contractual arrangements with the CEC. These so-called 

reinforced concerted actions cover the areas of accident progression analysis, behaviour and 

qualification of the containment system and accident management and control. Besides these 

reinforced concerted actions, research activities are undertaken by the Joint Research Centre. 

These nuclear safety activities are concentrated on accident prevention studies, severe accident 

studies and on sharing the PHEBTIS PF project at Cadarache. Although the mechanism of 

reinforced concerted actions is quite new, it has already brought together many specialists of 

different countries working together on common projects. 

4.5. Besides these programmes under the auspices of international bodies there are several 

multilateral collaborations organized by individual countries or specific organisations within 

them. 

One of the most effective and cost-saving examples of a multinational programme was the 

harmonization of European R&D-activities for the European Fast Breeder Reactor (EFR) 

programme which was achieved by comprehensive agreements with an open exchange of 

technology. The achievements of this approach will be reported in a later contribution to this 

meet:ng. 

Another successful example of such a co-operation is the experimental programme in the out-

of-pile loop BETHSY in Grenoble. In this French-led programme, many countries worked 

together to improve the understanding of physical phenomena occuring during PWR accidents 

and to assess safety computer codes. 

4.6. Many more examples of successful multilateral co-operation prove that co-operation in 

R&D in the nuclear field can be to the benefit of all the participants. 

The present level of international discussions and mutual understanding on issues of nuclear 

technology could have not been reached without many preceding co-operative activities 

initiated and coordinated by the international organizations or within multinational 

programmes. Common R&D paves the way for experts to learn and to practice co-operation 

by exchange of opinions and expertise, joint solution of technical problems, common use of 

facilities and codes, mutual understanding of different views, awareness of national 

peculiarities and last but not least development of common assessments. The usefulness of 

intemationa'. expertise of scientists and engineers for national industries, authorities and other 

institutions is evident. 



8 

5. R&D areas 

5.1 In previous sections we have shown thai there is a need for advanced reactors and for 

R&D to enable these reactors to be developed. We have shown that there is political support at 

an international level and that the scale of problems requires an international programme. We 

have shown that international collaborative programmes in related areas have been successful 

and that there is no reason to believe that a programme for international collaborative R&D on 

advanced reactors should not also be successful. We now turn to consider the content of the 

programme bearing in mind that this is the enabling technology for advanced reactors which 

we wish to see developed rather than a specific design project. 

A few examples of technical areas for long term R&D should be discussed for which increased 

international co operation can provide accelerated progress. They are appropriate for 

international co-operation because they are largely not subject to short term commercial 

concerns and restrictions 

They are also topics of a programme proposal which some European organizations have 

submitted to the CEC and its advisory boards for integration into the next European R&D 

Framework Programme. 

We believe that international organizations like IAEA, OECD-NEA or CEC could play an 

important role in support, initiation and coordination of co-operative efforts in these areas. 

5.2. There are many ideas and proposals for advanced innovative reactor concepts in many 

countries Some of these proposals are preliminary, some have achieved the level of basic 

design while some are at the detailed design stage. IAEA has just started to compile available 

information on all these developments on a schematic basis which will provide a helpful 

overview including many technical details depending on the level of maturity of the concepts. 

Description of more than 20 reactor concept proposals can be expected. In particular it will 

comprise new reactor concepts developed in the CIS in recent years, and not well known in 

western countries. 

It is a logical consequence that these concept developments result in separate analysis and 

assessment studies in many other countries. The findings are of course not homogeneous. The 

effectiveness of this analysis work can be significantly increased by sharing results and methods 

of investigations. It would also favour the development of harmonised views about new safety 

principles and innovative uesign options while simultaneously establishing an enlarged 

framework of technical exchanges. 

The promotion of an information exchange on requirement documents established or under 

consideration by Safety Authorities or Utilities in different countries is ai.nost a prerequisite for 

successful co-operation in this area. Joint analysis of these documents, aimed at identifying the 

convergences and differences in the recommended safety approaches should be carried out 

Common analysis will more effectively guide the choice of R&D-topics for future programmes 
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Common efforts should include consideration of requirements for passive safety systems, 

including validation, PRA and reliability, accounting for non-safety grade systems in the safety 

analysis ot new reactor concepts and assessments of the eflfèct of reactor size and modular 

plant architecture upon safety and economy. Data exchange and code validation will stimulate 

the development of both computational tools and basic experiments and will extend the present 

modelling capability to the new configurations of interest. 

At the same time these co-operative activities can help to cover the preparatory work to enable 

developing countries without nuclear programmes to make their own judgements on the safety 

potential of future nuclear plants. Moreover, such activities, if jointly performed on an 

international basis, would help to improve public communication on nuclear energy and 

facilitate the solution of questions on acceptability. 

5.3. Research and development on innovative safety features aim-; at evaluating the potential 

benefit of new options for the main safety functions. 

-Reactivity control can be improved by alternative operating regimes, core/fuel arrangements 

or self-acting shut- down devices. Examples are PWR-operation under boron-free conditions 

for improved transient response and operational simplicity or applications of self-acting 

shut-down systems, such as the use of negative reactivity coefficient or shut-down devices 

based on thermal expansion or automatic mechanical release. 

-Self-acting decay heat removal is a common feature of many innovative reactor concepts. Its 

application requires extensive investigation of the mechanisms and basic phenomena of 

natural convection, heat conduction/radiation, boiling and condensation. Experimental work 

to validate calculation methods is indispensable. There are innovative proposals for passive 

cooling such as the use of density locks, heat pipes and through the pressure vessel surface. 

-Fuel behaviour under severe accidents and the resulting source term is an important topic to 

be taken into account in the assessment of the safety improvement potential of new 

innovative reactor concepts. Fuel behaviour in high energy transients and the movement and 

deposition of fission products in the containment are areas which need further 

investigations. 

-Maintenance of coolant inventory by alternative systems such as the use of injectors and other 

passive feed systems as well as the protection of the primary circuit integrity by e.g. external 

RPV-cooling, internal core-catchers or protection of control drives in BWRs are features of 

new design proposals which will require comprehensive theoretical and experimental work 

for their qualification. 

-Containment behaviour under severe accidents is a topic of common concern for all new 

reactor concepts and requires more insight into the fundamental phenomena of heat transfer 

within the containment, transport of hydrogen, condensation and steam explosions. 
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Standards for dealing with these phenomena vary widely between different countries and the 

availability of internationally agreed results would assist the process of reducing these 

differences. 

5.4. Improvement of fuel characteristics and efficiency is another topic which calls for closer 

international co-operation. It comprises improved safety by innovative fuel designs as well as 

enhanced fuel utilization. 

New achievements in ceramic and metallic material development from other teclinical areas 

promise successful application in nuclear fuel development to give improved fission product 

retention. Since fuel and cladding behaviour is fundamental in determining the consequence* of 

severe accident scenarios, all possibilities for improvement should be investigated whether by 

trapping of major fission products in the fuel itself or by the use of non-melting claddings. The 

utilisation of coated particles in LWR fuel is only one possibility to enhancing fission product 

retention. Improved thermal conductivity, e.g. by use of cermet or metallic fuel could lead to 

lower fuel temperatures and better accident resistance. 

Two more and specific examples of fuel improvement possibilities are coatings or special 

treatment of graphitic MHTGR-fuel elements for resistance against water and air ingress or 

alternative LWR fuel claddings to avoid hydrogen production under severe accident 

conditions. 

Fuel qualification requires extensive irradiation testing. Due to the reduced number of test 

reactors still available close international co-operation is needed to fully utilise their potential. 

This applies also to the necessity of investigations of fuel behaviour during transients for all 

reactor rypes. 

The sooner all available resources can be used for these developments the earlier the results 

can be applied to the benefit of nuclear safety and reliability. 

Enhanced fuel utilisation, an essential for advanced future reactor designs, has to be assessed in 

terms of its compatability with safety goals. Besides aspects of reprocessing or final storage the 

implications of high burn-up fuel should be considered in terms of uranium consumption, 

residual fissile materials and operational characteristics. Further optimization can be achieved 

by improved fuel management strategies including recycling of major actinides in present 

reactors. 

Another approach is the development of an integrated metallic fuel cycle on each reactor site -

as discussed in the USA. The potential benefits of this solution in the area of waste production 

and non-proliferation should therefore be thoroughly assessed. 

As in conventional co-generation power plants, it would also be possible to enhance fuel 

utilisation by employing the waste heat of a nuclear plant for heating or process heat purposes. 

The thermal plant efficiency could be more than doubled if the plant size could be adjusted to 
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the heat demand. Special safety requirements have to be considered for siting near to the heat 

consumer, because heat cannot be transported over long distances. 

5.5. Minimization of waste generation, reduction of occupational doses and assessment of the 
various proposed schemes for transmuting high level waste are important topics in this R&D-
area. 

The waste generated during reactor operation can be minimized by proper design, material 

selection and water chemistry. The use of low activation steels can reduce both the dismantling 

waste and the personnel dose in operation, decommissioning and storage. Alternative waste 

conditioning, such as water free techniques, can reduce problems which may arise during 

storage. 

Plant decommissioning can be facilitated in the plant design, and this can result in dose and 

waste reduction. Good design can also result in dose reduction during planned and unplanned 

maintenance and repair during plant life particularly through the use of special tools for plant 

dismantling and for simplifying decontamination. The total stream of waste shipping volume 

can be reduced by providing the plant with advanced systems for waste conditioning and on 

site storage. 

The feasibility and effectiveness of Partitioning and Transmutation (PT) of plutonium, minor 

actinides and long-lived fission-products, with different schemes, are under study in many 

countries. PT is a complementary technique to geological disposal. The assessment of the 

different schemes requires feasibility and safety analysis of PT for existing or dedicated reactor 

types, including LWRs, LMRs and subcritical reactors driven by intense neutron sources. 

5.6. The investigation of technological achievements from other technical areas for application 

in the nuclear sector is another important item which may well lead to improvment of the 

safety and reliability features of advanced future reactors. 

In the area of control and instrumentation the rapid development of computer soft- and hard

ware in recent years has lead to several new applications in reactor control and surveillance 

which require evaluation. Th3 interface to instruments and sensors could be adressed in an 

innovative way. The analysis of data with predictions from neural network technology and the 

use of fuzzy contro' during accident conditions are subjects that should be pursued for the 

enhancement of safety. 

An important item in present day reactor informatics is the validation of computer hard- and 

soft-ware in order to strengthen the reliability of reactor control, especially under accident 

conditions. 
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Reliable leak detection and in-service inspection techniques add to reactor safety. Evaluation of 

their adequacy may lead to proposals for improvement to give added benefit both to safety and 

to the demonstration of safety to regulatory authorities. 

In order to improve the reliability and lifetime of large irreplaceable components, new 

structural materials and joining methods could be introduced. New steels and advanced 

welding methods, such as laser techniques, are still under development for nuclear application. 

Non-destructive testing methods require further work. The application of new materials is also 

aimed at the reduction of activation which leads to lower occupational dose limits and 

simplified maintenance procedures. Similarly, the nuclear decommissioning waste after reactor 

service can be reduced by orders of magnitude. 

The structures should be designed with severe accident conditions in mind in order to reduce 

the consequences of such accidents and should take thermal induced material fatique during 

operation into account. To this end structural mechanics codes should use data measured at the 

high temperatures typical of severe accidents. Reaction kinetics of material melts are required 

to predict structural behaviour more accurately. 

Several innovative technologies have reached an advanced development stage and should be 
assessed or qualified for nuclear use. Examples for these are : 

- the use of magnetic bearings for large safety grade rotating machines such as blowers and 

feed water pumps etc. They could enhance reliability and reduce the need for fire protection 

measures and waste treatment and disposal; 

- burst-proof prestressed cast iron vessels as an alternative to conventional vessel types. Since 

the safety of nuclear installations depends to a high degree upon the integrity of pressure 

vessels, these may open new design options since they can be built with large diameters. 

They may also alleviate transport and decommissioning problems. 

- heat pipes and thermal switches which enhance the effectiveness of passive heat transport for 

different appli .tions such as decay heat removal, core catcher cooling etc. 

6. Conclusions and Recommendations 

6.1. Nuclear energy is a most promising option for safe, economic and environmentally 

beneficial energy generation to cover future demands worldwide. As in all other technical 

areas, nuclear technology will make continuous progress and improvement by application of 

new ideas and techniques. With regard to the extreme importance of safety in nuclear 

technology all available R&D resources and capabilities should be maintained and utilised to 

exhaust the significant development potential already recognized. Problems of acceptance, 
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leading to budget constraints, as well as particular national viewpoints are retarding the 

possibilities for the technical progress. Closer international co-operation is now required to a 

greater extent than in the earlier years of unlimited enthusiasm for nuclear energy. The nuclear 

community should cope with the increasing interactions of antinuclear groups by a greater 

effort to establish harmonised views and agreed assessments of nuclear technolgy questions 

based on common development and shared expertise. 

6.2. There are many appropriate means for strengthening international co-operation in R&D 

for innovative future reactor technology. International organisations like IAEA, OECD-NEA, 

CEC and hopefully others should have more support from member countries to take actions 

and initiatives for common R&D. International conferences or workshops on new technical 

options for future reactor technology beyond short term commercial development can pave the 

way for effective, cost saving P^D work on these topics. Key representatives from 

governments and nuclear organisations should take more notice of thesv topics in their 

strategies and discussions. 

Common R&D only will certainly not solve the problems of nuclear acceptability but it can 
make a significant contribution to overcoming the barriers to the deployment of nuclear 
energy. 


